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Part1

Principles of Techniques in DNA Study



Topic 1. DNA Extraction and Purification Technique

1. DNA Extraction, Purification and Concentration of DNA from Aqueous
Solution

A. phenol extraction and ethanol precipitation of DNA
appropriate for purification of DNA from small volumes(<0.4 ml) at
concentrations < 1mg/ml

DNA to be purified

25:24:1 (V/V/V) phenol/chloroform/isoamyl alcohol
ether extraction

3M sodium acetate, pH 5.2

100% ethanol, ice cold

70% ethanol, room temperature or ice cold (usually)
TE buffer, pH 8.0

Speedvac evaporator

-precipitation of DNA using isopropanol (equal volume of DNA and
isopropanol)

B. purification of DNA using glass beads
: for rapid and efficient purification of DNA from contamination
protein, RNA, or organic solvents (available as commercial kits e.g.
Glas-Pac/National Scientific Supply, GeneClean, Biol01, Qiaex Gel
Extraction Kit/Qiagen)

6M sodium iodide (Nal) solution
50 to 200 pl DNA

wash solution

TE buffer, pH 8.0

Glass beads suspension

2. Preparation of Genomic DNA from Mammalian Tissue

Liquid nitrogen

Digestion buffer

PBS, ice-cold

25:24:1 (V/V/V) phenol/chloroform/isoamyl alcohol
7.5 M ammonium acatate

100% and 70% ethanol

TE Buffer, pH 8.0

Sorvall H1000B rotor or equivalent

A. Beginning with whole tissue : freeze in N2 (1)/ grind with prechilled
mortar and pestle or crush with hammer to fine powder



B. Beginning with tissue culture cells: trypsinization adherent cell

3. Preparation of genomic DNA from Plant Tissue
CsCl centrifugation

4. Preparation of genomic DNA from Bacteria

TE Buffer
10% (w/v) sodium dodecyl sulfate (SDS)

20 mg/ml proteinase K (stored in small single-use aliquots at —20°C)
5 M NaCl

CTAB/NaCl solution

25:24:1 (V/V/V) phenol/chloroform/isoamyl alcohol

24:1 (V/V) chloroform/isoamyl alcohol

isopropanol

70% and 100% ethanol

DNA Isolation from Rhizobium by Phenol Chloroform Method

It is very difficult to isolate Rhizobium DNA due to the gum production by the

organism. Hence this protocol has been designed for efficient isolation of DNA from
the organism for further gene amplification.

Procedure

1. Grow Rhizobium cells in 5 ml of YEMB at 200 rpm till the O.D (600 nm)
reaches 0.6-0.8.

Pellet the cells by centrifugation at 10,000 rpm for 15 mins.
Wash the pellet with TE buffer (10T/1E).
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Dissolve the pellet in 400 ul TE.

Add 40 pl 10% SDS and 5pl Proteinase K (20mg/ml).
Incubate at 56 ° C for 45 mins.

Add 400 pl of tris saturated phenol (pH 8.0).
Centrifuge at 10,000 rpm for 10 mins.
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Take the supernatant and add 200 pl of tris saturated phenol and 200 pl of
chloroform: isoamyl alcohol (24:1).

10. Again take the supernatant and repeat the above step.
11. Take the supernatant and add 400 pl of chloroform: isoamyl alcohol (24:1).
12. Repeat the above step.



13. Take the supernatant and add 0.1 volume of 3M sodium acetate and 2 volume
of chilled absolute ethanol.

14. Incubate at -20 ° C for 2 hrs.
15. Centrifuge at 15,000 rpm for 30 mins in a cooling centrifuge at 10-15°C.

16. Decant the supernatant and wash the pellet with 70% ethanol by centrifugation
at 10,000 rpm for 15 mins.

17. Decant the supernatant and dry the pellet at room temperature.
18. Suspend the pellet in 50 pl of TE.

Reagents

Composmon of YEMB (Yeast Extract

Mannitol Broth)
Mannitol - 10.0 g
K2HPO4 - 05g
Yeast extract | 05¢g
MgS04.7H20 - 02g
NaCl . 0lg
Distilled water 1 litre
pH . 68

DNA From Whole Blood for PCR
(from Higuchi, R. (1989) Amplifications 2: 1-3)

1. Obtain 65-100 ul of blood by retro-orbital bleed with a heparinized
microcapillary tube. Expel blood immediately into a 1.5 ml microfuge tube
containing 20 pl of 10 mM EDTA. Mix immediately to prevent clot
formation. Store on ice until processing.

2. Add 200 ul Lysis Buffer to each tube and vortex to suspend evenly.
3. Microfuge 25 seconds at 16000xg to pellet nuclei.

4, Remove and discard supernatant and repeat steps 2-4 two more times, or until
no hemoglobin remains.

5. Resuspend nuclear pellet in 100 pl PBND with 60 pg/ml proteinase K and
incubate at 55 C for 60 minutes (or overnight, if convenient).

6. Heat samples to 97 C for 10 minutes to inactivate proteinase K.

7. Add 1-5 pl of DNA solution for a 25 pl PCR reaction.



Reagents:

1) Lysis Buffer
0.32 M Sucrose
10mM Tris-HCI (pH 7.5)
5 mM MgCI2
1% v/v Triton X-100

2) PBND (PCR Buffer with Nonionic Detergents)*
50 mM KCl
10 mM Tris-HCI (pH 8.3)
2.5 mM MgCI2
0.1 mg/ml gelatin
0.45% (v/v) Nonidet P40
0.45% (v/v) Tween 20

Autoclave to sterilize and dissolve gelatin
Store frozen

* Add proteinase K (60 pg/ml) immediately prior to use)

Typical 25 pl PCR reaction:

1-5 ul DNA :

2.5 pl 10x Perkin Elmer buffer, 1.5 mM MgCI2 (final)

2 ul 2.5 mM dNTP mixture (2.5 mM each dNTP, 200 uM final)
0.5 ul 20 uM forward primer (0.4 uM final)

0.5 pl 20 pM reverse primer (0.4 uM final)

0.1 pl Tag DNA polymerase (can decrease to 0.05 pl)
dH20to 25 pl

DNA Purification from Agarose Gel »

1. Separate DNA fragments in an agarose gel cast with 0.5 mg/mL Ethidium bromide.
Locate bands with a hand-held long-wave UV lamp.

2. Slice the gel with a razor blade above and below the bands of interest. Insert the
membrane into the gel at each slice, avoiding air bubbles between the gel and the
membrane. The membranes above the bands of interest prevent contamination with
higher molecular weight DNA.

3. Electrophorese at high voltage to run the DNA onto the membrane.

4. Remove the membrane with the bands of interest and verify DNA with long-wave
UV. Discard membranes placed above the bands of interest.

5. Rinse the membranes in Low Salt Buffer to remove agarose.
6. Place membrane in 1.5 mL tube. Add 150 ml High Salt Buffer.
7. Incubate at 70 C for 20 min. Remove supernatant and place in a fresh tube.

8. Add 150 ml High Salt Buffer to the membrane. Incubate at 70 C for 10 min.



9. Combine the supernatant with that removed in Step (10). Add 300 ml Buffer
Saturated Phenol. )

10. Mix well by vortexing. Centrifuge for 15 min at 4 C. Remove the aqueous phase
being careful NOT to remove ANY of the interface, which contains fibers of DEAE
membrane.

11. Add 300 ml 24:1 Chloroform:Isoamyl alcohol. Mix well by shaking.

12. Centrifuge 2 min at 4 C. Remove the aqueous phase. Add 5 ml 1% linear
polyacrylamide carrier and mix well.

13. Add 700 ml 95% ethanol. Incubate at -20 C for 2 hr.

14. Centrifuge for 15 min at 4 C. Discard supernatant. Add 500 ml 70% ethanol. Mix
well to dislodge the pellet.

15. Centrifuge for 2 min. Discard supernatant. Air dry.

16. Resuspend DNA in 50 mL TE.

DNA Preparation from Adherent Cells

Reagents

Chloroform )
Mallinckrodt, cat. 4440

EDTA, 0.5 M

Ethanol, 100%

Ethanol, 70%

Isoamyl Alcohol

Sigma, cat. I-3643

Phenol -

Gibco BRL, Cat. 15513-039
Phosphate Buffered Saline (PBS), 10X and 1X
Gibco BRL, Cat. 10010-023
Proteinase K

Gibco BRL, Cat. 24568-2

Sodium acetate, 3 M, pH 5.2
Sodium dodecyl sulfate (SDS), 10%
Tris-HCl, 1 M, pH 8.0

TAE buffer (Tris acetate/disodium EDTA), 1X
Bio Whittaker, Cat. 16-011V
Trypsin '

Gibco BRL, Cat. 25200-056
Distilled Water

Gibco BRL, Cat. 15230-170



Preparation '

DNA buffer

1M Tris-HC1, 1 M, pH 8.0 100 ml
0.5 M EDTA 100 ml

dH20 water 300 ml
Chloroform/Isoamyl alcohol 24:1
Chloroform 24 ml

Isoamyl alcohol 1 ml

Procedure

1. Use trypsin or cell scraper to remove cells from tissue culture flask (T-75).
Centrifuge

cultured cells for 10 min at 10°C (1200 rpm). Remove supernatant and re-suspend
cell pellet in 1X PBS and wash twice with 10 ml 1X PBS, centrifuging between
washes.

2. Resuspend pellet in 10 ml DNA buffer. Centrifuge cells for 10 min at 10 °C (1200
rpm). Remove supernatant.

3. Add 3 ml DNA-buffer, re-suspend the pellet, add 125 ml Proteinase K (10 mg/ml)
and ‘

400 ml 10% SDS; shake gently and incubate overnight at 45°C.

4. Add 3.6 ml of phenol, shake by hand for 10 minutes (RT); centrifuge for 10 min at
10°C (3000 rpm).

5. Transfer the supernatant into a new tube (15 ml); measure the volume. Add 1.8 ml
phenol and 1.8 ml chloroform/isoamylalcohol (24:1) or a total amount equal to the
volume of the supernatant. Shake by hand for 10 min (RT); centrifuge for 10 min at
10°C (3000 rpm).

6. Transfer the supernatant into a new tube (15 ml); measure the volume. Add 3.6 ml
chloroform/isoamylalcohol (24:1) or an amount equal to the volume of the
supernatant. Shake by hand for10 min (RT); centrifuge for 10 min at 10°C (3000
rpm).

7. Transfer the supernatant into new tube, measure the volume. Add 1/10 volume 3 M
sodium acetate (pH 5.2) and 3 x the volume 100% isopropanol (2-propanol);

shake gently until the DNA is precipitated.

8. Use a sterile glass pipette to transfer the precipitated DNA into a tube with 30 ml of
70% ethanol tube. Place on inverting rack and invert for 2 hr to thoroughly rinse.
Transfer DNA into a sterile eppendorf tube.

9. Centrifuge for 20 min at 14,000 rpm. Dry pellet in a SpeedVac for 5 min. Dissolve
the DNA in 300-500 pl sterile water and place in an eppendorf thermomixer

shaker overnight at 37°C.

10. Measure the DNA concentration and run 1-5 pl (approximately 200 ng) for gel
electrophoresis on agarose gel (1%) in 1X TAE buffer.
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DNA Preparation from Fresh/Frozen Tissue

Reagents

Chloroform

EDTA, 05 M

Ethanol, absolute

Isoamyl alcohol

Sigma, Cat. 1-3643

Phenol -

Phosphate Buffered Saline (PBS), 1X

Proteinase K

EM Science, Gibbstown, WV Cat. 24568-2 (100 mg)
RNase A a
Boehringer Mannheim, Cat. 109 169

Sodium dodecyl sulfate (SDS) solution, 10%
Digene Diagnostics, Beltsville, MD, Cat. 3400-1016
Preparation ‘

DNA buffer (Tris-EDTA)

1 M Tris pH 8.0 20 ml

0.5 MEDTA 20 ml

Sterile water 100 ml

Proteinase K (10mg/ml)

Dissolve 100 mg Proteinase K in 10 ml TE for 30 min at room temperature
RT)

Aliquot and store at —20°C

RNase A (20 mg/ml)

Dissolve 200 mg RNase A in 10 m! sterile water, boil for 15 min, and
cool to RT.

Aliquot and store at —20°C

Procedure

1. Put 60-80 mg of tissue in a petri dish with culture media and divide the
tissue into two pieces.

2. Put the tissue into two sterile 15 ml tubes and centrifuge for 2 min at 4°C at
1500 rpm.

3. Remove the supernatant, and wash twice with 1 ml 1X PBS or DNA-buffer.
(It is possible to store the pellet at -80°C; in that case, add 1 ml 1X PBS and
resuspend the pellet. Use a cryo-tube and centrifuge at 1500 rpm for 2 min at
4°C. Remove the supernatant, and freeze the pellet.)

4. Remove supernatant and resuspend the pellet in 2.06 ml DNA-buffer.

5. Add 100 «al proteinase K (10 mg/ml) and 240 al 10% SDS, shake gently, and

incubate overnight at 45°C in a waterbath.

6. If there are still some tissue pieces visible, add proteinase K again, shake
gently, and incubate for another 5 hr at 45°C.

7. Add 2.4 ml of phenol, shake by hand for 5-10 min, and centrifuge at 3000 rpm
for 5 min at 10°C.



8. Pipette the supernatant into a new tube, add 1.2 ml phenol, and 1.2 ml
chloroform/isoamyl alcohol (24:1); shake by hand for 5-10 min, and centrifuge
at 3000 rpm for 5 min at 10°C.

9. Pipette the supernatant into a new tube, add 2.4 ml chloroform/isoamyl
alcohol (24:1), shake by hand for 5-10 min, and centrifuge at 3000 rpm for 5
min at 10°C.

10. Pipette the supernatant into a new tube, add 25 al 3 M sodium acetate (pH
5.2) and 5 ml ethanol, shake gently until the DNA precipitates.

11. Take a glass pipette, heat it over a gas burner, and bend the end to a hook. Fish
the DNA thread out of the solution using the hook and transfer DNA to a new
tube.

12. Wash the DNA in 70% ethanol and dry it in the speed vac.

13. Dissolve the DNA in 0.5-1 ml sterile water overnight (or longer if necessary)
at 4°C on a rotating shaker.
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14. Measure the DNA concentration in a spectrophotometer and run 200 ng on a
1% agarose gel.

Tissue (mg) 5 10 1520 40 60 80 100

Volume in al -

Total 400 800 1200 1800 3200 4800 6400 8000

DNA buffer 360 680 1020 1360 2720 4080 5440 6800
Proteinase 20 40 60 80 160 240 320 400

10% SDS 40 80 120 160 320 480 640 800

ES CELL DNA EXTRACTION: TUBE METHOD

Protocol for extracting DNA from ES Cells, starting from the 96-well plate but
processing in an eppendorf tube to recover more of the DNA.

NOTE- THIS TAKES A LOT OF TIME if you do the whole plate this way!

Lysis buffer: ( 100 ml Recipe )

10 mM Tris-HC1 pH7.5 - 0.5 ml of 2M

10 mM EDTA - 2 ml of 0.5M

10 mM NaCl - 0.2 ml of 5SM

0.5% (w/v) Sarkosyl - 0.5gm (N-Lauroylsarcosine, Sigma # 1L-9150)
Img/ml Proteinase K - add fresh each time (stored in freezer).

1. Add 250pl Lysis Buffer (with proteinase K added) to each well.

2. Incubate the plate in a sealed humid container at 60°ree;C for 1 hour. (Meanwhile,
label eppy tubes!)

3. Transfer the contents of each well into a separate 1.5ml eppendorf tube (p-cent.
tube).

4. Continue lysing the cells for 2 more hours. (60°ree;C). (Float tubes in waterbath-
don't need tupperware).



5. Add an equal volume (250 pl) of phenol:chloroform (phenol: chloroform:
isoamylalcohol, 25:24:1).

(The pH of the phenol:chloroform needs to be ~7.8 - 8.0, or else the DNA will
partition into the organic phase).

6. Mix the contents of the tube until an emulsion forms. (Shake by hand for ~1 min,
(or vortex ~2sec),because vortexing shears long (genomic) DNA).

7. Centrifuge 5-10 min in a microfuge at TRm. (The phases should be well-separated).

8. Transfer (pipet) the aqueous phase (the top phase) to a fresh tube. (Toss the
interface/organic phase-- chemical waste in hood).

9. Repeat steps 5-8 until no protein is visible at the interface of the aqueous and
organic phases.

10. Add an equal volume (250 ul) of chloroform and repeat steps 6-8.

11. Optional: Repeat chloroform extraction. (The chloroform extraction removes the
traces of phenol).

12. Add 1/25th volume of 5SM NaCl (10ul of 5M NaCl for 250 ul), for a final
concentration of 0.2M NaCl. Mix well. (use NaCl rather than other salts because of
detergent in lysis buffer). )

13. Add exactly 2 volumes of ice-cold ethanol and again mix the solution well.

14. Store the ethanolic solution on ice for 30 min to precipitate the DNA. (can be
stored indefinitely at 0°ree;C or at -20°ree;C).

15. Centrifuge at 12,000xg for 10 min, 0°ree;C. (Try 4°ree;C, microfuge at max

(16,000), 10 min). (Remember to point tube hinges out, to locate pellet even if it's
invisible).

16. Suck off the supernatant (dispo pipet tip, with vacuum flask). Do not disturb the
pellet. Vacuum droplets from walls of tube as well.

17. Half fill the tube with 70% EtOH and re-spin for 2 minutes at 4°ree;C.

18. Suck off supernatant as in step 16.

19. Store the open tube on the bench at TRm until the last traces of fluid have
evaporated. (i.e.: Air dry).

20. Dissolve the DNA in 30ul (or 50 pl, and use half of sample) of 10mM Tris pH 8.5
(or TE). (pipet around the walls of the tube to dissolve the DNA off the walls of the
tube). Let dissolve for at least an hour at 37°ree;C.

21. Restriction digest:

- DNA in Tris pH8.5, from above protocol

- restriction enzyme

- restriction enzyme buffer

- X (BSA if required by enzyme)

- spermidine (to a final conc. of ImM; stored in freezer)



- (also add: ) DTT to a final conc. of 1mM
Final volume = 40l or less.
Digest overnight at 37°ree;C.

Next: Run gels; Southern blot and hybridize.

Mouse and Human Genomic DNA Extraction

Treat human blood and supernatants as potentially infectious. Discard supernatants
by an appropriate method, eg into bromochlor solution.

DNA from blood

1.

Collect 10ml blood into a heparin or EDTA tube.

2. Transfer to a 50ml falcon tube and freeze overnight at -20°C.
3.
4

Allow to thaw in iced water for several hours.

. Add 40ml of triton/sucrose lysis buffer to bleod and invert to mix. Spin

samples at 3000rpm for 15 minutes. Discard 'supernatant.

Add 20ml of triton/sucrose lysis buffer and resuspend white cell pellet with a
blue tip. Spin samples at 3000rpm for 10 minutes. Discard supernatant.

Add 3ml salting out/lysis buffer to the white cell pellet. Resuspend using a
blue tip. Add 2001 20% SDS and 300ul 5mg/ml proteinase K. Incubate
samples overnight at 50°C in a gently shaking incubator. If sample has not
been completely digested overnight, add SOul Smg/ml proteinase K and
continue incubation for several more hours.

Add 1.5ml 6M NaCl and shake vigorously for 15 seconds. Spin sample at
3000rpm for 15 minutes.

Transfer supernatant to a new tube, and add 10ml absolute ethanol. Allow the
DNA to come out of solution. Hook out DNA and transfer to an ependorf tube.
Spin briefly and remove ethanol. Add 400ul TE and allow DNA to resuspend
overnight at 4°C.

Extract once with phenol/chloroform and once with chloroform. Ethanol
precipitate and rinse pellet with 70% ethanol. Allow pellet to resuspend
overnight at 4°C.
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Triton/s'ucrose lysis buffer1 litre:

IMMgCl, 5ml

1M Tris-ClpH 7.5 10ml
Triton X-100 10ml
SUCrose 109.54¢g

Salting out/lysis buffer100mls:
'IM Tris-Cl pH 7.5

| [tml |

'5M NaCl [8mls 2

500mM EDTA pH 8 1400pl é
Mouse:

1. Dissect one lobe of liver tissue, and freeze in liquid nitrogen.
2. Grind tissue into a fine powder under liquid nitrogen.

3. Transfer tissue to a cold 15 ml blue top tube, édd 5 ml of salting out/lysis
buffer (10 mM Tris-Cl pH 7.5, 400 mM NaCl, 2 mM EDTA pH 8) and
resuspend tissue with a blue tip.

4. Add 200 pl 20% SDS and 300 pl 5 mg/ml proteinase K. Incubate samples for

5. several hours at 50°C, until tissue had been completely digested.

Extraction and precipitation:

1. Add 5 ml phenol equilibrated with 500 mM Tris pH 8, place on slowly
rotating wheel for 15 minutes. Centrifuge 3500 rpm for 10 minutes. Remove
aqueous phase to another tube.

2. Add 5 ml phenol/chloroform equilibrated with 500 mM Tris pH 8, place on
slowly rotating wheel for 15 minutes. Centrifuge 3500 rpm for 10 minutes.
Remove aqueous phase to another tube.

3. Add 5 ml chloroform equilibrated with TE, place on slowly rotating wheel for

15 minutes. Centrifuge 3500 rpm for 10 minutes. Remove aqueous phase to
another tube.

4. Add 0.5 vol isopropanol and allow DNA to come out of solution. Gently swirl
the tube for a few minutes. (**At this stage, tube can be placed at -20°C
overnight.)

5. Hook out the DNA with a pasteur pipette hook, and allow excess solution to
drain from the DNA by holding the blob to the side of the tube.
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6. Place hook with DNA on it into a 15 ml blue top tube with 1 ml TE. Break off
pasteur pipette and leave hook with DNA in tube. Place on very gently rocking
platform for several hours until DNA has completely gone into solution.

7. Quantitate and resuspend DNA at a final concentration of 500 pg./ml.

Measurement of DNA concentration : 0.D.260 nm.
Purity O.D.260/280 nm.

Electrophoresis of DNA

1. Agarose Gel Electrophoresis

Electrophoresis buffer (TAE or TBE)
Ethidium bromide solution

Agarose, electrophoresis-grade

10X loading buffer

DNA molecular weight markers
Horizontal gel electrophoresis apparatus
Gel casting platform )

Gel combs (slot formers)

DC power supply

Appropriate Agarose Concentration for Separating DNA fragments of
Various Sizes

Agarose (%) Effective range of resolution of linear DNA
fragments (kb)
1.5 0.2-3
1.2 0.4-7
1.0 0.5-10
0.7 : 0.8-12
0.5 1-30
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2. Nondenaturing Polyacylamide Gel Electrophoresis

Polyacrylamide gels are formed by the polymerization of acrylamide
monomer and N, N-methylene-bis-acrylamide (Bis). The reaction is initiated by
adding ammonium persulphate and accelerated by TEMED.

Concentration of Acrylamide Giving Maximum Resolution of DNA
Fragment

Acrylamide (%) Size fragments separated Migration of
(bp) bromphenol blue
marker

3.5 100 to 1000 100

5.0 100 to 500 65

8.0 60 to 400 4

12.0 50t0200 20

20.0 5to100 12

3. Pulsed-Field Gel Electrophoresis (PFGE)

-3.1 Verticle Single Inhomogenous Electric Field PFGE (Figure A)and
Verticle Double Inhomogenous Electric Field PFGE (Figure B)

3.2 Orthigonal-Field-Alteration Gel Electrophoresis (OFAGE) (Figure
C)

3.3 Transverse Alternating Field Electrophoresis (TAFE) (Figure D)

3.4 Field Inversion Gel Electrophoresis (FIGE) (Figure E)

3.5 Coutour-Clamped Homogeneous Electric Field (CHEF) (Figure F)

3.6 Crossed Field Gel Electrophoresis (CFGE) (Figure G)

3.7 Pulsed Homogeneous Orthogonal Field Gel Electrophoresis

(PHOGE) (Figure H)
Factors:
a. Temperature
b. Agarose gel concentration
c. Electric field strength
d. Pulse time
e. Reorientation angle

13



Advantages:’

a. Electrophoretic karyotyping
b. Macrorestriction mapping
c. Usein cloning

Ethidium bromide Staining : usually use 0.5 ng/ml

limitation of detection is 1-2 ng

UV wavelength 260, 300, or 360
emitted light 590 nm

Isolation and Purification of DNA from Agarose Gels

e.g. Spin columns : Quantum Prep Freeze-squeeze DNA gel extraction spin
columns (Biorad)

Practical requirements for DNA work

1. learn how to pipette down to 1 pl accurately and reproducibly;

2.

3.

develop a steady hand for loading samples on to gels and other
manipulations: give up caffeine if it makes you shake

do not allow stocks of enzymes to warm up to room temperature:
keep in the freezer and take out only for as long as it take to
remove an aliquot;

autoclave plasticware (pipette tips, microfuge tubes, etc.) and keep
sterile before use; do not handle pipette tips;

always use double-distilled water; make sure the glassware
cleaning programme includes a fina; rinse in double —distilled
water;

get in the habit of wearing disposable gloves at all times.
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Topic 2. Polymerase Chain Reaction (PCR) Technique

The polymerase chain reaction (PCR) is a rapid procedure for in vitro enzymatic
amphiﬁcation of a specific segment of DNA.

Basic components : 1. DNA to be amplified (genomic, c¢DNA or plasmid)
2. two single stranded oligonucleotide primers
3. protein component ( a DNA polymerase)

4., ANTPs, Buffer and Salts
Principle: VDO

30 - 40 cycles of 3 steps

1 minut 94 °C

45 seconds 54 °C

S MM 3 |
; 3 3¢
3 MMMUWNMMWWW forward and reverse
‘ | s primers 11!

;
N EATANS NP > il

e
i ! -~ PN - X
”\/ /\\‘ \\f L~ ; \L‘;\\ 7 / 2 minutes 72 °C
S‘W‘;Wﬁ n;-a’ = 1. PSS onty dnTes
5 L g g
‘ * 1 §y Ay Vientren 1999}

Source: http://users.ugent.be/~avierstr/principles/pcr.html
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Denature DNA

Extend Primers

Anneal Primers

Temperature (°C)

10J-
0 1

#1-

T

Time © 2

A-

Source: http://www.mun.ca/biology/scarr/PCR simplified.html

PCR begins with a mixture containing a dsDNA template, a pair of short ssDNA
oligonucleotide primers, a pool of the four ANTPs, and a heat-resistant DNA
polymerase, Tag Enzyme. The reaction is carried out in a computer-regulated
heating block, a thermal cycler, which permits rapid, controlled heating & cooling.
The primers are chosen so that they are base-complementary to opposite ends of
either strand of a short stretch of DNA containing the gene region of interest: PCR
thus requires some prior knowledge of the gene.

The reaction is first heated to 95°C to melt (denature) the dsDNA into separate
stamds. The reaction is then cooled to ~50°C, at which temperature the primers will
find base-complementary regions in the ssDNA, to which they will stick (anneal).
The reaction is finally heated to 72°C, at which temperature the Tag enzyme
replicates the primed ssDNA (extension). At the end of one cycle, the region between

the two primers has been copied once, producing two copies of the original gene
region.

Because a heat-resistant polymerase is used, the reaction can be repeated
continuously without addition of more enzyme. Each cycle doubles the copy number
of the amplified gene: ten cycles produces 2 ~»

4 83— 16 32— 64— 128 — 256 — 512 —» 1,024 (2'%) copies. Thus, 30
cycles yields a (2'"*) = 10°-fold amplification. This produces a sufficient quantity of
the gene region of interest for direct analysis, for example by DNA sequencing.

16



General protocol : 1. Denature 1 min at 94 °C
2. Anneal 1 min at 60 °C
3. Extend 1 min at 72 °C
30 Cycles

Mater mixes for optimizing reaction components

10XPCR buffer ( KCl, Tris-HC1 pH 8.4 at 20°C, MgCl,, Glycerol)
forward primer and reverse primers

DNA template, dNTPs, MgCl,, Taq polymerase, DMSO, Glycerol, H,O

Specificity and fidelity are the major concerning '
Parameters :

Sample preparation :
Shearing (especially for genomic DNA template), RNA contamination

Primers design:
- 50-60 % G+C content

- Tm 55-80 °C (Add up 2°Cfora T or A, 4°C fora C or G)
- Not complementary at the 3’ ends: primer-dimer formation

- ACTGTCCCGTATGCAATTGGCATGC
TACGTATGTTCCGGCATGCAT

- Can add other useful sequence (e.g. multiple cloning sites, anchors, etc) at
the 5 ends without effects on the PCR

Primer concentrations:
0.1-0.5 pM 1in reaction
too much: nonspecific products

Enzyme selection and concentration

- recommended range for Tag DNA polymerase (Perkin-Elmer)
is 1-2.5 units/100 pl reaction

- Too high : nonspecific background

- Too low : an insufficient amount of desired product is made

- Different Tag DNA polymerase from different company may behave
differently because of different formulations, assay condition, and or unit
definitions

-~ Thermo-resistant Taq DNA polymerase : higher fedelity, less problem but
more expensive e.g. pfu Taq polymerase, TaqGold polymerase, Platinum
Taq polymerase, etc.
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dNTP
- use 20-200 uM concentration of each
- the lower the concentration, the better the fidelity
- same concentration for all three nucleotides
- 20 uM will make 2.5 pg of DNA

MgCl, concentration
- very often can have major impact on PCR reaction if optimized
- If standard conditions poor, try change concentration by 0.5 mM up to 2.5

Denaturation time and temperature

- typical time = 30 second at 95 °C or 97 °C for 15 seconds
- too little denaturation- very poor results
- too much- decrease Taq polymerase

at92.5 °C T1/2> 2 hr.

at 95 °C, 40 minutes

at 97.5 °C, 5 minutes

Primer annealing

- 5°Cbelow Tm
- the higher the priming temp, the less mispriming-better specificity

Primer extension
- around 72 °C are typical

- 30-100 NT per second
- 1 minute extension allows up to 2 kb synthesis

Cycle number
- too many cycle, PCR against target will stop, other products come up

Negative (can use water blank control) and Positive controls

RT-PCR : Reverase Transcriptase Polymerase Chain Reaction
Amplification of cDNA from RNA
RT step: to generate cDNA (use this cDNA as DNA template in PCR step)
RNA template (total RNA or mRNA)
Reserve Transcriptase
DNTPs, PCR buffer, RNAsin (RNase inhibitor)

General protocol: 90 °C, 5 min
quick chill on ice
incubate at 42 °C, 60 min
95 °C, 10 min

18



PCR

1. Amplification of DNA (PCR) or RNA (RT-PCR)
2. Competitive PCR for quantitation of mRNA
3. PCR with labeled probe or primer

etc.

Exercise: 1. Application and experimental design
2. Practicing data analysis. -
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Topic 3. Real-Time RT-PCR Technique

—

The Evolution of PCR to Real-Time

PCR has completely revolutionized the detection of RNA and DNA.
Traditional PCR has advanced from detection at the end-point of the
reaction to detection while the reaction is occurring.

Real Time
Detection

Source: Appliedbiosystem company product catalog 2006
Figure 1: Real-Time PCR Evolution

Real-Time Vs Traditional PCR

Real-Time chemistries allow for the detection of PCR amplification during
the early phases of the reaction. Measuring the kinetics of the reaction in
the early phases of PCR provides a distinct advantage over traditional

PCR detection. Traditional methods use Agarose gels for detection of
PCR amplification at the final phase or end-point of the PCR reaction.

Limitations of End-Point PCR

Agarose gel results are obtained from the end point of the reaction. Endpoint
detection is very time consuming. Results may not be obtained for
days. Results are based on size discrimination, which may not be very
precise. As seen later in the section, the end point is variable from
sample to sample. While gels may not be able to resolve these
variabilities in yield, real-time PCR is sensitive enough to detect these
changes. Agarose Gel resolution is very poor, about 10 fold. Real-Time
PCR can detect as little as a two-fold change!

Some of the problems with End-Point Detection:

_ Poor Precision
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Low sensitivity
~ Short dynamic range < 2 logs
"~ Low resolution
"~ Non - Automated
- Size-based discrimination only
" Results are not expressed as numbers
" Ethidium bromide for staining is not very quantitative
" Post PCR processing

Problems with detection in the Plateau phase of PCR

The following three figures show the plateau affect on 96 replicates and a fivefold
dilution series. As stated earlier, the plateau region is the end-point of the

reaction and is representative of the amount of product that you would see on
Agarose Gels. The 96 replicates in the exponential phase are very tight in both
the linear and logarithmic views.

Area sf Deiection ==
for Real. Time. =

Ethidium -Gel
Detection

[DNA] ‘SExponential  Linear

gﬂl”'lllvii!l»il} CEHRTEHE E O R O B I

Cycle #

Source: Appliedbiosystem system catalog product

Figure 2. In the logarithmic view, the plateau for each reaction seems to occur in
the same place, but this is solely due to the log scaling of the plot. Figure 6
shows the same 96 replicates in linear view. The reactions show a clear
Separation in the plateau phase; therefore, if the measurements were taken in

the plateau phase, quantitation would be affected.
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Real-Time RT-PCR Technology

The advent of Polymerase Chain Reaction (PCR) by Kary B. Mullis in the
mid-1980s revolutionized molecular biology as we know it. PCR is a fairly standard
procedure now, and its use is extremely wide-ranging. At its most basic application,
PCR can amplify a small amount of template DNA (or RNA) into large quantities in a
few hours. This is performed by mixing the DNA with primers on either side of the '
DNA (forward and reverse), Tag polymerase (of the species Thermus aquaticus, a
thermophile whose polymerase is able to withstand extremely high temperatures), free
nucleotides (ANTPs for DNA, NTPs for RNA), and buffer. This movie shows PCR in
action. The temperature is then alternated between hot and cold to denature and
reanneal the DNA, with the polymerase adding new complementary strands each
time. In addition to the basic use of PCR, specially designed primers can be made to
ligate two different pieces of DNA together or add a restriction site, in addition to
many other creative uses. Clearly, PCR is a procedure that is an integral addition to
the molecular biologist’s toolbox, and the method has been continually improved
upon over the years.

Fairly recently, a new method of PCR quantification has been invented. This is
called “real-time PCR” because it allows the scientist to actually view the increase in
the amount of DNA as it is amplified. Several different types of real-time PCR are
being marketed to the scientific community at this time, each with their advantages.
This web site will explore one of these types, TagMan® real-time PCR, as well as
give an overview of the other two types of real-time PCR, molecular beacon and
SYBR® Green.

Principle and VDO Clip

1. Two fluorescent dyes, a reporter (R) and a quencher (Q), are attached to the
probes used with the TagMan PCR Reagent Kit. The 3' end of the probe is
blocked, so it is not extended during the PCR reaction.

2. When both dyes are attached to the probe, reporter dye emission is quenched.
During each extension cycle, the probe is displaced at the 5' end by the Taq
DNA polymerase.

3. Taq DNA polymerase then cleaves the reporter dye from the probe via its 5'-3'
exonuclease.

4. Once separated from the quencher, the reporter dye emits its characteristic

fluorescence which can then be measured by the 7700. The amount of
fluorescence measured is proportional to the amount of PCR product made
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——
Polymerization :
Complete J

¢

Source: Drawing by Wilairat Leeanansaksiri

The design of TagMan probes and primers is critical to the success of the
experiment. - - You may use the Primer Express program to assist in
primer and probe design and ensure that all critical parameters are met.
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Calibraior

Log CopyBumber

Btandard Curve of GATA-Z REA

Source: Wilairat Leeanansaksiri - experiments on Real-time RT-PCR unpublished
data

This Figure shows the amplification of standards from a dilution series. A.
Normalized reporter signal is plotted against cycle number. The threshold cycle is the
PCR cycle at which a significant increase in reporter fluorescence above baseline can
be detected, and is marked by the darker horizontal line. B. The Standard curve is
plotted in ct value and log copy number C. PCR analysis by gel electrophoresis
demonstrates the specificity and sensitivity.
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- In addition to the sequence-specific TagMan probes, it is also possible to
use SYBR Green as a fluorescent dye. This dye fluoresces only when
bound to double-stranded DNA, which offers an alternative method of
quantitating PCR products without the necessity of constructing a new
TagMan probe for each.

- During the cycling process, fluorescence emission is measured every 6
seconds within each well. After the run, the results are analyzed and can be
examined in a number of ways, one of which is the amplification plot

shown below:

Application of PCR

1. amplification of ancient DNA

2. screening mutation

3. genetic engineering (delete, insert, mismatch etc)

4. sequencing

5. cloning

6. screening of libraries

7. Genetic and evolution

8. Diagnostics

9. Forensics

Source: Powerpoint- Wilairat Leeanansaksiri
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Source: Product Catalog: In vitrogen 2003
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Source: Product Catalog: Roche 2003

Organizing a Laboratory for Real-Time RT-PCR Work

Basic Equipment and Supply

Exercise: Experimental Design and Practicing data analysis of the real-time
PCR.
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Topic 4. DNA sequencing Technique

camam—

Maxam & Gilbert Method al clevage at specific bases
Not used for sequencing anymore
Sanger Method : enzymatic production of DNA that is terminated at specific bases

- Although it has undergone many refinements including ; improved
enzymes, use fluorescent sequencing instead of radioactive, high
throughput automation

- The principle has remained the same

- dye primers and dve terminators

Dye Primers Dye Terminators
- Fluorescent dyes on the same primer - Fluorescent dye on ddNTP, one
color for each ddNTP

- 4 separate reactions with one color of - one reaction only
dye-primer and one ddNTP

- after reactions are complete, - ecomonic and convenient
combine to run in one lane on gel especially if you use many
Expensive if use many differentprimers different primers

- Excellent signal to noise - prone to more peak variability

noise

Principle of sequencing and VDO clip

(This is only an explanation of the method used for sequencing on an automated
sequencer ABI )
The purpose of sequencing is to determine the order of the nucleotides of a gene. For

sequencing, we don't start from gDNA (like in PCR) but mostly from PCR fragments
or cloned genes.

1. The sequencing reaction :

There are three major steps in a sequencing reaction (like in PCR), which are
repeated for 30 or 40 cycles.

1. Denaturation at 94°C :
During the denaturation, the double strand melts open to single
stranded DNA, all enzymatic reactions stop (for example : the
extension from a previous cycle).

2. Annealing at 50°C :
In sequencing reactions, only one primer is used, so there is only one
strand copied (in PCR : two primers are used, so two strands are
copied). The primer is jiggling around, caused by the Brownian
motion. Ionic bonds are constantly formed and broken between the

28



single stranded primer and the single stranded template. The more
‘stable bonds last a little bit longer (primers that fit exactly) and on that
little piece of double stranded DNA (template and primer), the
polymerase can attach and starts copying the template. Once there are a
few bases built in, the ionic bond is so strong between the template and
the primer, that it does not break anymore.

. Extension at 60°C :

This is the ideal working temperature for the polymerase (normally it
is 72 °C, but because it has to incorporate ddNTP's which are
chemically modified with a fluorescent label, the temperature is
lowered so it has time to incorporate the 'strange’ molecules. The
primers, where there are a few bases built in, already have a stronger
ionic attraction to the template than the forces breaking these
attractions. Primers that are on positions with no exact match, come
loose again and don't give an extension of the fragment.

The bases (complementary to the template) are coupled to the primer
on the 3'side (adding ANTP's or ddNTP's from 5' to 3', reading from the
template from 3' to 5' side, bases are added complementary to the
template) j

When a ddNTP is incorporated, the extension reaction stops because a
ddNTP contains a H-atom on the 3rd carbon atom (ANTP's contain a
OH-atom on that position). Since the ddNTP's are fluorescently
labeled, it is possible to detect the color of the last base of this
fragment on an automated sequencer.

29



30 cycles of 3 steps :
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Andy Vienstww 1999

Source: http://users.ugent.be/~avierstr/principles/seq.html
Figure 1: The different steps in sequencing

Because only one primer is used, only one strand is copied during sequencing,
there is a linear increase of the number of copies of one strand of the gene.
Therefore, there has to be a large amount of copies of the gene in the starting
mixture for sequencing. Suppose there are 1000 copies of the wanted gene
before the cycling starts, after one cycle, there will be 2000 copies : the 1000
original templates and 1000 complementary strands with each one fluorescent
label on the last base, afier two cycles, there will be 2000 complementary
strands, three cycles will result in 3000 complementary strands and so on.
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Source: http://users.ugent.be/~avierstr/principles/seq.html

Figure 2 : The linear amplification of the gene in sequencing.

2. Separation of the molecules :

After the sequencing reactions, the mixture of strands, all of different length
and all ending on a fluorescently labelled ddNTP have to be separated; This is
done on an acrylamide gel, which is capable of separating a molecule of 30
bases from one of 31 bases, but also a molecule of 750 bases from one of 751
bases. All this is done with gel electrophoresis. DNA has a negative charge
and migrates to the positive side. Smaller fragments migrate faster, so the
DNA molecules are separated on their size.

e )

Kv‘ﬁ / - D I acrylumidegel

£ Andy Vierdwnen: 199%)

Source: http://users.ugent.be/~avierstr/principles/seq.html

Figure 3 : The separation of the molecules with
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Detection on an automated sequencer :

The fluorescently labelled fragments that migrate trough the gel, are passing a
laser beam at the bottom of the gel. The laser exites the fluorescent molecule,
which sends out light of a distinct color. That light is collected and focused by
lenses into a spectrograph. Based on the wavelength, the spectrograph
separates the light across a CCD camera (charge coupled device). Each base

has its own color, so the sequencer can detect the order of the bases in the
sequenced gene.
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e
N 2
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4
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Source: http://users.ugent.be/~avierstr/principles/seq.html

Figure 4 : The scanning and detection system on the ABI Prism 377
sequencer.

T & Fie it twstrumen! Window pon 16:30:19

Source: http://users.ugent.be/~avierstr/principles/seq.html

Figure 5 : A snapshot of the detection of the molecules on the sequencer.
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3. Assembling of the sequenced parts of a gene :

For publication purposes, each sequence of a gene has to be confirmed in both
directions. To accomplish this, the gene has to be sequenced with forward and
reverse primers. Since it is only possible to sequence a part of 750 till 800
bases in one run, a gene of, for example 1800 bases, has to be sequenced with
internal primers. When all these fragments are sequenced, a computer program
tries to fit the different parts together and assembles the total gene sequence.

s 4 £ a bass 1730

oIt S0 TR L -

PELTRE PrHEHS

e 4

fAndy Viestace 1999)

Source: http://users.ugent.be/~avierstr/principles/seq.html

Figure 6 : The assemblage of the gene.
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Souce: Wilairat Leeanansaksiri-Experiment on DNA sequencing (unpublish data)

Figure 7. DNA sequencing result from computer analysis
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Topic 5. Southern Blotting Technique

Southern Blotting

. Atechnique described by Southern (1975)

. Atechnique used to transfer DNA fragments from agarose gel to solid support.
The attached DNA is hybridized to radiolabeled DNA or RNA, and
autoradiography is used to located the positions of bands complementary to the
probe.

Procedure: 1. DNA extraction and digestion with restriction enzymes

Or PCR fragments

2. agarose gel electrophoresis

3. transfer DNA from agarose to solid support €.g. nitrocellulose or nylon
membrane

4. UV crosslinking

5. prehybridization ‘

6. hybridization of radilabled probes to immobilized nucleic acids

Restriction Enzyme : is a protein
1. Typel:
- bind to the recognition site but cut at random sites
- carry modification (methylation) and ATP-dependent restriction
(cleavage) activity in the same protein
2. TypelIl : most used in molecular biology
- restriction endonuclease; cut at recognition site
- methylase that modifies the same recognition sequence
- table of recognition sequences
3. Type IIl (same as type )
- bind to the recognition site but cut at random sites
- carry modification (methylation) and ATP-dependent restriction
(cleavage) activity in the same protein

Transfer of DNA from agarose gels to solid supports
1. Capillary transfer

2. Electrophoretic transfer
3. Vacuum transfer

Transfer solution: General protocol
1. Denature the DNA by soaking the gel in 1.5 M NaC1/0.5 N NaOH for 45
minutes )
2. Rinse the gel briefly in deionized water

3.Denatralize by soaking the gel in 1 M Tris (pH 7.4)/1.5 M NaCl for 30
minutes
4. 20X SSC

Membrane : Advantages and disadvantages of nitrocellulose and nylon membranes
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/g.mbf-
57.end labelled with 32p_ATP using T4 polynucleotide kinase

nction: Bacteriophage T4 polynucleotide kinase catalyzes the transfer of the y
phosphate of ATP to a 5'terminus of DNA ot RNA

Hybridization

Prehybridization solution:
6XSSC
5X Denhardt’s reagent
0.5% SDS
100 pg/ml denatured, fragmented salmon sperm DNA
0.01% polyvinylpyrrolidone
0.1% Ficoll
0.01%BSA

Hybridization solution: prehybidization solution plus probe

Washing solution: 2XSSC/0.1% (w/v) SDS
0.2XSSC/0.1% (w/v) SDS, room temperature and 42°C
0.1XSSC/0.1% (w/v) SDS, 68°C

Autoradiograph :  X-ray film
Phosphoimager
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Topic 6. Genetic Engineering and Cloning Techniques

——

Clone Any group of cells or individuals that have descended from a single cell by
Mg(m_ctm. Since no genetic recombination occurs with asexual
reproduction, all members of a clone are genetically identical.

Cloning refers to the process of making many copies of a particular DNA sequence.
o clone a gene" means to transfer the gene of interest to a system in which billions
of copies can easily be made

DNA polymerase uses a single strand template to make a complementary strand.
However, it requires a primer and can only add nucleotides to the 3' end of the
primer. 1 '

DNA ligase ties together adjacent nucleotides in a DNA strand if they are bound to
the same complementary strand.

Reverse transcriptase is a DNA polymerase that uses RNA as a template to make a
DNA copy. . :

Transduction refers to the transfer of a bacterial gene from one bacterium to another
by a phange; a phange carrying host as well as its own genes is called transducing
phange. Also describes the acquisition and transfer of eukaryotic cellular sequences
by retroviruses.

Transfection of eukaryotic cells is the acquisition of new genetic markers by
incorporation of added DNA

Transformation of bacteria describes the acquisition of new genetic markers by
incorporation of added DNA

Transformation of eukaryotic cells refers to their conversion to a state of
unrestrained growth in culture, resembling or identical with the tumorigenic condition

Restriction Endonucleases : Type 11

- Restriction endonucleases (restriction .enzymes) break double-stranded DNA at
specific nucleotide sequences (restriction sites).

- The most useful are those that cleave at palindromic sequences. These are DNA
sequences that read the same on both strands but in opposite directions. For example,
5'-AGCT-3' on one strand and 3'-TCGA-5' on the complementary strand.

- Found in bacteria along with methylases, the restriction modification system.

- There are hundreds of known restriction enzymes, each specific for sequences
consisting of 4 to 8 nucleotides. Restriction enzymes (R.E.) may recognize 4, 6 and
rarely 8 bp (4(4), 4(6) and 4(8)bases)

- RE. that recognize identical sequences but cut at different sites are isoschizomers.

- RE. may cut and leave overhangs (sticky ends) or may be blunt cutters (blunt ends).
- The entire DNA of a human would be broken into millions of restriction fragments
by some restriction enzymes, but the sequences cleaved would be identical. All the
ends of the fragments would be identical also.

- DNA cloning: vector and the DNA of interested is cut with R.E. and ligated with
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DNA ligase = recombinant DNA.

Vectors

Plasmids: . . : .
Plasmid vectors are modified versions of naturally occurring plasmids such as

ColE1 from E. coli. pBR322, one of the first plasmid vectors, contains the ColE1
origin of replication (ori), and unique restriction sites in each of two selectable
markers (PstI in ampR and HindlIl in fetR). More sophisticated vectors, like pUC19,
have an ampR gene and a lacZ coding sequence containing a multiple cloning site (or
po]ylinker) which provides a selection of different restriction enzyme sites for
cloning; the lacZ sequence allows blue/white selection.

pBR322 tetracycline and ampicillin markers. PUC series retain ampicillin
resistance and have cloning sites clustered in multiple cloning sites (MCS). The MCS
lies within DNA sequence coding for NH2 terminal portion of beta-gal. Beta-gal
activity is seen by blue coloration of colony (galactose+indigo dye resulting from X-
gal cleavage by beta-gal).

Plasmids can accommodate a max of 10kb inserts. They cannot replicate with
inserts greater than 10kb. :
Directional cloning can be achieved by selective R.E. usage. This also prevents vector
religation.

PBR-322 - a constructed

cloning vector
Mulniple Restriction
Eco R1
Hind IIT
Bam H1
Pat 1
Xam 1

Source: Progema Product catalog 2004
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Phage vectors:

. Bacteriophages infect cells much more efficiently. Lambda phage retains genes
needed for phage replication. Phage vectors accommodate no less that 12kb and up to
20kb of foreign DNA.

- Because infection is very efficient lambda vectors are often used for making DNA

librariCS. . . . .
. Libraries are made by partial R.E. digestion or by mechanical shearing (i.e.

ultrasound).

Cosmids: Vectors useful for cloning large DNA frag. (40-50kb). They behave as
plasmids and phages. They can be packaged into lambda phage heads (cos), and they
contain plasmid origin of replication sites, so they can replicate in bacteria (mid).
M13 phage vectors: They have beta-gal site interrupted by MCS. The genome of
M13 is single stranded, but after infection of E. colj, it is double stranded. This form
is used for cloning. Recombinant DNA can be recovered as single stranded DNA.
Phagemids: pBluescript has MCS inserted into lac Z gene, origin of replication, and
MCS flanked by RNA polymerase promoters (T7 RNA pol at one end and T3 pol at
the other end).

Yeast Artificial Chromosomes (YACs) are a more recent generation of cloning
vector that possess a yeast origin of replication, a centromere and telomeres; they can
carry up to 2000kb of foreign DNA. YACs are often used in genome projects to create
a library of overlapping clones representing a part of, or the whole of, a chromsome.
However, YACs can be difficult to work with and the DNA can become rearranged.
Viral vectors: Retrovirus, Lentivirus, Adenovirus etc.

1) Tools required for gene cloning.

a) Restriction enzymes: These are enzymes that digest or “cut” DNA at specific DNA
sequences, often generating sticky ends.

b) Ligase: This the enzyme that links Okazaki fragments during DNA replication. It
can also be used to link DNA in a test tube during gene cloning.

¢) Bacterial plasmid: a plasmid is a small circular piece of DNA that replicates many
times in a bacterial cell. It is used to make many copies of a gene during gene cloning.
In this context the bacterial plasmid is called a cloning vector.

2) A typical gene cloning experiment involves a number of steps.
8) Isolation of vector DNA and subject gene DNA.

b) Insertion of the gene into the vector

©) Introduction of the vector into bacterial cells.

d) Cloning of cells

¢) Identification of a clone of cells carrying the gene of interest.
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Source: Gene VI, Benjamin Lewin 1997

3) Often a gene of interest is recovered from a library of genes.

a) genomic library — contains all of the DNA sequences in a genome.

b) cDNA library — contains copies of all of the expressed genes in a particular tissue.
i) cDNA is synthesized using reverse transcriptase and inserted into a cloning vector.

Host cell transformation with Recombinant DNA.

- Transformation : plasmid, competent cell (COMPETENT =capable of accepting
DNA from the external environment).

- Bacteria (. coli) is incubated with high calcium salt concentration to make a leaky
plasma membrane

- Use of high voltage (electroporation)
- Coat tiny metal pellets with DNA
- Use temperature sensitive bacteria

PCR also generates a DNA fragment for cloning
- Cloning of cDNAs

- Taq Polymerase (Themus aquaticus)

¢DNA cloning

~ ¢CDNA library (oligo dT primer), reverse transcriptase
-RT-PCR

Identifying a clone :
- Probes: polynucleotide probe and antibodies

= What do we do when we do not know the exact DNA sequence?
- When we know the protein sequence, can we design a polynucleotide probe?
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Expressing Cloned Genes

~Bacterial expression vectors have 2 elements: strong promoters and ribosome
pinding sites near AUG

_ What is an inducible promoter: lac promoter stimulated by IPTG. Temperature
sensitive promoters (lambda repressor is active at 320C)

Expres ression Vecmrsjm?ducing fusion proteins: most vectors produce fusion

P roteins. Flow can @ fusion protein help us purify a protein product?

Expression vector

1. Prokaryotic system
2. FEukaryotic system

Exercise 1. Design cloning method and strategy |
2. Methods of the confirmation of accomplishment
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Topic 7. DNA Microarray Technique

PRINCIPLE:

DNA microarray is a high throughput gene expression analysis technology.
This technique may be defined as a miniaturized, systematic immobilization of
nucleic acid fragments procured from individual genes on a solid support, which by
specific hybridization, enable simultaneous analysis of thousands of genes in parallel
(1). They have entered the front line of investigational medicine tomeet the demand
for high-throughput survey as we enter the post-genomic era. Microarrays represent a
bioinformatics-based intersection between biology and computers that enables gene
analysis in human tissues on a genome-wide scale (2). Segments of DNA that serve as
probes for detection are arranged regularly on nylon or a glass support, which forms
the so-called ‘gene chip’, or microarray. Hybridizing these arrays with labeled nucleic
acids from tissue samples allows quantitative measurement and comparison of genetic
information.

DNA microarrays owe their power as an experimental tool to the specificity
and affinity of complementary base pairing. Many thousands of oligonucleotides or
¢DNA clones can be spotted onto a single glass slide microarray, and indeed most of
the genome can now be interrogated in a single microarray. Thus, an expression level
“snapshot” of cellular activity provides an unprecedented tool for exploring the
behavior of the genome under almost any conditions of cell culture, and is amenable
to repetitive analyses of frozen human tissue.

THE MICROARRAY SUBSTRATE

In principle, membrane-based arrays can be probed by radiolabeled mRNA to
measure gene expression; however, slidebased arrays have proven to be smaller, more
convenient, and to facilitate higher throughput. There are two important strategies in
the fabrication of slide-based microarrays. One strategy is commonly referred to as
“in situ oligo synthesis.” In this approach, pioneered by the Affymetrix® Corporation,
sequences of fifteen to twenty-five nucleotides can be accurately and efficiently
synthesized. In an alternative approach, developed at Rosetta Inpharmatics and
Agilent Technologies, an inkjet printer, rather than photolithography, is used to apply
sequential rounds of synthesis, using standard phosphoramidite chemistry, and allows
the construction of oligonucleotides of sixty to eighty nucleotides in length. This latter
style of in situ oligo array can permit competitive hybridization of two samples in the
Same manner as do the batch-synthesized arrays described below. In the other major
strategy, batches of “bio-ink” are synthesized in large quantities, and then printed on a
substrate, usually a treated glass microscope slide (Figure 1), through any of a variety
of techniques, including both contact and inkjet printing. The bio-ink can be cDNAs
from large expressed sequence tag (EST) libraries or long oligonucleotide chains
Produced in largescale oligo synthesizers. Whereas in situ oligo arrays offer some
fexibility in the choice and arrangement of features to be printed, bio-ink arrays
benefit from the economy inherent in synthesizing reagents on a large scale.
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PROBE PREPARATION

Either total RNA or mRNA can be isolated from snap-frozen tumors and used for
microarray hybridization. Standard protocols require relatively large amounts of RNA
(2-4 micrograms of mRNA or 50 micrograms of total RNA) to achieve adequate
signal for weakly expressed transcripts. Because these amounts of RNA probes
require larger starting quantities of human tissue than is often available, RNA
amplification strategies have become important. These methods permit the use of
much smaller quantities of total RNA while still maintaining excellent fidelity with
respect to the original tissue sample. When arrays are used to explore the biology of
individual tissue components (such as epithelial cells or stromal fibroblasts), laser
capture microdissection can be used to purify cell populations (2). The isolated RNA
is labeled with fluorescent dyes. By convention, the experimental sample is labeled
with Cy 5, ared dye that fluoresces at 635 nm, by means of a reverse transcription
reaction. The Cy 5-labeled ¢cDNA sample is mixed with a reference cDNA that has
been labeled with Cy 3, a green dye that fluoresces at 532 nm, and the mixture is
hybridized to the array (Figure 2). An optical scanner measures fluorescence at the
two specified wavelengths, and the ratio of signal intensities from the experimental
and reference RNA represents the relative abundance of transcripts present in the
sample. This use of ratios permits the canceling out of systematic errors, such as
unknown quantities of DNA spotted onto the array and differing hybridization
kinetics. Reference RNA, now commercially available, is composed from RNA
pooled from ten cell lines that express the majority of human genes and provide a
renewable resource. All expression levels in the sample are reported relative to the
nominal level provided by the reference RNA, which permits samples using the same
reference RNA to be compared.

DATA RETRIEVAL AND ANALYSIS

Because microarrays measure the transcription of genes on a genome-wide basis, they
detail the cell’s metabolic status in terms of which genes are induced or repressed.
More importantly, such widespread expression data provide information on
relationships among genes that may not have been previously suspected. When
microarrays are used to study human cancer, they reveal information about the state of
a tissue, even including interactions between malignant cells and their
microenvironment. Examples of such interactions include tumor angiogenesis, which
is an endothelial response to an epithelial malignancy, or the infiltration of tumor-
associated lymphocytes. The complexity of interactions between different cell types
In a tissue is thus measurable with microarrays; the analysis of such data, however,
Presents a formidable problem. The output of experimental information from cDNA

microarrays is a plethora of fluorescence intensities. These raw data must be stored in
a retrievable format, analyzed, and optimally, subjected to a visualization method so
fhat researchers can use their own intrinsic neural networks (i.e., their brains) to
Interpret correlations among numerous diverse but interrelated data points. Web-based
formats such as the Stanford Microarray Database (SMD; http://genome-
Www35.stanford.eduw/Micro Array/SMD) provide such a repository for data storage and
analysis. SMD provides a Web-based link between specific data (gene spots) and
Publicly accessible databases, such as UniGene, dbEST, and Swiss-Prot, for valuable
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information about the clones wused in array preparation (http://genome-
wwws,stanford.edu/cgi-bin/SMD /source/sourceSearch). Moreover, SMD is a
mublic dissemination of expression data for all published studies. One of
the most commonly used methods for microarray data analysis is hierarchical
clustering (6), a method for organizing genes and experimental samples according to
gimilarity of gene expression profile. In this method, a mathematical vector for the
expression profile of each gene in a sample is determined and compared to the vectors
from all of the genes expressed in that sample. Genes with similar expression patterns
can then be clustered near one another along one axis, and similarly, experimental
gamples can be ordered according to their overall similarity in gene expression
patterns along a second axis. The result is that genes whose expression patterns are
most similar are clustered together by rows, and experimental samples whose
expression patterns are most similar are clustered by columns Dendrograms linking
genes Or experimental samples can then be generated to show degrees of similarity. In
this way, useful relationships between coexpressed genes or similar experimental
samples may be discovered. Besides hierarchical clustering, algorithms that detect
pattern similarity include k means clustering and self-organizing maps. Singular value
decomposition (principal component analysis) is used to identify patterns that
contribute to the overall gene expression matrix (7). Neural networks may apply
analytic techniques to a training set of data and test the result on a separate validation
get of samples. Hierarchical clustering that is performed on entire data sets without
expectation or previous information regarding results is known as “unsupervised
clustering,” and offers the virtue that no assumptions are made. Gene expression
patterns can also be determined using supervised methods, provided that one has prior
information about the genes or tissue samples so that predictions of clustering can be
made. Information such as clinical outcome, pathologic subtype, or sample similarity
may be used to “supervise” an analysis in order to generate a pertinent gene list that
may then be tested against a new set of unknown samples.
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Figure 1. Schematic of microarray technique. RNA from a tumor sample and
reference RNA (made commercially from pooled cell cultures torepresent the
majority of known genes) are reverse transcribed and labeledwith different fluorescent
@Yes. The mixture is hybridized overnight to a microarray. The hybridized microarray
is then scanned at two wavelengths and the intensities of red and green fluorescence
are measured at each spot on the microarray. The red-to-green ratio reveals the
abundance of RNA expressed by the tumor sample relative to the reference sample for
every one of the 42,000 cDNA clones on the array. This technique provides a
comparative measure of the global gene expression of the tumor sample.
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Figure 2. DNA Microarray result of gene expression in stem cells image using
. Affimetrix GEM2 Chip.
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Figure 2. DNA microarray result of stem cells. A. Stem cell development into
myeloid cell lineages B. Microarray data and verification of microarray result by
Wwestern blot and northern blot.
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Figure 3. Scheme of the various steps involved in microarray experiment using
different types of array platforms. RNA from test and reference samples are reverse
transcribed, labeled by methods appropriate for the type of array used, and hybridized
to microarray slides. In case of oligonucleotide arrays, another step wherein the

¢DNA is subjected to in vitro transcription to obtain the cRNA is performed.
Following stringency washes, signals are detected by imaging techniques. (A)
Representation of two-color experiment: cDNA arrays are most commonly used.
More recently, long oligonucleotide (50-80 base pairs) has been used to conduct two-
color array platform; (B) Representation of one-color experiment: oligonucleotide
arrays are most commonly used.
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Source: Journal of Experimental Therapeutics and Oncology 3: 297-304, 2003

Figure 4. Clinical relevance of microarray gene-expression profiling.
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Part 11

Principles of Techniques in RNA Study



Topic 8. RNA Extraction and Purification

——— *

'Qverview of cellular eukaryotic and prokaryotic RNA species

1, Structure of RNA

‘a) usually single-stranded

~b) contains ribose instead of deoxyribose
) contains uracil instead of thymine
) d) can loop back and form partially double-stranded regions (especially in rRNA

and tRNA)

¢) dsRNA adopts A-conformation

2 DNA makes RNA makes protein (central dogma)

3. Three types of RNA:

RNA species Eukaryote ( amount, %, | Prokaryote ( amount, %
., in cell) in E.Coli cell )

8) ribosomal ()RNA 80-90 16

b) transfer (H)RNA 3

¢) messenger (m)RNA 1-5 1

Most Important consideration of RNA Extraction:
- Rapid and simple preparation of full-length RNA

- Efficiently inhibit the endogenous ribonucleases (both endonucleases and
exonucleases)

- Avoid contamination of ribonucleases of hands (ware gloves), glassware
and solutions
- be careful of DNA contamination
RNase Inhibitors : RNasin, vanadyl-ribonucleoside complexesguanidine
hydrochloride, guanidinium isothiocyanate, heparin and dextran
’ sulphate etc. .
Protein degradation and removal: Proteinase K, phenol and chloroform.

Why should we need to purify RNA ?
For cDNA libraies, cDNA cloning, Northern blotting, in vitro translation,
analysis of RNA structure and synthesis which is useful in gene expression
studies, and other RNA studies.
Ribonuclease-free conditions :
- separate the reagents and utensils to be used specifically for RNA work
e.g. label “RNase-free” with a color tape

- Solution must be treated with diethylpyrocarbonate (DEPC) and
effectively autoclaved before use '

- Plasticware, glassware, utensile must be nuclease-free: treated with DEPC,
autoclave, bake glassware at 250-300°C in hot air oven for at lease 4 hours
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Note: Now many things, especially, plasticware for RNA works usually
nuclease-free from the companies (so check before ordering)

| RNA Extraction and Purification

1. Total RNA

9, Cytoplasmic RNA

3, Nuclear RNA

4. Messenger RNA (mRNA)

1. Total'RNA Extraction
A Guanidinenium-CsCl method
B Phenol-chloroform method

Harvest + Guanidinium § i+ Phenol Agueous

cells thiocyanate | +CHCly phase
Organic
phase
agueous
phase

© M nsterleH0 | Cedirfuge |

o ) s potn

Y [ [on

Lo
RNA pellet

(Company : Invitrogen Life Technologies)

Isolation of RNA from Small Quantities of Tissue (1 to 10 mg) or Cells (100 to
10,000) Samples

1.

Add 800 ul TRIZOL to the sample. Homogenize cells by pipetting repeatedly.
Add 200 ug glycogen directly to the TRIZOL reagent. If processing tissue,
pulverize in liquid nitrogen first and then add 800 ul TRIZOL containing 200
Hg glycogen (final concentration 250 ug/ml) followed by vigorous vortexing
or power homogenization.

Place at room temperature, cap vial, and vortex at high speed for 10 sec. Make
sure the TRIZOL reagent wets the side of the vial in order to solubilize any
sample that may be remaining on the walls.

Shear the genomic DNA in the sample by passing twice through a 26-gauge
needle connected to a 1 ml syringe. Using the syringe, transfer the sample to a
sterile 1.5 ml microcentrifuge tube.

Add 160 24 of chloroform (or 49:1 chlorform:isoamyl alcohol) to each sample
and vortex up to 30 s.

Spin at maximum speed in the microcentrifuge 5 min to separate the phases.
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6. Transfer the upper aqueous phase to a fresh tube and add 400 2 ice-cold
isopropanol. Allow the samples to precipitate at -20°C 1 h - overnight.

7. Pellet the RNA by centrifugation at maximum speed in the microfuge 15 min
at room temperature.

8. Decant the supernatant.

9. Wash the pellet in 200 21 of 70% ethanol and spin again 10 min at maximum
speed.

10. Dpecant the supernatant, removing as much as possible without disturbing the

ellet.

11. Ip)ry under vacuum and centrifugation 3 - 5 min.

12. Resolubilize the pellet in 30 - 50 x1 RNAse-free deionized water. NOTE: If
tissue is high in RNAses (e.g., adrenal gland, pancreas,) resuspend in 100%
deionized formamide. (Alma M. Bracete, Donna K. Fox, and Domenica
Simms, 1998, Isolation and Long Term Storage of RNA from Ribonuclease-
nich Pancreas Tissue, FOCUS* 20:3, p. 82)

13. Be sure to vortex or pipette up and down the sample to ascertain that pellet is
resolubilized fully.

14. Store at -70°C.

The glycogen remains in the aqueous phase and is co-precipitated with the RNA. It
does not inhibit first-strand synthesis at concentrations up to 4 mg/ml and does not
inhibit PCR. We obtained nanogram amounts of total RNA from as little as 100 cells.
Microgram amounts of total RNA were isolated from 1 to 10 mg of tissue. No
difference in yield of RNA was found when the volume of TRIZOL Reagent was
decreased to 0.4 ml. However, decreasing the concentration of glycogen below 250
pg/ml TRIZOL resulted in lower and more variable yields of RNA.

2, Cytoplasmic RNA purification
RNA prepared in this way is an excellent template for the preparation of

cDNA libraries, for cell-free translation and for primer extension and nuclease-S1
protection assays.

3. Nuclear RNA

Nuclear RNA is useful for studies examining precusor transcripts and RNA
splicing intermediates

N C
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4, Purification of mRNA (sizes of less than 0.5 Kb to over 10 Kb)

gince RNA is single-stranded, any hydrolysis event that breaks the phosphate
packbone will result in cleavage of the molecule into subfragments. Two factors
contribute to the biochemical instability of RNA.

1. Endoribonucleases (RINases) are very stable enzymes that cannot be easily
inactivated . In fact, human hands are a rich source of RNase and it is therefore
necessary to wear clean latex gloves during RNA isolation procedures and to use
RNase-free labware.

2. RNA is thermodynamically less stable than DNA because of the 2’ hydroxyl group
on the ribose ring that promotes hydrophilic attack on the 5’-3” phosphodiester
bond to form a 2’-3’ cyclic phosphate. This cyclic phosphate intermediate is
stabilized by Mg++, a component of many biochemical reactions.

It is critical that the RNA be isolated intact and pure so that it can function as a
faithful template for first strand synthesis. One method is to purify mRNA from
tissue culture cells using guanidinium thiocyanate and oligo dT cellulose. Total RNA
remains in the aqueous phase under acidic pH conditions following
phenol:chloroform extraction. After precipitation with isopropanol, the RNA solution
is adjusted to high salt (0.5M NacCl) and loaded onto an oligo-dT cellulose column.

insleriie H0

[ ——

%@ Resuspend RNA [~

Total |
ANA i/

o

'y
RNA paliet

Source: http://www.protocol-online.org
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Isolation of poly A+ RNA from Total RNA by Oligo(deoxythymidine)cellulose
Chromatography '

Total RNA is first ioslated from the tissues or cells and then mRNA is isolated by

PolyA+ selection using oligo(dT) cellulose. This is necessary for sll tissue sources
rich in RNase (and some cell lines)

Protoco!l

General
Homogenise tissues and isolate total RNA ~ 2 days depending on method
Isolate poly A+ RNA ~ 1day

Recover mRNA, quantitate and formaldehyde-agarose gel check

Reagents All reagents must be made with sterile MilliQ water. Use

DEPC with care - it may inhibit subsequent enzyme reaction

Stffrile MilliQ water 10 M NaOH Proteinase K at 10 mg/ ml in sterile water
01}80(dT) cellulose (Boehringer or equivalent) STE solution 100 mM NaCl, 10 mM
TrisClpH 7.4 and 1 mM EDTA pH 8.0 20% SDS in sterile water 5 M NaCl 1 M
TrisClL. pH 7.4 (DEPC is unstable in Tris buffers) 500 mM EDTA pH 8.0 Binding
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Methods

In advance

{ Prepare total RNA from tissues / cell lines
9 Prepare the oligo(dT)cellulose

wash 1 g of oligo(dT)cellulose in 50 ml of 400 mM sodium hydroxide in sterile water
for 30 minutes at room temperature on a rotating wheel. Neutralise by washing twice
in 50 ml of 500 mM TrisCl pH 7.2, followed by 6 changes of sterile water. Wash in
50 ml of binding buffer to equilibrate the salt concentration, recover by centrifugation
and then resuspend in 50 ml of binding buffer

Day '1'

5 Resuspend total RNA in up to 40 ml of 100 M NaCl, 10 mM TrisCl pH 7.4, | mM
EDTA pH 8.0 and 0.5% SDS with 300 mg / ml proteinase K in a sterile 50 ml tube.
Incubate for 30 - 60 minutes at 650C 6 Adjust the NaCl concentration to 500 mM and
add an appropriate amount of oligo(dT) cellulose in binding buffer 1 and the RNA
sample allowed to bind for 2 - 4 hours at room temperature in a total volume of 50 ml
on a rotating wheel 7 To remove unbound (mainly ribosomal) RNA, spin the RNA -
oligo(dT)cellulose mix at 5 000 rpm for 5 minutes, decant the supernatant and
resuspend in 25 ml of washing buffer warmed to 370C. Mix on the rotating wheel for
15 minutes 8 Recover the RNA - oligo(dT)cellulose mix and wash again 25 ml of
washing buffer warmed to 370C. Mix on the rotating wheel for 15 minutes 9 Spin the
RNA - oligo(dT)cellulose mix at 5 000 rpm for 5 minutes, decant the supernatant and
recover bound poly(A+)RNA by eluting twice with 5 ml of 0.5% SDS in sterile water
heated to 650C. 10 Extract the eluate once with acid-phenol-chloroform. This
removes any enzymatically active proteinase K and also any oligo(dT) cellulose that
has been carried into the supernatant 11 Precipitate the RNA with one volume of
isopropanol and 0.1 volumes of lithium chloride 2 and recover by centrifugation at
1200g for 10 minutes 12 Wash the pellet in 70% ethanol and then resuspend in 50 -
500 ml of 2 mM DTT, 1 u/ml RNasin in sterile Milli Q water 13 Quantitate by UV
absorbance at 260 nm and check the ratio of UV absorbance at 260 and 280 nm

Day "

15 Check an aliquot of the RNA by ethidium-agarose-formaldehyde gel
electrophoresis 16 Store the RNA at -700C . 17 Regenerate the oligo(dT) cellulose.
Wgsh it well in several volumes of elution buffer, re-treat with 400 M NaOH as in 4,
8pin down and resuspend in 500 mM TrisC1 pH 7.4. Wash for 15 minutes, spin down,
check the pH of the supernatant and resuspend again in 500 mM pH 7.4 if it is still
alkaline. Resuspend the neutralised oligo(dT)cellulose in sterile water, wash to

fémove the salt, spin down and resuspend in absolute ethanol. Store at -200C
Protected from light

Notes

1 Pancreas total RNA is best proteinase-K digested before oligo(dT) selection to
Temove any residual undenatured RNaseA. Other total RNAs can be safely
Tesuspended directly in binding buffer without proteinase digestion. 2 The whole
Procedure can be performed in Econo columns. However, it is slower and the
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rgsultiné mRNA has more rRNA contamination in my hands than using the SO ml
"~ {ubes 5 Recover very small amounts of PolyA+ with 20 mg of tRNA and collect in
‘the ultracentrifuge 6 To remove any DNA, resuspend the pellet at 12 in 10 mM TrisCl
pH 7.4,1mM EDTA, 10 mM MgCl2, and add 1 unit of RQ1 RNase-free DNasel
(Promega) per 10 ml volume. Incubate at 370C for 30 minutes. Stop the reaction with
10 mM EDTA and 0.2% SDS. Extract once against acid-phenol, re precipitate and
gecover by centrifugation.

mRNA Purification

w 1. Prepare oligo-dT cellulose
use 40 mg oligo-dT cellulose / 1 mg total RNA
swell oligo dT-cellulose in elution buffer
wash oligo dT-cellulose 4 x with elution buffer (30 sec. full speed spin in
between)
equilibrate oligo-dT cellulose with 2 to 3 washing steps using 1x binding
buffer ’ :
w I1. mRNA purification
bring 1 mg total RNA with H,O to 600 pl
incubate 4 min at 65 °C
add 600 pl 2x binding buffer :
add to 40 mg 1x binding buffer equilibrated oligo-dT cellulose
incubate 15 min at RT on a rolling incubator or vortex several times in
between
spin oligo-dT cellulose down, discard supernatant
wash 2 x with 1x binding buffer
wash 2 x with wash buffer
elute with 250 pl elution buffer at 37 °C for 5 min
spin and keep supernatant (for second round of purification or precipitation)
elute oligo-dT cellulose again with 250 pl elution buffer
spin and keep supernatant (for second round of purification or precipitation)
combine eluate and add H,O to 600 ul

repeat mRNA purification by starting again with 4 min incubation at 65 °C
W I11. Recover mRNA

.add 50 pl 4 M NacCl and precipitate with 2 vol. cold EtOH
incubate 1 h at -20 °C

spin 10 min full speed, wash with 70 % EtOH, air dry and dissolve in 20 pl
H,0

read Ajqo of 1 pl (100 to 250 fold diluted)

run 1 pg (and 10 pg total RNA as comparison) on a 1.2 % agarose
Formaldehyde gel

recovery = 1-2 % of the total RNA (10-20 pg mRNA /2 mg total RNA)

Buffers:

ml bl}ffers should be made with DEPC treated/autoclaved components!]
- W oligo dT cellulose (type7, Pharmacia)

%2 X binding buffer:
15M NaC}; 20 mM Tris pH 7.5; 2 mM EDTA; 0.1 % SDS
(50 ml: 12.5 m1 4 M NaCl; 1 ml 1 M Tris; 200 11 0.5 M EDTA; 500 pl 10 % SDS]
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-..1 x binding buffer:
6 M NaCl; 10 mM Tris pH 7.5; 1 mM EDTA; 0.05 % SDS
Igo ml: 6.25 ml 4 M NaCl; 500 ul 1 M Tris; 100 1 0.5 M EDTA; 250 pl 10 % SDS]

b ‘wash buffer:
2 M NaCl; 10 mM Tris pH 7.5; 1 mM EDTA; 0.05 % SDS
[’0 ml: 2.5 ml 4 M NaCl; 500 ul 1 M Tris; 100 u1 0.5 M EDTA; 250 ul 10 % SDS])

3 elution buffer:
“1b mM Tris pH 7.5; 1 mM EDTA; 0.05 % SDS
80 mi: 500 p1 1 M Tris; 100 u1 0.5 M EDTA; 250 pl 10 % SDS]

ms_l A Quantification and Measurement

‘Quantitation of RNA: A OD260/280 ratio of 1.8-2.0 is appropriate for pure RNA
3 RNA 10D =40 pg/ml

5 (DNA 10D =50 pg/ml)

PDetermination of DNA contamination: by gel electrophoresis

E‘!{ ecipitation of RNA
- precipitated in the presence of alcohol and salt
- standard method : one-ten volume of 3 M sodium acetate (pH 5.2) and 2.0-
2.5 vol. Of ethanol, followed by vigorous mixing
- precipitation at -20°C
- time of precipitation and centrifugation depends on the amount of RNA to
be precipitated
1. RNA concentration in ethanol of greater than 10 pg/ml
Precipitate for at least 20 min at —20 °C/centrifuge for 10 min
2. RNA concentration in ethanol of less than 10 pg/ml
Precipitate for at least 20 min at —20 °C/centrifuge for 30 min
3. RNA concentration in ethanol of less than 10 ng/ml
Precipitate for overnight at —20 °C to improve recovery

- Generally, RNA is centrifuged in 1.5 ml tubes in a microfuge at
maximumspeed. If samples larger than 1.5 ml are to be centrifuged,
several options are available

- Free nucleotides (e.g. redioactively labelled NTPs Are efficiently (>90%)
removed by precipitation in the presence of 2.5 M ammonium acetate (0.5
vol. Of 7.5 M ammonium acetate) and 2.0-2.5 vol. Of ethanol

orage of RNA

- stored at 70 °C in the presence of ethanol and salt is stable for several
years

-~ stored at -20 °C is appropriate for a very short-term storage
- the best way to store is at —70 °C with aliquots
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Topic 9. RNase Protection Assay (RPA) Technique

VpP“‘g the transcription initiation site

qﬁmzhods

“ pNase Protection Assay (RPA) : RNA probe and DNA target

§1 Nuclease Analysis : DNA probe with RNA target

' primer Extension : DNA primer as a probe with RNA target

"“Rapid Amplification of cDNA Ends (RACE) : DNA primer and RNA target
pefore performing PCR

RNase Protection Assay (RPA)

“The ribonuclease protection assay (RPA) is a sensitive method used to detect and
tify spemﬁc mRNA transcripts in a complex mixture of total RNA or mRNA
lecules.” The procedure is simple (Figure 4). An RNA probe is synthesized through
in vitro transcription reaction. These probes must be complementary to the gene
uence of interest and incorporate either radioactive or biotinylated nucleotides.
lie labeled probe is then incubated with a sample of total RNA or mRNA to facilitate
jbridization of the complementary region of interest to the labeled probe. After

A methods offer distinct advantages over other RNA detection methods such as
Northern blotting and RT-PCR. In contrast to Northern blotting, the probe and target
mRNA in an RPA reaction are hybridized in solutlon where target availability is
ﬁmumal enabling detection of rare messages “ RPA methods also enable the
l'ésearcher to probe for multiple transcripts in one sample of RNA. Quantitative RT-
which otherwise rivals RPA in sensitivity is not adaptable to this “multiplexing”
ﬁchmque Northern blots can be probed for multlple transcripts, although multiple
%unds of stripping and re-probmg may be necessary,’ and they are in general ten-fold
sensitive than RPAs.> Because of their high sensitivity and resolution, RPAs are
well suited for mapping internal and external boundaries in mRNA (refer to
ﬁle SuperSignal RPA 111 Kit (Pierce) for more information on mRNA mapping).

The SuperSignal RPA III Kit (Product # 89832,) offered by Pierce combines patented
ﬁmcedures to facilitate simultaneous RNase inactivation and RNA precipitation with
ted SuperSignal Detection Technology to achieve an efficient and sensitive

ermlummescent RPA. The SuperSignal RPA 1II Kit uses biotinylated rather than
*“*lldxolabeled RNA probes.
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Suope Preparation for RPA

?;mbe Design . N R
Probes used in RPAs must exhibit specific characteristics. First, RPA probes

must be synthesized to include ~10% extra sequence on either side of the binding
gequence of interest. This is an important control to ensure that the RPA, specifically
the RNase, is working correctly. When a probe with extra sequence is hybridized to
jts complementary strand, the extra sequence does not hybridize, remains single-
stranded and is, therefore, digested along with the non-complementary RNA. When
the undigested, labeled probe is run as a control, it appears slightly larger than the

rotected, digested fragment providing an indication of the RNase’s effectiveness
when electrophoresed (Figure 5, Step 1-3). Second, probes need to be labeled for
visualization after electrophoresis. Probes used in RPAs can be labeled with a
radioactive nucleotide, such as [a-”P]CTP, or a biotinylated nucleotide, such as
Biotin-N*-CTP.

Radiolabeled Probes

Radioactive probes of high specific activity are prepared by in vitro
transcription reactions using T7, T3 or SP6 RNA polymerase. In these reactions, all of
the non-labeled CTP is completely replaced with [a-**PJCTP. Reactions consist of the
ribonucleotides, RNA polymerase, antisense DNA template, a transcription buffer and
nuclease-free water. After synthesis, the excess original template is digested with
DNase.! Gel purification is necessary when working with radioactive probes in order
to eliminate unincorporated nucleotides that can cause smearing in the final RPA gel
analysis. Radioactive probes can be purified by running the reaction on a TBE-urea
polyacrylamide gel, excising the probe bands from the gel, and eluting the nucleic
acids from the excised gel plugs with probe elution buffer. Purified radioactive probes
can by quantified by liquid scintillation counting.

Biotin-labeled Probes

Biotinylated probes are prepared by similar in vitro transcription reactions,
with several exceptions. First, instead of the complete substitution of non-labeled
CTP, ~60% of the non-labeled CTP is mixed with ~40% Biotin-N*-CTP. Second,
biotinylated probes are commonly precipitated with LiCl, collected by centrifugation,
and washed once in ice cold 70% EtOH. Gel purification of biotinylated probes is not
necessary because any unincorporated nucleotides remaining after DNase treatment
are not retained on the nylon membrane during subsequent steps. The precipitated
probes are re-suspended in diethyl pyrocarbonate (DEPC)-treated water and
quantified spectrophotometrically at 260 nm.

Although radiolabeled probes currently are used more commonly for RPAs,
they exhibit some disadvantages when compared to biotinylated probes. Radioactive
probes must be re-synthesized weekly to guard against short isotope half-life as well
as radiolysis. Radioactive probes require lengthy exposure times, often overnight, in
order to visualize results. Since RPAs frequently must be optimized for the
researcher’s specific target RNA and probe, lengthy exposure times common to
radioactive RPAs significantly increase the amount of time necessary to generate
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yalid RPA results. Biotinylated probes, on the other hand, can be used without gel
puriﬁcation and are stable for years, as opposed to weeks.

Step 1. Hybridize probe 1o mANA.

Step 2. ANase digests single-stranged BMA «
only the “profecthed” fragraant rermaing.

Step 3. ZBeparaie by gel slectropharesis.

Undigested Probe g o DHighested Pralwe
{%ﬁi oo \xﬁﬁ i i zﬁ-agma tragement)

Source: Pierce product protocol
figure 1. RPA procedure using the SuperSignal RPAIIl Kit

Hybridization and RNase Digestion

Hybridization of labeled probe to the complementary sequence of interest is
accomplished by combining a molar excess of probe with the target RNA. A molar
excess of probe compared to target is necessary for quantitative detection of mRNA.
Each probe/RNA reaction is hybridized 4 to 16 hours at a temperature that is optimal
for the specified probe composition in question, commonly between 42°C and 56°C.

Following hybridization, each reaction is digested using either RNase T1 or RNase
AT,

(back to top)

Electrophoresis

After RNase inactivation and RNA precipitation, the RNA pellet is re-suspended in
loading buffer, vortexed and heated. Reactions are loaded onto a TBE-urea gel (~6%
polyacrylamide to resolve 100-500 nt fragments) and electrophoresed.

(back to top)

Transfer and Detection

With radioactive detection, gels are dried and then exposed to X-ray film for as long
83 necessary to visualize the results. The exposure time required depends on the
Specific activity of the labeled probe, as well as the abundance of target. Normal times
Tange from 4 hours to overnight.

For chemiluminescent detection, the gel is transferred to a positively charged nylon
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brane. This transfer can be done in a number of ways including diffusion,
gpillary, heat accelerated convection, vacuum blotting and electroelution. The
transfer method most commonly used for RPA is electroelution or electrophoretic
ﬁ-ansfer because of its speed and transfer efficiency. Transferred RNA can be cross-
ﬁnked to the membrane using an UV cross-linker.

'n)e blot is first incubated in protein blocking buffer and then probed with
meptawdm-HRP conjugate diluted in blocking buffer. Streptavidin-HRP binds to the
piotin label, and the bound horseradish peroxidase (HRP) catalyzes the production of
fight upon addition of the luminol-based detection reagent. After incubation with the
gtreptavidin-HRP, the membrane is washed and incubated with highly sensitive,

* ¢hemiluminescent SuperSignal Substrate. Finally, blots are covered with plastic wrap
and exposed to X-ray film or a CCD camera. Typical exposures range from 1-60
minutes.

A: Qvantages:

1. The most sensitive of the quantitative methods for start-site locallization

2. RNA-RNA hybrids are thermodynamically stable, much more than RNA-DNA
hybrids in S1 nuclease analysis

3. Use to study gene expression levels

Disadvantages:

1. Time consuming than primer extension

2. Optimization of hybridization and digestion must be determined which can be
difficult to establish for a new gene
Methods :

RNA sample preparation : can use both total or mRNA
RNA probe preparation : in vitro transcription

RPA reaction

Acrylamide gel electrophoresis

Phosphoimager or autoradiograph
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“Bpe attached protocol for more detail
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Source: Wilairat Leeanansaksiri-Experiment on quantitative RPA

Figure 3. Quantitative RPA with internal B-actin control
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Topic 10. S1 Nuclease Analysis Technique

sl Nuclease Analysis

N Genomic DNA
: 2nomic LN,
L — WW{)'

I 80bp -1

%\5! — ——» mRNA Transcript

fe d0BD |

_Experimental design considerations for promoter studies

~= Used to quantitate transcript levels by assessing the number of 5’ ends of the RNA

~ of interest.
<60 bp oligonucleotide should be designed that span the promoter initiation site in an
anti-sense

direction [the 5* 40bp of this oligo should hybridize to the mRNA of interest while the

* remaining 20bp

-should be complimentary to the 20bp sequence immediately upstream from
franscription initiation site
(which will not be contained in the mRNA) — this allows the detection of a specific
cleaved product
upon digestion with S1 nuclease following hybridization with RNA]. )
- Method typically works well using total RNA (typically prepared using tri-reagent).

Protocoi

L Kinase Oligonucleotide

1ul Oligonucleotide (100 ng/ul)

1.5ul Polynucleotide Kinase Buffer (10X)
| lul Polynucleotide Kinase

6ul [gamma-32P]ATP

S5ulH2 0

15ul Total

=370C, 1 HR.

- Add 135ul TE

- Run over G25 Spin Column

I. Hybridization
~ETOH Precipitate 50ug Total RNA/sample.
= Wash with 800ul 70% EtOH.

-_Dry briefly and suspend in 15ul 2X Hyb. Buff [suspend by mixing with finger a few
 times followed by

letting soln sit for a few minutes (repeat 3-4 times)].
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~ , Add 15ul Formamid and 3ul of labeled oligonucleotide.

. Heat to 680C for 10 min.

. Transfer directly to 370C water bath and incubate overnight with glass plate (or
r) over water bath

cove ’ .
(covering the water bath prevents evaporation of sample which condenses on top of

y tube)
I, ST ROX. |
. Make up S1 digestion mix (500 units/ml; 0.5ul S1/1ml of 1X S1 Buffer [BRL S1
nuclease,
20000u/20ul, CAT# BOO1SA]).
. Add 300ul S1 RXN. mix per sample,
. Mix by vortexing on low speed for a couple seconds and spin briefly (10 sec on high
speed).
- Incubate 30 min. at 370C.
- Phenol/CHCI13 extract(300ul).
- Addiml ETOH.
- Spin 30 min on high.
- Wash with 900ul 70% ETOH.
- Dry Briefly.
- Suspend in 10ul Sequencing Stop Buffer. !
- Heat @ 680C for 10 min and load 4ul onto 8% sequencing gel [as a control, load a
small amount of the .
original undigested probe in a separate lane (for control, dilute 1ul of original probe in
100ul TE, mix,
and transfer 1ul of this solution into a new tube with 8ul of sequencing loading dye —
load 4ul of this
onto gel)].
Buffers for S1 Nuclease Analysis
10X Polynucleotide Kinase Buffer (-ATP) 10ml
0.5 M Tris (pH 8.0) 2.5ml 2M Tris (pH 8.0)
70 mM MgC12 700ul MgCI2
10mM DTT 100ul 1M DTT
H20 6.7m1 H20
2X Hyb Buffer 10 ml
40 mM Pipes, 6.4 800 ul 1M Pipes, 6.4
1 mM EDTA 40 ul 0.5M EDTA
0.4 M NaCl 1.6 ml 5M NaCl
0.1% SDS 200ul of 10% SDS
H20 7.36 ml H20
S1 Buffer 50 ml
0.28 M NaCl 2.8 ml 5M NaCl
50 mM NaAc, 4.6 2.6 ml IM NaAc, 4.6
4.5 mM ZnS042.25 m!1 0.1 M ZnSO4
H20 42.4 m1 120
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Advantages:

1. background signals are often diminished

L. Less sensitive than RPA

2. Less stable of RNA-DNA hybrids than RNA-RNA hybrids in RPA

3. Probe preparation from single-stranded M13 plasmids or phagemids is more
complicated and variable than those used to prepare RPA probe
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@éﬂwdz ‘
4 RNA sample preparation

.. DN A probe preparation

g S1 nuclease reaction

‘g Acrylamide gel electrophoresis

16, Phosphoimager or autoradiograph
11, Data analysis

See attached protocol for more detail
1%

hot and slot hybridization : An excess of radiolabeled probe is hybridized to RNA
iﬁat has been immobilized on a solid support (Kafatos et al. 1979; Thomas 1980;
‘White and Bancroft 1982). Densitomeltric tracings of the resulting autoradio graI;hs
#an allow comparative estimates of the amount of the target sequence in various
tpreparations of RNA. :

ENow: less popular
: new techniques have been developed
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Topic 11. Phage Display Technique

pefinition of Phage and Phage Display

Phage

Phage or bacteriophage is a virus that infected only bacteria, this virus is not
infectious to humans. Phage are made up of two components : genetic material and a
protein coat. Phage genome cause infected bacteria to make more phage. The bacteria
used “gene 37 to produce protein which assembles on one end of the phage. Each
phage particle surrounded by a protein coat. The phage genome contained a recipe for
making all of these protein. The protein coat protects DNA when the phage go from
cell to cell.(1)

Phage are tailed , cubic , filamentous or pleomorphic and contain single-strand
or double-strand DNA or RNA. They are classified into 13 families 1 genera. Tailed
phage are more numerous than other type, are enormously diversified and seem to be
the oldest of all phage group.

Bacteriophage occur in over 140 bacterial genera and many different habitats.
Infection result in phage multiplication or the establishment of lysogenic or carries
states. Bacterial gene may be transmitted in the process. Some phage (e.g. T4, T7 ,
MS2 , fd and A) are famous experimental models. Phage research has led to major
advances in virology , genetics and molecular biology.

Phage taxonomy
Early attempts at classification by serology , host rang and inactivation tests
show that phages were highly diversity, but these attempts proved premature. Phage

were grouped into six basic types on the basic of morphology and mature of nucleic
acid.

Phage families and genera

1. Tailed phage : with approximate 4905 observations, tailed phage
comprise 96% of phage and are the largest virus group known. They
contain a single molecule of dsDNA and are characterized by a tubular

" protein tail, a specialized structure for the transfer of phage DNA into host
bacteria. sample of tailed phages e.g. T4, T7 , A etc.

2. Cubic, filamentous and pleomorphic phage : this group includes 10
small phage families that correspond to approximately 4% of phages,
differ greatly in nucleic acid nature and particle structure, and some time
have a single member. Filamentous phage have according to present
knowledge, helical symmetry. Sample of this phage group e.g. PM2,
PRD1, fd, TTV1,MVL2 SSV1 etc.

( Ackermann, H.W., 2003)
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Phage display

phage display is a powerful tool that extends the range of modem
combinatorial screening techniques, allowing the discovery and characterization of
proteins that interact with a desired target. Phage display is a system in which a
protein is displayed on the surface of a phage as a fusion with one of the coat proteins
of the virus. The DNA that encodes this protein is housed within the virion. By
cloning large numbers of DNA sequences into the phage, display libraries are
produced with a repertoire of many billions of unique displayed proteins.(2)

In phage display new genetic material is inserted into the phage gene. The
pacteria process the new gene so that the new protein and peptide is made. This
protein and peptide is expose on the phage surface.

Seven Step of phage display (1)

1. Gene Insertion : phage display begins by inserting a diverse set of
gene into the phage genome. Each phage receives a different gene.
Generally, inserts the diverse of gene into the phage’s existing gene
3 because it is the site that peptide can be expressed on coat protein
of phage. :

2. Protein display : the modified gene 3 contains and added segment :
an antibody , small protein or peptide which is expressed on the
surface of the phage. Each phage receive only one gene, so each
expresses a single protein or peptide. Collectively, the population of
phage can display a billion or more protein or peptide, each tied to
its own gene.

3. Library creation : A collection of phage displaying a population of
relates but diverse protein or peptide is called “’library”. The related
protein keep most of the physical and chemical properties of their
parent protein. These protein are initial leads to providing medical
therapies that may cure certain disease.

4. Target Exposure : The library is exposed to an immobilize target
which is disease causing molecule, such as a receptor or enzyme.
S. Binding : When the library is exposed to a target. Some member of

library will bind to the target through an interaction between the
displayed molecule and the target itself. Huge genetic diversity in
the displayed protein increases the likelihood that some phage will
bind well or very well to the disease target to interest. Drugs usually
act by binding disease causing molecules and changing their
behavior. The protein isolated by phage display are drugs candidates
because of their tight and specific binding to disease targets.

6. Isolate : After give the phage a chance to bind to the target, the
immobilized target were wash to remove phage that did not bind out
of the reaction.

1. Amplification : Phage display allows rapid discovery of drug
candidates because only bound phage from the library that were
captured to use for amplifying. Replicating this phage in bacteria
increases the amount of this phage several million fold overnight,
providing enough material for sequencing. Sequencing of the phage
DNA can be told: what is the active compound. Good candidate will
undergo additional testing and development, usually recover 10 to
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1,000 candidate binders from an initial diversity of more than 1
billion. Developing extensive capability to select and tests active
compound through automation.
Proteins that are created and isolated by phage display process have a specific
feaction with a known disease target, making this a rapid, effective and focused drugs
discovery method. The protein are candidates for effective drug therapies.

‘ Phage display is a fundamental tool in protein engineering. The directed
k:‘éyolution of proteins using display methods can be engineered for specific properties
md selectivity. The new methods involved in protein detection, amplification, and
directed evolution. This is essential to the proteomics effort aimed at identifying,
mapping, and understanding all human proteins in a comprehensive manner. A variety
of display approaches are employed for the engineering of optimized human
antibodies, as well as protein ligands, for such diverse applications as protein arrays,
‘inparations, and drug development. The use of phage display in screening for novel
'high-afﬁnity ligands and their receptors has been crucial in functional genomics and
proteomics. Display methods will make it possible to target essential components and
pathways within many different diseases, including cancer, AIDS, cardiovascular
-disease, and autoimmune disorders. ‘

The phage display process generally consists of the following steps:
(1) generating one or more phage libraries,
(2) selecting binding compounds with high affinity and high specificity to a target
from the phage display libraries, and
- (3) producing and evaluating the selected binding compounds.

Agpjication (Phage display meeting : Cambridge Healthtech Institute)

Phage display Technologies (3)

1. Peptides from Phage Display Libraries as Tools for Drug Discovery
Hamilton,P.T.(2002)

.High-affinity peptide probes were isolated directed to biologically relevant
sites on target proteins. These peptides can be used as tools for proteomic analysis and
in drug discovery. Peptides were used for format HTS-compatible assays for targets
that are difficult to screen by traditional HTS methods and identified active
compounds. Target-directed peptides were expressed inside cells. In addition, Protein
conformation-dependent peptides were identified for nuclear receptors that can be
used in an in vitro assay to predict the biological response produced by compounds.

2. Peptide Phage Display for Vaccine Development on Anti-HIV
Antibody ‘
Scott,J.K.(2002)

peptide that binds tightly and specifically and block interaction of human
Monoclonal antibody b12 which can be neutralizes a broad range of HIV-1 primary
BBolates. The structure of b12 antibody in complex with peptide reveals that the
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 eptide, in part, mimics critical aspects of the b12 epitope on gp120. Immunization
gtudies aimed at eliciting b12-like, neutralizing antibody responses with the peptide.

3. Profiling the Cancer Immunome Using Phage cDNA Display

Somers, V.(2002)

"Serological Antigen Selection," as a procedure for the rapid generation of a

file of tumor antigens corresponding to the humeral immune response in cancer

patierts Serological Antigen Selection involves the display of ¢cDNA expression
fibraries on filamentous phage and the selection with serum from cancer patients.
Different antigen of cancer patients were identified and analyze detailed serological
analysis with sera from colorectal cancer patients and healthy individuals. This
analysis showed that six antigens had preferential reactivity after vaccination with
autologous tumor cells. This shows the potential for monitoring of tumor cell base
vaccination trials.

, 4. Polyclonal Antibody Libraries for Cancer and Infectious Diseases
~ Sharon, J.(2002)

A polyclonal antibody library (PCAL) is a standardized mixture of antibodies
Speciﬁc for a multiantigen target, for which the genes are available and therefore the
mixture can be perpetuated, amplified, and modified as desired. A PCAL contains
both target-specific and cross-reactive antibodies but is designed to recognize the
antigenic profile of the target over the antigenic profiles of cross-reactive
multiantigens, with a high signal-to-noise ratio. PCALSs are generated by positive +/-
negative selection from Fab phage display libraries and mass transfer of the selected
heavy- and light-chain variable region gene pairs from the phage display vector to a
mammalian expression vector to produce full-length glycosylated antibodies.
Developing a system for PCAL generation and have selected Fab phage display
libraries reactive with human colorectal cancer cells and with the protozoan parasite
Cryptosporidium parvum. These libraries were shown to be diverse at the DNA level
by fingerprint analysis and at the antigen level by immunoblot analysis and are now
being transformed into full-length antibody libraries.

SELECTION OF DRUG-LIKE COMPOUNDS

5. Vascular Antigen Discovery by in vivo and ex vivo Biotinylation and
Antibody Phage Technology

Neri, D.(2006)

The antibody-based delivery of therapeutic agents at sites of disease is an
attractive avenue for the development of biopharmaceuticals with improved potency
and selectivity. The use of in vivo and ex vivo biotinylation procedures, followed by a
Mass-spectrometry-based comparative proteomic analysis of biotinylated samples,
allows the identification of novel markers of pathology, which are easily accessible
from the bloodstream and thus ideally suited for antibody-based targeted
Pharmaceutical applications.

6. Attaching Biologics to the Surface of Medical Devices via Phage Display
Technology
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Hamilton, P.(2006) .

We are developing bifunctional peptide linkers that can be used to immobilize
Is or protein therapeutics onto the surface of a medical device. The bifunctional
%i.ers consist of 2 binding domains, each discovered by screening phage displayed
tide libraries. We have used these peptide linkers to rapidly attach cells to metal
* faces for improved bone integration of orthopedic implants. In addition, we have
Qﬁoveloped linkers that bind and retain Bone Morphogenetic Protein-2 (BMP-2) on a
g{ﬁbllagen sponge and have shown that these peptide linkers improve bone healing.
‘These peptide linkers offer a robust, biofriendly means of functionalizing the surface
3f any medical device.

7. CDR Repair , a New Approach to Antibody Humanization

Dennis, M.(2006)

CDR Repair is a new phage display-base approach that enables rapid antibody
fumanization. This method differs from the traditional approach to humanization
which grafts CDRs to the most homologous germline framework or incorporates
‘mouse residues in the framework in order to re-establish antigen binding. CDR
‘Repair-base humanizations utilize a consensus variable domain framework and
ghange are recruited within the CDRs (rather than framework) to restore antigen
‘pinding. Method along with several exariple.

8. Engineering Speificity Changes in Protein-Protein Interactions using
‘Phage Display.

y Palzkill, T.G.,(2006)

Beta-lactamase inhibitory protein (BLIP) interacts with several different class
-A beta-actamase with varying affinities and is therefore a good model protein with
‘which to study and engineer specificity determinants of protein-protein interactions. A
;;;phage display system for BLIP was previously developed and used to evolve a BLIP
_ierivative that binds TEM-1 beta-lactamase with a Ki of ~ 10 pmol. This system has
~been modified for use in a capture phage display method to engineer BLIP derivatives

; that exhibit large changes in binding affinity and thus specificity for several target
‘beta-lactamases.

9. Re-Engineering a Protein-DNA Interface using Unnatural Nucleotides.

Simon, M.(2006) )

The adaptability at a protein-DNA interface was explored using phage display
tO re-engineer a homeodomain to specifically recognize a chemically synthesized,
- Wnnatural nucleotide. The engineered homeodomain preferentially binds to the
. Modified DNA with affinity and specificity similar to those of natural homeodomains.
- High resolution x-ray structures of the homeodomain bound to modified and
- Wnmodified DNA reveal that the engineered homeodimain, dispite these significant

_ Perturbations, recognizes its target using interactions similar to wild-type
‘homeodomain.

10. Synthetic Antibodies Specific for Different Lysine-Liked Forms of
l"’l)’llbiquitin Developed vai Phage Display.

Gordon, N.C.(2006)

Phage display antibody libraries with restricted amino acid diversity in the
mmplementarity determining region have been used to generate high-affinity.
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ific antibodies against validated targets. This approach may be successful used

= cted diversity synthetic libraries to develop high-affinity, specific antibodies
uanable of binding and discriminating between different lysine-linked forms of

yubiquitin.
"’Advantage .
Advantage of phage display

1. Phage display technology, when apply to antibodies also offered the
potential of screening large number of antibody clone. (4)

2. M13 and the closely related filamentous bacteriophages fd and f1
are non-lytic, meaning that they do not lyse the host during phage
production. This greatly simplifies the intermediate phage
purification steps between rounds of panning, as a simple PEG
precipitation step is sufficient to separate the phage from almost all
contaminating cellular proteins. (5)

3. Multiple antibody phage display library increase probability of
technique success in finding a high affinity antibody to the target of
interest while minimizing development time through screening
library in parallel.

4. There are ability to select an exclusive or nonexclusive library for
antibody discovery to the target of interest.

5. A key advantage of T7 phage display for isolating specific RNA-BP
¢DNAs is the speed of the selection process. Two cycles of selection
can be performed per day making it possible to isolate a unique
¢DNA clone in as little as 2-3 days, a significantly shorter time than

_ is required for other cloning methods.

6. phage display is that selection is performed in vitro, where
conditions for the RNA-protein interaction can be controlled
precisely.

Disadvantage
1. The original of the antibodies heavy and light chain which contribute to

the antibodies binding affinity, is lose the cloning process and a
probability of restoring these original pairs is extremely low, As a result
significant manipulation may be require to achieve affinity level to
appropriate for clinical trails. (4)

half of the phage particles, which are produced after super-infection, can
carry only the helper phage genome instead of the ligand gene, even
though they display a specific ligand protein. These phages can compete
with those which carry both the ligand gene and its protein during the
selection process and consequently they loose the ligand protein during the
second round of selection. In any given library, this problem can cause the
loss of rare but functionally very important ligands during the sequential
selection procedure.

reinfection of a super-infected bacteria during or after the super-infection.

This can increase the frequency of those phage particles which only carry
the helper-phage genome, in the total phage population.
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4. since for ethical reasons it is not practical to im_munize human and the
phage library is derived from human immune tissue.

5. The library is typically nonimmune. Therefore antibodies response cannot
be driven toward high specificity and high affinity and is instated a result
of random combination and mutagenesis. As a result the antibodies
derived from nonimmune human antibody phage display library are
typically of substantially lower affinity than those derive from immunized
donors.

6. Phage display that used tailed phage e.g. T7, T4, lambda phage which they
are all lytic phage, necessitating additional time-consuming purification
steps between rounds to avoid panning amplified phage in the presence of
cellular proteins (including proteases which can degrade interested target
during panning). (5)

he Product for Phage Display Technology

éQPD‘s‘"”’ (by Genetix). identification and picking of single colonies, panning, re-
.Arraying of precious positives and the ability to track plate identities.
Arraying

tgﬁlatform (Cat X9500) Is supplied as standard with:
¢ Organism specific 96 pin picking tool
o Two stacker lanes, configured for standard or deep well plates
o Imaging area for two 22cm trays or ten 10cm round Petri dishes
» Biowork table Full control software
¢ Data tracking kit
Options:
¢ . Re-arraying & replication kit
e Membrane gridding kit
Workflow

Successful application of Phage Display requires reliability, precision and
accuracy. Genetix is recognised as the world leading supplier of colony picking and
library re-arraying systems.

QP! 5 the dedicated system for management of the crucial later stages of
antibody development.

Plate:

Enriched library selections are plated to obtain single colonies
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e: tp.//biocompare.com

highest performance in single colony identification, picking accuracy and
ughput.

QP "' is configured with world-leading picking technologies that have been
hed through more than fifteen years experience and have delivered proven results
it matters, time and time again.

vidual phagemid colonies or plaques are imaged and picked into bar coded micro-

ell plates.

ge Picking Process

Bource: http://biocompare.com
http://biocompare.com

After overnight incubation two 22cm picking trays, or ten 10cm Petri dishes are
%’aced on the instrument light table. Lidded 96- or 384-Well plates are placed into the
Anstrument stackers.

After selecting ‘run’, trays are automatically imaged and analysed. Colonies are
Belected on the basis of size, shape, colour and proximity to neighbours.

df desired, the images can be reviewed and colonies can be selected or de-selected on
A individual basis.

How the QP”*P decides what to pick (Source: http://biocompare.com)

What the QPPP'Y gees. What the eye sees
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” een = selected, other colours = discarded, each colour representing the reason why
%:c olony has been discarded.

Picking Process
ical Performance

22¢m picking trays, each containing 2000 pickable colonies, will be processed in
than an hour, with an accuracy of better than 99.9% and no demonstrable carry-

e: hitp://biocompare.com

ystem cleans and sterilises the picking head using a combination of washes and
Bgen heat. ! :

http://biocompare.com

icro-well plates are then delivered to the picking area with lids automatically

Ce: h://blocopare.com

;BS are picked using the proprietary 96 pin tool and inoculated into the micro-
Plates,

> &re returned to the stack and the process repeated until all colonies are picked.



‘pata Tracking

‘The QP”*"™ utilises an on-board bar code reader to record, confirm and track plate
and tray identities.

These are automatically combined with individual picked colony and re-arraying data
in a simple XML format to enable information transfer with 100% confidence.

ﬁsource: http://biocompare.com

Delivering both capacity and convenience, membrane gridding is a viable
alternative to panning using micro-well plates.

Efficiency of phage screening can be improved using arrays of bacteria spotted onto
nylon membranes. These can then be interrogated with the antigen and detected using
a second antibody against the antigen and a colormetric of flurometric assay to
identify the reacting phage.

Following a simple tool change, six replicanylon membranes can be printed, each
arrayed with up to 28,000 duplicate fragments (equivalent to 150 x 384 well micro-
titre plates) in an unattended manner.

Results from the subsequent off-line analysis can then be correlated to plate identity
through the data tracking module or log files.

Cherry Picking

Source: http://biocompare.com

Locate and re-array positives with 100% confidence.

The re-arraying kit enables the automatic location of positive wells within a
library of plates, the subsequent ‘cherry picking’ into new plates and the
tracking of all relevant plate information.

Inherent in the phage display cycle is the need to identify and select a subset of the
main library. For instance, positives may need to be selected for further rounds of
panning or for further validation work such as sequencing. Selection of the subset of
clones with unique and interesting sequence data is then simplified using the data
tracking module.

76



pisela¥ gnables highly efficient ‘cherry-picking’ using a 96 pin tool configured with
ividually addressable pins, an easy-to-use graphical interface, and tracking and
ptification of all plates throughout the process.

apcked data

jrce plate identity

stination plate identity

jvidual well information

i

"
14

frce: hitp://biocompare.com
equencing to determine uniqueness.

mated delivery and lid management for up to 50 transformant plates and 20
well plates

e: http://biocompare.com
-to-use methods and data tracking via Qsoft
POmm including

P work tabl
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Topic 12. mRNA Display Technique

Definition of mRNA and mRNA Display

mRNA

mRNA is the template for protein synthesis ; the form of mRNA that carries
information from DNA in the nucleus to the ribosome sites of protein synthesis in the
gell. mRNA is a long linear polymer of nucleotides found in the nucleus but mainly in
the cytoplasm of a cell where it is associated with microsomes ; it transmits genetic
information from DNA to the cytoplasm and controls certain chemical processes in
the cell ;” ribonucleic acid is the genetic material of some viruses”

The basic function of the nucleotide sequence of mRNA is to determine the
amino acid sequence in proteins

mRNA display

mRNA Display is a technique used to perform in vitro protein evolution. A
synthetic mRNA with puromycin (is an antibiotic that is a potent inhibitor of
franslation. at its 3' end forms an mRNA-peptide fusion that is purified by affinity
chromatography '

Source: Qiagen product catalog 2006

mRNA display process

Step 1. Transcription : A library of dsDNA sequences is transcribed to
generate mRNA. .

Step 2. Ligation : The mRNA is ligated to a puromycin oligonucleotide and
used to program an in vitro translation reaction. ’

Step 3. Translation : cDNA synthesis is performed

Step 4. Purification : the cDNA/mRNA-protein fusion by reverse
transcriptase is immobilized using the target of interest.

Step 5. Regenerate : PCR is used to regenerate the full-length DNA
Construct,

mRNA display Technologies

1. Discovery and Optimization of Peptide Ligands Using mRNA Display
Roberts,R.W.,(2006)
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mRNA display provides a means to generate and sieve peptide and protein
{ibraries with more tl.ﬁan. one trillion members, entirely in vitro. There are isolating
:high affinity RNA-binding peptides. This work has resulted in molecules that bind
8 cOMMON RNA stI_uctur.al element, the GNRA tetraloop. Our recent efforts to
extend and generalize this approach to more complicated RNA targets will be

presented.

2. Use of DNA Microarrays to Deconvolute the Results of mRNA-Display

~ Genomic Selections
Short IIL,G.F.,(2006)

Since its inception, mRNA-display has been exploited as a selection platform
gllowing the derivation of functional peptides and proteins from random sequence
libraries. Recently, developing mRNA-display genomic libraries as tools for
deciphering protein-protein interactions mediated by PDZ domains. In an effort to
facilitate high-throughput proteomic screening, generating a 70-mer DNA microarray
containing probes for all known and predicted human PDZ domains based on the
SMART database (EMBL). The DNA microarray has been used successfully for the
deconvolution of a model PDZ selection using the C-terminus of the NMDA receptor
as bait. Instead of relying upon iterative cycles of selection/amplification, as is
traditionally done in mRNA-display, we have been able to read-out the selection
directly by DNA microarray analysis, thus obviating the need for DNA sequencing.
These results suggest that this approach may be a viable tool for the rapid elucidation
of candidate proteins from various genomic libraries and as a useful method for
proteomic discovery itself.

3. Advancements in Selecting Ultrahigh-A ffinity Binders Routinely Using mRNA
Display Technology -

Hale,S.P.,(2006)

mRNA display allows for the generation of libraries of immense diversity. The
potential for molecules of highly specialized function being present in such libraries is
great. A thorough understanding of the parameters describing both the desired
functionality and the selection system itself allows for the conditional enrichment of
highly specialized molecules.

4. Ribosomal Synthesis of Unnatural Peptides

Szostak,J.W.,(2006)

Many pharmacologically interesting molecules are synthesized by large multi-
enzyme complexes such as the non-ribosomal peptide synthases. There are modifying
the translational apparatus to allow similar highly modified cyclic peptides to be made
on ribosomes. This would allow mRNA-display to be used to select for rare molecules
with high affinity and specificity for particular targets, from libraries of over 1013
initial structures.
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Genomic Selections Using mRNA-Display
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Oligotex mRNA Mini Kit (6)
For miniprep purification of poly A+ mRNA from total RNA and cleanup of in
Yitro transcripts

¢ High recovery of pure mRNA in as little as 30 minutes

4 No oligo-dT cellulose or ethanol precipitation

¢ Flexibility for use with widely varying amounts of starting RNA
Qligotex mRNA Kits contain spin columns and all necessary reagents and buffers for
18olation of pure poly A+ mRNA from total RNA preparations or cleanup of in vitro
franscripts. Poly A+ mRNA purification takes less than 30 minutes with >90%
Iecovery. Poly A+ mRNA is immediately ready for all standard applications, as well
as for sensitive applications such as expression array, differential display, cDNA
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- construction, microinjection, and SAGE technology. Oligotex Suspension is
8 vailable>'separately. : ’
:ie):e resin consists of polystyrene-latex particles of uniform size (1.1 pum
eter) and a perfect spherical shape with dC10T30 oligonucleotides covalently
.4 to the surface. The size, composition, and surface structure of Oligotex
cles have been optimized for uniform dispersion and minimal centrifugation time.
articles form a stable suspension that provides a large surface area for rapid and
scient binding of polyadenylic acids. The high capacity and accuracy of
ridization provides superior purification of poly A+ mRNA through fast and
jent hybridization. mRNA recoveries are consistently greater than 90%. The
otex purification procedure minimizes loss of poly A+ RNA, eliminates the risk
gradation by RNases, and requires minimal hands-on time. This makes it ideal
multaneous handling of multiple samples.

- Oligeter
CPRNA
Procedurs

pr

Oligotex oligo-dt cellulose
Source: http://www.giagen.com/product/RNA
Procedure

Optimized Oligotex purification procedures are convenient and Total
RNA preparations are incubated with Oligotex resin, and Oligotex:mRNA
complexes are collected by a brief centrifugation step. Spin columns,
supplied in the Oligotex Kits, provide the most convenient handling, and
optional batch protocols are also provided for certain applications. After
washing. the mRNA is eluted in a small volume of Tris buffer or water.
Alcohol precipitation is not required.

Oligotex resin can replace soluble oligo-dT primers in cDNA synthesis
reactions to yield cDNAs immobilized on Oligotex particles.
Oligotex:cDNA complexes represent a reusable ¢cDNA pool that can be
directly used in subtractive hybridization to enrich low-abundance cDNAs
of differentially expressed genes (Hara, et.al.,1991)( Hara, et.al.,1993)

( Kuribayashi-Ohta, et.al.,1993). The subtracted cDNA pool can then be
used for library screening or construction.

Oligotex has also been used successfully for cleanup of poly-A tailed oligonucleotides
(Adum,et.al.,1996)
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CR of Beta-Actin mRINA

i

_,M transcription was oligo-dT primed and PCR carried out using actin-specific
E.c. A: Poly A+ mRNA was isolated from 0.25, 0.5, or 1 pg mouse-liver total
Janes 1-3), using the Oligotex mRNA Mini Kit. C: negative control. B: nRNA
7 olated from 103 or 104 HeLa cells (lanes 1 & 2), usmg the Oligotex Direct

A OF g H E

ce: http://www.giagen.com/product/RNA

olation of mRNA from Total RNA Formaldehyde agarose gel and northern blot

DH-probed) of poly A+ mRNA isolated from total RNA from various samples
using Oligotex mRINA Kits.

_Advantage of mRNA display (7)

1 1. mRNA display solves the "large display object problem" in an
elegant fashion, while maintaining the major advantage of ribosome
display, which is large diversity not constrained by bacterial

transformation.

2. Large diversity for protein selection techniques (>10712)

3. Covalent linkage between Protein and the RNA that encodes it
allows for stability in low salt conditions

4. Completely in-vitro -- no phase of selection needs to go through an
organism of any type.

5. m-RNA-display can be easily applied to genomic applications

Disadvantage of mRNA display (Differential display) (8)
1. Not very quantitative
2. Prone to false positive
3. Sensitivity can be an issue
4. Not easily automated or scaled-up
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Topic 13. RNA interference (RNAi) Technique

p—

istory of RNAI

- Before the discovery of RNAi, co-suppression of gene expression was
aiscovered in plants. In 1990, Napoli C, et al tried to de?pen the purple color of the
: 1,etunias by injecting the gene responsible into the pe.tunlas but were surpr.lsed at the
gesult . Instead of a darker flower, the petunias were either variegated or
_pompletely white. This phenomenon was termed co-suppression, since both the
“exprCSSiOH of the existing gene (the initial purple color), and the introduced gene (to
deepen the purple) were suppressed. Co-suppression has since been found in many
other plant species (2, 3) and also in fungi (4). It is now known that double stranded
RNA is responsible for this effect. Thereafter, antisense RNA was introduced to
guppress protein synthesis and create a knockout organism to study the gene function.
Antisense RNA methods have also been used for commercial food production such as
Flavr Savr tomato. This tomato was developed by Calgene Inc. of Davis, California in
1988 (5) and was approved by the U.S. Food and Drug Administration (FDA) in 1994
(6). The tomato was the first whole food created by biotechnology that was evaluated
by the FDA. One of the problems associated with tomato farming is that the fruit must
be picked while still green in order to be shipped to market without being crushed.
The enzyme that causes softening in tomatoes is polygalacturonase (PG). This
enzyme breaks down pectin as the tomato ripens, leading to a softer fruit. Calgene
suppressed the expression of the gene encoding PG by introducing a gene encoding
the antisense strand of the mRNA. When the introduced gene was expressed, the
antisense strand bound to the PG mRNA, suppressing the translation of the enzyme.
The Flavr Savr tomatoes therefore had low PG levels and remained firmer when ripe.
This meant the Flavr Savr tomatoes can ripen on the vine and then be shipped to
market. Although the Flavr Savr tomatoes were approved for sale in the U.S.,
production problems and consumer wariness stopped the production of this fruit in

1997 (http://www.organicconsumers.org).

By an accident while studying of antisense using RNAs synthesized in vitro,
one should use sense RNA of the same coding region as a control. Surprisingly,
preparations of sense RNA often turn out to be as effective an inhibitor as antisense
RNA. 1t seems that the preparations of sense RNA often are contaminated with
hybrids: sense and antisense strands that form a double helix of double-stranded RNA
(dsRNA). This dsRNA corresponding to a particular gene suppose to be a powerful
Suppressant of that gene. Guo and Kemphues (7) proved this evidence by injection of
sense RNA as well as antisense RNA which resulting in a specific and reproducible
Phenotype. This phenomenon was later separated from classical antisense RNA and
called in term of “RNA interference” or RNAI (also called post-transcriptional gene
silencing or PTGS) by Craig M, et al. (8), however, leaving the mystery of RNAI
mechanism behind.

One proven hypothesis that the preparations of sense and antisense RNA
generated by in vitro transcription reactions using plasmid templates might be
Contaminated with small amounts of RNA of the opposite polarity by infidelity of the
used viral RNA polymereases in the reaction was observed by Fire A, et al. (9).
Triggering the sequence-specific degradation of targeted endogenous mRNAs in
Caenorhabditis elegans by dsRNA and.purified single-stranded RNA. ssRNAs were

85



ess efficiency than those of dsRINAs in silencing specific gene espression. Later on, a
flooding number of RNAI silencing papers in C. elegans gene has been reported.
However, not only gene function has been elucidated in worms using RNA silencing,
put also in mammalian in recent years including in the developing of antiviral, anti-
cancer and metabolic diseases therapeutics.

The RN Ai pathway

There are three types of naturally occurring small RNA according to their
origin of function: short interfering RNAs (siRNAs), repeat-associated short
interfering RNAs (rasiRNAs) and microRNAs (miRNAs). RNA silencing associated
function in at least four different mechanisms: 1. endonucleolytic cleavage of the
cognate mRNAs, 2. translational repression, 3. transcriptional repression through the
modification of DNA and/or histone, and 4. DNA elimination through the
modification of histone (10). Silencing pathways of these RNAs share a common set
«of proteins that produce or amplify small RNAs and couple small RNAs to specific
,;ggulatory outcomes. Naturally, dsRNA can be produced by RNA-templated RNA
polymerization (for example, from viruses) or by hybridization of overlapping
Atanscripts (for example, from repetitive sequences such as transgene arrays or
sposons). Such dsRNAs give rise to siRNAs or rasiRNAs, which generally guide
A degradation and/or chromatin modification. In addition, endogenous
ascripts that contain complementary or near-complementary 20- to 50-base-pair
verted repeats fold back on themselves to form dsRNA hairpins. These dsRNAs are
cessed into miRNAs that mediate translational repression, although they may also
e mRNA degradation (11). miRNAs differ from siRNAs in their biogenesis, not
eir functions. Moreover, miRNAs are most likely to target at 3’ UTR of the target
IRNA. Finally, artificial introduction of long dsRNAs or siRNAs has been adopted
8 tool to inactivate gene expression, both in cultured cells and in living organisms

The maturation of small RNAs is a stepwise process catalysed by dsRNA-
ific RNase-1II-type endonucleases, termed Drosha and Dicer, which contain
ytic RNase III and dsRNA-binding domains (dsRBDs). Drosha is specifically
Muired for the processing of miRNA precursors, but not for the processing of long
A. miRNAs are transcribed as long primary transcripts, which are first
tessed by Drosha in the nucleus. When Drosha excises the fold-back miRINA
ursor, a 5' phosphate and a 2-nucleotide 3' overhang remain at the base of the
. The miRNA precursor is then exported to the cytoplasm by means of the
lear export receptor, exportin-5. Because exportin-5 lacks an obvious single-
fded or double-stranded RBD, it is not known whether the miRNA precursor
. directly to exportin-5 or to an RNA-binding adaptor protein. Once it is in the
lasm, the miRNA precursor is further processed by Dicer. Processing of
BNAs by Dicer yields RNA duplexes of about 21 nucleotides in length, which —
# Drosha-processing products — have 5' phosphates and 2-nucleotide 3' overhangs.
al.organisms contain more than one Dicer gene, with each Dicer preferentially
8sing dsRNAs that come from a specific source (Fig. 1) (11).
Four Dicer-like (DCL) proteins (DCL1 to DCL4) have been identified in
d‘fpsis thaliana, three of which are involved in processing dsSRNAs that come
different sources. DCLI1 processes miRNA precursors, requiring two more
pris to do so: HENI1 and the dsRBD protein HYL1. DCL2 is required for the
Buction of siRNAs from plant viruses, and DCL3, which also cooperates with
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;”'"‘Nl, is involved in the production of rasiRNAs. In C. elegans, only one Dicer
nCR-1) has been identified. This cooperates with the dsRBD protein RDE-4 during
RNAi, although RDE-4 is not required for miRNA function (11).

"
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Figure 1 RNA silencing pathways in different organisms. Long dsRNA and miRNA
precursors are processed to siRNA/miRNA duplexes by the RNase-III-like enzyme
Dicer. The short dsRNAs are subsequently unwound and assembled into effector
complexes: RISC, RITS (RNA-induced transcriptional silencing) or miRNP. RISC
mediates mRINA-target degradation, miRNPs guide translational repression of target
mRNAs, and the RITS complex guides the condensation of heterochromatin. In
animals, siRNAs guide cleavage of complementary target RNAs, whereas miRNAs
mediate translational repression of mRNA targets. rasiRNAs guide chromatin
modification. S. pombe, C. elegans and mammals carry only one Dicer gene. In D.
melanogaster and A. thaliana, specialized Dicer or DLC proteins preferentially
process long dsRNA or miRNA precursors. TmG, 7-methyl guanine; AAAA, poly-
adenosine tail; Me, methyl group; P, 5' phosphate.

The siRNA- and miRNA-duplex-containing ribonucleoprotein particles
(RNPs) are subsequently rearranged into the RNA induced silencing complex (RISC).
Members of the argonaute protein family are core components of these RISC or
RISC-like complexes. They are genetically required for RNA silencing in each
organism where their function has been studied, but the exact role of this family has
generally not been determined. Lots of proteins acting in the RNAi pathway share a
Common domain of activity, that is the DEA(H/D)-box helicase, but no specific
biochemical function in RNAi has been ascribed to these helicases. The main catalytic
activity of the RISC complex is to cut target RNA. In humans and mice, this is
Performed by an enzyme called Ago2 that belongs to the argonaute protein family
(12). Actually in human Agol-Ago4 all associate with miRNAs and siRNAs, but
only Ago2-containing RNPs exhibit RISC activity (13). This protein family is
characterized by two domains: the PAZ domain and the PIWI domain. Additionally,
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%RISC components include the RNA binding protein VIG, the Drosophila homolog of
the Fragile X protein, dFXR, helicase proteins, and Tudor-SN. This last protein has
gve staphylococcal nuclease (SNase) domains and a Tudor domain. The presence of
gNase domains made it an obvious candidate for Slicer. Several lines of evidence,
powever, are inconsistent with this. Many essential catalytic residues are absent in the
“gNase domains of Tudor-SN. While the protein still exhibits some nuclease activity,
the chemistry of the cleavage reaction differs from that observed with Slicer.
speciﬁcally, products of the Slicer reaction have 5' phosphate and 3' OH moieties.
‘The scissile bond has been mapped to the center of the siRNA, indicating an
endonucleolytic reaction. SNase, however, is an exonucjease that produces 5' OH and
g phosphate products. While Tudor-SN may have a role in degrading Slicer products,
it is not Slicer itself (14).

Mechanistic studies on RISC have recently reached an apex with the crystal
gtructure of AfPiwi complexed with a dsRNA. The AfPiwi protein is not a perfect
model, since it lacks the PAZ domain, and its cellular role is a mystery. Nevertheless,
this structure provided molecular details to a number of experimental observations.
For example, microRNA/target pairs have demonstrated the importance of nucleotides
2-8 in the microRNA, termed the ‘seed’ region, for target recognition. The first
nucleotide does not contribute to target recognition, and nucleotides 9 to the 3'
terminus. have reduced importance. The AfPiwi structure shows that the first
nucleotide of the siRNA does not pair with the target, but is sequestered in a binding
pocket. Not only is base pairing unnecessary, but also a strong pairing may distort
RNA binding and reduce Slicer activity. Interestingly, a strong base pair at the 5'
terminus of the siRNA should not occur in any case. Rules that govern strand
ijncorporation into RISC are based on low pairing energy at the 5' end of the
incorporated (guide) strand, compared to the discarded (passenger) strand. This means
that an effective siRNA (or microRNA) will begin with an A or U, thus will not
prevent proper binding to Argonaute. Of course, another way to achieve specific
.strand loading is to have a mismatched G or C at the 50 end, which would strongly
base pair to a matched target. This did not reduce Slicer catalytic rate, however (15).

For slicer catalysis action, the siRNA guide strand is bound at the 5’ end by the
PiWi domain and at the 3' OH terminal end, or duplexes with a 3' overhang by the
PAZ domain. The 5' phosphate is coordinated by conserved basic residues. mRNA
targets are initially bound by the seed region of the siRNA and pairing is extended to
the 3' end. The catalytic engine is the RNaseH fold in the Piwi domain. Typical
RNase H endonucleases cleave the RNA strand of a RNA/DNA duplex, in a cation
dependent manner, generating 5' phosphate 3' OH products. When presented with a
long RNA substrate duplexed with a short DNA oligonucleotide, however, the
enzyme cleaves the RNA in the center of the oligonucleotide. This is essentially a
Slicer activity, though the siRNA guide takes the place of the DNA oligonucleotide
(15). The model of slicing as shown in figure 2.
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Source: Bartel DP. Cell 2004;116(2):281-97.
Figure 2 Model for slicer catalysis.

This model also explains binding of mRNA targets to miRNA RISC. The 5'
d region of the miRNA is essential for binding affinity, as has been observed for
Jonafide, and artificial mRNA targets (16). Since Slicer act1v1ty is not required, the 3'
ngon of the miRNA is relatively unimportant. However, it is not clear about the
smechanism of translational suppression. Target degradation does occur, but this does
‘ot appear to be the primary cause of gene silencing. While the miRNA and RNAi
-pathway share the same core machinery, some specialization may exist. For example,
{n Drosophila Agol preferentially binds miRNAs and Ago2 siRNAs (15). Animal
miRNAs typically, but not always, mediate translational repression rather than
~eleavage In contrast, most plant miRNAs direct target RNA cleavage. In all of the
-well-studied examples of translational repression by animal miRNAs or by siRNAs,
translational repression is a response to the binding of multiple small RNA-
programmed RISCs to sites in the 3' UTR of the mRNA target. In fact, the presence of
multiple candidate sites in 3' UTR sequences is a useful predictor of an mRNA being
regulated by miRNA. Complementarity between a small RNA and its RNA target
helps determine if the small RNA directs target cleavage or represses mRNA
translation, because an A-form helix must be formed with the target RNA at the
center of an siRNA guide strand for cleavage to occur (14). Overview siRNA/miRNA
silencing is shown in figure 3.

A third silencing is mediated by rasiRNAs (24-29 nucleotides in length)
which found highly enriched in testis of Drosophila. Unlike siRNA, rasiRNAs do not
arise from double-stranded precursor but rather from antisense strand. Moreover,
rasiRNAs lack the 2',3' hydroxy termini as a main characterer of animal siRNA and
MiRNA and not requite either Dicer-1 or Dicer-2 which makes miRNA and siRNA,
Iespecitvely. They form a complex similar to the RISC complex except the main
Protein involved is Piwi, a member of the Argonaute family of proteins. It seems like
TasiRNAs function to inhibit bits of selfish DNA that copy themselves and multiply
Within the genome. These "selfish genes" are called retrotransposons (17). RasiRNAs
Match repetitive sequence elements in sense and antisense orientation and function in

¢ establishment of heterochromatin in repetitive elements leading to transcriptional

89



ﬁleﬂcmg' RasiRNAs not only found in Drosophila but also in plants, Trypanosoma
huceis and fission yeast. Moreover, in fission yeast, rasiRNAs can suppress the
&anscripﬁon of repetitive transposable elements at the level of transcription (10, 18).
¢ biochemical basis of rasiRNA-induced heterochromatin formation is most
comprehensively studied in fission yeast. The heterochromatin DNA in fission yeast
consists of the simple transposon-derived tandem array that surround the central core
cemromeric region of each chromosome. In mutants deficient in Agol, Dicer, and
RARP genes, the centromeric outer-transposon repeats are de-repressed (10).
Recently, a new small noncoding RNA, Piwi-interacting RNAs (piRNAs) has
peen identified (19). PiRNAs are 25-31 nucleotide in length and produced from
endogenous mammalian cells. They form complex with Piwi designated piRNA
complex (pIRC). PIRNAs are believed not generated from double strand DNA as
" game as miRNAs and siRNAs. So far the mechanism is not clear, however, piRNA is
pelieved to be linked to transcriptional silencing.
Gene silencing is thought to be a naturally fist-line immune defense against
yiruses and transposable elements. siRNA has to be amplified in order to destroy large
_gmounts of targeted RNA very efficiently (Figure 4). Initial studies performed in
plants and nematodes have reported that RNA-dependent RNA polymerases or RdRp
could be involved in the generation of secondary siRNAs homologous to the full-
length of the target RNA (20, 21). Two models of action have been proposed. First,
RdRp is able to generate newly synthesized siRNAs. Second, RdRp uses siRNA as a
primer for extension, and synthesizes new long dsRNAs. These newly synthesized
RNAs are able to reinitiate RNAi and thus amplify the system. A difference in the
length of siRNAs has been observed: primary siRNAs are 21-22 nucleotides long,
whereas siRNAs resulting from an amplification step are 24-26 long. These
discoveries highlighted an unexpected complexity of small RNA molecules involved
in the RNAIi pathway (12). Transitivity has been found only in plants and nematodes
which might be some organisms lack of RdRp and may have been rarely detected due
to its high specificity for certain target genes, or for any steps in the pathway.
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Figure 3 Model of small-RNA-guided post-transcriptional regulation of gene
expression.
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"Sburce: Buchon N, Vaury C. Heredity 2006;96(2):195-202.

"Mgure 4 Mechanisms for transitivity and systemy. In cell (a), double-stranded RNAs
e recognized by the RNAi pathway and cleaved by a Dicer-like protem to form
31RNAs These siRNAs seek out and destroy homologous target RNAs in the cell
where they have been generated. This RNA silencing can spread over 2-5 cells
(1ndlcated as (b) celis) by diffusing with the help of a transmembrane protein called
§ID. This phenomenon is called systemy. As illustrated (but still controversial), the
gpreading molecules may be siRNAs themselves. A mobile signal allows the RNAi-
silencing pathway to be activated in neighbouring cells (indicated as (c)) and to target
the same mRNA. In some organisms, an enzyme called RdRp generates new siRNAs
gble to reinitiate RNAi and amplify the system (see cell (¢)). This phenomenon is
called transitivity.

RNAI in plant models works as a real antiviral defence system targeting
viruses and endogenous repeated sequences. This was confirmed when a subset of
mutations selected as defective for RNAi were shown to mobilize families of
transposable elements. In D. melanogaster, mutations in spindle E, a gene involved in
RNAI, led to a derepression of retrotransposons in the germline, and the argonaute
protein piwi is required for this repression in the male germline. Moreover, it has
fecently been shown that gypsy and ZAM, two endogenous retroviruses of D.
melanogaster, are regulated by a piwi dependent mechanism in somatic. In
Trypanosoma brucei, Agol deficiency leads to an increase in retroposon transcript
abundance. In fungi, such as Neurospora crassa, transposons are known to be
Iepressed by repeat induced point mutation (RIP). RNAI in these organisms is able to
farget transposon RNAs and act in concert with RIP to silence them (12). The
existence of such an RNA-based defence mechanism against invading elements could
be particularly important for organisms such as plants and invertebrate animals which
lack protein-based adaptive immunity. Nevertheless, evidence has recently emerged
that mammals have also developed post- -transcriptional silencing to silence or destroy
foreign genetic material detected in a cell. In preimplantation mouse embryos,
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miton of the RNAiI pathway resulted in a 50% increase in both murine

sgenous retrovirus-L (MuERV-L) and intracisternal A particle (IAP) transcript
ance (22). In human cells, RNA-silencing limits the replication of at least one
alian virus, PFV. Furthermore, natural HIV-1 infection also provokes nucleic-
ased immunity (23). Therefore, if this ancestral genomic defence is a general
anism targeting nucleic invaders from plant to mammalian genomes, it can be
ected that numerous miRNA encoded by all the organisms remain to be
overed (12).

Mplication of RINAI

nome wide RNAi screens

~ After the discovery of RNAI in worm, many researchers began to study gene
mctions in worm, flies and especially mammalian cells. RNAi is used to study of
ane discovery and functional annotation in various processes, including early
ryonic development, lethality, sterility, genome instability, and longevity in
sophila (24) and genes expressing small interference in mammalian (25). Some of
ccessfully mammalian gene knockdowns by siRNA are shown in Table 1. The
ciency of transfection depends not only on the ¢ell type, but also on the passage
ber and the CONFLUENCY of the cells. Most groups use Oligofectamine™ as a
‘tationic lipid carrier for nucleic acids because of its low toxicity and its ability to
transfect at low cell confluency. Depending on the cell type used, non-cationic lipid-
based carriers (such as Transit-TKOTM) might be preferable. Many other transfection
teagents are available, and as different reagents can be cell specific, it is always
prudent to test which one works best for a given cell line. Several groups have used
multiple- lipid transfections for siRNA-mediated knockdowns. siRNA can also be
electroporated into cells that are difficult to transfect. Although this method gives
high siRNA transfection efficiency (>95%), 50% or more cells can die during the
electroporation. If the cells are adherent, dead cells can simply be washed off the plate
on the following day (26). Both liposome-based and electroporation induce transient
silencing only. Study in mammalian, such as mice, function of genes can be done by

produce transgenic. Another approach using viral gene transfer could induce silencing
locally or systemic.
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fije 1 Use of small interfering RNAs in mammalian cells
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Source: McManus MT, Sharp PA. Nat Rev Genet 2002;3(10):737-47.

*Location of the siRNA target site along the mRNA is expressed as the number of
nucleotides downstream from the start codon. {Knockdown (KD) verification was
carried out by western blot (W), northern blot (N), immunofluorescence (IF) or flow
Cytometry (F). Transfection (Tfx) method§ included Oligofectamine (Ofm),
Lipofectamine (Lfm), Lipofectin (Lpf) and electroporation (E). ANP, atrial natriuretic
peptide; Cdc14A, cell division cycle 14 homologue A; CEP135, centrosomal protein
of 135 kDa; CP110, centriolar protein of 110 kDa; EGFP, enhanced green fluorescent
protein; GAG, glycosaminoglycan; GAGII, beta 3GalT6; HMps1 kinase, human
mono polar spindle-kinase; HTF, human tissue factor; LMNA, lamin A/C; Luc,
luciferase; ND, not determined; NR, not reported; PSKHI1, protein serine kinase HI;
Rad17, RAD17 homologue; RalA, v-ral simian leukaemia viral oncogene homologue
A; RASSF1, Ras association (RalGDS/AF-6) domain family 1; ShcA, src homology 2
domain-containing transforming protein C1; Tsg101, tumour susceptibility gene 101.

94



eombi“ed RNAI and ES cells for prospect future therapy
RNAI allows researchers to test the role of many genes in human embryonic
(ES) cells without the need to generate mutant mice. Most of the genes so far
shown to regulate the undifferentiated state of ES cells were chosen because of their
expression patterns in the early embryo or from functional cDNA overexpression
mens. With new technologies, it is possible to identify other candidate regulators of
gS cells and study them with loss-offunction screens using RNAi. The availability of
pew ES cell lines expressing reporter genes under the control of promoters of ES cell-
gpeciﬁC genes will allow researchers to monitor the undifferentiated state of ES cells.
For example, human embryonic stem (hES) cell lines have been generated that
express green fluorescent protein under the control of the Oct4 promoter (13, 27).
Oct4 is an important marker of the undifferentiated state and play a major role in
pegulation of pluripotency in ES cells (27). Microarray analysis of ES cells suggests
thet some genes may have an important role in determining the stem cell state,
because they are upregulated in these cells when compared to somatic cells (13).

Involvement of RNAI in ES cells may help to explore: understanding the basic
biology of ES cells and cellular differentiation; modeling disease states in vitro;
validating new drugs and assessing their toxicity; directing differentiation of cell
types of interest from ES cells; controlling the cell cycle and immune repertoire of
ES-derived cells to be transplanted and targeting infectious agents. Diseases that
involve the loss or damage of a single or very few types of cells are the most
attractive candidates for ES cell therapies. Parkinson’s disease, lower motor neuron
loss and spinal cord injuries and type I diabetes mellitus are all potentially treatable by
these therapies . In addition to the conventional cell-replacement approaches aimed at
repairing damaged tissues, the combination of ES cell and RNAi technologies may
result in novel therapies for infectious diseases such as HIV, tuberculosis or malaria.
One such strategy for combating the HIV virus has already been reported (28). It
involves isolation of hematopoietic stem cells from an infected individual and treating
them with a lentivirus that leads to expression of a shlRNA targeted against either viral
RNA or against the cellular receptor targeted by HIV. These stem cell populations are
then expanded ex vivo and reintroduced into the patient. As hematopoietic stem cells
give rise to the cells comprising the immune system, it is hoped that such a procedure
will confer HIV resistance to the immune system (the main target of HIV).
Alternatively, hematopoietic progenitors derived from ES cells carrying RNAIi vectors
that target HIV infection may be used. This approach would circumvent the need to
&tract hematopoietic stem cells from the patient, taking advantage of the fact that ES
¢¢lls can be grown in very large numbers (13).

Although the potential of RNAi and stem cell-based gene therapies is
Sxtremely promising, there are issues of safety and efficiency that must be addressed
before any potential therapy can be applied in humans. The combinatorial therapeutic
Use of RNAi and ES cells, while it may yield great benefit, also compounds the
limitations and potential negative side effects which both tools may illicit. Currently,
e of the most pertinent limitations involving the use of ES cells is the lack of
knOWledge regarding the details of ES cell developmental biology. The range of cell
t}_’PGS that can currently be derived from ES cells is fairly limited. As a result, the
disease targets of potential stem cell-based therapies are restricted to those affecting
the small subset of cell types that can be derived. It is likely that in the near future the
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mber of cell types that can be derived from ES cells will greatly increase, but the

quiL

Bl of complete ES cell-based organ replacement may be far off. Most of the
Simerentiation protocols to obtain a cell type of interest yield a heterogeneous
gapulation that contains other cell types as well. It will also be important to achieve
1‘1 purity before ES-derived cells can be transplanted into patients. Another major
@Veat of ES cell-based therapies is the possibility of tumor formation. If a transplant
mens to contain contaminating undifferentiated ES cells, these could lead to the
wmation of teratocarcinomas. Downregulation through RNAi of specific genes
favolved in regulation of the cell cycle may be a way to avoid these tumors. Another
fimitation is the immune response following engraftment of an ES-derived transplant
got immunologically matched to the patient. The use of immunosuppressive drugs can
srolong the survival of allogenic ES cell progeny. This is not an ideal method due to
the fact that the ability of the body to heal is compromised when the immune system
{s suppressed. Another strategy to enhance the compatibility of the graft is to decrease
ES cell expression of cell surface proteins that activate host immune responses (i.e.
fajor histocompatibility complex and costimulatory molecules) or to increase ES cell
gxpression of immune-inhibitory antigens (i.e. Killer cell immunoglobulin-like
receptors). These approaches in isolation will not likely permit long-term engraftment
of ES cell-derived cells. Another way to prevent immune rejection is through the
production of patient-specific ES cells by somatic cell nuclear transfer and thus has
become a very popular topic of study. The use of RNAI itself also presents hurdles
that must be overcome. The two main hurdles are effective RNA delivery and
gpecificity of gene silencing. shRNA delivery for some gene therapies, such as those
used in two clinical trials recently approved by the FDA (for agerelated macular
degeneration), could be as simple as_the injection of naked RNA. Many other
techniques for RNAi delivery have been formulated including liposomal carriers,
aerosolized vapors and viral vectors, but like any other potential therapeutic treatment
these methods must be carefully evaluated for both efficiency as well as any possible
off-target effects (13).

Using siRNAs as small molecule drugs

To use siRNAs or their small RNA precursors as drugs, they must be
efficiently delivered into the cytoplasm of cells, the site of precursor RNA processing
by the enzyme Dicer and uptake of the siRNA guide strand into RISC. Because Dicer
may direct endogenously processed siRNAs and microRNAs to the RISC, small
double-stranded RNAs that are between 25 and 30 nucleotides in length and require
Dicer processingappear to be more efficient at inducing RNAi than smaller siRNAs
designed for direct incorporation into RISC. Once within the RISC, the durability and
efficiency of silencing depend on many factors, most of which are poorly understood,
but may include sequence preferences for RISC binding along the siRNA,
accessibility of the target site on the mRNA, and thermodynamic considerations. The
most important factor that determines durability of silencing in cells appears to be the
rate of cell division, which leads to dilution of the activated RISC as it is divided
between daughter cells. In rapidly dividing tumor cells, used for most of the early
RNAi in vitro experiments, silencing peaks 2-3 days after transfecting siRNAs and
bfigins to wane around day 5 and disappears by day 7. However, in terminally
differentiated non-dividing cells, such as macrophages, silencing lasts for as long as
the cells can be cultured (several weeks). There is also some suggestion that the
Persistence of the activated RISC for any siRNA may depend on the presence of the
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5ot mRNA. For therapeutic purposes, the rate of division of the target cell will be

'po:rtant determinant of the dosing interval (29).

" Diseases that are intractable or poorly responsive to current therapy are in the

rank list of target, especially cancer, neurodegenerative disease, viral infection,

macular degeneration, and these are the disease models that have been most
'3d SO far.

esigning siRNAs for therapy
Optimal siRNAs favor the guide strand entering Ago 2 to the exclusion of the
enger strand, thereby directing RISC to bind to the target mRNA, where potent
vage of the target ensues. For effective RNAI, the 5' end of the guide strand
quires sufficient complementarity to bind to the target and the orientation of the 3'
4 of the guide strand needs to favor catalysis of the target by Ago 2. Nonspecific
@vage of mRNA - unintended mRNA targets, or 'off-targets' — would be
esirable in RINA1 therapeutics. mRINA targets in hereditary diseases or somatic
:gene mutations might differ from wild-type mRNA by a single nucleotide change.
?Bi;lgle nucleotide polymorphisms offer another potential site for RNAI therapy.
‘Therefore, siRNA designs will need to account for such small sequence changes.
Purthermore, in general, mammalian cells resist uptake of double-stranded RNA,
thereby requiring formulations or conjugations of siRNAs to facilitate their cellular
uptake (30).
Maximizing guide strand selection is an initial, critical goal in siRNA design.
Based on the previously discussed thermodynamic properties of asymmetric siRNAs,
guide strands of siRNA can be predictably recruited into RISC. Inactive siRNAs, or
less than optimally effective siRNAs, can achieve better RNAi by introducing
mucleotide mismatches (thermodynamically unstable nucleotide pairings) (30). An
example for huntingtin mRNA is provided (Figure 2). Strategically placed nucleotide
mismatches can increase the RNAi by the guide strand, as noted by the increase in
cleaving its target of huntingtin mRNA. siRNA can be functionally asymmetric, with
only one of the two strands able to trigger RNAi (31). Improved RNAI activity would
reduce therapeutic dose requirements, because more of the active guide strand than
passenger strand enters RISC. Passenger strand effects have been implicated to have
off-target effects; limiting passenger strand loading into RISC mitigates this concern.

Use of asymmetric siRNA can be extended to design ShRNAs for viral delivery of
siRNA (30).

Selection of siRNA duplexes from the target mRNA sequence

The targeted region is selected from a given cDNA sequence beginning 50 to
100 nt downstream of the start codon. Initially, 5' or 3' UTRs and regions nearby the
Start codon were avoided assuming that UTR-binding proteins and/or translation
Iitiation complexes may interfere with binding of the siRNP or RISC endonuclease
Complex. More recently, however, we have targeted 3'-UTRs and have not
Ckperienced any problems in knocking down the targeted genes. In order to design a
SRNA duplex, we search for the 23-nt sequence motif AANNI9)TT (N, any
ucleotide) and select hits with approx. 50% G/C-content (30% to 70% has also
Worked in our hands). If no suitable sequences are found, the search is extended using
the motif NA(N21). The sequence of the sense siRNA corresponds to (N19)TT or
N2 (position 3 to 23 of the 23-nt motif), respectively. In the latter case, we convert
the 3' end of the sense siRNA to TT. The rationale for this sequence conversion is to
8eherate a symmetric duplex with respect to the sequence composition of the sense
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i antisense 3' overhangs. The antisense siRNA is synthesized as the complement to
tion 1 to 21 of the 23-nt motif. Because position 1 of the 23-nt motif is not
ized sequence-specifically by the antisense siRNA, the 3'-most nucleotide
due of the antisense siRNA, can be chosen deliberately. However, the penultimate
Biclcotide of the antisense siRNA (complementary to position 2 of the 23-nt motif)
aould always be complementary to the targeted sequence. For simplifying chemical
withesis, we always use TT. Should an siRNA be expressed from pol III expression
$dtors, it is preferable that the first transcribed nucleotide is a purine. Upgraded
@lectlon rules suggest to bias the stability of the siRNA duplex in a manner that the 5'
Fmon of the antisense siRINA is paired less stably to the sense siRNA than its 3'

ttion (http://www.rockefeller.edu/labheads/tuschl/sirna.html). Considerations for
generatlng an effective and specific siRNA is summarized in table 2 (32). BLAST-
gearch of genome sequence databases should be performed in order to ensure that
only one gene is targeted.

&

Table 2. Criteria for specific and effective siRNA.
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Source: Mittal V. Nat Rev Genet 2004;5(5):355-65.

Potential risks of RNAi

Possible effect of RNAi can change unintended profile of mRNA which
induce nonspecific but sequence-dependent effects (33). Sequence complementary can
also leading to off-target of unexpected even in natural target regulation by miRNAs
(34). This can be explained by the design siRNAs, which has base mismatches to
induce silencing activity, showed a complementarity to other mismatched seed
sequences regulated by miRINAs. Additionally, miRNA targets are well expressed and
Contain longer 3' UTR regions, while anti-targets have shorter 3' UTRs, which limits
miRNA target site density. miRNA anti-targets may also be expressed temporally or
Spatially to avoid coexpression of the transcript and miRNA (34). Mismatches of up
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i four nucleotides and G:U wobbles can lead to translational repression of candidate
& target MRNAs (30). Using different delivery systems can make cells response
ligrerently with either upregulation or downregulation which might be the effects of
bckaging reagents (35). Further studies in vivo should help to resolve the extent of
B arget SIRNA effects. Lacking in studies of nonspecific mRNA silencing is the
jpotein profile of the off target mRNAs. A small change in mRNA expression does
iﬂt necessarily determine a biologically important change in its cognate protein.
ﬁinimal_’ but reproducible, changes in protein profiles might have clinical
égniﬁcance. Forecasting specific untoward effects based on subtle changes in mRNA
pntent at this point is a leap of faith (30).
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Topic 14. Gene Therapy Technology

—

Gene therapy

At the basic level gene therapy can be sescribed as the Intracellular delivery of
‘enctic material to generate a therapeutic effect by correcting an existing abnormality
or providing cells with a new function (36). Somatic cell gene therapy is a form of
medical treatment that is being developed as a genetic approach to disease
management. Three basic gene therapy strategies have been investigated ;

1) In vivo gene therapy is done by targeting the gene delivery system to the
desired cell type in the patient using either physical means such as tissue injection
(brain tumor) or biolistics (dermal DNA vaccination), or potentially in the future,
using systemic infusion of cell-specific receptor-mediated DNA carriers
(reconstructed liposomes or viruses). Importantly, neither of these gene therapy
gtrategies involve reproductive germline cells and therefore the genetic alteration will
NOT be transmitted to the next generation. In many countries, human germline gene
therapy is considered unethical or even illegal.

2) In situ delivery is an administering the material directly to the desired
tissue. Cystic fibrosis (CF) has been shown some success with this strategy. This
disorder result from mutations in the cystic fibrosis transmembrane conductance
regulator (CFTR). The CFTR gene has been delivered using lipid and adenoviral
vectors to defined sites in the respiratory tract. Initial results showed a minority
changed in CFRT-mediated ion transport at these sites.

3) Ex-vivo gene therapy involves removing tissue from the patient,
transfecting (or virally infecting) the cells in culture, and then reimplanting the
genetically altered cells to the patient. Two types of ex-vivo gene therapies under
development are those directed at fibroblasts and hematopoietic stem cells.

Nonviral delivery systems

1. Physical nonviral delivery

Nonviral delivery can be divided by physical and chemical approaches. The
fist one is physical methods compose of electroporation, micro injection and
bioloistics.

The bombardment of cells/tissues with DNA coated pariticles or
microprojectiles is a novel physical approach for transfection. Advancing the
technique, an electrical discharge and then high-pressure helium replaced gunpowder
ad trhe particle propellant for most particle-mediated devices. Biolistic is used as
particle-mediated delivery system to deliver genes into skin in vivo. The transfer
genes are expressed transiently. Advantages of this technology are the applicability to
different cell types and tissues and the ability to deliver large DNA molecues.
Additionally, multiple genes could be introduced in to target cells (37). However, it
would be at risk of cell damage. Similarly, electroporation appears to be promising for
local gene therapy: skin, muscle, brain and liver (38, 39). The intramuscular injection
of plasmid DNA, however, has several advantages over viral vectors. First, plasmid
DNA vectors are easier to construct and can be prepared as pharmaceutical-grade
Solutions without the risk of contamination with wild-type infectious particles.
Second, previous infection by wild-type adenovirus or AAV may induce a
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stralizing antibody response that could preclude administration of the recombinant

gyus (39

;@;Chemical nonviral delivery

B The vast majority of current chemical nonviral delivery systems are haged
fround polycationic entities which cause compaction of negatively charged nyclejc
éfit‘cids accompanied by the formation of nanometric complexes. Typically, cationic
%iiposome and cationic polymer-based are two main categories of polycationic haged
;ﬁlethod. Principally, the complex need to have a net positive charge to enter cellg and
#hat endocytosis is triggered y nonspecific interaction between cationic complexes and
#he anionic cell-surface proteoglycans of adherent cells. Once inside, a proportion of
fhe bound nucleic acids should be able to dissociate and escape from early-endosomes
into the cytoplasm either to perform a therapeutic function there as in the cage of
mRNA, or else traffic into the nucleus to perform a therapeutic function (36).

¥iral delivery systems
' Most viral systems have been used extensively in gene delivery studies, The
‘most widely studied include retrovirus, adenovirus (types 2 and 5), adeno-associated
virus and herpesvirus. Common to all viral vectors is the fact that their genomes haye
‘been modified, deleting areas which render them replication incompetent. This regylts
‘in limiting the virus particle to only a single infectious cycle. Successful gene therapy
‘requires that the:
' » Genetic malfunction/nature of a disease is understood

» Therapeutic material can be delivered to the target cells in the affected tiggye
or organ

» Therapeutic material is active for the intended duration and deliverg the
intended benefit to the target cells

* Harmful side effects, if any, are manageable

‘Retrovirus-based vectors

Retroviruses are enveloped RNA-containing eukaryotic viruses which
replicate through DN intermediates, facilitated by an RNA-directed DNA polymerase
(reverse transcriptase). The reverse transcribed DNA genomes are SubSequenﬂy
integrated into the host chromosomes as proviruses, directed by the virus-encoded
integrase protein, and this DNA is transcribed using the host machinery. Retroviral
genomes contain three core genes termed gag, pol and env, which are flanked by long
terminal repeat (LTR) sequences and a packaging signal which directs the assembly
of the genome into the viral particles. The gag gene encodes proteins which form the
viral core, while the pol gene encodes reverse transcriptase (RT), the viral integrase
(Int) and a viral protease which acts on the gag gene products. The env gene encodes
the glycosylated envelope proteins which determine the tropism of the virus. The LTR
sequences contain the cis-acting sequences required to regulate viral genome
replication, transcription and mediate integration into the host genome. The majority
of retroviruses does not cause cancers but simply infect a cell and produce a persistent
infection with continual production of virus by infected cells. A number of
retroviruses are, however, tumorigenic, such as the well characterized Rous sarcoma
virus (RSV), which causes a connective tissue cancer in chickens. The tumorigenicity
of oncogenic retrovirues can be related to accessory oncogenes additional to the gag,
Pol and env genes, which convert the cell to a caner cell, capable of indefinite growth
and eventually killing the organism containing it. The human immunodeﬁciency
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Eses (HTV), the causative agents of AIDS, are also retroviruses of the lentivirus
group’ which contain several additional accessory genes (36).

"2 In terms of somatic gene transfer, replication-defective retroviruses offer a
per of advantages over current delivery techniques. As well as providing
ificantly elevated targeting efficiencies and encoding no cytotoxic or
qunogenic viral antigens, they result in efficient and stable integration of the
ansgene into the host chromosome, enabling a permanency that facilitates long-term
ressic)n. The targeting of retrovirues to specific cell populations is also being
daveloped by engineering heterologous protein domains into the envelope
*'fycoproteins modifying their tropism. However, a number of fundamental obstacles
it the effectiveness of retrovirus gene transfer, including their inability to infect
& hatic mitotic tissues such as muscle, due to their dependence on mitosis to gain
sptrance to the nucleus of infected cells to facilitate integration. Size limitations (9-10
: ) on the amount of DNA which can be stably incorporated into the retroviral
fgggssettes to allow packaging into the retroviral particles, limit the application of larger
ienes or large regulatory elements. Additionally, the fairly low tiiters (<10° infectious
innlts per ml) and the relative instability of the virions further hampers the
igpplicability of retroviruses to gene therapy protocols. Sensitivity of murine
retroviruses to inactivation by the human complement-mediated lysis pathway of the
immune system has also proved problematic (36). Naldini and coworkers created
'feplication defective versions of HIV that were capable of transducing nondividing
cells and achieving stable expression through integration of the provirus into
chromosomal DNA (40). This group of retroviruses that can transfect nondividing
‘cells is called lentivures. Although several HIV packaging cell lines have been
‘developed, compared to transient transfection, these typically yield lower vector titers,
-and particle production may be transient (lasting only 5-10 days) after induction of
vesicular stomatitis virus (VSV) G protein expression (41). Two groups of research,
Ikeda et al. and Ni et al., however, could constructed the lentiviral systems that
prolong vectors production with high titer (42, 43). In addition, besides the low copy
number production, the fidelity of HIV was significantly lower when vector was
produced by transient transfection compared to stable producer cell lines (44).

How are HIV lentiviral vectors made?

To obtain a lentiviral gene therapy vector, a reporter gene or therapeutic gene
is cloned into a vector sequence that is flanked by LTRs and the Psi-sequence of
HIV. The LTRs are necessary to integrate the therapeutic gene into the genome of the
target cell, just as the LTRs in HIV integrate the dsDNA copy of the virus into its host
chromosome. The Psi-sequence acts as a signal sequence and is necessary for
packaging RNA with the reporter or therapeutic gene in virions. Viral proteins which
make virus shells are provided in the packaging cell line, but are not in context of the
LTRs and Psi-sequences and so are not packaged into virions. Thus, virus particles
are produced that are replication deficient, so are designed to be unable to continue to
infect their host after they deliver their therapeutic content (http://biology.kenyon.edu
lslonc/gene-web/Lentiviral/Lentivi2.html).
Three Plasmid Expression System

Lentiviral vectors are usually created in a transient transfection system in
}Nhich a cell line is transfected with three separate plasmid expression systems. These
Include the transfer vector plasmid (portions of the HIV provirus), the packaging
p!asmid or construct, and a plasmid with the heterologous envelop gene (ENV) of a
different virus. The three plasmid components of the vector are put into a packaging
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el which is then inserted into the HIV shell. The virus portions of the vector contain
gsel't sequences so that the virus cannot replicate inside the cell system.

4 Lentiviral vectors are usually created in a transient transfection system in
QhJCh a cell line is transfected with three separate plasmid expression systems. These
ﬁiclude the tramsfer vector plasmid (portions of the HIV provirus), the packaging
slasmid or construct, and a plasmid with the heterologous envelop gene (ENV) of a
ifferent virus. The three plasmid components of the vector are put into a packaging
cell which is then inserted into the HIV shell. The virus portions of the vector contain
insert sequences so that the virus cannot replicate inside the cell system.

1) Transfer vector plasmid o ' .

" The transfer vector plasmid contains ¢is-acting genetic sequences necessary for the
vector to infect the target cell and for transfer of the therapeutic (or reporter) gene and
¢ontains restriction sites for insertion of desired genes. The 3” and 5’ LTRs, the
original envelop proteins, and gag sequence promoter have been removed.

Transfer
Yector

SD Packaging Signal
Source: (http://biology.kenyon.edu /slonc/gene-web/Lentiviral/Lentivi2.html)

2) Packaging plasmid

The packaging plasmid is the backbone of the virus system and is also known
as pPCMVARY. In this plasmid are found the elements required for vector packaging
such as structural proteins, HIV genes (except the gene env which codes for infection
of T cells, or the vector would only be able to infect these cells), and the enzymes that
generate vector particles. Also contained is the human cytomegalovirus (hCMV)
which is responsible for the expression of the virus proteins during translation. The
packaging signals and their adjacent signals are removed so the parts responsible for
packaging the viral DNA have been separated from the parts that activate them. Thus,
the packaging sequences will not be incorporated into the viral genome and the virus
will not reproduce after it has infected the host cell. Previous HIV vectors used two
plasmids as the packaging plasmid contained the viral envelop gene. However, in the
newer, better vectors the packaging plasmid lacks a viral envelop gene because this
has been shown to be more desirable in terms of titer (minimum volume needed to
Cause a particular result in titration), stability, and broad range of target cells.
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Packaging Constuct

POIV(A)

sD

ce: (hitp://biology.kenyon.edu /slonc/gene-web/Lentiviral/Lentivi2.html)

8 Envelop gene of third plasmid
. The third plasmid’s envelope gene of a different virus specifies what type of

because they use their gp120 protein to bind to the CD4 receptor. However, it is
és1ble to genetically exchange the CD4 receptor-binding protein for another protein
b codes for the different cell type on which gene therapy will be performed. This
ves the HIV lentiviral vector a broad range of possible target cells. There are two
'4. of heterologous envelope proteins. The amphoteric envelop of MLV, another
ppe of vector, is transcribed first followed by the transcription of the G glycoproteins
p the vesicular stomatitis virus, known as VSV-G. Both of these help to provide
fability to the vector by bringing together the particles that were made by the
ackaging plasmid pCMVARY.

Env-coding

Plcsmicis
ALY i
TR MLV [Armiphio)jf
or
VSV &

Source: (http://biology.kenyon.edu /slonc/ gene-web/Lentiviral/Lentivi2. html)

Uses for HIV lentiviral vectors
Scientists have recently been using the HIV lentiviral vector to repair neurons.

HIV is also being developed as a delivery system to provide successful gene therapy
in many diseases such as metabolic diseases, cancer, viral infection, cystic fibrosis,
muscular dystrophy, hemophilia, retinitis pigmentosa, and maybe even Alzheimer’s
disease.
Concerns with using HIV lentiviral vectors

There is still concern with using lentiviral vectors for safety reasons. One concern
involves the possibility that the HIV could self-replicate and could be produced
during manufacture of the vector in the packaging cell line or in the target cells by a
Process of recombination. Thus, the person undergoing gene therapy would also be
infected with HIV in addition to the new therapeutlc gene. A self-replicating
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s vector could cause cancer by inserting itself into the host genome and
anelghbormg proto-oncogene, thus causing mutagenesis.

jrus vectors

ecombinant forms of adenoviruses based on human serotype 5 were indeed
ble and had been characterized extensively as molecular tools for studying basic
ical processes. One could disable the adenovirus by deleting an important
diate early gene (i.e., El) and could incorporate into the vector genome
§icne cassettes in excess of 6 kb. The E1 deleted adenoviruses were easily grown
¢ gh quantities through propagation in an available cell line called 293, which
kors a 5' region of the human AdS genome (45).

Adonovirus vectors are attractive candidates for gene transfer due to their
Benendence of host cell replication and low pathogenicity in man. Adenoviruses
& rclatively stable particles which can be readily obtained at high titers of 10! to
plaque forming units (pfu) per ml making systemic clinical administration
le (36). The adenovirus genome is also relatively easy to manipulate, facilitating
f vector generation, and does not normally undergo rearrangement at a high rate
However, adenoviral vectors show some limitations with association of
stantial inflammatory responses in the areas of lung where vector-encoded
sgene was expressed. Transgene expression was tran51ent that diminished to
etectable level within 2 to 4 weeks (47). Adenovirus can effectively activate
toxic T lymphocytes (CTLs) to vector transduced cells using the transgene, as
Il as the products of other viral genes as antigenic targets (47, 48). Transgene
gpression, therefore, exterminates by CTL response via the tranduced cells
@struction and contributes to inflammation. Rhesus monkeys receiving adenoviral
gene therapy developed mild to moderate acute hepatitis 1 to 3 weeks which mediated
by MHC class I and T-cell response (49). Furthermore, the adenovirus system was the
elative inefficiency by which gene transfer was achieved (50).

‘Adeno-associated virus vectors

Adeno-associated viruses (AAV) belong to the family Parvoviridae and
consist of nonevelped icosahedral virions of 18-26 nm diameter, with a linear single-
stmaded DNA genome of 4680 nucleotides for the most characterized AAV?2 strain.
The genome consists of two coding regions, cap and rep, which are flanked by
inverted terminal repeats (ITRs) at either end of the genome and an encapsidation
signal. The cap gene encodes the capsid (cap) proteins and rep encodes for protems
involved in replication and integration functions (36). In the absence of helper virus,
the wild-type AAV genome integrates in a site-specific manner via its inverted
terminal repeats (ITRs) into the q13.3-gter of human chromosome 19. Furthermore,
the relatively higher stability, viral titers, and transduction efficiency of AAV add to
the desirable features of this type of vector (51). Naturally, AAV is replication
incompetent and requires additional genes from a helper virus infection which in
nature are generally complemented by adenovirus or herpes simplex virus co-
infection (36). There is no consistent indication of AAV infection being associated
with human disease, although adverse effects on early embryos have been suggested
from ex vivo studies (52).

AAV serotype 2 (AAV2) is the first AAV that was vectored for gene transfer
applications by replacement of the rep and cap genes with a transgene of interest,
retaining the terminal repeats and packaging of the genome (36, 51, 53). When helper
Plasmids and vector plasmids were co-transfected into permissive cells (usually
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Wi an embryonic kidney 293 cells) that were also infected with a helper adenovirus,
‘ ‘J’a e cells packaged rAAV2 virions containing only the therapeutic vector genomes.
wever, the restricted tissue tropism of AAV and its low transduction efficiency
'e limited its further development as vector (53). Alternative AAV serotypes such
#AAV1, 4,5 and 6 have developed by 1 1mprov1ng potency and broadened tropism of

ie AAV vector (53). Recombinant AAV2 is being elucidate as gene therapy for
9ﬁatlng cystic fibrosis in clinical trial phase I and II (52).

plicatlon of gene therapy

gfancer Immunotherapy

o Gene therapy-induced expression of immunostimulatory molecules such as B7
ﬁt tumor cell level may evoke antitumor immune mechanisms by recruiting and
nhancing viability of antigen-processing cells and specific tumoricidal lymphocytes
54). In addition, tumor cells can be transduced with cytokine genes (IL-2, 4, and 12)
§r combine with chimeric anti-tumor antibody to enhance the efficacy of immune
fesponse Zhang X, et al. contructed 1mmunocytok1ne called IL-2-183B2scFv that
gomposed of the single-chain Fv of a monoclonal antibody, COC183B2, specific for
#n ovarian carcinoma-associated antigen (OC183B2), fused with the coding sequence
of interleukin 2 (IL-2). This immunocytokine, 1L-2-183B2scFv, maintaining functions
bf both the antibody and IL-2 was able to target IL-2 to tumor cells that overexpress
OC183B2, and stimulate the proliferation of an IL-2-dependent cell line which can be
freat ovarian cancer in the future (55). Another form of cancer vaccine is adoptive
immunotherapy which T-cells are stimulated ex vivo by activating and expanding
autologous tumour-reactive T-cell populations to large numbers of cells that are then
transferred back to the patient {Dudley, 2003 #70}. Study in malignant glioma, for
example, the vaccination combined with adoptive immunotherapy with in vitro
activated cells demonstrated tumor response and improved survival despite a
condition of advanced disease and immunosuppression resulting from previous
treatment or tumor burden {Sloan, 2000 #71}. Furthermore, in previous clinical trials
of adoptive immunotherapy using cloned melanoma-reactive CD8+ T cells, the
transferred cells had high in vitro reactivity against melanoma Ags, yet objective
clinical responses were not seen in these patients {Dudley, 2002 #72}.

Suppression of oncegene at transcriptional level by deliver transcriptional
repressor acting on promoter of oncogene or post-transcriptional level by deliver
ribozyme, antisense, siRNA, dominant negative molecule. For example, the E6 and
E7 genes of human papillomaviruses encode proteins, that interfere with the function
of the tumor suppressor proteins p53 and Rb. When introduced the antisense RNA
transcripts of the E6 and E7 genes of HPV type 16 into human cervical cancer SiHa
cells harboring HPV 16, E6 and E7 protein expression was suppressed, and p53 and
Rb protein expression increased. The final result was the apoptosis of infected cells
(56). Moreover, cancer cells can be replaced with tumor suppressor gene, for instance,
Rb and p53 (57), or cell death-inducing gene, such as caspases and TRAIL-mediated
apoptosis. Recently, using ES cell-derived ‘ astrocytes as gene therapy vectors
transferring tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) induced
human malignant glioma cells apoptosis (58). A tumor-specific killer, Apoptin,
targets asialoglycoprotein receptor (ASGPR) presented only on the surface of
hepatocytes can be used as gene inducing apoptosis. In vivo study showed that
Systemic delivery of asialoglycoprotein-Apoptin specifically induces apoptosis in
Malignant hepatocytes but not in normal cells (59). The activation of an inducible
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finase (iCaspase-9) mediates apoptosis of neovascular endothelial cells, and

~'comes the prosurvival effect of vascular endothelial growth factor or basic

Rroblast growth factor. Recombinant adenoviral vectors containing iCaspase-9

ftuced ncovascular disruption in transduced human dermal microvascular
othelial cells (60).

Suicide gene therapy is the other way for cancer treatment. A streptolysin O-
woressing adenovirus was injected into human cervical cancer cell-derived tumors
bown in 2 nude mouse model. The result showed an decrease in average size of
ors which was a result of pore-forming toxins genes carried by adenoviral vector
). Thymidine kinase/ganciclovir (TK/GC) system is another suicide gene therapy
y. The Herpes simplex-derived thymidine kinase (TK) converts ganciclovir (GC)
anciclovir-monophosphate, which is further phosphorylated by cellular kinases to
Bxic ganciclovir-triphosphate. Mammalian cells lack TK, thus GC causes toxic
ects only in cells transfected with TK. A widely applied cancer chemotherapy
i@ent is 5-flurouracil (5-FU). In mammalian cells, 5-FU is metabolized first into
#ucleoside fluorouridine by uridine phosphorylase and then phosphorylated into 5-
fvoro-2'-uridine-5'-monophosphate (FUMP) by uridine kinase (62). From this system
transfected tumor cells appear to be capable of inducing the death of neighboring
gatransfected cells. This cell kill is called the "bystander effect”. This suggests that
«gell-to-cell contact is necessary for the bystander effect and cells might communicate
{hrough gap junctions (62). TK/GC protocol has been used widely in treatment cancer
«and many type of cancer therapies are under clinical trial such as lymphoma {Cooper,
2006 #68}, prostate cancer {Ayala, 2006 #69}, glioblastoma multiforme {Rainov,
2000 #67}.

5.
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Part 111

Principles of Techniques in Protein Study



Topic 15. Protein Expression Technique

students should know how to express protein

? students should know advantages and disadvantages of each protein expression system
. understand the solubility of protein

4 know how to determine the protein concentration

_ understand each protein purification method

understand protein sequencing

Protein Expression
. Application

Examples:
1. Antigen production
2. Biochemical or cell biology studies
3. structural studies

A. Protein Expression in E.coli : Prokaryotic system (most popular, use plasmid)

Advantage :
1. the techniques necessary to express protein are relatively simple

2. the amount of time to generate an overexpressing strain is very short
3. cheap to grow and able to manipulate the E. coli genetic and physiology to increase the
protein product

Disadvantage:
1. expressed protein from E. coli are not properly modified

2. protein expressed in large amounts in E. coli often precipitate into
insoluble aggregates called “inclusion bodies” from which they can only
be recovered in an active form by solubilization in denaturing agents
followed by careful renaturation

3. it is relatively difficult to arrange the secretion of large amounts of
expressed proteins from E. coli, although it has often been possible to
secrete small amounts into the periplasmic space and to recover them by
osmotic shock

Procedure in summary

1. clone gene of interest into an appropriate vector
2. transfer recombinant DNA into E. coli

3. select the positive clones
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ww the positive clone in an appropriate medium e.g. LB containing antibiotic

¢ inclusion bodies containing your protein from bacteria (denaturated form of protein
ept at -20 C in high salt concentration), check the protein using SDS-PAGE to see if
tein is pure. If not, go to purification step using an appropriate method

ture the protein

centrate the protein

refolded protein at —80 C

& al}’SiS

B Protein Expression in Baculovirus Expression System: Eukaryotic system (use
- virus)

1. proteins are almost always express at high levels

2. expressed proteins are usually expressed in the proper cellular
comparment (membrane proteins are usually localized to the membrane,
nuclear proteins to the nucleus and secreted proteins secreted into the
medium)

3. the expressed protein is often properly modified

‘ 1. the techniques to grow and work with the virus are still not very widely
used and may be difficult for the beginner
2. proteins are not always properly modified
3. sophisticated and a lot of works

-C. Protein Expression in Mammalian System: Eukaryotic system (use COS cell)

Advantage :
1. expressed proteins are usually properly modified
2. expressed proteins almost always accumulate in the correct cellular
compartment
Disadvantage:

1. techniques are more difficult, time consuming and expensive than those used to express
protein in E. coli

2. much more difficult to perform on a large scale; but they are quite practical for small- and
medium-scale work by investigators already familiar with mammalian cell culture
techniques

M The COS cell and virus procedures are suitable for rapid small- and medium-scale protein
gOduction
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Strategy of Cloning for Protein Expression

Bice of domain

ng the range of sequence to clone and express

oning your protein, it pays to think carefully about what you will do with the expressed

s, Will you solve a structure and/or will you want to do some biochemistry? In the worst
fyou clone in the wrong bit it may be useless for any kind of experiment, let alone for

the structure. If you need help in analysing the sequence, you are welcome to contact the

/want to practise using some sequence analysis software, try to get on intemet.

ing the right bit of protein to express is vital to the success of an expression experiment. In

1
g

kection, we want to get you thinking about the following topics.

s Is the protein globular, non-globular, membrane or multidomain?
s Have you guarded against errors, fruncations, frameshifts in the sequence?

Have you defined the borders of the domain (or domains)?

+ Have you examined a multiple sequence alignment of the homologues?

Class of protein

l; y classical metabolic enzymes consist of a single folded domain and the purified proteins are
dherefore relatively easy to handle. However, the majority (at least in Eukaryotes) of proteins are
qpot like this at all. Leaving aside the specialist field of membrane proteins, the first thing to
yorry about is whether the protein is globular at all: if it isn't, you will not be able to determine
&s structure (except as an induced fit in a complex), although you will still be able to investigate
;ghe protein by CD & NMR. Multidomain proteins very often consist of a mixture of globular
‘domains interspersed with non-globular regions. The non-globular regions can be important for
the function (e.g. containing phosphorylation, SH2-binding, SH3-binding sites and so on). To
gein structural insight, it is often necessary to solve one module at a time. Defining the domain
boundaries is important since the presence of random coil can confound crystallisation attempts
and may lead to unpredictable properties of the protein at NMR concentrations. Sometimes it is
very hard to precisely define borders and then it is best to clone several constructs in parallel and
then work with the smallest folded construct.

Here is a checklist for the fundamental protein types:
* Globular
* Rods

» Elongated proteins with repetitive sequencse
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+ Non-globular

» Integral membrane

wthi, Multidomain

» May combine elements of any other class

will need to do a multiple sequence alignment to be sure that you know about your protein.

rrors, truncations, frameshifts, incorrect exon assembly

orfunately, many sequences in databases are of low quality. Usually you will get away with
nt mutation” errors that affect only one amino acid. Although these will cause trouble if, as
should, you check your sample by Mass Spectroscopy.

fp://www-db.embl-heidelberg.de:4321/emblGroups/g_65.html

gmver, sequences of incorrect length are likely to cause severe problems. Many sequences
Have not been reliably determined at their N-termini and an arbitrary internal methionine may

e been designated as the N-terminus. Occasionally the C-terminus is also incomplete. Either
[grminus could be affected by frameshift sequencing errors which can also cause internal
%blems, concatenate adjacent reading frames, etc. Another major (and increasing) class of error
Tf,ﬁ;ﬁilfequence databases is incorrect gene prediction and exon assembly. The latter can have

§}3 equences at least as dramatic as for frameshift errors.

&H

%e only way to guard against errors like this is to do comparative sequence analysis: again you

need to do a multiple sequence alignment.
i

fo
E

gg:})eﬁning the borders of domains

ﬂyou are lucky, your domain(s) may be in a domain database. You can go to the following
ain servers: SMART, PFAM or PROSITE.

ey will show you many known domains in your protein. But you cannot be completely sure
8t they have the domain borders correct. You need to examine the set of proteins that contain a
¢t domain. Often, an N- or C-terminal location can be used to define a domain border.

tndemly repeated domains define the domain size but it is easy to wrongly permute the domain
- Borders,

y"“ can only solve the structure of a single domain if it is autonomously folded, say an SH2 or

-t domain. However, there is a common class of small rod-forming repetitive domains that are
-Bot autonomous, including LRR, ankyrin, tetratricopeptide, armadillo, HEAT and so forth. Th?se
ically consist of two or three 2D-structural elements and can only be expressed and foldeq mn
‘;,VBTOups, S0 are not usually suitable for NMR analysis (which delayed the structural investigation
“this repeat class, although most have representative structures now.)

[
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g are also exceptions to the usual organisation of autonomous globular domains that can
trouble Sometimes large non-globular inserts are found: these are likely to cause both
, and crystallisation problems. Sometimes, domains are fused together - either when
.ont or if one domain is inserted into a loop of another domain. Sometimes, unforeseeable

ki extensions are present, as in the WW domain structure solved at EMBL some years ago:
- ninimal domain is unfolded, trial and error with larger constructs and monitoring by CD &
BB is the only way to find out what is going on, unless you want to try a different sequence.

‘akiﬂg a multiple sequence alignment

. 2 multiple sequence alignment is the best way to protect yourself from many potential
?ﬁf if you don't have one already to hand, now is the time to do it. Here is a brief guide to
lecting sequences and aligning them. If more help is needed, contact mw or try to get on the
Bwarc on internet..

e are two ways to collect a set of related proteins and in practice both methods are usually
B, You can retrieve them by keyword search with a tool such as SRS.

s case, it is difficult to collect a clean set as keywords are inconsistently applied and it is
common to bring in some completely wrong proteins, as well as missing some real ones.

alternative is to do a database search with BLAST or Smith-Waterman on the Bioccelerator
ollect all the sequences this way. Web outputs from good servers should let you collect all
g sequences that are clearly related (e.g. at EMBL, we use SRS links to collect the top hits).
Mften you will need to go through a process of eliminating annoying sequence fragments that
4 | not help in any future analysis.

@ the sequences to be aligned need to be saved into a single file, which is easy if you collect
fem via Netscape. You can then align them all with Clustal X which runs on any computer,
[ﬁcludmg fast G3 Macs, or with the Clustal W website at the EBI. Clustal X is recommended as
f!i! colour-coded output helps you to see features in the sequences. You can print out coloured
mm alignments too. Clustal X also has a quality check that helps to find dodgy parts of the

ent. These tend to be either misaligned, doubtfuily aligned (i.e. the signal is too weak to
&sure of any alignment) or frameshifted regions of sequences.

ﬂaVlng got your alignment, you should now check the sequences as discussed above e.g. for the

ini. You need to look for "globularity" of the sequences too and this is simply done by
ﬁndmg buried core residues i.e. conserved columns of hydrophobic residues, which will be
merspersed with unconserved columns for the surface residues. Often, conservation periodicities
hdicate whether a block of sequence is alpha-helix or beta-strand. Non-globular regions are
haracterised by hydrophilic residues, Prolines and Glycines and generally poor conservation
¥ith high tolerance of INDELs. Sometimes it will be useful to have a secondary structure
Yediction too: In this case try submitting the alignment to the PredictProtein server.
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E@nclusion

‘ y cannot guarantee to design a perfectly successful cloning and expression experiment but

B can optimise your chances of success. Comparative sequence analysis is the best way to

‘, ol for success in designing a protein expression experiment, just as Mass Spec, CD and 1D
i are essential controls to analyse the behaviour of the expressed product. Using these tools
‘ave a lot of frustration. In severe cases, the latter will reveal that you have to start again, so
foe e e approaches may need to be used iteratively until you get something to work.

ikrence

reference gives some practical hints on analysing protem domains.

P. and Gibson, T.J. (1996) Applying motif and profile searches. Methods Enzymol. 266,

[Choice of Expression System

Eiyre are three systems that most suited for large-scale production of proteins:

herichia coli. The expression of proteins in E. coli is the easiest, quickest and cheapest

fthod. There are many commercial and non-commercial expression vectors available with
fferent N- and C-terminal tags and many different strains which are optimized for special

ﬁhcatlons (for local users: see strain database).

st. Yeast is an eukaryotic organism and has some advantages and disadvantages over E. coli.
ﬁe of the major advantages is that yeast cultures can be grown to very high densities, which
@kes them especially useful for the production of isotope labeled protein for NMR. The two
R@st used yeast strains are Saccharomyces cerevisiae and the methylotrophic yeast Pichia

;&storzs

Eculovn'us infected insect cells. Insect cells are a higher eukaryotic system than yeast and are
le to carry out more complex post-translational modifications than the other two systems (see
oomparzson of expression systems). They also have the best machinery for the folding of

malian proteins and, therefore, give you the best chance of obtaining soluble protein when
bu want to express a protein of mammalian origin. The disadvantages of insect cells are the
igher costs and the longer duration before you get protein (usually 2 weeks).

, What type of protein do I want to express?

Vhen you would like to express a protein of prokaryotic origin, the obvious choice is to use E.
0li. The method is quick and cheap and the organism has all the machmery necessary for
dlng and post-translational modifications.
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koo the protein is from an eukaryotic source, the method of choice will depend on more
bors (sce below).

, I get soluble protein when I express in E. coli?

B for the expression of eukaryotic proteins the first method of choice is normally E. coli for
lgbove mentioned reasons. However, many eukaryotic protems don't fold properly in E. coli
j@' insoluble aggregates (inclusion bodies). Sometimes it is possxble to resolubilize the
’*m from the inclusion bodies or improve the solubility by expressing the protein at a lower
Wrerature. Also expression of your target protein as a fusion protein with a highly soluble
Fher such as glutathione-S-transferase (GST) maltose binding protein (MBP), or DsbA can
frove its solubility. Often, however, it is better to change to an eukaryotic expression system
fause it is better equipped to fold protems from an eukaryotic source. Thus, instead of trying
5]0 different E. coli constructs, it is better to switch expression system.

E&

§2‘

%oes my protein need post-translational modifications for structure/activity?
4

fny proteins need to be modified following translation in order to become active and/or adapt
E;proper structure. The simplest of these modifications is the removal of the N-terminal
shionine residue, which can occur in all organisms. More complex modifications, like N- and
glycosylation, phosphorylation, are exclusively carried out by eukaryotic cells. Keep in mind
it not all eukaryotic cells carry out the same modifications. Check table 1 to find out which
pression system carries out the post-translational modification(s) you are looking for.

B

ﬁWhat is the codon usage in my protein?

Ebt all of the 61 mRNA codons are used equally The so-called major codons are those that

@ur in highly expressed genes, whereas the minor or rare codons tend to be in genes expressed

@n low level. Which of the 61 codons are the rare ones depends strongly on the organism. The
don usage per organism can be found in the Codon Usage Database
p://www.embl.de/ExternalInfo/protein_unit/draft frames/frame which_express_exthtm.

301' more information on the low usage codons per organisms see table 1 and table 2.
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1. The 8 least used codons in E. coli, yeast, Drosophila, and primates.

’yeast - Drosophila  primates Néamino acid

AGG | 3 arginine

AGA arginine
AUA %isoleucine

: fleucine
CGA | CGA CGA  arginine
CGG | CGG  CGG  arginine

éproline
( UuCG Egserine
CcGC | . CGC  arginine
CCG ~ CCG  proline
cuC  leucine
GCG . GCG  alanine
ACG i ACG éthreonine
% UUA leucine
. GGG . glycine
AGU serine
WU eysteine

| . CGU  arginine

Source: Zhang ez al. (1991) Gene 105, 61-72.
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,2. The usage of the 6 least used E. coli codons by selected other organisms.

1 frequencies of more than 15 per 1000 codons are shown in bold.

Esism | AGG AGA  CGA  CUA  AUA  CCC

~arginine  arginine arginine leucine isoleucine = proline |

sapiens 10 113 61 65 0 69 203

bophila 47 571 76 72 69 186
lanogaster "

lpnorhabditis 38 156 115 79 98 43
fgcharomyces 9.3 213 | 30 134 17.8 6.3
pevisiae

lasmodium 4.1 20.2 05 152 33.2 1.0
Elpanum :

lostridium 24 328 08 60 52.5 8.5
Weurianus

rocoocus honkoshii 303 204 10 180 449 101

ermus aquaticus | 137 | 14 | 14 | 32 20. | 430
wbidopsis thaliana | 109 = 184 = 60 = 98 126 = 52

sﬁrce: Strategies Newsletter (2000) Vol. 3 (1), p. 31.

ot

Usually, the frequency of the codon usage reflects the abundance of their cognate tRNAs.
Therefore, when the codon usage of the protein you would like to express differs significantly
ﬂ‘om the average codon usage of the expression host, this could cause problems during
Spression. The following problems are often encountered:

* Interrupted translation, which leads to a variety of truncated protein products.
* Frame shifting.

* Misincorporation of amino acids. For instance, lysine for arginine as a result of the
AGA codon. This can be detected by mass spectroscopy since it causes a decrease in the
molecular mass of the protein of 28 Da.
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Inhibition of protein synthesis and cell growth.

sonsequence, the observed levels of expression are often low or there will be no expression
B Fspecially in cases were rare codons are present at the 5'-end of the mRNA or where
utive rare codons are found expression levels are low and truncated protein products are

Site-directed mutagenesis to replace the rare codons by more commonly used codons for
the same residue; e.g. the rare argenines codons AGA and AGG by the E. coli preferred
* CGC codon.

Co-expression of the genes which encode rare tRNAs. There are several commercial E.
coli strains available that encode for a number of the rare codon genes:

R R T Y e L T

BL2I(E3) | AGG/AGA (arginine), AUA (isolevcine) g
‘CodonPlus-RIL and CUA (leucine) ratag

* CodonPlus-RP AGG/AGA (arginine) and CCC (proline) Stratagene
AGG/AGA (arginine), CGG (arginine),
s Rosetta or Rosetta AUA (isoleucine) N
, . . ovagen
- (DE3) CUA (leucine), CCC (proline), and GGA
(glycine)

en your will obtain a mixture of full-length protein and truncated species. Providing the
Wbtein with a C-terminal tag (e.g. Hisg-tag) will help you to purify only the full-length protein
Ing affinity chromatography.

hen both above-mentioned methods fail to increase expression levels, it is time to change
pression system and try to express your protein in yeast or insect cells. In cases where the
Hotein contains many rare E. coli codons it is probably better to immediately start with an
mikaryotic system.

&ferences

%)tein Expression. A practical approach (Higgins. S.J. & Hames, B.D., eds), Oxford University
1Tess, 1999.

%&ne, J.F. (1995) Effects of rare codon clusters on high-level expression of heterologous proteins
» Escherichia coli. Current Opinions Biotechnol. 6, 494-500.

%hang, S., Zubay, G. & Goldman, E. (1991) Low-usage codons in Escherichia coli, yeast, fruit
“Yand primates. Gene 105, 61-72.
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» R, Drott, D., Yaeger, K. & Mierenhof, R. (2001) Overcoming the codon bias of E. coli
' anced protein expression. inNovations 12, 1-3.

E;i“'hoice of Vector

ou have made up your mind about which expression system you want to use, it's time to
""e the right expression vector. Also here we would like to limit ourselves to expression
yrs used in Escherichia coli, Pichia pastoris and baculovirus.

Werichia coli vectors
Commercial vectors ( see catalog)
Vector features ( see catalog)

pla pastoris vectors

* Commercial vectors ( see catalog)
© Vector features ( see catalog)
bulovirus vectors

'~ Commercial vectors ( see catalog)

isbasic architecture of an E. coli expression vector is shown in the figure below and contains
following features:

Promoter
Shine-Dalgaras
Metermingd g

Selecuable marker
Fuslon protein

K. coll vector Protease 5.3{13’&'5’&"@« Gie
Mulgipte cloning site
Caerminal tag

Transorbption wominaior

6000 hp

Cirigin

Repeossor

ff“mg“re 1. The general structure of E. coli vector. Source: Vector NT I program
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g!use of ampicillin requires special care. The selectable marker, b-lactamase, is secreted into

e medium where it hydrolysis all of the ampicillin. This point is already reached when the

lable marker. In the absence of selective pressure plasmids are lost from the host.

dally in the case of very high copy number plasmids and when plasmid-borne genes are

{0 the host or otherwise significantly reduce its growth rate. The simplest way to address
roblem is to express from the same plasmid an antibiotic-resistance marker and supplement
~edium with the appropriate antibiotic to kill plasmid-free cells. The most used antibiotics
eir effective concentrations are listed in table 3.

2 3. Most used antibiotics and their effective concentrations

. concentration

| (mg/ml)
- amp1 T e
carbemcﬂlm e o
chloramphenicol 34
ékanamycin 30
nfamp1c1n . 0
o tetracyclin ; 12.5 -

@ture is barely turbid. From here on, cells that lack the plasmid will not be killed and could
Wergrow the culture. Some possible solution are:

F
’
[%:3

%
&

i

¢ grow overnight cultures at 30°C or less.

. * spin overnight cultures and resuspend the pellet in fresh medium to remove the produced

b-lactamase.

use the more stable carbenicillin instead of ampicillin.

geglﬂatory gene (repressor). Many promoters show leakiness in their expression i.e. gene
Products are expressed at low level before the addition of the inducer. This becomes a problem
When the gene product is toxic for the host. This can be prevented by the constitutive expression
ofa repressor protein.

The lac-derived promoters are especially Ieaky. These promoters can be controlled by the
iSertion of a lac-operator sequence downstream the promoter and the expression of the lac-
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ssor by host strains carrying the lacI? allele (for medium copy number plasmids) or from
£ e or a helper plasmid (for higher copy number plasmids). Alternatively, repression can be
Eved by the addition of 1% glucose to the culture medium.

of replication. The origin of replication controls the plasmid copy number.

4; oter. The promotor initiates transcription and is positioned 10-100 nucleotides upstream of
Etbosome binding site. The ideal promoter exhibits several desirable features:

Tt is strong enough to allow product accumulation up to 50% of the total cellular protein.

It has a low basal expression level (i.e. it is tightly regulated to prevent product toxicity).

£
?: It is easy to induce.

|3
L

extensive list of possible promoters is given in table 4. The most used promoters are

fcated in red.

ble 4. Promoters

1

' . . level of
source regulation induction i .
| I expression
E.coli  lacllac®  |IPTG low
E.coli  lacllacl®  IPTG Jow
E coli Tacl, fac[® PTG xc;ﬁerately
Ecoli  lacLlacl® IPTG ' E‘g’gm‘e‘y
Ecoli  lacklacl®  |IPTG |
E coli tryptophan v
v_ starvation (
E.coli  araC l-arabinose ‘variable
E coli EIPTG, lactose
E.coli lacl PTG
E. coli fgphoB phosphate
(positive) starvation
phoR
. -@ ;f(negatwe) | \
freeA E.coli  lexA ‘nalidixic acid %
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E coli ‘osmolarity
E coli glucose starvation
E coli étetracyclin ,
E coli cadR pH §
E. coli fnr anearobic
conditions
thermal (shift to moderateiy
1 1 clts857 42°C) high
* . | thermal (shift to
E. coli below 20°C)
T7 lclts857 thermal
T7 lacI® IPTG very high
T3 lacI? IPTG
T5 lacl, lacI® IPTG
T4 " T4 infection
Bacillus ~ lacI PTG
H-Ib Vitreoscilla foxygen ;
ggtein A 'S, aureus | % %

the constitutive Ipp promoter was converted into an inducible one by insertion of the lacUV5
omoter-operator region downstream.
g
it
References

;;akrides, S. C. (1996) Microbiol. Rev. 60, 512-538.
iflannig, G. & Makrides, S. C. (1998) TIBTECH 16, 54-60.
;Stevens, R. C. (2000) Structures 8, R177-R185.
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scnptlon terminator. The transcription terminator reduces unwanted transcription and
@]‘eases plasmid and mRNA stability.

e-Delgarno sequence. The Shine-Dalgarno (SD) sequence is required for translation

jation and is complementary to the 3'-end of the 16S ribosomal RNA. The efficiency of

elation initiation at the start codon depends on the actual sequence. The concensus sequence

P TAAGGAGG-3'. It is positioned 4-14 nucleotides upstream the start codon with the

ﬁmal spacing being 8 nucleotides. To avoid formation of secondary structures (which reduces
essmn levels) this region should be rich in A residues.

—

ﬁn codon. Initiation point of translation. In E. coli the most used start codon is ATG. GTG is
Bdin 8% of the cases. TTG and TAA are hardly used.

?1:
pgs and fusion proteins. N- or C-terminal fusions of heterologous proteins to short peptides

check with commercial catalog of the vectors) or to other proteins (fusion partners, check
Ecommermal catalog of the vectors) offer several potential advantages:

+ Improved expression. Fusion of the N-terminus of a heterologous protein to the C-
terminus of a highly-expressed fusion partner often results in high level expression of the
fusion protein.

+ Improved solubility. Fusion of the N-terminus of a heterologous protein to the C-
terminus of a soluble fusion partner often improves the solubility of the fusion protein.

+ Improved detection. Fusion of a protein to either terminus of a short peptide (epitope
tag) or protein which is recognized by an antibody or a binding protein (Western blot
analysis) or by biophysical methods (e.g. GFP by fluorescence) allows for detection of a
protein during expression and purification.

+ Improved purification. Simple purification schemes have been developed for proteins
fused at either end to tags or proteins which bind specifically to affinity resins (check
with commercial catalog of the vectors).

ﬁi‘Oteasé cleavage site. Protease cleavage sites are often added to be able to remove a tag or
gﬂlon partner from the fusion protein after expression. Most commonly used proteases are listed

table 5 or check with commercial catalog of the vectors . However, cleavage is rarely

§Qmplete and often additional purification steps are required.
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it 5. Protease cleavage sites

recognition sequence source
ﬁ Ile Glu/Asp Gly Arg | “ different distributors
“ Asp Asp Asp Asp Lys | mNew England Biolabs
M Leu Val Pro Arg | Gly Ser different distributors

Glu Asn Leu Tyr Phe GIn | Gly | Life Technologies

Leu Glu Val Leu Phe Gln | Gly = Amersham Pharmacia
Pro Biotech

j"{iltiple cloning site. A series of unique restriction sites that enables you to clone your gene of
Merest into the vector.

p codon. Termination of translation. There are 3 possible stop codons but TAA is preferred
gecause it is less prone to read-through than TAG and TGA. The efficiency of termination is
tereased by using 2 or 3 stop codons in series.

=
e
#

ﬁ, PCR Strategy

@mer design

e

The gene of interest usually has to be amplified from genomic or vector DNA by PCR
@Olymerase chain reactlon) before it can be cloned into an expression vector. The first step is the
aBSIgn of the necessary primers.

hportant features are:

?l’imer sequence. Especially the 3'-end of the primer molecule is critical for the specificity and
iensmwty of PCR. It is recommemded not to have:

* 3 ofmore G or C bases at this position. This may stabilize nonspecific annealing of the
primer.

* a3'thymidine, since it is more prone to mispriming than the other nucleotides.

?fimer pairs should be checked for complementarity at the 3'-end. This often leads to primer-
“imer formation.
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fges at the 5'-end of the primer are less critical for primer annealing. Therefore, it is possible to
i sequence elements, like restriction sites, to the 5'-end of the primer molecule.

imer length. Usually a primer length of 18-30 bases is optimal for most PCR applications.

gortef primers could lead to amplification of nonspecific PCR products.

E@lﬁ“g temperature (Tw). The specificity of PCR depends strongly on the melting temperature
?i’) of the primers (the temperature at which half of the primer has annealed to the template).
mally good results are obtained when the T,'s for both primers are similar (within 2-4 °C) and
Ebve 60°C. The Tr, for a primer can be estimated using the following formula:

[Tu=2°C*(A+T)+4°C*(C+ G)

%content. The GC content of a primer should be between 40 and 60%.

égign of the 5'-end primer

gS'-end primer overlaps with the 5'-end of the gene of interest and should contain the
llowing elements:

¢ Restriction site. The restriction site should be the same or provide the same sticky end to
the first of the restriction enzymes in the multiple cloning site of the vector chosen to
clone the gene of interest into. Alternatively, you could pick any restriction enzyme that
B gives a blunt end upon cleavage (see cloning). Often Neo I (CCATGG) or Nde I
- (CATATG) are chosen because the ATG within these sites can be used directly to create

the ATG start codon and/or the ATG codon for the N-terminal methionine residue (see
Utilization of the Nco I cloning site).

* S'-extension to the restriction site. Restriction enzymes cleave DNA much less efficient
towards the end of a fragment. A 5' extension of the restriction site with 2-10 bases
greatly increases the cleavage efficiency of most enzymes. Data on the effect of the
extension length and sequence on the cleavage efficiencies of the most used restriction
enzymes can be found in the reference appendix of the New England Biolabs catalog.

- Start codon. A start codon (usually ATG) should be included when the gene of interest
is not expressed with an N-terminal tag or fusion partner or when an N-terminal
methionine residue is present. It siould be checked that the start codon and the gene of
interest are in frame with an eventual N-terminal tag and/or fusion partner.

i Overlap with the gene of interest. The overlap between the primer and the gene of

interest should be long enough to give a Tr, of 60°C or more (calculated as shown above).
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of the 3'-end primer

ign

e gend primer overlaps with the DNA strand complementory to the 3'-end of the gene of
arest and should contain the following elements:

. Restriction site. The restriction site should be the same or provide the same sticky end to
the second of the restriction enzymes in the multiple cloning site of the vector chosen to
clone the gene of interest into. Alternatively, you could pick any restriction enzyme that
gives a blunt end upon cleavage (see cloning).

. 5'-extension to the restriction site. Restriction enzymes cleave DNA much less efficient
towards the end of a fragment. A 5' extension of the restriction site with 2-10 bases
greatly increases the cleavage efficiency of most enzymes. Data on the effect of the
extension length and sequence on the cleavage efficiencies of the most used restriction
enzymes can be found on pp. 210-211 of the 2000/01 catalog of New England Biolabs.

 . Stop codon(s). A Stop codon (TAA is preferred because it is less prone to read-through
than TAG and TGA) should be included when no C-terminal tag is used. To increase the
efficiency of termination it is possible to use 2 or 3 stop codons in series.

"o Overlap with the stand complement to the 3'-end of the gene of interest. The overlap
between the primer and the strand complement to the 3'-end of the gene of interest should
be long enough to give a Ty, of 60°C or more (calculated as shown above). It should be
checked that the gene of interest is in frame with an eventual C-terminal tag.

dptimizing PCR

i

&e success or failure of PCR depends on many factors:

Primer concentration. The concentration of each primer should be between 0.1 and 0.5 mM.
Egr most applications 0.2 mM produces satisfactory results. Too high primer concentrations
lerease the chance of mispriming, which results in nonspecific PCR products. Limiting primer
Wncentrations result in extremely inefficient PCR reactions. The primer concentration can be
Mlculated as described in Preparation of oligo solutions.

DNA template concentration. The concentration of DNA template depends on the source.
EIOTmally used concentration are 100-250 ng for mammalian genomic DNA and 20 ng for

inearized plasmid DNA (circular plasmid DNA is slightly less efficiently amplified) per 50-ml
feaction.

CQDCentration of dN'TPs. The concentration of each ANTPs (dATP, dCTP, dGTP and dTTP)
!110uld be 200 mM. Too high concentrations of dNTPs inhibit the PCR reaction.

DNA polymerase. The PCR reaction conditions and reaction times depend on the type of DNA
Polymerase used. Different polymerases are commercially available and are summarized in DNA

) I merases.
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B merase buffer. All DNA polymerases are supplied with their own optimal polymerase
iter.

“ ard Polymerase buffer:

temperaturet)

50 mM KCt

1.5 mMMgClL

Wi standard polymerase buffer works well for a wide range of templates and primers but may

gt be optimal for any particular combination. Especially the concentration of Mg**ions is

Btical and should be optimized. A series of PCR experiments should be carried out with Mg
 centrations varying from 1.5 to 4 mM in 0.5-mM steps. High concentrations of chelating

nts (such as EDTA) and negatively charged ionic groups (such as phosphates) should be
§ioided. Some suppliers of DNA polymerases have added NH," ions to their buffers. It has been
Rhown that the presence of NH," ions results in a high specificity of the primer-template binding
1 a broad temperature range. \

¢ content of DNA template. PCR with GC-rich templates(>60%) are especially difficult. This
B mainly caused by the formation of stable secondary structures that stall or reduce the

plymerase reaction. Good results have been obtained by the addition of glycerol, DMSQ (5-
§%), formamide (5-20%) or tetramethylammonium chloride (0.01-10 mM) to the reaction

'g . Although little is known of the exact role of these chemicals in PCR. A commercial additive
#.Q-Solution from Qiagen.

nealing temperature. The optimal annealing temperature has to be determined
Ikperimentally. As a starting point, an annealing temperature 5°C below the estimated melting
mperature (Tp,) can be used.

cle hold times. The optimal hold times for the denaturation and annealing steps in each cycle
w end strongly on the design of the thermocycler and the wall thickness of the PCR tubes used
#nd should be determined experimentally. The hold time for the extension step depends mainly
%n the length of the DNA template. As a rule of thumb we use 60 sec per kb. Ramp times are
Dormally kept as short as possible.

?umber of cycles. The number of cycles necessary to obtain a suffient amount of PCR product
Uepends strongly on the concentration of the DNA template. In a typical PCR, the maximum
mout of product is approx. 10'% copies of the template. Starting from one copy, the most
%ﬁ*ﬁicient PCR would reach this level in 40 cycles. Depending on the nature of the DNA template,
We start with many more copies and as a rule of thumb we carry out PCR with 25 cycles for
Plasmid DNA and 30-35 cycles for genomic DNA.
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4 ition of PCR by impurities.

ities introduced by the Plasmid Mini/Maxi Prep and/or DNA Purification kits can have
y g mh1b1tory effects on PCR (see table below).

Inhibitory concentratlon v
| >0.005% (wlv)
o 202% (vv)
| > 1% (i)
>1% (va)
>5 mM
e -
‘ >0.5mM

“1X polymerase buffer

0.2 mM each primer
200 mM each dNTP
~ 2.5UDNA polymerase

i
:

* 100-250 ng for mammalian genomic DNA and 20 ng for linearized plasmid DNA per
50 ml reaction mix.

@nﬂ Consists of three phases:
gvlnitlal denaturation. 3-5 min at 92-94°C.
2'Ampllﬁca’uon This phase consists of 25 to 40 cycles of:

* Denaturation. 10-30 sec at 92-94°C.
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Annealing. 10-60 sec at the annealing temperature (50-68°C).
Extension. 60 sec * product length (in kb) at 72°C.

final extension. 5-10 min at 72°C.

ental conditions for a typical PCR experiment are described in the following protocol.

with longer DNA templates

?CR with longer DNA templates (3-7 kb) better results are obtained by lowering the
nsion tempearture to 68°C. No or lower amounts of PCR product is obtained at 72°C caused
gher level of template depurination at this temperature.

nolymerases

regard to PCR we only consider thermostable DNA polymerases.

DNA polymerase

aq DNA polymerase is a thermostable enzyme from the thermophilic eubacterium Thermus
ticus. It has a half-life of 40 min at 95°C. It is relatively cheap and is, therefore, the enzyme
oice for routine and control experiments. Taq DNA polymerase produces PCR products

a one base 3'-overhang (most often being an A).

q DNA polymerase is sold by many manufacturers and can also be obtained in the presence of
pinermolabile inhibitor. During the initial denaturation step the inhibitor is denatured and active
f lymerase is released ("hot start”). This procedure improves the specificity of the PCR

implification by excluding the nonspecific reactions that occur at lower temperatures.

&
3

oofreading DNA polymerases

@rroofreading or high fidelity DNA polymerases are enzymes with a very low rate of nucleotide
@Jsmcorporatlon The first discovered and best known enzyme is Pfu polymerase (from
Yracoceus furiosus). This enzyme incorporates approx. 767,000 nucleotides before making an
or. In comparison Taq DNA polymerase makes an error in approx. every 125,000 nucleotides.
is also one of the most thermostable DNA polymerases known. It can tolerate temperatures
teeding 95°C, enabling it to PCR amplify GC-rich targets. However, Pfu polymerase is more
pensive and should, therefore, only be used when high accuracy is requlred Pfu polymerase
zProduces blunt-end PCR products.
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Btiures of polymerases

mplify long DNA targets (5-35 kb) it is preferred to use a mixture of Taq and a proofreading
polymerase. Optimized enzyme mixtures can be obtained from different manufacturers.

f seed up protein production, we have adopted a strategy of parallel cloning and expression.
;gene of interest is cloned in parallel into a variety of expression vectors containing different
ks and/or fusion partners, and into vectors for a variety of expression systems. This approach
8ild not only gain us a lot of time but also result in a larger number of successfully expressed

1s.
‘ cloning strategy consists of the following steps:
the gene of interest is amplified by PCR.

the PCR product is cloned into a specific cloning or expression vector using one of the
cloning methods described below.

the sequence of a positive clone is checked by sequence analysis.

the gene of interest is subcloned into a variety of expression vectors (for different
expression systems) using a fixed set of restriction enzymes or specific recombination
sites. :

Tag

%N«-teryminalv Hise-tag
! - - : )
\N-terminal Hise-tag

%Nster'minalf Hise-tag

P o
N-termi

N-terminal His

\N-terminal Hisq-tag

|C-terminal Hiss-tag . |
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Bng methods

* Cloning using restriction enzymes

: _’LA_Q_IQ_IJing and TOPO TA cloning

Recombination cloning systems:

GATEWAY Cloning Technology (Invitrogen)

Creator (Clontech)

" Dicistronic cloning

Pinsformation/Transfection

%. Transformation of plasmid DNA to competent E. coli cells

o Transfection of viral DNA to insect cell lines

ning using restriction enzymes

riction enzymes (restriction endonucleases) are proteins that cut DNA at (or close to)
cific recognition sites (see the catalogs of manufacturers or the Restriction Enzyme
abase). Two types of restriction enzymes exist that differ in the way they cut the target DNA:

nt end cutters. These enzymes cut both strand of the target DNA at the same spot creating
nt ends.

Btcky end cutters. These enzymes cut both strand of the target DNA at different spots creating
b hor S'-overhangs of 1 to 4 nucleotides (so-called sticky ends).

0 be able to clone a DNA insert into a cloning or expression vector, both have to be treated with
'?’0 restriction enzymes that create compatible ends. At least one of the enzymes used should be
R sticky end cutter to ensure that the insert is incorporated in the right orientation.

‘It Will save you a lot of time when you could carry out the two digestions simultaneously (double
i‘id,lsestion). Not all restriction enzymes work equally well in all commercially available buffers
ind, therefore, it is worthwhile to check (e.g. in the reference appendix of the New England
?Olabs catalog) which enzymes are compatible and in which buffer. To ensure efficient

. 8estion the two recognition sites should be more than 10 base pairs apart. If one of the enzymes
38 poor cutter or if the sites are separated 10 base pairs or less, the digestions should be

Performed sequentially. The first digest should be done with the enzyme that is the poorest cutter
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4 the second enzyme added after digestion has been verified by running a sample of the
E"ntion mix on an agarose gel.

our cloning work, we have selected two sticky end cutters that create different 5'-overhangs:
, 3-end: Nco I Its recognition site contains the ATG start codon.

o 5-end: BamH I. It is cheap and active in most buffers.

grecoinmended to use the special BamH I buffer (New England Biolabs) for this double
gestion.

iethylation of DNA

fector preparation

+ Digestion of vector DNA using (preferably) two restriction enzymes.

+ Dephosphorylation of the ends using calf intestine or shrimp alkaline phosphatase. This
reduces the background of non-recombinants due to self-ligation of the vector (especially
when a single site was used for cloning).

s Purification of the digested vector by agarose electrophoresis to remove residual nicked
and supercoiled vector DNA and the small piece of DNA that was cut out by the
digestions. This usually reduces strongly the background of non-recombinants due to the
very efficient transformation of undigested vector.

;ﬁiert preparation

+ Digestion of insert DNA using (preferably) two restriction enzymes.

+ Purification of the digested insert. Purification should be carried out by agarose gel
electrophoresis when the insert is subcloned into a vector from a vector with the same
selective marker or PCR amplified from a vector with the same selective marker.
Otherwise, it can be purified using a commercial kit (such as Qiagen's PCR purification

kit).

&lgation

11 next step is the ligation of the insert into the linearized vector. This involves the formation of
Rosphodiester bonds between adjacent 5'-phosphate and 3'-hydroxyl residues, which can be
Malyzed by two different ligases: E. coli DNA ligase and bacteriophage T4 DNA ligase. The
paer is the preferred enzyme because it can also join blunt-ended DNA fragments.

be efficiency of the ligation reaction depends on:
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the absolute DNA concentration. The concentration should be high enough to ensure
that intermolecular ligation is favored over self-ligation but not so high as to cause
extensive formation of oligomeric molecules.

For pET vectors, good results are obtained at a vector DNA concentration or approx. 1
nM (i.e. 50-100 ng vector DNA per 20-ml ligation mix).

the ratio between vector and insert DNA. The maximum yield of the right
recombinants is usually obtained using a molar ratio of insert to vector DNA of approx.
2. If the concentration of insert DNA is substantially lower than that of the vector, the

L J

? ligation efficiency becomes very low.

- Inpractise, we set-up ligation reactions with a molar ratio of insert to vector DNA of 1:1,
- 2:1,and 3:1.

£

v the cloning strategy. Higher yields of the right recombinant are obtained when the vector

and insert have been prepared using two restriction enzymes and the digested vector has
been gel-purified before the ligation reaction (as shown in the figure below).

gligation of blunt-ended fragments is less effective than that of sticky-ended ones. Blunt-end
ition may be enhanced by:

» high concentrations of blunt-ended DNA fragments.

W

f‘y a high concentration of ligase (10,000 NEB units/ml).
w a low concentration of ATP (0.1 mM).

« the addition of PEG 4000 [5% (w/)].
~ Reference: Pheiffer, B.H. & Zimmerman, S.B. (1983) Nucleic Acid Res. 11, 7853-7871.

2

gferences

gtnbrook, J., Fritsch, E.F. & Maniatis, T. (1989) Molecular Cloning: A laboratory manual, 2nd
a, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, pp 1.63-1.70.

%T System Manual (1999), 8th Ed., Novagen.

4

B cloning

&

5
g

ﬂle TA cloning method takes advantage of the terminal transferase activity of some DNA
}m}’merases such as Tag polymerase. This enzyme adds a single, 3'-A overhang to each end of
E’?CR product. This makes it possible to clone this PCR product directly into a linearized
Woning vector with single, 3'-T overhangs. DNA polymerases with proofreading activity, such as
g Polymerase, can not be used because they provide blunt-ended PCR products.

E Cloning kits are available from different manufacturers.
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pave created a circular TA cloning vector, pTA Plus, based on pPCR-Script Amp
ptagenc)-

;5 stion of this vector in two sequential reactions with BamH I and Xcm 1 gives a linearized
?:or with 3'-T overhangs and a low background of non-recombinants.

Epo TA cloning

%TOPO TA cloning method combines the advantages of TA cloning with the ligation
ﬁvuy of topoisomerase I. This allows direct ligation of PCR products in just 5 minutes.

51’0 TA cloning kits are available from Inwtrogen

iTE wAY Clomng Technology
%

g GATEWAY Cloning Technology is based on the site-specific recombination system used
ggphage 1 to integrate its DNA in the E. coli chromosome. Both organisms have specific
jombination sites called a#fP in phage 1 site and a#/B in E. coli. The integration process
@ogeny) is catalyzed by 2 enzymes: the phage 1 encoded protein Int (Integrase) and the E. coli

ein IHF (Integration Host Factor). Upon integration, the recombination between a#fB (25 nt)
%‘attP (243 nt) sites generate a#tL. (100 nt) and af/R (168 nt) sites that flank the integrated
pge 1 DNA (see Figure 1).

;e process is reversible and the excision is again catalyzed Int and IHF in combination with the
Bge 1 protein Xis. The atfL. and at/R sites surrounding the inserted phage DNA recombine site-
ecifically during the excision event to reform the a#/P site in phage | and the atB site in the E.
li chromosome.
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ure 2. Phage | recombination into the E. coli chromosome The GATEWAY reactions are in
go versions of the integration and excision reactions. To make the reactions directional two
ghtly different and specific site were developed, a1 and att2 for each recombination site.

ese sites react very specifically with each other. For instance in the BP Reaction a#/B1 only
icts with a#tP1 resulting in a#fL1 and atfR1, and a#B2 only with atP2 giving att1.2 and atfR2.
greverse reaction (LR Reaction) shows the same specificity
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LR Reaction B8P Restting
LR Cronvee Mix B Crovvsgs Jix

1 Cloning the gene of interest into an Entry Vector using the BP Reaction.

f8p 2 Subcloning the gene of interest from the Entry Clone (Step 1) into a Destination
;; Vector using the LR Reaction producing the Expression Clone.

Bl's have a closer look at the LR Reaction of Step 2 (see also Figure 2). The gene of interest is
Pred into an Entry Vector and flanked by the a#fL1 and azf1.2 recombination sites. The Entry
Betor is transcriptionally silent and contains the gene for kanamycin resistance (Km"). To

* duce the Expression Clone the gene has to be subcloned into a Destination Vector that

Pntains all the sequence information necessary for expression, the gene for ampicillin resistance
) Y), and two recombination sites (at'R1 and atfR2) that flank a gene for negative selection,

(the encoded protein is toxic for the standard E. coli strains).

% tWo plasmids are mixed and the LR CLONASE Enzyme Mix is added. The reaction is
Fectional and specific, so that atfL1 only reacts with a#/R1 and a#f1.2 with atfR2. The

_mbination yields two constructs: the intended Expression Clone and a by-product (labelled
Eflgure 2 as Donor Vector). The produced expression clone is under two forms of selection: the
lotic resistance and the negative selection by the toxic ccdB protein. As a result high levels
Po sitive clones (typicaly more than 99%) are obtained after transformation to a standard

PUINg or expression strain like DH5a or BL21 (DE3).
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ure 4. Subcloning an Entry Clone into multiple Destination Vectors_ One of the main
fvantages of the GATEWAY Cloning Technology is that once you have made an Entry Clone
%; gene of interest can be easily subcloned into a wide variety of Destination Vectors using the
IR reaction.
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IPTG Induction and Extraction of Proteins from Bacteria

Induction in bacteria can be performed using one of two basic methods. Fast induction
g not work for all proteins and can give you suboptimal yields. Slow induction can enhance
R colubility of some proteins. The method that's best for you will depend on your particular
foin and the application. If you want optimal solubility both should be tested before scaling
E This protocol is generalized and will vary based on a variety of factors such as the bacterial
in, recombinant protein, and parent plasmid.

1) From a relatively fresh plate (<4 weeks) pick a colony and grow O/N at 30deg C (or

eg C) in 1-2ml LB+AMP(or other selection) in a 15ml snap cap tube on a rotator or shaker.
2) Dilute 1:50 (1:100 if 37deg O/N) in 2ml LB+AMP and grow 3-4 hours at 37deg C in
'f,. snap cap tube in a rotator.

4) Prepare 1ml LB+AMP+1mM IPTG in a lSml conical and prewarm to 37dec C about
nin before use.

5) After 3-4hrs remove 1ml from tubes at 37deg C and place in labeled 1.5ml tubes. Spin
max, 30sec, RT, and remove supe. Freeze pellet at -20 until needed. THIS IS THE
NINDUCED CONTROL.

. 6) Add prewarmed 1ml LB+AMP+1mM IPTG to 15ml snap cap tube and return to 37

4g C for 3-4 hours. This will get the final Volume back to 2ml and the final concentration of
MG to 0.5mM.

~7) After 3-4hrs transfer 1ml from induced sample to labeled 1.5ml tubes and spin at max,
?;;/([:, RT, and remove supe. Freeze pellet at -20 until needed. THIS IS THE INDUCED

PLE.

- 8) Sample preparation for SDS-PAGE: Add 100ul of 1X loading buffer (see solutions
Mlow) with 1% BME to uninduced and induced samples. Vortex for 10sec to Imin or until

lere are no clumps of bacteria. Boil 3-5min, spin at max, 30sec, RT, and load 5-25ul (usually
jgaﬁul) depending on gel (amount of protein, size of pellet, Western, etc.).

» :

glgw induction

#  For slow induction of protein follow fast induction protocol with the following changes:
ﬁ)Add 20deg 1ml LB+AMP+1mM IPTG to 15ml snap cap tube and incubate rotating or shaking

e R g (SEYHEL L g g o g
T G e o L

I L

jgoncentratlon of IPTG to 0. SmM
-I) After 12-16hrs transfer 1ml from induced sample to labeled 1.5ml tubes and spin at max,
’303ec RT, and remove supe. Freeze pellet at -20 until needed. THIS IS THE INDUCED
SAMPLE.

NOTES for induction:

*Induction times vary from 2-5hrs.

PTG can be varied from 0.1-1.0M.
, *1f you boil your sample too long they will become viscous from total release of cellular DNA.
You can still use them if you can find an area of low viscosity, however, its usually better just to
Tepeat the experiment.
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wiraction of Soluble Proteins

£ 1) Wash the bacterial pellet with 2mls of ice cold STE (10mM Tris, pH 8.0; 150mM
sl 1mM EDTA) once.

i 2) Resuspend the bacterial pellet (froma 10ml induced culture) in 800ul of STE
antaining 100ug/ml of Lysozyme (added immediately prior to resuspension)

® 3) Incubate on ice for 15 minutes.

4) Add DTT to a final concentration of 5SmM ( we have stocks at 1M in —-20).

5) Add protease inhibitors.

6) Bacteria are then lysed by the addition of N-laurylsarcosine (Sarkosyl) from a 10%

(wh) stock in STE. The final concentration of N-lauryl sarcosine should be 1.5%.

¢ 7) Sonicate the cells in the small bath sonicator with for 2 cycles (6min each). The

nicator automatically turns off after 6 minutes.

. 8) Centrifuge the lysate for Smin at 4deg C.

¢ 9) Transfer the supernatant to a new eppendorf tube and add Triton X-100 (from a 10%

ck made in STE) to a final concentration of 2%.

#  10) Take 100ul of Ni-NTA agarose gel and wash twice by centrifugation with ice-cold

RS at 1000rpm for 1min. each |

. 11) Add the beads to the eppendorf tube containing the lysate and the Triton X-100 tube

ind incubate on a nutator or rocker at RT for 30-60min.

12) Wash the beads 4X with 1ml ice-cold PBS containing 20mM imidiazole at 1000rpm
r iminute each.

13) Add 1X loading buffer with 1% BME, boil 3min, and analyze on SDS-PAGE.

R TIE 2

OTES for extraction:
®This basic protocol will work for FLAG, GST, and 6HIS epitope tags. It has not been tested for
MBP, which does not respond will to detergents.
The inclusion of Imidiazole is specific to 6HIS tags.
QI'WEENZO at 0.1-1% can also be incorporated into the wash buffer to reduce background if
Ee'quired. '
EQ lutions
ading Buffer (To make a 4X Stock)
JVmM Tris-HCL; pH 6.8 (2.0 ml 1M Tris-HC}; pH 6.8)
% SDS (0.8 g SDS)
10% Glycerol (4.0 ml 10% Glycerol)
125mM EDTA (1.0 ml 0.5 M EDTA)
0.2 % Bromophenol Blue (8 mg Bromophenol Blue)
Add fresh 2(or beta)-mercaptoethanol (BME) to 1% before using.
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Topic 16. Protein Purification Technique

Protein Solubility

o The ionic strength dependence of protein solubility depends on the nature of the protein
and on both the concentration and nature of the salt. Differential solubility in ammonium
sulfate solutions forms the basis of an effective protein purification step.

ne addition of salt can increase protein solubility (salting in) or decrease solubility (salting

ut).
’ Protein Purification

ﬁefore one can study the properties or structure of any molecule it generally needs to be isolated
n a pure form first. Exceptions to this rule include the use of "knockouts" to define gene

finction in whole organisms. Purification from a complex mixture, such as a whole cell culture,
Fequires the identification of a property or properties of the molecule in question that
fifferentiates it from the others in the mixture. Techniques which separate molecules based on
these properties can then be used as the basis of a purification procedure. Given the complexity
sf a biological system many different steps may need to be used to achieve a high degree of
purity of the desired substance.

o Source of Protein

¢ In order to purify a protein you need a source.

o It might be blood or some other biological fluid, but most often it is a cell, usually
a specific type - liver, muscle, yeast, bacteria, etc.

¢ The cells must be broken open - homogenized - to release the protein in a soluble
form. )

o Homogenization conditions must be worked out that release the protein from the
cell without damaging the protein.

¢ Membrane-bound proteins can also be purified, but different approaches are
required.

¢ Fractional Precipitation (based on differences in solubility properties)

» In concentrated salt solutions, usually ammonium sulfate is used, some proteins
are more soluble than others. By varying the concentration of ammonium sulfate,
one can achieve some limited purification of proteins. This technique is often
used in the first step of a protein purification. In general,

¢ Small proteins are more soluble than large proteins.

¢ The larger the number of charged side chains, the more soluble the protein.

¢ The solubility of protein A is totally independent of the solubility of protein B --
solubility depends on the surface properties of each individual kind of protein.
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Separation and purification

_neral strategy of macromolecular purification is the same as is commonly employed for
nolecules. One caution is that biological macromolecules generally retain their activity

s relatively small range of conditions (eg it is not a good idea to boil most proteins or place
concentrated acid or base). The commonly used fractionation methods exploit properties
*“_particular molecule which are likely to be distinctive.

PROCEDURE

lon exchange chromatography
Electrophoresis
[soelectric focussing

Adsorption chromatography

Paper chromatography

ity Reverse-phase chromatography
Hydrophobic interaction

Jchromatography

Dialysis and ultrafiltration

1Gel electrophoresis

1Gel filtration chromatography

‘ ’ ltracentriﬁxgation

Eciﬁcity Affinity chromatography
lubility epetitive fractionation

k
fari
gs
e
i
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Chromatography

omatography is a technique which exploits differential interactions between the molecules to

‘ onary phase. The mobile phase is normally allowed to pass over the stationary phase in a
8.mn. The different interactions will cause different molecules to be eluted at different times.
fbse molecules which are adsorbed only weakly are eluted first, whereas those which interact
B strongly with the column matrix are eluted last. Sometimes it is necessary to change the
nosition of the buffer during the elution process to remove the most strongly adsorbed
Bilecules. '

Column Chromatography

umn Chromatography

‘e Study Questions/Answers from the Handbook for Organic Chemistry Lab

kcolumn chromatography, the stationary phase, a solid adsorbent, is placed in a vertical glass
pually) column and the mobile phase, a liquid, is added to the top and flows down through the
plumn (by either gravity or external pressure). Column chromatography is generally used as a
fifification technique: it isolates desired compounds from a mixture.

Eg The mixture to be analyzed by column chromatrography is applied to the top of the
Blumn. The liquid solvent (the eluent) is passed through the colummn by gravity or by the
fiplication of air pressure. An equilibrium is established between the solute adsorbed on the
Bisorbent and the eluting solvent flowing down through the column. Because the different
fsmponents in the mixture have different interactions with the stationary and mobile phases, they
il be carried along with the mobile phase to varying degrees and a separation will be achieved.
*e individual components, or elutants, are collected as the solvent drips from the bottom of the
foliimn.

b Column chromatography is separated into two categories, depending on how the solvent
Eows down the column. If the solvent is allowed to flow down the column by gravity, or
Percolation, it is called gravity column chromatography. If the solvent is forced down the
olumn by positive air pressure, it is called flash chromatography, a "state of the art" method
Purrently used in organic chemistry research laboratories The term "flash chromatography” was
Goined by Professor W. Clark Still because it can be done in a “flash.”

fi!he Adsorbent

ilica gel Si0,) and alumina (Al,Os) are two adsorbents commonly used by the organic chemist
0r column chromatography. These adsorbents are sold in different mesh sizes, as indicated by a
Bumber on the bottle label: “silica gel 60” or “silica gel 230-400” are a couple examples. This
Mumber refers to the mesh of the sieve used to size the silica, specifically, the number of holes in

€ mesh or sieve through which the crude silica particle mixture is passed in the manufacturing
P}‘?Cess. If there are more holes per unit area, those holes are smaller, thus allowing only smaller
51110& particles go through the sieve. The relationship is: the larger the mesh size, the smaller the
Bdsorbent particles.
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Adsorbent particle size affects how the solvent flows through the column. Smaller
B les (higher mesh values) are used for flash chromatography, larger particles (lower mesh
‘es) are used for gravity chromatography. For example, 70-230 silica gel is used for gravity
j;;', s and 230-400 mesh for flash columns.

¢ Alumina is used more frequently in column chromatography than it is in TLC. Alumina
bvite sensitive to the amount of water which is bound to it: the higher its water content, the
Lﬁpolar sites it has to bind organic compounds, and thus the less “sticky” it is. This stickiness
j"‘ctivi’[y is designated as L, II, or II], with I being the most active. Alumina is usually purchased
byctivity | and deactivated with water before use according to specific procedures. Alumina

B s in three forms: acidic, neutral, and basic. The neutral form of activity II or III, 150 mesh,
'ost commonly employed.

Silica gel and alumina are the only column chromatography adsorbents used in the CU
lanic chemistry teaching labs; please refer to the references for information on other column
flomatography adsorbents.

L‘ e Solvent

The polarity of the solvent wh1ch is passed through the column affects the relative rates at
"ch compounds move through the column. Polar solvents can more effectively compete with
f‘,polar molecules of a mixture for the polar sites on the adsorbent surface and will also better
plvate the polar constituents. Consequently, a highly polar solvent will move even highly polar
wolecules rapidly through the column, If a solvent is too polar, movement becomes too rapid,

jd little or no separation of the components of a mixture will result. If a solvent is not polar
lhough, no compounds will elute from the column. Proper choice of an eluting solvent is thus
frucial to the successful application of column chromatography as a separation technique. TLC is
Enerally used to determine the system for a column chromatography separation.

¢ Often a series of increasingly polar solvent systems are used to elute a column. A non-
yolar solvent is first used to elute a less-polar compound. Once the less-polar compound is off
*the column, a more-polar solvent is added to the column to elute the more-polar compound.

%teractlons of the Compound and the Adsorbent

%Ompounds interact with the silica or alumina largely due to polar interactions. These
interacnons are discussed in the section on TLC.

Allalysm of Column Eluants

A the compounds separated in a column chromatography procedure are colored, the progress of
the separation can simply be monitored visually. More commonly, the compounds to be isolated
from column chromatography are colorless. In this case, small fractions of the eluent are

Collected sequentially in labeled tubes and the composition of each fractions is analyzed by thin
layer chromato graphy.
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f{he term Chromatography applies to a wide variety of separation techniques which are based
dn the partitioning of a sample between a moving phase and a stationary phase.
Lhromatography means:(color migration)

Distribution of analytes between phases
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Bimatography Theorv

?' istribution of analytes between phases can often be described quite simply. An analyte is in
iibrium between the two phases;

p—
. Amobite == Asmtionary
;,equﬂibrium constant, K, 1s termed the partition coefficient; defined as the molar

frentration of analyte in the stationary phase divided by the molar concentration of the analyte
Ihe mobile phase.

gﬁme between sample injection and an analyte peak reaching a detector at the end of the
iumn is termed the retention time (tg ). Each analyte in a sample will have a different retention
w The time taken for the mobile phase to pass through the column is called ny.

te

ol ! e
= -

tra
e

u)

Detector signal

Time
ﬁterm called the retention factor, k', is often used to describe the migration rate of an analyte on

column. You may also find it called the capacity factor. The retention factor for analyte 4 is
ofined as; ’

:; Ka=tr-tu/tu
%%nd tv are easily obtained from a chromatogram. When an analytes retention factor is less
han one, elution is so fast that accurate determination of the retention time is very difficult. High

fetention factors (greater than 20) mean that elution takes a very long time. Ideally, the retention
factor for an analyte is between one and five.

B

w e define a quantity called the selectivity factor, a , which describes the separation of two
mpecies (A and B) on the column;

e a=k's/k's
g;,,When calculating the selectivity factor, species A elutes faster than species B. The selectivity

Hactor is always greater than one.
#.

“Band broadening and column efficiency

To obtain optimal separations, sharp, symmetrical chromatographic peaks must be obtained. This
wMeans that band broadening must be limited. It is also beneficial to measure the efficiency of the
keolumn,

lele Theoretical Plate Model of Chromatography
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golate model supposes that the chromatographic column is contains a large number of
'ate layers, called theoretical plates. Separate equilibrations of the sample between the

onary and mobile phase occur in these "plates". The analyte moves down the column by
r of equilibrated mobile phase from one plate to the next.

+ The codumn

L 4

Theoretical

plate
mportant to remember that the plates do not really exist; they are a figment of the
ation that helps us understand the processes at work in the column.They also serve as a
W of measuring column efficiency, either by stating the number of theoretical plates in a

imn, V (the more plates the better), or by stating the plate height; the Height Equivalent to a
Soretical Plate (the smaller the better).

ength of the column is L, then the HETP is
HETP=L/N
number of theoretical plates that a real column poésesses can be found by examining a
fomatographic peak after elution;
‘ 5.55 tp*

2
Yin

N=

ere i, is the peak width at half-height.

be seen from this equation, columns behave as if they have different numbers of plates
i dlfferent solutes in a mixture.

gt Rate Theory of Chromatography

#more realistic description of the processes at work inside a column takes account of the time
lien for the solute to equilibrate between the stationary and mobile phase (unlike the plate

,‘n_j‘ » Which assumes that equilibration is infinitely fast). The resulting band shape of a
Womatographic peak is therefore affected by the rate of elution. It is also affected by the

ferent paths available to solute molecules as they travel between particles of stat1onary phase.
BWe consider the various mechanisms which contribute to band broadening, we arrive at the
Deemter equation for plate height;

HETP=A4 +B/u+Cu

© uis the average velocity of the mobile phase. 4, B, and C are factors which contribute to
d broadening,

Mobile phase moves through the column which is packed with stationary phase. Solute

149



K.cules will take different paths through the stationary phase at random. This will cause
b dening of the solute band, because different paths are of different lengths.

1 ongitudinal diffusion

s concentration of analyte is less at the edges of the band than at the center. Analyte diffuses
om the center to the edges. This causes band broadening. If the velocity of the mobile phase
then the analyte spends less time on the column, which decreases the effects of

Britudinal diffusion.

PResistance to mass transfer

e analyte takes a certain amount of time to equilibrate between the stationary and mobile
ise. If the velocity of the mobile phase is high, and the analyte has a strong affinity for the
%onary phase, then the analyte in the mobile phase will move ahead of the analyte in the

tionary phase. The band of analyte is broadened. The higher the velocity of mobile phase, the
fse the broadening becomes.

A typical Van Deemter plot

{,x
5 Optimurn velocity o
= /
= :
= /
=
& e Miniroum plate

haight

Mobile phase velocity

ch plots are of considerable use in determining the optimum mobile phase flow rate.

Besolution

! though the selectivity factor, a, describes the separation of band centres, it does not take into
fecount peak widths. Another measure of how well species have been separated is provided by
grcasurement of the resolution. The resolution of two species, A and B, is defined as

Wy+ Wy

eline resolution is achieved when R = 1.5

; is useful to relate the resolution to the number of plates in the column, the selectivity factor
@d the retention factors of the two solutes;
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£ nie mvalent to a theoretical plate can be reduced b reducing the size of the statlonar
ght q p Y g Y
’}}; se particles.

k2 1. Changing mobile phase composition
£ 2. Changing column temperature
& 3. Changing composition of stationary phase

4, Using special chemical effects (such as incorporating a species which complexes with
one of the solutes into the stationary phase)

Review your learning

%u should now be familiar with the terms used in chromatography, how species become
Separated from one another, and how various conditions can be manipulated to obtain well-
fesolved chromatograms with a minimum elution time.

1. Gel-Filtration Chromatography

I’ﬁnaple and concept.

Gel filtration chromatography exploits the different sizes of the molecules to effect their
Separatlon The stationary phase contains cross-linked polymeric particles or beads which have
Pores or holes in them. The sample is normally applied to the top of the column and then eluted
With a buffer. Smaller protein molecules find their way into the holes and therefore take longer to
#lute from the column as they have further to travel. Different polymer gels with different sized
Pores are used to get optimum separation for a particular size range. If the column is calibrated
With standards of known molecular weight a gel filtration column can be used to get rough
Stimates of molecular weight.
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£ This method separates proteins by size in order of large to small

aﬁltration does not rely on any chemical interaction with the protein, rather it is based on a

{fysical property of the protein - that being the effective molecular radius (which relates to mass

Fmost typical globular proteins).

- Gel filtration resin can be thought of as beads which contain pores of a defined size
range.

~e Large proteins which cannot enter these pores pass around the outside of the beads.

"o Smaller proteins which can enter the pores of the beads have a longer, tortuous path

. before they exit the bead.

- Thus, a sample of proteins passing through a gel filtration column will separate based on

“molecular size: the big ones will elute first and the smallest ones will elute last (and "middle"

. sized proteins will elute in the middle).

~If your protein is unusually "small" or "large" in comparison to contaminating proteins then
[ filtration may work quite well.
“Ciel Filtration™
' ' initial mixture
® o °'0 ‘a “«—— of large and small
LN R .
mojecules

Didector

s 321 Gifteation
resin

Fraciion
Collector

small molecules
are “inchuded”

/ and elute lagt

large molecules
are “excluded”
and elute first

Colnn

Source: http://matcmadison.edu
Column Volume, Bed Volume (Vt) = the volume of the gel

Exclusion limit: The MW of the smallest molecule that can not enter the gel.

Excluded volume or void volume (Vo) = All solutes in the sample which are equal to, or
larger, than pores of the beads will behave identically: they will all eluted in the excluded
Yolume (Vo) of the column. These solutes will come out of the column first.

Included volume or eluted volume (Vi or Ve) = All small mass solutes in the sample which

Will be completely included within the pores of the gel filtration beads. All solutes in the
sample which are equal to, or smaller, than this critical size will behave identically: they will
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all eluted in the included volume of the column. These solutes will come out of the column
Jater.

Excluaded Inchucked
ol (W o) vl (V1Y

. | i . i

Void volume 1.3 273 Vol of codumn
of calumn ) . oocupied by resin
Cohman Volumne

Source: http://matcmadison.edu

1a general rule of thumb, the excluded volume (Vo) is approximately equal to one third of the

umn volume, the included volume is approximately equal to two thirds of the column volume

o In gel filtration the resolution is a function of column length (the longer the better)

‘o However, one drawback is related to the maximum sample volume which can be loaded.

" The larger the volume of sample loaded, the more the overlap between separated peaks.
Generally speaking, the sample size one can load is limited to about 3-5% of the total
column volume. :

o Thus, gel filtration is best saved for the end stages of a purification ,when the sample can
be readily concentrated to a small volume.

¢ Gel filtration can also be used to remove salts from the sample, due to its ability to
separate "small" from "large" components.

* Finally, gel filtration can be among the most "gentle" purification methods due to the lack
of chemical interaction with the resin.

2. Ion-Exchange Chromatography

Principle and Concept:
Ion exchange chromatography is the method used to separate proteins by the differences of
¢ protein charges in term of both the amount and type of charges (positive or negative). In
- another word, it separates proteins based on their electrical charge, which depends on their
;amino acid composition and the pH of the medium. The molecules to be separated bind
electrostatically to the stationary matrix. They are eluted from the column using a gradient
solution of increasing ionic strength since salts tend to disrupt electrostatic interactions.
Alternatively a pH gradient can be used for elution since if pH > pl the average charge is
negative and if the pH< pl the average charge is positive.

* Jon exchange resins have fixed charges - either positive or negative.
* Proteins bind to the resin via electrostatic interactions.
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The strength of these interactions depends on the net charge on the protein, which is a
function of pH and the nature of the weak acid amino acid side chains, and the salt

* concentration of the buffer - high salt concentrations reduce the interaction. The higher the
net charge on the protein at the pH of the environment on the column, the more tightly it
sticks to the oppositely charged resin, and the higher the salt concentration required to elute it
from the column.

sion Exchange Chromatography is used to separate negatively charged proteins (anions).
he column has positively charged groups on the inert phase which bind negative sites on the
rotein. The protein may then be exchanged by anions in the solution.

Resins exhibit positive charges and bind to proteins that exhibit negative
Charges '

Example of resin : DEAE-cellulose contains amino group
which exhibit positive charge

& tion Exchange Chromatography is used to separate positively charged proteins (cations).
The column contains a polyanionic matrix, usually sulfonate (-SO3-) or carboxyl (-COO-)
?ﬁoups covalently linked to a cellulose or agarose matrix.

~ Resins exhibit negative charges and bind to proteins that exhibit positive
+ charges

Example of resin : CM-cellulose contains carboxyl group
which exhibit negative charge

3. Affinity Chromatography

ﬁiLciple and concept. Affinity chromatography is a general term which applies to a wide range
QfChromatographic media. Tt can be basically thought of as some inert resin to which has been
?ﬁached some compound which has a specific affinity for your protein of interest.
¢ Thus, a specific antibody attached to an inert resin would be a type of affinity
chromatography.
¢ Other examples might include: a protease inhibitor attached to some matrix,
designed to bind a specific protease
¢ a cofactor bound to some matrix, designed to bind to a particular enzyme
a metal ion bound to a matrix, designed to chelate a protein with a metal binding
site (Metal-Chelate Affinity Chromatography), and so on.
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e Affinity chromatography is a more specific interaction in which a ligand
specifically recognized by the protein of interest is attached to the column
material.

e When a mixture of proteins is passed through the column, only those few that
bind strongly to the ligand will stick, while the others will pass through the
column.

e By changing the buffer one weakens the interaction between the protein and the
ligand, which causes the protein to be eluted from the column.

A variation is immunoaffinity chromatography, in which an antibody specific for a protein is
1mmoblhzed on the column and used to affinity purify the specific protein.

R a

e

ity chromatography is often used to purify cloned & overexpressed proteins. Since the
otein has been cloned it is possible to add a specific peptide sequence at the end peptide chain.
Bne possibility is to add a number (usually 6) histidine residues to one end of the protein, which
fhen binds specifically to a column containing immobilised nickel ions. Another possibility is
jotually to link another complete protein, such a glutathione-S-transferase (GST), to the gene
ressing the target protein. GST will bind specifically to beads coated with glutathione. One
GST-"target protein" complex is purified the GST can be removed enzymatically. Affinity
plumns can also be made using antibodies which bind the target protein. These antibodies can

Brlnctple and Concept.

algh Performance Liquid Chromatography (HPLC). HPLC uses the same basic chemistry
flescribed above, including ion exchange and gel filtration. HPLC uses relatively narrow long
folumns with non-compressible supports. The mobile phase is then driven over the support using

Source: http://steacie.nrc-cnre.ge.ca
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Ewump at high pressure (5,000-10,000 psi, or 1-20 Mpa). The advantages include:
ba: her resolution - better separation

weed - less time

gh sensitivity - can use small quantities

Byutomation - computer controlled pumps ete.

LC is a popular method of analysis because it is easy to learn and use and is not limited by the
latility or stability of the sample compound. The history section illustrates the HPLC's

wolution from the 1970's to the 1990's. Modern HPLC has many applications including
genaration, identification, purification, and quantification of various compounds.

"A'verse phase HPLC is often used to separate smallér unfolded proteins or peptides which can
easily refolded following separation. The mobile phase is a non-polar solvent. The stationary
Bhase is a non-polar liquid immobilised on a matrix. The interactions are hydrophobic.

@ast Performance Liquid Chromategraphy

Source: http:)/stéacigz.mc*cnrc. ge.ca

;‘Liquid chromatography is a term which refers to all chromatographic methods in which the
§m0bile phase is liquid. The stationary phase may be a liquid or a solid. Fast performance liquid
%;?hmmatography (FPLC) is a type of liquid chromatography where the solvent velocity is
*ontrolled by pumps. The pumps controls the constant flow rate of the solvents. The solvents are
Cessed through tubing from an outside resevoir. The flow rate of the solvent is set through
“Somputer input and controlled by pumps.
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e are various columns used in liquid chromatography depending on the type of separation
"erred Each column contains a small diameter packing material. The column is a large (mm
Frube containing small (u) particles (gel beads) known as stationary phase. The

b matographic bed is composed by the gel beads alone when they are inside the column. The
is introduced into the injector and then carried into the column by the flowing solvent.

n the column, the sample mixture separates as a result of different components adhering to
sing intothe gel. As the solvents is forced into the chromatographic bed by the flow rate,
.sample separates into various zones of sample components. These zones are referred to as

Dialysis/Ultrafiltration

iciple and concept: ‘
Bblysis is a technique that separates molecules according to their size. Smaller molecules are
ed to pass through a semi-permeable membrane containing pores too small to allow the
cules being purified to get through. Dialysis may be carried out in hollow tubes or specially
gned flat cells. Membranes are usually made from cellulose acetate (cellophane) but
cellulose is sometimes used.
fplysis is often used to remove low molecular weight (MW) contaminants from a protein
plution or to change the buffer in which the protein is stored. Over a period of 3-4 hours, the
Bside and outside solutions come to equilibrium. As long as there is a vast excess of the external
tion (say 1000:1), the final concentration in the dialysis bag will resemble the external
um.
ysis can also be used to separate different-sized proteins as dialysis tubing can be obtained
ith specific MW cut-offs (the MW cut-off refers to the largest-sized protein, which will be
Bained by the dialysis membrane). For example, one could remove a contaminating 5000 Da
ein from a 50,000 Da protein by dialysing the mixture using dialysis tubing with a MW cut-
i of 10,000. The small protein will be lost to the external medium while the larger protein will
&retamed in the dialysis bag.

st Dialysis
Bag

Salt,

Lerpe volumn of bufer solution witts as,
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Protein concentration determination (Bradford Method)

k ciple and _concept:

g Bradford protein assay is one of several simple methods commonly used to determine the

§] protein concentration of a sample. The method is based on the proportional binding of the

B Coomassie to proteins. Within the linear range of the assay (~5-25 mcg/mL), the more

ftein present, the more Coomassie binds. Furthermore, the assay is colorimetric; as the protein
heentration increases, the color of the test sample becomes darker. Coomassie absorbs at 595
%The protein concentration of a test sample is determined by comparison to that of a series of
fein standards known to reproducibly exhibit a linear absorbance profile in this assay.

though different protein standards can be used, we have chosen the most widely used protein
our standard - Bovine Serum Albumin (BSA).

jbreviations: 1

‘e mcg = micrograms dI = deionized mcL = microliters
“s BSA = bovine serum albumin O.D. = optical density

'ocedure

"o Prepare a 4-fold dilution of a 2 mg/mL BSA sample by adding 50 mcL of 2 mg/mL BSA

~ to 150 mcL of dI water to make 200 mcL of 0.5 mg/mL BSA.

e Generate test samples for the reference cell, blank, BSA standards and the protein sample

~ tobe tested according to Table 1 in disposable cuvettes.

e Note that the "reference cell" and "blank" are identical. A reference cell test sample is
only required when using a double-beam UV-visible spectrophotometer for absorbance
measurements.

* Note that a dilution of the protein sample may be required for the resulting absorbance to
fall within the linear range of the assay.

o Allow each sample to incubate at room temperature for 10-30 minutes. (Record the actual

.incubation time in your notebook.)

* Measure the absorbance of each sample at 595 nm using a UV-visible spectrophotometer.
Be sure to allow the instrument to warm up for at least 15 minutes prior to use.

* Plot the absorbance of each BSA standard as a function of its theoretical concentration.
The plot should be linear.

* Determine the best fit of the data to a straight line in the form of the equation "y = mx +
b" where y = absorbance at 595 nm and x = protein concentration.

» Use this equation to calculate the concentration of the protein sample based on the
measured absorbance. Note: If the absorbance of the test sample is outside of the
absorbance range for the standards, then the assay must be repeated with a more
appropriate dilution, if any. The linear range for the assay (and for most
spectrophotometers is 0.2 - 0.8 O.D. units.

158



f, Je 1. Preparation of test samples for the Bradford protein assay.

Test Sample Sample Volume, Vol. Water, Vol. Bradford Reagent

mcL mcL mcL

Reference Cell 0 800 200

p Blank 0 800 200
P*"BSA Standard - 5 mcg/mL 10 790 200
E BSA Standard - 10 meg/mL 20 780 200
BSA Standard - 15 meg/mL 30 770 200
B"BSA Standard - 20 mog/mL 40 760 200
F*BSA Standard - 25 meg/mL 50 750 200
= Protein Sample | 50 750 200
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Topic 17. Protein Electrophoresis Techniques

Electrophoresis - provides a very high resolution technique for separating macromolecules. As
the name implies the separation relies on the different rates of movement of molecules in an
electric fields. Thus it ultimately relies on the charge on the molecules, much the same as ion
exchange chromatography. Since a limited amount of material can be applied to a gel,
_electrophoresis is normally used for analytical rather than preparative purposes.

Most electrophoresis experiments in Biochemistry are run in gels made from polyacrylamide or
from agarose. The sample to be separated is placed at one end of the gel and an electric voltage is
applied. The separation will depend on the net charge on the molecules as well as their effective
. gizes since the gel matrix acts like a gel filtration column. The bands are made visible by staining
. with dyes. Proteins are typically stained with Coomassie brilliant blue or if more sensitivity is
required they are silver stained.

SDS-PAGE gels. If separation is to be based on molecular weights then the charge differences
need to be minimised so that the separation is based solely on the gel filtration effect. This is
-~ generally done by first boiling the proteins and treating them with b-mercaptoethanol to denature
“ the molecules. They are then treated with SDS (sodium dodecyl sulfate) a detergent which binds
“to the protein, keeps it unfolded and gives the molecules an approximately uniform charge per
~molecular weight. These extended peptide then move through the gel, the smallest moving
" fastest. This is the opposite to gel filtration since in this case the matrix is a cross-linked polymer
~and the shorter peptides move through the pores more quickly.
- Native PAGE gels are run when it is desirable to see the extent of oligomerisation of the native
“protein. The pH needs to be chosen in such a way that the protein of interest carries the correct
=.charge to migrate through the gel. The smaller the oligomer, the faster it moves through the gel,
since oligomers of the same protein will have approximately the same charge per mass ratio and
=they will therefore be sorted by size.

Source: Promega product catalog
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i] ectric focussing (IEF)- is a variation on the general gel electrophoresis method. A very low

ecular weight acrylarmde 1s used which forms large pores. There is a pH at which any
omolecule carries no net charge. This pH is termed the isoelectric point or pI. Imagine that

pave an electrophoresis experiment in which there is a stable and continuous pH gradient

ying from the cathode to the anode. In this case each molecule will migrate to a position on

5el where the pH is equal to its pI. At this point the molecule will feel no net force and it will

ymoving.

?.dimensional gels (2D) where the separation in one dimension is based on gel

trophoresis and the other on isoelectric focussing afford the opportunity to separate on two
>ertles size and pl at the same time. That is separation will be based on a combination of
'ge, size and shape in one direction and pI in the other. The proteins are usually first

rated by their pI by isoelectric focussing and then by size using SDS PAGE. One can

rate all the proteins in bacterium using this method on one large gel.

Two Dimensional Electrophoresis

rx ; IEF. orIPG 12; SDS-PAGE
CATerEme &hr

Source: hitp://www.lecb.nciferf. gov/phosphoDB/ 2d-description.html
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Theory of SDS-PAGE

Polyacrylamide Gel Electrophoresis (SDS-PAGE) is probably the worlds most widely used
Bhemical method. In the early 60's scientists first appreciated the utility of polyacrylamide
® 45 a convenient and versatile alternative to starch gels Omstein 1964, Davis 1964, thus
lopmg polyacrylamide gel electrophoresis or PAGE. The inclusion of ionic detergent
"’] Dodecyl Sulphate (SDS) to the gel and the sample was an important addition to this
8. Shapiro et al. were one of the first to make use of this approach (Shapiro et al. 1967).
kamli showed that proteins could be reliably fractionated by SDS-PAGE, which he described
B figure legend in a Nature paper (Laemmli, 1970). This paper used the method to study
Lifically the proteins of bacteriophage T4, and made use of Tris based buffers, as used by
it researchers today. At about the same time Weber and Osborn showed that the method had
kpral apphcablhty and also showed, in a very systematic study, that the relative mobility of
:1ns in SDS-PAGE gels correlated quite well with their molecular weights (Weber and
bom 1969). However these gels were based on phosphate buffers, which subsequently have
b less widely used. After these papers appeared SDS-PAGE gels became wildly popular, first
Bubes, then as slabs and then as minigels. Ultimately 2-dimensional gel techniques, using
Blectric focusing of proteins in one direction followed by regular SDS-PAGE in the other
Botion were developed. The first influential paper in this area was published by O'Farrell
[rarrell 1975). People also began to appreciate that it was possible to transfer proteins out of
I5-PAGE gels onto agarose, or much more conveniently, onto nitrocellulose membranes and
Jre stain them with antibodies. The most influential early paper making use of nitrocellulose
branes was that of Towbin et al. (Towbin et al 1979). Later studies used other kinds of
jx branes, notably the nylon like material PVDF, which allowed proteins transferred from
IS-PAGE gels to be probed with antibodies but also subjected to direct peptide sequencing
Hitsudaira, 1975).

B separation of macromolecules in an electric field is called electrophoresis. A very common
fhod for separating proteins by electrophoresis uses a discontinuous polyacrylamide gel as a
ort medium and sodium dodecyl sulfate (SDS) to denature the proteins. The method is
led sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The most
only used system is also called the Laemmli method after UK. Laemmli, who was the first
;ublish a paper employing SDS-PAGE in a scientific study.

S (also called lauryl sulfate) is an anionic detergent, meaning that when dissolved its
lecules have a net negative charge within a wide pH range. A polypeptide chain binds
Hounts of SDS in proportion to its relative molecuar mass. The negative charges on SDS
Biroy most of the complex structure of proteins, and are strongly attracted toward an anode
Psitively-charged electrode) in an electric field.

ﬂyaCry‘axmde gels restrain larger molecules from migrating as fast as smaller molecules.

IcaUSe the charge-to-mass ratio is nearly the same among SDS-denatured polypeptides, the
I separation of proteins is dependent almost entirely on the differences in relative molecular

‘33 of polypeptides. In a gel of uniform density the relative migration distance of a protein (Rf,
B fasa subscript) is negatively proportional to the log of its mass. If proteins of known mass

ig,dmn simultaneously with the unknowns, the relationship between Rf and mass can be plotted,
the masses of unknown proteins estimated.
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tein separation by SDS-PAGE can be used to estimate relative molecular mass, to determine
relative abundance of major proteins in a sample, and to determine the distribution of
geins among fractions. The purity of protein samples can be assessed and the progress of a
stionation or purification procedure can be followed. Different staining methods can be used
Jetect rare proteins and to learn something about their biochemical properties. Specialized
pniques such as Western blotting, two-dimensional electrophoresis, and peptide mapping can
used to detect extremely scarce gene products, to find similarities among them, and to detect
{ separate isoenzymes of proteins. : /

‘ﬂecular mass versus molecular weight

slecular mass (symbol m) is expressed in Daltons (Da). One Dalton is defined as 1/12 the mass
carbon 12. Most macromolecules are large enough to use the kiloDalton (kDa) to describe
Jlecular mass. Molecular weight is not the same as molecular mass. It is also known as relative
jlecular mass (symbol Mr, where r is a subscript). Molecular weight is defined as the ratio of
i mass of a macromolecule to 1/12 the mass of a carbon 12 atom. It is a dimensionless

hntity.

hen the literature gives a mass in Da or kDa it refers to molecular mass. It is incorrect to
btess molecular weight (relative molecular mass) in Daltons. Nevertheless you will find the
m molecular weight used with Daltons or kiloDaltons in some literature, often using the

breviation MW for molecular weight.

E}ygcrylamide gels for SDS-PAGE

ﬁ’ny systems for protein electrophoresis have been developed, and apparatus used for SDS-
ﬁGE varies widely. The methodology used on ‘these pages employs the Laemmli method.
Merence to the Laemmli method in a materials and methods section eliminates the need to
feribe the buffers, casting of gels, apparatus, etc. Unless the paper employs some modification
ithe method, the only details of SDS-PAGE that should be reported in a methods section are
Feent total acrylamide (%T) in a gel, relative percentage and type of crosslinker (%C), and
Fhaps a reference to the gel dimensions. We use a "mini-gel" system, with 3 1/4" x 4" gel
Beettes. ' ’

BS-PAGE can be conducted on pre-cast gels, saving the trouble and hazard of working with
Ylamide. The following description applies to shop-made casting and running apparatus that
?much cheaper than commercially available equipment. In addition to cost effectiveness, an
Wantage of making one's own gels the first time is a deeper understanding of the process.

ﬁ?rdless of the system, preparation requires casting two different layers of acrylamide
Bween glass plates. The lower layer (separating, or resolving, gel) is responsible for actually
,,9Tating polypeptides by size. The upper layer (stacking gel) includes the sample wells. It is
¥igned to sweep up proteins in a sample between two moving boundaries so that they are

ghpressed (stacked) into micrometer thin layers when they reach the separating gel.
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hs-PAGE Procedure

I for about 20mls running gel solution, enough for two minigels, total is 20.01 mls.
Mite "ul" means microliter, many browsers have trouble displaying Greek characters
Bprectly.

4 12% 10% 9% 8% 7.5%
wviamide/Bisacryclamide Mix 10.8mls 9 mls 81lmls 721mls 6.76 mls
‘;-n-is/HCI pH=8.8 75mls  75mls 75mls 75mls 7.5mis
Btilled water 14mis  32mls 41mls 4.99mls 5.44mls
b6 SDS 200uls  200uls 200uls 200uls 200 uls
. Ammonium Persulfate 100uls  100uls 100uls 100uls 100 uls

IMED 10uls, 10uls  10uls 10 uls 10 uls

lamide/Bisacrylamide Mix 2 mis
fater » 5.6 mls

M Tris/HCI pH=6.8 1.25 mls
% SDS 100 uls

D% Ammonium Persulfate 50 uls

4

" 5 ulsTotal
gMED 10.05 mis

#

B

'rylamide/Bisacrylamide = 22.2 g acrylamide, 0.6 g bis-acrylamide (37:1 cross-linker
¢ :tlo) to 100 ml water, filtered. :

servoir/Running buffer = 57.6 g Glycine, 12 g Tris base, 4 g SDS, water to 4 litres

tain solution = 2.5 g Coomassie Brilliant Blue R-250, 450 mls methanol, 100 mis glacial
;;‘cetic acid, water to 1 liter.

stain solution = 300 mis methanol, 400 mis acetic acid, water to 4 liters.

®mple buffer 5X = make up 100 mls and store away 5-10 mis aliquots.

IM Tris/HCl pH = 6.8 31.25 mis
§DS powder 10g
lycerol 25 mis
fOmophenol Blue (2% in ethanol) 750 uls
i;mercaptoethanol 5 uls

Vater to 100 mls

[
i
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‘lott ABI 400994 ™

rvlamide Bio-Rad 161-0100

bido Black Bio-Rad 161-0402

kmonium persulfate Bio-Rad 161-0700

gmophenol blue Bio-Rad 161-0404

bmassie©Brillant Blue R-250 Bio-Rad 161-0400

('clohexylamino 1-propane-

Konic acid (CAPS) Aldrich 16,376-7

hcerol BRL 5514UA

bcine Bio-Rad 161-0717

mercaptoethanol Sigma M-6250

§ilianol ABI 400470

v’-methylene bisacrylamide Bio-Rad 161-0200

N, N,N-Tetramethylene-

amine(TEMED) Bio-Rad 161-0800

inceau Sigma P7767

gva Blue G Serva 35050

idium dodecyl sulfate (SDS) Bio-Rad 161-0301

idium thioglycolate Sigma T-0632

icine Aldrich 16,378-3

i8 (hydroxymethyl)aminomethane Bio-Rad 161-0716

ton X-100 (NP-40) Bio-Rad 161-0407

$a Bio-Rad 161-0730

5-PAGE Systems

umber of systems used with gel electrophoresis have been described . These are the Tris-
cine 45

Eﬁs-Tricine buffer systems for mini-gles. Tris-glycine is used for separating proteins larger
6

#Da; the Tris-Tricine buffer system is used to resolve peptides and low-molecular weight
teins

Well as larger proteins. Either buffer system can be used prior to electroblotting.

;ﬂs—Glycine stock solutions and buffers
wer tris (4 X) Dissolve 36.34 g tris base and 0.8 g SDS in 150 mL D.I. H20.

Atrate with 6N HCl to pH 8.8. Add D.I. H O to final volume of 200 »

Qpper tris (4 X) Dissolve 12.11 g tris base and 0.8 g SDS in 150 mL D.I. H20.
Itrate with 6N HCI to pH 6.8. Add D.I. H O to final volume of 200 >
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g(d)% Acrylamide Dissolve 30g acrylamide and 0.8 g bisacrylamide in D.I. H O to final ;
io'g% T, 2.6% C) volume of 100 mL.

nectrophoresis Buffer Dissolve 3.03 g tris base, 14.4 g glycine and1 g SDSin1 LD.LHO. 2
mmonium persulfate Dissolve 100 mg ammonium persulfate in 1 mL D.1. H O. Store the »
40%) solution at 5 C. Discard after one week. o

pmple Preparation (2X) Mix 1 mL glycerol, 0.5 mL 2-mercaptoethanol, 0.3 g SDS, 0.25 mL
g;;tion of 0.05% (w/v) bromophenol blue and 1.25 mL Upper Tris (4X)

affer in D.I. H O to a final volume of 5 mL. 2

E‘llter solutions with 0.2 p Nalgene®© filter.

Eﬂs-Glycme Gel Solutions

he following proportions are for preparing 2 gels (0.5 x 60 x 90 mm) for mini-gel systems.
jtock Sotutions 10% Resolving 15% Resolving 4% Stacking

gl (8 mL) Gel (8 mL) Gel (4 mL) ‘

% Acrylamide 2.66 mL 4.0 mL 0.52 mL

Elpper tris (4X) - - -

fwer tris (4X) 2.0 mL 2.0 mL -

,, sulfate (10%) 40 pL 40 nL 40 pL
Electrophoresns Conditions for Tris-Glycine
E)iample preparation: Mix one volume (1-10 uL) of sample solution with one volume of
mple preparation solution (2X) and heat in boiling water bath for 2 minutes. The sample
Bnow ready to load into the sample well for electrophoresis.
‘When using the mini-gel apparatus, the recommended electrophoresis condition for optimal
®solution with minimal thermal band distortion is 7 mA constant current (50-90 volts) for
mprommately 1 hour. For maximum separation, allow the bromophenol blue dye to run to
Bithin 1 cm of the end of the gel.

ris-Tricine stock solutions and buffers

ode Buffer (10 X) Dissolve 121.9 g tris base in 400 mL. D.I. HO. 2
@0 M Tris HCI) Titrate to pH 8.9 with HCL. Add D.I. H O to final volume 500 »

K athode Buffer (10 X) Dissolve 60.55 g, 89.58 g tricine and 5 g SDS in 400 mL D.IL

1.0 M Tris, 1.0 M Tricine, H O. Titrate to pH 8.25 with HC1. Add D.I. H O to final 1.0% 2
BDS) volume 500 mL.

Mcrylamide Solution Dissolve 48 g acrylamide and 1.5 g bis-acrylamide in 100 mL
%?5% ,3% C)D.LHO.:

el Buffer (3 X) Dissolve 181.5 g tris base, 1.5 g SDSin 400 mL D.1. H O.
trate to pH 8.45 with HC1. Add D.I. H O to final volume >
Bt 500 mi., ,
5»” glycerol (v/v) Dissolve 250 mL glycerol in 250 mL D.I. H O. >
PAMple Preparation Mix 1.0 mL of 100% glycerol, 0.5 mL 2-mercaptoethanol, 2.5
lutlon (2X) mL of 20% (w/v) SDS, 0.62 mL Tris (pH 6.8, 1M), 0.01 mL
#10% Serva BlueG (w/v) in D.I. H O to a final volume of 2
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L.
aJ ter sclutions with 0.2 p Nalgene© filter.

fis-Tricine Gel Solutions

e following proportions are preparing 2 gels (0.5 x 60 x 90 mm).
f;, k Solutions 10% Resolving 4% Stacking

ol (15 mL) Gel (12.5 mL)

korylamide solution 3.0 mL 1.0 mL

% glycerol 4.0 mL -

ke Buffer (3X) 5.0 mL 3.1 mL

5 gas for 5 minutes
¥EMED 7.5 pL 7.5 pL

onium persulfate (10%) 75 uLL 100 pL
Bectrophoresis Conditions for Tris-Tricine ;
hSample preparation: Mix 1 volume of sample with 1 volume of sample preparation solution
#X) and heat in boiling water bath for 2 minutes.
) Blectrophoresis Conditions: 20 mA constant current for 2-3 hours. For maximum separation,
fllow the serva blue dye to run to within I cm of the end of the gel.
Blectroblotting ‘ |
EAPS Buffers:
Jiock CAPS (10 X) Dissolve 22.13 g CAPS in 900 mL of D.I. water. Titrate with 2N
(hOH (20 ml) to pH 11, and add D.I. water to a final volume of 1L.
ore at 4EC.
flectroblotting buffer Prepare 2L by mixing 200 mL of the 10X CAPS buffer with 200 ml
10 mM CAPS in of methanol and 1600 mL of D.1. water.
0% MeOH)
Pris-Glycine Buffer7,8

lectroblotting buffer Dissolve 3.0 g Tris and 14.4 g glycine in a solution of 900 mL H O [25 »
MM Tris base, and 100 mL methanol.
192 mM glycine, 10%

¥/v) methanol (pH 8.3)]
Frocedure:
kRemove the gel from the electrophoresis cell and soak it in 100 mL of electroblotting buffer
br 5 minutes, :
% Meanwhile, wet ProBlott with 100% methanol for a few seconds, then transfer it to the
Elming buffer.
E:te: Be sure the ProBlott membrane is completely moistened with methanol ™
\ fore transferring it to the blotting buffer. It if dries out, wet it with methanol

gain,
%. Dip the sponges and filter papers in a separate container of blotting buffer before starting to
Bsemble the transblotting sandwich.
i Assemble the transblot sandwich in the following order starting from anode side:
Sponge, filter paper, 2 sheets of ProBlott , gel, filter paper, sponge. T

ake sure there are no bubbles between the gel and the membrane.
B- Pour 1L of electroblotting buffer into the transblot cell and insert the transblot sandwich.
L leCtro‘blotting conditions are dependent of the buffer, as follows:
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iApS:50V (170 mA-100mA) at room temperature for 30 minutes. Tris-Gly:40V (300 mA)
room temperature for 1-4 hours.

Kote: Electroblotting times vary and are dependent on protein sample. Longer
ectroblottmg times may be necessary with proteins that are 70 kDa or larger.

i After transfer is complete, remove ProBlott from transblotting sandwich and rinse with D.IL. v
fater before staining.

srotein Detection

Botcin sampleson ProBlott can be detected with conventional staining techniques, such as

B omassie© Brilliant Blue, Ponceau S or Amido Black.

omassie@ Brilliant Blue Staining Solution

"ff % MeOH in D.I. water

Coomasie Blue Staining Procedure:

: ,Remove the ProBlott membranes (both primary and secondary) from the transblot
Bandwich, and rinse them with D.1. water.

g Saturate the ProBlott membranes with 100% MeOH for a few seconds.

: Stain the ProBlott membranes (one at a time) with the staining solution using constant
prbltal shaking. Protein bands should appear within one minute.

CAUTION: If the ProBlott membrane is over-stained, it may require a ™

jonger destaining time to prevent a high background.

;1 Destain the ProBlott membranes by soaking them in destaining solution. For quicker m
ﬂestalmng and improved contrast, change the destaining solution several times, allowing the
mMembranes to soak for 1-2 minutes between changes.

#. Rinse the membrane thoroughly with D.1. water, and excercise the bands of interest with a
tlean razor blade.

Amido Black Stainig solution

0.1% Amido Black in 1% acetic acid/40% MeOH

i]j)issolve 1.0 g Amido Black in 400 mL of methanol. Stir this solution for at least one hour. Add
0

mL acetic acid and 590 mL of D.I. water. Stir for another 30 minutes, then filter the solution with
Nalgene filter (45 pore size).

The staining procedure for Amido Black is the same as that described for Coomasie Blue,

With the substitution of D.I. water as the destaining solution.

Ponceau S Staining solution

02% Ponceau S in 1% acetic acid

Dissolve 0.4 g of Ponceau S in 198 mL of D.I. water and stir for 30 minutes. Add 2 mL of acetic
&cid to the mixture.

1. Remove the ProBlott membranes from the transblotting sandwich and rinse them with D.I. m
Water,

2.Stain the ProBlott membranes in the Ponceau S staining solution with constant orbital
shaking. Protein bands should appear within one minute.

3 Destain with a D.I. water rinse. 4. Excise the bands of interest with a clean razor blade.
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& enaturing Discontinuous Polyacrylamide Gel Electrophoresis (SDS-PAGE)

1. Assemble each gel sandwich by stacking, in order, the notched aluminum plate, two 0.75-
mm spacers, and a glass plate. It is important that the spacers are aligned properly, with
the ends flush with the top and bottom edges of the plates, and the flanged edge of the T-
shaped spacer positioned against the outside edges of the glass plate. Place a piece of wax
paper between each sandwich to facilitate separation after polymerization (optional).

2. Fit the gel sandwiches (usually four at a time) tightly in the multiple gel caster. Fill any
remaining space in the mold by including additional glass plates.

3. Place the front face plate on the caéter, clamp it in place against the silicone gasket, and
verify the alignment of the glass plates and spacers.

4, Prepare the separating gel solution as indicated by the table below. Do not add TEMED
or ammonium persulfate until ready to pour.

5. Fill a 50-ml syringe with the solution and slowly inject it into the caster until the gels are
6 cm high, allowing 1.5 cm for the stacking gel

6. Overlay each gel with 100 ul H2O-saturated 1sobuty1 alcohol or 0.1% SDS. Allow gels to
polymerize for approximately one hour.

7. Remove any remaining gel overlay solution by blotting the top of each gel with a piece of
Whatman 3mm paper.

8. Prepare the stacking gel solution as described below. Fill a 10-ml syringe with the
solution, and inject into each gel sandwich until the top is reached.

9. Carefully place an appropriate comb into each gel, taking care not to trap any bubbles.
Allow gel to polymerize for about 1 hour.

10. Remove the front faceplate of the caster. Carefully remove the gels, and separate using a
razor blade.

o The gels can be stored with the combs in place tightly wrapped in plastic wrap
inside a sealable bag at 4°C for 2 to 3 weeks. Keep the gels moist. Do not store
gels in the multiple caster.

11. When ready to run the gel, remove the comb and rinse the sample wells with running
buffer (1x SDS/electrophoresis buffer, see below). Place a line indicating the bottom of
the each well on the front glass plate, or use a well template.

12. Fill the upper and lower buffer chambers with running buffer. The upper chamber should
be filled to 1 to 2 cm above the notched plate.

13. Using the marks on the glass plate or the well template as a guide, pipette the prepared
samples into the wells.
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14. Electrophorese the samples at 10 mA constant current per 0.75-mm gel until the dye front
reaches the top of the separating gel (45 minutes). Increase current to 20 mA per gel, and
continue run until the bottom of the gel is reached (1 hour).

géclpes used in SDS-PAGE
ARATING GEL a

4 Final acrylamide concentration in the separating gel (%) b

fgtock Solutions 5 6 7 75 8 9 10 125 13 15

B9, acrylamide/

fg%bisacrylamide 5.00 6.00 7.00 7.50 8.00 9.00 10.00 12.50 13.00 15.00
' , Tris-Cl/SDS,

sH 8.8 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50

120 17.50 16.50 15.50 15.00 14.50 13.50 12.50 10.00 9.50 7.50
0% ammonium

ersulfate ¢ 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
'EMED 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

a. These recipes produce 30 ml of separating gel, adequate for casting four minigels of
dimensions 0.75 mmx 7.3 cmx 8.3 cm.

8
2
&

b. Units of all numbers in the table are mlliliters. |

ﬁ&;

g ¢. Best to prepare fresh.

£

Qreparatlon of the separating gel

in a 50-ml conical tube, mix 30% acrylamide/0.8% bisacrylamide solution, 4x Tris-Cl/SDS, pH
38 and dH20. Degas the solution under vacuum 10 to 15 minutes. Add 10% ammonium
?ersulfate and TEMED. Swirl gently to mix. Use immediately.

%TACKING GEL (4.0% T 2.6% C)

an a2 50-ml conical tube, mix x 1.30 ml of 30% acrylamide/0.8% bisacrylamide, 2.50 ml of 4x Tris-
Cl/SDS pH 6.8, and 6.10 ml dH20. Degas under vacuum 10 to 15 minutes. Add 50 pl of 10%
mmmonium persulfate and 10 ul TEMED. Swirl gently to mix. Use immediately. Produces 10 ml
in stacking gel, sufficient for four minigels. The stacking gel is prepared in this way regardless of
’ﬂle acrylamide concentration used in the separating gel.

%REAGENTS USED IN GELS
30% acrylamide/0.8% bisacrylamide (30.8% T 2.6% C)

Mlx 60.0 g acrylamide and 1.6 g N,N"-methylene-bisacrylamide in a total volume of 200 ml
aHZO Filter solution through a 0.45 um filter and store at 4°C protected from light. Discard
‘after 30 days.

s CAUTION: Acrylamide and bisacrylamide are potent neurotoxins and are absorbed
through the skin. Wear a mask while weighing the powder. Gloves and a lab coat should
be worn when handling the solution. Do not mouth pipette.

?x Tris-Cl/SDS, pH 6.8 (0.5 M Tris-C1/0.4% SDS)
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Jissotve 12.1 g Tris base in 80 ml dH20. Adjust pH to 6.8 with 1 N HCL. Add dH20 to 200 ml
k.1 volume. Filter the solution through a 0.45 pm filter, add 0.8 g electrophoresis-grade SDS,

d store at 4°C.
Tris-C/SDS, pH 8.8 (1.5 M Tris-C1/0.4% SDS)

7

ssolve 182 g Tris base in 600 ml dH20. Adjust pH to 8.8 with 1 N HCI. Add dH20 to 1000 ml
a1 volume. Filter the solution through a 0.45 pm filter, add 4 g electrophoresis-grade SDS, and
ore at 4°C.

. SDS/electrophoresis buffer (0.125 M Tris, 0.960 M glycine, 0.5% SDS)

‘Tjssolve 15.1 g Tris base, 72.0 g glycine, and 5.0 g electrophoresis-grade SDS in a total volume
1000 ml dH20. Do not adjust the pH of the solution (should be pH 8.3 when diluted). Store at
EC. Dilute to 1x for working solution.

: Rapid silver staining protocol for SDS PAGE gels

.

Protocol 1 |

¢ 1. Fixation (30% Methanol and 5% Acetic acid): Add 50ml of fixing solution for 10 min

2. Water washes: Several changes of ‘water for at least half an hour

3. Hypo (10mg/100m! Sodium thiosulfate): Add Hypo for one min and quickly wash the gel
with water

* 4. Silver nitrate (0.1 gm with 100 ul Formaldehyde): Add 50 ml of the silver nitrate for 8-10
‘ min

5. Developer (1.5% with 50 ul Formaldehyde): Quickly wash the gel with developer to
remove the excess stain and gently rinse the gel in Developer until bands appear

6. Stop solution (2M citric acid): Add 5 ml of stop solution

Protocol 2

1. Rinse gel on glass plate briefly with distilled water.

?. Wash gel in fresh 50% ETOH-12% HAc, with shaking, 3 times, 1 hour each. (Fix IEF gel ON
mn 10% TCA).

3. Wash gel four times with 10% ETOH-5% HAc for one hour each. One wash may be done
Overnight.

4. Rinse gel with several changes of water over five minutes.
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g‘ Incubate gel in fresh 200 ml of 0.6 g K2Cr04 (0.0034 M) and 40 ul HNO3 (0.0032 M) for 5
minutes.

6 Rinse gel with several changes of water until color fades, approximately 10 min.

7. Incubate in 150 ml of 0.012 M AgNO3 (0.3 g/150 ml) Illuminated for 30 min, rocking several

5

limes to incorporate stain.
B Rinse gel with three changes of water over 1 minute.

§ Rapidly rinse three times with 100 ml 0.28 M Na2CO3 and 0.5 ml 37% formaldehyde (8.9 g
bIaZCO3 and 1.5 ml formaldehyde/300 ml). Remove the darkened rinse solution quickly each

time.

;0 Agitate in 100 ml solution in 9 until desired intensity is reached and then stop development
with 100 ml of 3% HAc.

1. Wash twice with water and store in water or in 10%MeOH-3% glycerol. Stain will not fade
and can be photographed at your convenience.

i

Eolor Silver Stain

1. Fix gel in 50% ETOH and 10% HAc for 2 hours or more.
£

2 Wash gel in 50% ETOH and 10% HAc for 2 hours, then in 25% ETOH-10% HAc for 1 hour
fwo times, and then in 10% ETOH-5% HAc for 1 hour twice.

3. Equilibrate gel in 0.012M AgNO3 solution (0.4 g/200 ml) for 2 hours.
4 Rinse with water for 10-20 seconds.

5. Reduce in the following solution for 10 min.: 200 ml 0.75N NaOH (6 g/200 ml) and dissolve
17.5 mg NaBH4 and 1.5 ml 37% Formaldehyde.

5 Wash gel in 0.75% Na2CO3 for 1 hour and store normally. Color will not fade and can be
photographed at some time in the future.
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Qg@ed Procedure for RNase Activity Staining on SDS-PAGE

. Remove glass plates that have been stored soaking in 3% hydrogen peroxide and dry
proughly with Kimwipes.

2, Assemble plates and seal with melted 1.5% agarose.

3, Prepare separating and stacking gels in the order listed in the formula:

. .- After pouring separating gel, slowly drop Tris-saturated butanol (use 1M Tris pH 9.0 for
jis) to form layer on the top

. ofthe gel.

;. ~ When the gel is polymerized, wash off the butanol-saturated water with sterilized water
pd dry water and residual

~ polyacrylamide thoroughly with filter paper.

i - After pouring stacking gel, enter comb on its top on angle to avoid air bubbles.

& .- When set, remove comb gently and rinse wells thoroughly with running buffer.

#. Attach plates to running tank, add running buffer to top and bottom tanks, and remove air
ubbles from beneath the gel.

5. Load samples, connect power supply and run gel until the front ion line reaches the bottom.
6. Remove plates from the tank, separate the gel from the plates, and remove the stacking
on.

, Wash the gel in 25% iso-propanol in 0.01 M Tris pH 7.0 for 2 x 10 min (to remove SDS
om the gel).

8. Wash the gel in 2 uM ZnCl12/0.01 M Tris pH 7.0 for 2 x 10 min (to remove iso-propanol
fom the gel).

D, Incubate gel in 0.1 M Tris pH 7.0 at 510C for 50 min.

§0. Wash the gel in 0.01 M Tris pH 7.0, for 10 min.

1. Stain the gel in 0.2% toluidine blue O/0.01 M Tris pH 7.0 for 10 min.

§2. Destain the gel in 0.01 M Tris pH 7.0 for 10 min and 2 x 20 min.

#8. Rinse the gel in 10% glycerol/0.01 M Tris pH 7.0 for 10 min.

§4. Sandwich and dry the gel with cellophane.

F - cut two pieces of cellophane to the size of the frame

I - wet the cellophane thoroughly with water

k- -- smooth one of the two cellophane sheets over the solid backing plate

F - - center the gel on the cellophane

-- smooth the second sheet over gel

. - - clamp the frame over this sheet using several binder clamps

¢ - set aside to dry overnight

B - remove dried gel from frame, cut off excess cellophane, and store the gel flat.

record the gels, we photograph them using a 35 mm camera mounted above a white light box,
‘: using Kodak "technical pan” film. Place the gel on a glass plate on the light box, covering

/ the rest of the light box surface with black paper to block the light around the gel. Use of a
Pllow plastic filter underneath the gel improves definition. We take a range of photographs at a
putier speed of 1/8 second and f-stops of 5.6 to 11. Adjust if necessary for your equipment.
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Separating Gel (11%) Stacking Gel

30% acrylamide 4.7 mL 750 pL.
2% bis 1.9mL 300 uL
1M Tris-HCl 5.0 mL (pH 9.0) 320 uL (pH 6.8)
'RNA solution 25-30 mg (volume=X uL) -
0IMTrspH9.15  (730-X) pL ;
“H20 - 3.6 mL
:10% APS* 100 pL 40 uL
TEMED* ' 10 pL 4 uL

* add just before pouring
o djust separating gel recipe as necessary according to the concentration of your RNA
~gample. See protocol for preparing RNA below.)

;M1ng Buffer 2x Sample Loading Buffer

2164 ¢ 50 mM Tris, pH 6.8 © 0.50 mL 1 M Tris, 6.8
500¢g 2% SDS - 1.00 mL 20% SDS
150 g 10% Glycerol 1.25 mL 80% glycerol
H 1.50L 0.025% BPB 0.25mL 1% BPB
H20 bring to 10.00 mL

?%reparing RNA to cast in RNase activity gels
o2

1. Dissolve 100 mg/ml of torula yeast RNA (Sigma R-6625)in 1 M Tris pH 9.0 (100 mlis a
§pnvenient volume to make).

:ﬂ Phenol extract RNA solution, spinning 10 minutes at 7000 rpm.

, . Chloroform extract RNA twice, spinning 10 minutes at 7000 rpm.

Precipitate with 1/10 volume of 3 M NaOAC and two volumes of EtOH. Spin 10 minutes at

- Wash pellet once with 70% EtOH.

% ‘Dry pellet in lyophilizer or speed-vac, with tube covered with Parafilm that has holes poked
In it,

7 Dissolve pellet in 0.1 M Tris pH 9.0 (about half the starting volume).
g2 Check A260 of 1:1000, 1:5000 and 1:10,000 dilutions to quantitate.
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Semi-Dry Electrophoretic Blotting of Protein

Transfer Buffer

Bjerrum and Schafer-Nielsen transfer buffer containing SDS:
48 mM Trizma base, 39 mM glycine, 20% methanol, 0.00375% SDS

Dissolve 5.82 g of Trizma base and 2.93 g of glycine in about 700 m! of H20.
Add 1.875 ml of 20% SDS and 200 ml of methanol.
Adjust the volume to 1 liter with H20.

Blectrophoretic transfer with Bio-Rad Trans-Blot SD.

1 Following electrophoresis, equilibrate the gel in transfer buffer.

2, Cut nitrocellulose membrane to the dimensions of the gel. Wet the membrane in the transfer
puffer for 15-30 min.

3, Cut two pieces of filter paper (Whatman 3MM) to the dimensions of the gel. Saturate the filter
paper with the transfer buffer.

4, Place a pre-soaked sheet of the filter paper onto the platinum anode of the Trans-Blot SD.
5. Place the pre-wetted blotting media on top of the filter paper.

-:6. Place the equilibrated gel on top of the transfer membrane, aligning the gel on the center of the
membrane.

7 Place another sheet of pre-soaked filter paper on top of the gel.

8. Carefully place the cathode onto the stack. Press to engage the latches with the guide posts
without disturbing the filter paper. Place the safty cover on the unit.

9. Transfer mini-gels for 15-30 minutes at 10-15 V. Large gels can be transfered for 30-60
Minutes at 15-25 V. Do not exceed 25 V. A current limit (3 mA/cm”?2 for large gels; 5.5
mA/cm”?2 for mini-gels) is recommended to prevent over-heating.
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Coomasie Blue Staining of Protein Gels

aterials

+ Protein gel from Exercise 4.2

o 0.25% (w/v) Coomasie Brilliant Blue R 250 in methanol-water-glacial acetic acid (5-5-
1), filtered immediately before use.

o 7% (v/v) acetic acid

« Commercial destaining unit (Optional)

ﬁocedure

1. Place a gel prepared as in Exercise 4.2 in at least 10 volumes of Coomasie Blue staining
~ solution for 2-4 hours. Rock gently to distribute the dye evenly over the gel.

2. At the conclusion of the staining, wash the gels with several changes of water.
3. Place the gels into a solution of 7% acetic acid for at least 1 hour.

4. 1f the background is still deeply stained at the end of the hour, move the gels to fresh 7%
acetic acid as often as necessary.
If a commercial destainer is available, this will decrease the time required for stain
removal. Follow the manufacturer's directions for use of the destainer. 14

5. Place the gels into containers filled with 7% acetic acid as a final fixative.

. 6. Photograph the gels or analyze the gels spectrophotometrically.

Dtes

B

pomasie Brilliant Blue R 250 is the most commonly used staining procedure for the detection
szroteins. It 1s the method of choice if SDS is used in the electrophoresis of proteins, and is
nsitive for a range of 0.5 to 20 micrograms of protein. Within this range, it also follows the
per-Lambert law and thus can be quantitative as well as qualitative. The major drawback is the
hgth of time for the procedure and a requirement for destaining. Overstaining results in a

: "ﬁcant retention of stain within the gel, and thus a high background stain, which might
literate the bands. The length of time for staining must be carefully monitored, and can range

20 minutes to several hours. If maximum sensitivity is desired, one should try 2 hours for a

% gel and 4 hours for a 10% gel. Destaining must be monitored visually and adjusted
ordingly,
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CuCl2 Staining of SDS-PAGE Gels

‘S protocol is 2-3 times more sensitive than coomasie blue staining, it is much quicker, and the
ks can be stored at 4° for many months without protein degredation. Reference: Lee, C., Levin,
Branton, D., (1987). Copper Staining: a Five-Minute Protein Stain for SDS-PAGE Gels

’1 Biochem. 166: 308-312.

un a standard SDS-PAGE gel.

"'Followmg electrophoresis, transfer directly to the Cupric Chloride Stain solution and shake for
mlnutes

Rmse in Q and transfer to saran wrap on a black background to visualize the bands.

; The gels can be photographed under white light and stored for many months at 4°. The bands
vill not difuse unless they are cut from the gel.
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Topic 18. Protein Sequencing Technique

Chemistry

The Edman chemistry uses different reagents from earlier implementations e.g. gas phase
sequencer (Hewick et al. 1981, Hunkapiller et al. 1983) but the principles remain the same. The
‘pase N-methylpiperidine makes the immobilised sample basic, after which the amino group of
the terminal amino acid residue reacts with phenylisothiocyanate to produce an
_anilinothiazolinone amino acid. Liquid or gaseous trifluoroacetic acid cleaves the derivatized
-amino acid from the end of the peptide chain. Another reaction converts the anilinothiazolinone
amino acid to a phenylthiohydantoin (PTH) amino acid which is then identified by reverse phase
~chromatography on a C18 column using an on-line HPLC. We use the current Applied

-Biosystems operating procedures and programs for both the sequencer and the on-line PTH-
-amino acid analyzer.

. This process is repeated for each new terminal amino acid that results from a cycle of

. derivatization. sequencing, length of The process can not be continued indefinitely for two
.reasons: firstly the cycle of derivatization and hydrolysis is, on average, only 94% efficient and
-secondly there is acid cleavage of peptide bonds. After 20 cycles (amino acids), there is 0.9420
+=29% of the initial quantity of amino acid produced by a derivatization and hydrolysis cycle.

. One factor decreasing efficiency is loss of sample from the support. For samples on PVDF, 1 to

- 10% of the sample may be lost off the support in each cycle Matsuidaira (1989b); this work used
‘Immobilon-P and it is possible that later formulations of PVDF will lose less protein. It is also
_common to see major losses of sample at the end of a peptide immobilized on a Polybrene
treated glass fiber filter, and hydrophobic peptides do not stick well to Polybrene.

- Another factor reducing efficiency of the reaction occurs when a serine residue appears in the
- sequence. The hydroxyl group of serine may be esterified by acid, and when the amino group of
the serine residue becomes N-terminal during the sequence, the esterified hydroxyl group may
. participate in an OThe acid used to cleave the derivatized amino acids from the end of the chain
“also cleaves peptide bonds within the chain. There is specific cleavage after aspartate residues in
~anhydrous acid (Brandt ef al., 1980) as well as non-specific cleavage. Also Ne the yield of the
-hew amino acid gets smaller relative to the background, it becomes impossible to determine
-Which amino acid has been newly released from the original protein. Thus even if there is
Sufficient sample, 500 pmole or more, we cannot reliably interpret sequence data after about 50
. Hmino acids or less, depending on the protein. Isoaspartate formation also reduces sequence
_Yield. Formation of isoaspartate appears relatively slow, even under the alkaline conditions
favouring its formation (Geiger and Clarke, 1987; Violand et al., 1990). However if it occurs, the
Sequence will stop at that point (Teshima et al., 1991).

Blocked proteins

Th.e reaction described above requires a free -amino group -amino group on the terminal amino
Boid; if one is not present, we cannot derive any sequence data from the sample without further
. Featment. The most common moieties blocking the terminal amino group are either acetyl or
j’Other acyl groups, or pyroglutamate residues formed by cyclization of glutamine or glutamate
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residues. Other blocking groups have also been found (Wold 1981) and it is believed that other
Jess well defined reactions occur in vitro that also block the terminal amino group.

§ample preparation

The three most common ways of supplying samples are: in a volatile solvent, in a buffer
golution, in a gel.

fgamples in volatile solvents are dried in 15 al aliquots on a glass fiber disk which has been
toated with Polybrene which retains proteins on the disk by non-covalent interactions.

E}Jhen a sample is in buffer, it is spun on to a disk of PVDF in a modified centrifugal filter
fﬂ);oSpin cartridge) or the solution may be drawn through the PVDF by absorption forces
{ProSorb). In this way, salts and detergents pass through the PVDF membrane while the protein
?j&mnains on the PVDF which is loaded into the sequencer Sheer, 1990). Binding of samples is
teported to be more efficient in non-acidic solution (Baumann, 1990).This technique should not
e used for proteins which are to be manipulated further because of the difficulty of removing
#roteins from PVDF (see later). Amicon sell ion exchange membranes (Microcon-SCX) for the
iame purpose, using a centrifuge to pass the solution through the membrane; the peptides or
};[oteins can be eluted from these membranes, unlike with PVDF where removal of adsorbed
?olecules is difficult.

f%imples purified by gel electrophoresis are blotted to a sheet of PVDF, which is stained and the
thand of protein cut out and loaded into the sequencer. This technique is described later.
o

gpother method of loading samples is to attach them covalently to a support. A commercially

wailable support is the Sequelon family of modified PVDF from Millipore. In Applied

Q,Osystems instruments, some peptides sequence poorly on these supports, while some give
giter data. We obtained better results when sequencing a synthetic peptide applied to a
plybrene treated glass fibre filter then the same peptide attached to a Sequelon membrane.
owever when identifying phosphorylation sites, it is necessary to covalently bind peptides to a
VDF based support to prevent sample losses from the solvents used.

;hentiﬁcation of amino acids

&

EO identify the PTH amino acids produced by the sequencer, they are injected on a C18 column,
khiCh is equilibrated in acetate buffer at about pH 3.9 and eluted with a gradient of acetonitrile.
Hie elution positions of arginine, histidine, and pyridylethyl-cysteine are sensitive to pH and
AIer concentration. A mixture of PTH amino acid standards are injected at the beginning of
Ich sequencer run for identification of amino acids and quantitation of the amino acids released
Pm the protein being sequenced.

80 see cysteine in a sequence, it must be alkylated, preferably before the peptide is loaded on the
®quencer, to prevent destruction by acid. Applied Biosystems recommends alkylation with 4-
mylpyridine according to the procedure listed in Appendix A. Another procedure is that of
_drewS and Dixon (1987). Alkylation with 4-vinylpyridine produces a pyridylethyl-cysteine

e due which can be identified in analyses of both PTH-amino acids (from the sequencer) and
§C-amino acids, which are produced in our procedure for amino acid analysis. Another
peferred reagent is N-isopropyliodoacetamide (Molecular Probes, Oregon) (Krutzsch and
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E . 1993) which gives carboxamidoacetamide-cysteine, whose PTH derivative is easily
7a;ed. Reaction of cysteine with iodoacetate produces carboxymethyl-cysteine (Gurd 1972)
i may be confused with glutamine in an analysis of PTH-amino acids; note that iodoacetate
o also alkylate methionine (Jones et al., 1994). Cysteine can be alkylated after electrophoresis
bDF (Ploug et al., 1992).

ts of serine , and threonine are low because these residues can be esterified by TFA, and the
rs can dehydrate, giving dehydroalanine from serine. In our sequenator, DTT reacts with the
fydroalanine giving a peak that elutes between alanine and tyrosine. The corresponding

Ructs from threonine are seen with large amounts of threonine. The acyl group that esterifies
ydroxyl group may undergo a ON shift, acylating the terminal amino group, thereby

foking it and preventing further sequencing. This shift may explain the drop in yield seen after
fine and threonine when sequencing isolated peptides (Aebersold, 1989). Prolonged exposure
brotein to formic acid appears to esterify serine and threonine (Tarr and Crabb, 1983) but
Binoethanol appears to reverse the reaction.

} tidine and arginine may give lower yields, reportedly because of poor extraction from the
lid supports for the sample. :

o

?ptophan is also prone to oxidation by sunlight and other agents (Pirie, 1971). Methionine may
‘oxidized in proteins but this does not appear to be a common problem (Brot and Weissbach,

1B3).

jo,diﬂed amino acids

hosphorylated amino acids cannot be identified by standard sequencing procedures.
frosphoserine and phosphothreonine eliminate the phosphate group giving a low yield of a
grivative; the released phosphate is poorly extracted from the sample support (Soderling and
Walsh, 1982). Phosphotyrosine is insoluble under standard conditions and not easily identified
chromatography. However if the phosphoproteins are labelled with P32, the position of the
ibelled residue can be determined after digestion with a proteinase of known specificity
ghannon and Fox, 1995). Chemical conversion of phosphoserine is another method of
dentifying this residue (Meyer et al, 1986).

iﬁeavily glycosylated proteins are reported not to give good data because the hydrophilic

tarbohydrate chains interfere with the non polar reagents and solvents used in the sequencing
Teaction.

I some proteins, palmitic acid (C16) is attached to cysteine, serine or threonine through a
5(ﬂlio)ester link (Sefton and Buss, 1987); myrisitic acid (C14) is attached through an amide link to
mflino terminal glycine residues. One method of identifying acylated cysteine is to deacylate

With hydroxylamine and alkylate the cysteine (Bizzozero et al., 1990).
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ays of protein sequencing

£ N-terminal protein sequencing
¥ [nternal protein sequencing
- C-terminal proein sequencing

biman Degradation Method: (most popular)

Binciple and Concept:

j, Edman reaction is a series of chemical reactions which remove one amino acid at a time

bom amino terminus of a protein, releasing a derivatized amino acid( phenylthiohydantoin PTH)
Bhich may be chromatographically identified (reversed phase). A simplified schematic diagram
& the process is shown in Figure 1. Release of amino acids from the amino terminus in a
Bnuential manner is possible because the FEdman procedure consists of three chemical reactions
hich proceed under different pH conditions.

| The reagents and extracting solvents are passed over the immobilized film of protein. The
first step is the coupling step (Figure 1) which occurs a high pH values and results in formation
B phenylthiocarbamoylated (PTC) amino gronps on the protein (both the alpha amino group of
e protein and the epsilon amino groups of any lysyl residues are modified). This leaves the
,tact peptide shorten by one amino acid. The Edman procedure can be repated on the second
gmino acid. The coupling step will be incomplete if the pH is insufficiently high. The second
feaction is the cleavage step which occurs at low pH, resulting in release of an
gailionothiazolinone (ATZ) form of the amino acid and regeneration of a free amino terminus on
the protein. The cleavage reaction does not occur at high pH values. The ATZ-amino acids are
luble in organic solvents such as ethyl acetate and so can be extracted from the insoluble
Protein for analysis. The ATZ-amino acid is converted to the phenylthiohydantoin (PTH)
ferivative in a separate reaction generally exposure to strong acid. The PTH-amino acids are
more stable and a bit more amenable to chromatographic resolution.

e model 470 is a gas phase sequenator in the sense that the coupling buffer (12.5%

ethylamme) for the Edman reagent and the cleavage reagent (100%) trifluoroacetic acid are
éehvered in gaseous phase with argon as the carrier gas. This reduces the loss of protein from the
?ﬁmple cartridge. All other solvents and reagents are delivered as liquids.
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1. N-Terminal Sequence Analvsis

P

LING (PITC)/
WHGE (TFA)

BWERSION

eptide Absorbed

to Solid Support

et reaction
T cartridge
e

l ATZ 3.3

flask

BIFICATION |-

; \ HPLC

conversion

Mure : Protein Sequence Analysis and Sample Preparation

Figure 1: Overview Sequence Analysis is performed on
new, state of the art instrumentation (Procise 494 HT,
Perkin-Elmer) using Edman chemistry. Edman degradation
can be used to sequence proteins rapidly, and with little
starting material. The process is easily automated, and
sequencers can operate sometimes with as little as a few
picomoles of sample. The machine performs the coupling,
cleavage, conversion and identification steps for each amino
acid residue, and researchers often choose to identify 10-15
residues from the protein. The protein may then be identified
by searching a database to match the sequence and
properties of the protein.

See description of the process followed.
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B NG

goupLt R, 0 R, O Rs O Figure 2: Chemical Description
lpr=c=s + NHz—CH-—C-—NH—-CH-—C—NH-—CH-~C-—' In Edman sequencing, a protein is
.nvusgthiucyanata l W0 455 attached to a solid support such as a
Ly P [l

(PITC) chemically modified glass disk or a
porous polyvinylidene fluoride

% Fl§.| % Ra iﬁ ?3 fi’i‘ membrane in the reaction cartridge. It
TSI T T - is then coupled to
F!l":le‘:lﬂwttl:'iim':?jbagtt (Em?spe%gdec—”“ Ch=C I phenylisothiocyanate (PITC) at pH 8
+| Anhydrous TR and 45°C. The free N-terminal amino
&EAV@GE ”l gas / tiquid group reacts with the carbon of the
SN IURRON TS T 8 et
_ + pheny amy erivative
NH—% /C—O * Hy N—CH-—C—ﬁH—.-CH—t—- !1 of the peptide. The next step is
) N"'(l:H (n-1) Peptide cleavage of the PTC derivative using
R . anhydrous trifluoroacetic acid to give
Anilinothiozelinone the anilinothiozolinone (ATZ)
g (AT2) - Derivative 1"” 420 derivative of the N-terminal amino
PNVERSION acid, and the peptide with one fewer
% Ff-, ('»;' amino acid, which is free to undergo
@_ NH—C—NH—CH-COH further couplings and cleavages.
PTC - Amino Acd . The ATZ residue is then filtered into
the conversion flask, where it is
l converted to the phenylthiohydantoin
(PTH) amino acid. This is a two step
% process. First, the ATZ derivative is
0 hydrolyzed under aqueous, acidic
@ l‘i BH conditions to give the PTC amino
C—CH acid. The acid then cyclizes to give
P) é ' the stable PTH derivative. These
derivatives are then injected into an
phe””'t:::’:::':;“” (FTH) HPLC column where its retention

time is compared with that of known
PTH amino acid standards.

;EOurce: http://www .biotech.uiuc.edu/centers/Proteomics/Proteinscience
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http://www.itgb.unl.pt/Services/ Analytical Services/Protein_Sequencing

Automate protein sequencing
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2. Internal Protein Sequencing

Internal protein sequencing is a technique to provide the capability of generating internal
iuence information from proteins that have blocked N-termini. The protein can be digested
enzymes either in solution, on PVDF, or in an SDS-PAGE gel. The resulting peptides can
hare extracted and then separated with the Microblotter's capillary HPLC. The resulting peptide
Betions can then be collected utilizing the Microblotter's dynamic solenoid blotting the
E tions on a strip of PVDEF. After collecting the peptides on the PVDF strip, the peptides can be
uenced using the PROCISE 494 or other automate protein sequencer.

Egﬂ tern Blotting

nterials and Methods
guipment:
0-Rad Mini-Trans-Blot Cell
getrophoretic Blotting Apparatus
Beker (orbital type)
femicals:
burce Cat. No.
foBlott ABI 400994 v
ferylamide Bio-Rad 161-0100
ihido Black Bio-Rad 161-0402
fnmonium persulfate Bio-Rad 161-0700
lromophenol blue Bio-Rad 161-0404
Pomassie©Brillant Blue R-250 Bio-Rad 161-0400
%byclohexylamino-l -propane-
tifonic acid (CAPS) Aldrich 16,376-7
flycerol BRL 5514UA
flycine Bio-Rad 161-0717
Hmercaptoethanol Sigma M-6250
fethanol ABI 400470
EN’-methylene bisacrylamide Bio-Rad 161-0200
3;N,N,N-Tetramethy1ene-
liamine( TEMED) Bio-Rad 161-0800
bnceau Sigma P7767
erva Blue G Serva 35050
dium dodecyl sulfate (SDS) Bio-Rad 161-0301
hflium thioglycolate Sigma T-0632
;:.cine Aldrich 16,378-3
P['}S (hydroxymethyl)aminomethane Bio-Rad 161-0716
Miton X-100 (NP-40) Bio-Rad 161-0407
/ta Bio-Rad 161-0730
@S-PAGE Systems
§'11;Uplber of systems used with gel electrophoresis have been described . These are the Tris-
cine 45

2
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, Tris-Tricine buffer systems for mini-gles. Tris-glycine is used for separating proteins larger

.G]ycme stock solutmns and buffers
¥ ower tris (4 X) Dissolve 36.34 g tris base and 0.8 g SDS in 150 mL D.1. H20.
berate with 6N HC1 to pH 8.8. Add D.1. H O to final volume of 200 2

Rpper tris (4 X) Dissolve 12.11 gris base and 0.8 g SDS in 150 mL D.I. H20.
Birate with 6N HCl to pH 6.8. Add D.I H O to final volume of 200 2

B0% Acrylamide Dissolve 30g acrylamide and 0.8 g bisacrylamide in D.1. H O to final .

é 8% T, 2.6% C) volume of 100 mL.

Bectrophoresis Buffer Dissolve 3.03 g tris base, 14.4 g glycme and1 gSDSin1LD.IL HO.:
Brmonium persulfate Dissolve 100 mg ammonium persulfate in 1 mL D.1. H O. Store the »
0%) solution at 5 C. Discard after one week. o

mple Preparation (2X) Mix 1 mL glycerol, 0.5 mL 2-mercaptoethanol, 0.3 g SDS, 0.25 mL
Blution of 0.05% (w/v) bromophenol blue and 1.25 mL Upper Tris (4X)

»{u erin D.I. HO to a final volume of 5 mL. >

ck Solutions 10% Resolving 15% Resolving 4% Stacking
jel (8§ mL) Gel (8 mL) Gel (4 mL)

Boper tris (4X) - - -
»wer tris (4X) 2.0 mL 2.0 mL -
Pl H20 3.34 mL 2.0 mL 2.47 mL

brsulfate (10%) 40 pL 40 pL 40 puL

lectrophoresis Conditions for Tris-Glycine

}Sample preparation: Mix one volume (1-10 pL) of sample solution with one volume of

Bimple preparation solution (2X) and heat in boiling water bath for 2 minutes. The sample

#now ready to load into the sample well for electrophoresis.

'When using the mini-gel apparatus, the recommended electrophoresis condition for optimal

o ohmon with minimal thermal band distortion is 7 mA constant current (50-90 volts) for
oximately 1 hour. For maximum separation, allow the bromophenol blue dye to run to

Mthin 1 cm of the end of the gel.

BTis-Tricine stock solutions and buffers

AnOde Buffer (10 X) Dissolve 121.9 g tris base in 400 mL D.1. HO. 2

OM Tris HCI) Titrate to pH 8.9 with HC1. Add D.1. H O to final volume 500 :

athode Buffer (10 X) Dissolve 60.55 g, 89.58 g tricine and 5 g SDS in 400 mL D 1.
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B0 M Tris, 1.0 M Tricine, H O. Titrate to pH 8.25 with HCl. Add D.I. H O to final 1.0% 22
pS) volume 500 mL.

%A crylamide Solution Dissolve 48 g acrylamide and 1.5 g bis-acrylamide in 100 mL

019.5% T, 3% C)D.I. HO. 2

Gel Buffer (3 X) Dissolve 181.5 g tris base, 1.5 g SDS in400 mL D.I. HO. 2

lritrate to pH 8.45 with HCL. Add D.I. H O to final volume »

Bample Preparation Mix 1.0 mL of 100% glycerol, 0.5 mL 2-mercaptoethanol, 2.5
Wolution (2X) mL of 20% (w/v) SDS, 0.62 mL Tris (pH 6.8, 1M), 0.01 mL
Bf 10% Serva BlueG (w/v) in D.1. H O to a final volume of 2

WFilter solutions with 0.2 p Nalgene® filter.
Bris-Tricine Gel Solutions
e following proportions are preparing 2 gels (0.5 x 60 x 90 mm).
tock Solutions 10% Resolving 4% Stacking
yel (15 mL) Gel (12.5 mL)
Herylamide solution 3.0 mL 1.0 mL
0% glycerol 4.0 mL -
#el Buffer (3X) 5.0 mL 3.1 mL
#H03.0mL 8.4ml 2
BDe-gas for 5 minutes
WEMED 7.5 pL 7.5 pL
smmonium persulfate (10%) 75 pL 100 pL
tlectrophoresis Conditions for Tris-Tricine
ample preparation: Mix 1 volume of sample with 1 volume of sample preparation solution
) and heat in boiling water bath for 2 minutes.
lectrophoresis Conditions: 20 mA constant current for 2-3 hours. For maximum separation,
whllow the serva blue dye to run to within 1 cm of the end of the gel.
pilectroblotting
:CAPS Buffers;
dtock CAPS (10 X) Dissolve 22.13 g CAPS in 900 mL of D.I. water. Titrate with 2N
NaOH (20 ml) to pH 11, and add D.1. water to a final volume of 1L.
dlore at 4EC,
Blectroblotting buffer Prepare 2L by mixing 200 mL of the 10X CAPS buffer with 200 ml

"f

#10 mM CAPS in of methanol and 1600 mL of D.I. water.

92 mM glycme 10%

i\ /V) methanol (pH 8.3)]

:Tocedure:

L. Remove the gel from the electrophoresis cell and soak it in 100 mL of electroblotting buffer
;:’f.“ S minutes,

= Meanwhlle, wet ProBlott with 100% methanol for a few seconds, then transfer it to the
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te: Be sure the ProBlott membrane is completely moistened with methanol

" fore transferring it to the blotting buffer. It if dries out, wet it with methanol

pain.

- Dip the sponges and filter papers in a separate container of blotting buffer before starting to
. .emble the transblotting sandwich.

- Assemble the transblot sandwich in the following order starting from anode side:

nonge, filter paper, 2 sheets of ProBlott , gel, filter paper, sponge.

ake sure there are no bubbles between the gel and the membrane.

. Pour 1L of electroblotting buffer into the transblot cell and insert the transblot sandwich.
tectroblotting conditions are dependent of the buffer, as follows:

FAPS:50V (170 mA-100mA) at room temperature for 30 minutes. Tris-Gly:40V (300 mA)

t room temperature for 1-4 hours.

Note: Electroblotting times vary and are dependent on protein sample. Longer
lectroblotting times may be necessary with proteins that are 70 kDa or larger.

Q After transfer is complete, remove ProBlott from transblotting sandwich and rinse with D.I.
water before staining.

Protein Detection

Protein sampleson ProBlott can be detected with conventional staining techniques, such as v
%oomassie@ Brilliant Blue, Ponceau S or Amido Black.

Coomassie© Brilliant Blue Staining Solution

Z}).l% Coomassie Blue R-250 in 1% acetic acid/40% MeOH

Dissolve 1.0 g Coomassie blue in 400mL of methanol. Stir for one hour. Add 10 mL acetic acid
gnd

590 mL D.I. water. Stir for 30 min, then filter with a Nalgene© filter (0.45u pore size).
Destaining solution :

50% MeOH in D.I. water

Coomasie Blue Staining Procedure:

1. Remove the ProBlott membranes (both primary and secondary) from the transblot ™
sandwich, and rinse them with D.I. water..

2. Saturate the ProBlott membranes with 100% MeOH for a few seconds. T

3. Stain the ProBlott membranes (one at a time) with the staining solution using constant
otbital shaking. Protein bands should appear within one minute.

CAUTION: If the ProBlott membrane is over-stained, it may require a ™

longer destaining time to prevent a high background.

4. Destain the ProBlott membranes by soaking them in destaining solution. For quicker
destaining and improved contrast, change the destaining solution several times, allowing the
Membranes to soak for 1-2 minutes between changes.

51. Rinse the membrane thoroughly with D.1. water, and excercise the bands of interest with a
Clean razor blade.

Amido Black Stainig solution

0.1% Amido Black in 1% acetic acid/40% MeOH

?assolve 1.0 g Amido Black in 400 mL of methanol. Stir this solution for at least one hour. Add

ML acetic acid and 590 mL of D.I. water. Stir for another 30 minutes, then filter the solution with
Nalgene filter (45p pore size).
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Mhe staining procedure for Amido Black is the same as that described for Coomasie Blue,
yith the substitution of D.I. water as the destaining solution.
ponceau S Staining solution :
12% Ponceau S in 1% acetic acid
gissolve 0.4 g of Ponceau S in 198 mL of D.1. water and stir for 30 minutes. Add 2 mL of acetic
"sid to the mixture.
‘Remove the ProBlott membranes from the transblotting sandwich and rinse them with D.I.
ater.
Stain the ProBlott membranes in the Ponceau S staining solution with constant orbital
wking. Protein bands should appear within one minute.
,Destain with a D.I. water rinse.
. Excise the bands of interest with a clean razor blade.

h,gel Digestion Procedure for obtaining internal peptide sequences:

1 Gel Digestion:

; Cut the gel section containing the protein of interest into 1 x 2 mm pieces and place in an
ppendor__f tube. Repeat for the blank section of gel. '

;+Add 2501 200 mM NH,HCO; / 50% CH;CN to the gel pieces. (REMOVES CB)

{Wash for 30 minutes at room temperature on a rocker table.

‘Remove wash and SAVE.

%’Add 100ul NH4HCO; / 50% CH3CN to the gel pieces.

;{Calculate the volume of 45 mM DTT needed to give a final [DTT] of 1 mM in the sample.
E:Add the above volumes of DTT and then incubate at 37°C for 20 minutes.

r( After incubation, add an equal volume of 100 mM iodoacetic acid or 200 mM MNS (methyl
Mitrobenzene sulfonate) as DTT.

EjFor carboxymethyl cysteine, incubate in the dark for 20 minutes. For s-methyl cysteine (MNS
%atment), incubate at 37°C for 40 minutes.

. After incubation, remove supernatant and SAVE.

E'l Repeat steps 2-4.

& Speedvac gel pieces to complete dryness.

8. Immediately before use, make up a 0.033 mg/ml enzyme stock solution in 200 mM

MHHCO;3 by mixing 5.0 pl of 0.1 mg/ml enzyme stock with 10.0 pl 200 mM NH,HCOs.

#. Add a volume of 0.033 mg/ml trypsin or lysyl endopeptidase that equals the initial gel

olume (ie. 15plper 15 mm® of gel.

S, Incubate 37°C for 15 minutes. (LOOK TO MAKE SURE GEL IS TOTALLY IMMERSED).
D.1f the gel pieces are not totally immersed, add additional enzyme solution until they are just
Dvered.

/. Incubate at 37°C for 24 hours.

Extract peptides by adding at least 100ul 0.1% TFA, 60% CH3CN and shaking on a rocker
Wle at room temperature for 60 minutes.

- Remove supernatant containing peptides and repeat steps 18 and 19.

V. Speedvac dry the combined washes.

- Redissolve the dried peptides in 20u1 0.05% TFA / 25% CH;CN.

. Sample is ready for reverse phase HPLC separation of peptides on the 173A Microblotter.
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Lm_])_}'«lmembrane digestion procedure for obtaining internal peptide sequence
ormation:
ormation:

» PYDF Digestion:

b1 tubes and pipette tips rinsed with 0.1% TFA/50% ACCN prior to use!

Bxcise bands and cut into 1 mm x 2mm pieces.
F pre-wet with MEOH and place into microcentrifuge tube.
E Destain for 1 min with 0.1% TFA/50% ACCN
£ Rinse 5X with H20. Sonicate 5 min per wash.
‘ Add 50p1 digestion buffer to PVDF
igestion buffer = (100 mM TRIS, 1% Reduced Triton X 100, 10% ACCN, pH 8.0)
8 Add 5pl 45 mM DTT and incubate 55° C for 30 min.
I, Add 5p1 100 mM Iodoacetic acid and incubate 30 min @ room temp in dark.
 Remove digestion buffer and wash 1X with 50ul dlgeslton buffer.
¥ Add 50ul digestion buffer to PVDF.
Add 2p Trypsin (Modified Trypsin-Promega) at 0.1 mg/ml
E Incubate 37° C for 4 hrs.
12. Add another 2l Trypsin (0. 1mg/ml).
13. Digest overnight at 37° C.
}4 Sonicate sample for 5 min, centrifuge and remove supernatant (save).
18. Extract again with 25p1 of 0.1% TFA/50% ACCN by sonicating for 5 min.
l@ Centrifuge and save supernatant.
80. Extract again with 25ul of 0.1% TFA by sonicating for 5 min.
1. Centrifuge and save superatant.

82. Pool all saved supernatants and store at -20° C. The sample is now ready for separation on
the 173A Microblotter.
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3. C-Terminal Protein Sequencing

‘rarboxy-terminal sequencing

were are three strategies to obtain C-terminal sequence data.

few laboratories offer C-terminal sequencing by chemical methods; hundreds of picomoles of
jample are needed and 5 amino acids of sequence is a standard result. Proline may not be
fidentified.

EﬁA traditional procedure is fo cleave amino acids from the C-terminus using a broad specificity
gfﬁarboxypeptldase usually carboxypeptidase Y or a mixture of carboxypep‘udases A and B. By
soting the time at which levels of different amino acids reach a maximum, one can deduce the
equence of 4 or 5 residues (Hayashi, 1977). Sequencing of cytochrome P-450 from the C-
{erminus has been unreliable, poss1b1y because of the presence of proline (Black and Coon,
,,4986) An example of this procedure is in Asano et al. (1986).

%? ore recently, Patterson et al. (1995) released amino acids using a differing concentrations of
iéfgfarboxypephdase and measuring the mass of the remaining peptide by mass spectrometry; this
gmethod is limited by the ability of the mass spectrometer to distinguish the loss of different
@mmo acids from the peptide.

wA third technique for obtaining C-terminal sequence data is isolation of the C-terminal peptide
w’and determine its sequence by standard N-terminal sequencing; if there is sufficient peptide, one
my be able to determine the complete sequence of the C-terminal peptide, especially if the
“amino acid composition can be determined to see if all amino acids present according to amino
acld analysis are also found on sequencing. To isolate the C-terminal peptide, Pierce and
Clontech sell a column of immobilized anhydrotrypsin. After digesting the protein with trypsm
*the peptides are applied to the column. The internal peptides, with a C-terminal lysine or arginine
blnd to the anhydrotrypsin but the C-terminal peptide washes through the column. This technique
has been applied to other purifications (Hirabayashi and Kasai, 1992).

Techmques to isolate the C-terminal peptide using esterification of carboxyl groups, digestion of
the protein and isolation of the C-terminal peptide, which lacks a free carboxy group, have been
described by Furka et al. (1983) and Dopheide and Ward (1981). Ton exchange has also been
+used (Gorman and Shiell, 1993).

A technique that may involve smaller volumes of reagents is to digest a protein with

. endoproteinase lys-C and couple the peptides to a Sequelon-DITC membrane. All peptides

 except the C-terminal peptide are covalently bound to the membrane through the -amino group

- And all peptides are bound through the N-terminal amino group. Treatment with acid cleaves the

~Neterminal amino acid from the peptide in a reaction like that found in Edman sequencing. The

f;ﬁ C-terminal amino acid is released from the membrane while all other amino acids remain bound
through their C-terminal lysine (Dixon et al., 1993).
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§ample Requirements

g

?'amples must contain only one protein or peptide to avoid ambiguous data. If there is more than
ne polypeptide, an amino acid will be released from each polypeptide in every sequencing
éycle. If the amounts of polypeptide are very different, the amounts of amino acid will be also,
ppabling each amino acid to be assinged to the correct sequence. If there are two protein present
Iy similar amounts, the sequence data will be ambiguous. Because of differences in amino acid
sields, and drops in yields after serine, threonine and proline, large differences in amounts of the
soteins are needed to confidently determine the sequences.

%though the instrument can sequence 10 pmole or less protein, more sample is preferred. Larger
gmounts of sample increase the chance of identifying amino acids whose yield is poor, and

i

gbtaining a long sequence run. More importantly, with small quantities, samples are easily lost
"uring handling, so that the amount seen for analysis is much less than the amount estimated.
$ ith a small quantity of sample, if there is no data, the question remains as to whether the
Jample is blocked and therefore unsequenceable, or whether there was insufficient sample.

Bamples in volatile solvents suitable for direct application to the sample support should be in less
jan 200 pl, the volume of samples containing salts and other non-volatile material should be
lgss than 1 ml; a PVDF strip up to 8 mm long can be loaded but further strips must be shorter to
fit into the cartridge. A high concentration sample is preferable to a larger area of low
foncentration sample.

gubstances which can interfere with sequencing reactions are listed in appendix D.

E&is reported that dialysis may easily introduce contaminants, so dialysis should be done with
@oroughly cleaned tubing and should be done in the presence of salt or acid to prevent
Pontaminants adsorbing to the protein. We have seen samples that have been dialyzed and
gontain contaminants. Reportedly "molecular biology grade reagents ;contain insoluble material
find UV-absorbing material (Matsuduira, 1989).

[

Dne of our preferred methods of final sample preparation is reverse phase chromatography using
L gradient of water and acetonitrile with 0.1% trifluoroacetic acid. This procedure often gives a
ure sample, and leaves the sample in a volatile solvent. Although samples may appear pure on
Mectrophoresis or ion exchange chromatography, they often contain more than one peptide chain
%hen analyzed on the sequencer. The data from such samples usually can not be interpreted
3 liably. Despite the resolution that reverse phase HPLC has for peptides, chromatography under
gne set of conditions may yield more than one peptide in a single peak so that rerunning under

erent conditions is desirable.

.
i\

ot all of a sample applied to the sequencer will sequence. This is a standard observation.
iewlett-Packard report that treating a sample with 6M guanidine-HC1 immediately before
P plication to their instrument increased the initial yield from 52% (sample in 2% TFA) to 68%
Pplication Note 93-3). Lottspeich (1990) argues that incomplete reaction of applied protein is

#used by interactions of the protein with the support, making portion of the protein unavailable
9 reactants,

tide‘s can also be applied to PVDF; without further treatment, the loss of peptide from the
“VDF is significant, but 100 pg of Polybrene applied to PVDF reduces sample wash out, at the
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kense of reduced recovery of charged amino acids (Wermer et al., 1996). The addition of
4 brene reputedly makes sequencing samples on PVDF as efficient as sequencing samples on
bs fibre disks.

k- es of Protein

Bi< claimed that small amounts of protein are easily lost during drying (Grego et al., 1985;
Biicon et al., 1986; Esch, 1984). One group reports that the amount of protein they see after
ftensive preparation is often less than 10% of the estimated value (Stone et al., 1989b). When
Blating a tryptic peptide, Lu and Lai (1986) found that drying a tryptic peptide and dissolving it
£50% formic acid gave about 10% of the sequenceable protein seen when the peptide was
Bilected in a polypropylene tube and applied directly to the sequencer; formic acid may have
focked the N-terminal thus reducing yields on the sequencer. Tempst et al. (1990) suggest that
b concentrations below 0.1 pg/ul proteins may adsorb to polypropylene tubes. Gary Hathaway
published results) as a rule of thumb assumes 10 ng of protein‘em2 is adsorbed to
plypropylene; 1 mlin a 1 ml pipet tip is 2.9 cm2, in a 1.5 ml tube is 6 cm2. Nevertheless,
1ypropy1ene tubes are the preferred tubes to use because glass may adsorb proteins.
folystyrene, which is used in ELISA plates because of its protein adsorbing properties, should be
Voided. One company reports that their low protein binding syringe filters adsorb 2 pg of
fFotein/cm?2, which shows how readily small quantities of protein may be lost.

controlled pore glass, initial adsorption of protein is increased by the pl of a protein and the
sequent rate of loss is an inverse function of the molecular weight of the protein (Messing,
69). Initial adsorption is 11% for cytochrome ¢ with rates of loss of 5% for this protein, which
s the worst of those studied. Acidic urea solutions removed protein from the glass.

Yoteins differ in their adsorption to silica; the process can be saturated, appears insensitive to
jonic strength and is affected by conformation of the protein (Morrissey and Stromberg, 1974).
Repeated washings appear to remove some of the adsorbed protein (Bull, 1957). Adsorbance of
to 4 mg/mm?2 of glass have been reported (Morrissey and Stromberg, 1974; Bull, 1957),
which corresponds to 6 pg in a 10 x 50 mm tube.

Up to 50 mi of solution can be concentrated on small bore columns, at flow rates up to 1 ml/min
Simpson et al. (1989a); recoveries are claimed to be 90%. This group suggests using 0.01%
Tween 20 to reduce losses of peptides during handling,

Don Hunt's 1ab in Chemistry routinely handle very small amounts of peptides by collecting in
pthalate or siliconized polypropylene tubes and freezing samples as soon as they are collected by
Placing them on dry ice. However acetonitrile dissolves material from siliconized tubes which
May interfere with subsequent operations. They concentrate samples by drying in a Speed-Vac
but do not go to dryness. Solutions used to try to redissolve peptides include 30% acetonitrile
tnd 70% formic acid. Another group found that time and temperature do not have large
Influences on adsorption of a peptide to polypropylene tubes, but addition of TFA to 33%
mproves recovery of peptide to 90% from 50% (Erdjument-Bromage et al., 1993).

An illustration of protein losses from pipetting into successive tube is provided by Stevenson et
al. (1994) who showed that the non-ionic detergent Nonidet P-40 reduced the loss.
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%ne report lists recovery of 10-30% from Centricon-10 units (Jones et al., 1994) but >80%
weovery when desalting with gel filtration columns. Amicon have since shown that treatment of
Egntricons with a number of solutions, including 5% Tween-20, 5% polyethylene glycol, 5%

jton X-100 and 5% SDS reduced losses (Amicon document 2301). Amicon have developed
pentriplus concentrators for which they report 90% recovery from 15 ml of 1 pg/ml solution of
i8A and 50% recovery from a 250 ng/ml solution.

Eong, high speed centrifugation increases recovery of proteins during trichloroacetic acid
?wipﬁaﬁon; even at 0.1 pg/ml, some proteins give 80% recovery (Hwang and Chu, 1996).

We have observed complete loss of sample when digesting 20 pmole of BSA in a gel slice, but
iddition of Tween 20 or PVP-360 allowed recovery of peptides (Shannon, 1995, unpublished
ébservations). However Tween 20 interferes with mass spectrometry, while PVP-360, which is
gompatible with mass spectrometry, elutes in the latter part of a reverse phase separation of
eptides. Lottspeich at a meeting (1996) suggested PPG-4000 to reduce sample loss.

plying a sample for sequencing

=

fhe most convenient container for samples is usually a 1.7 ml microcentrifuge tube.
bolypropylene is the preferred material for storing protein samples, and the 1.7 ml size allows
pady retrieval of samples, whether liquid or pieces of PVDF. The tube must be labelled with
ique information; "1" is not a unique identification. Tubes with frosted surfaces are preferred
ecause ink easily rubs off smooth tubes, especially after removal from a freezer.

&bu also need to decide what information is useful. The ideal sequence run gives continuous
sta from one polypeptide, but not all runs are ideal. Many intact proteins give no data because
lfie N-terminal is blocked; if there is sufficient protein, there will be a background of amino acid.
ormally we stop the run as soon as it is clear that no data is being obtained. In some samples,
;ére are two or more polypeptides, even though other analytical methods suggest that a sample
fﬁ:pure; sometimes we can decide which amino acid belongs to which sequence but often, we
fiave at each cycle, two or more amino acids and we cannot decide which sequence each belongs
fU, in such cases, you must decide if this data is of any use. Sometimes there will be amino acids
w ich are not seen, either because amounts are so low, or because of the presence of unalkylated
@@teine or because of some modified amino acid which is not seen on our analytical system.

%kesnlts

%e raw data from a sequencing run is a series of chromatograms of PTH-amino acids. Amino
#ids are identified by their elution times. The chromatogram also has peaks from the injection
Hlese occur in the first 4 minutes of the chromatogram), and the derivatives PMTC, DPTU and
BPU formed by reactions involving PITC. These derivatives are useful for aligning successive
Jromatograms. Ideally there is one, large, easily identified amino acid. In impure samples and
' in a run from even a pure sample, there are many amino acid peaks. To identify the amino
Md Produced in a sequencing cycle, successive chromatograms are compared to identify which
Mino acid(s) increase in a cycle.

?ie chromatographic data collected by our data system is archived on floppy disks. We provide
iy‘heet listing the amino acids released by each cycle of the sequencer, and our interpretation of
€ seauence. We also compare the sequence with the library of sequences from the National
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,omedical Foundation if a comparison is desired. We compare the sequences with the fasta
4 gram of Pearson and Lipman (1988). At the University of Virginia we are fortunate to have
ke of the authors of this widely used sequence comparison program on campus and a well
e tained library of sequences.

biocked Proteins

protein yields no sequence data, it may be blocked, although sometimes samples do not
ntain adequate amounts of protein. It has been reported that the majority of soluble proteins
Bive blocked N-termini (Brown and Roberts, 1976; Driessen, 1985). One group could sequence
e of fourteen proteins from a total cell extract (Hanash et al., 1991). In both blocked and
Biblocked proteins, alanine, serine, methionine and pyroglutamate are overrepresented at the N-
frminal. If a large amount of sample is present, it will generate some background amino acids
om acid cleavage of internal peptide bonds. To confirm the presence of significant amounts of
fotein in a sample that did not give data, we can digest the sample with cyanogen bromide after
thas been applied to the sequencer. This process takes a day, and does not give any interpretable
iquence data, because there will be several sequences. It will however tell if protein was applied
b the sequencer (Simpson and Nice, 1984).

¥ you do have a N-terminal blocked protein and you need the N-terminal sequence, you can try
BEblocking although success is not assured. Normally it is more productive to digest the protein
Bd isolate and sequence petpides. One problem is that it is not easy to determine what is
flocking the N-terminus. If the blocking group is a pyroglutamate residue, also known as 5-
gropyrrolidine-2-carboxylic or pyrrolidone carboxylic acid, it may be removed by treatment with

Byroglutamate aminopeptidase as described by Podell and Abraham (1978). This reaction has
llso been used by Strydom et al. (1985) and Zalut ef al. (1980). This reaction can be performed
8n samples that have been electroblotted on to PVDF (Moyer et al., 1990). If this reaction is

Pnducted, a control is advisable to see if the reaction works. We have used [Phe]2-TRH, whose

tion from a C18 column is slightly altered after deblocking with pyroglutamate
Eminopeptidase and an amino acid analysis of the peptide isolated from HPLC will show the loss
pf the pyroglutamate residue. Because of variability of the commercial preparation of the
Bnzyme, Fischer and Park (1992) recommend determining the optimal activity for each batch of
#nzyme. These authors have successfully deblocked 100 pmol or less of protein. At high
gncentrations of enzyme, they observed cleavage at proline. Similarly Dilone et al. (1994)
woserved removal of Gly-Pro from a peptide by pyroglutamate aminopeptidase.

B
?;'YCIization of terminal glutamine residues occurs slowly, but is accelerated by phosphate and
er buffers, extremes of pH and temperature (Khandke ef al., 1989); in 0.1M acetic acid at -
°C, one peptide showed 15% conversion in 7 months. During long purifications, glutamine
gﬁidues may cyclize to pyroglutamate (Blombick, 1967). Enzymes which catalyze the
;g}'CIiZation reaction have been described (Fischer and Spiess, 1987; Busby et al., 1987). If
%tment with pyroglutamate aminopeptidase has no effect, the blocking group may be an acyl
$0up.

11CIe are two strategies to obtain sequence data from proteins with N-acetyl groups. One is to
go8est the protein and sequence peptides; if the N-terminal peptide is isolated, it can be
blocked and sequenced by Edman sequencing or mass spectrometry. The second is to deblock
“¢ Whole protein. For a review, seen Chin and Wold (1986). Digestion of proteins is described
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iater, so here are described the two methods for deblocking polypeptides, namely enzymatic and
fchemical.

The commercially available enzymes for removing N-acetyl amino acids use peptides as
gibstrates, but not large proteins. Pierce ‘Chemical Company sells an acylamino acid releasing
enzyme. This enzyme is said to work only on peptides less than 30 residues and releases acyl
gmino acids or acyl dipeptides ; the suggested protocol uses 100 nmole of protein. Some
geferences to the procedure, including identification of the removed amino acid are Nakamura ef
al, 1974; Jones and Manning, 1985; Tsunasawa and Sakiyama 1984.

The chemical methods used acid. The most recent uses trifluoroaccetic acid and methanol, which
reportedly makes this method successful on all amino acids, rather than just N-acetyl serine
(although almost all data shown is for N-acetyl serine), and the random acid cleavage of the
polypeptide chain is claimed to be small (Bergman et al., 1996). In my hands, this method did
fot deblock some acetylated peptides, apart from one with N-acetyl serine, and did not deblock
gytochrome ¢, which has a terminal acetyl group. Other methods, which probably are only
successful for N-acetyl serine, are heating the peptide with 1 M HCl at 110°C for 10 to 20
minutes which may remove an acetyl group (Fordyce et al., 1979; Chin and Wold, 1985) or add
gohydrous TFA to a polypropylene tube and incubate at 40°C for 1 hour (LeGendre et al., 1993)
or other acidic conditions (Ozols, 1989). Hulmes et al. claim deacetylation by exposure to
trifluoroacetic acid vapour at room temperature for about a week; they report cleavage at serine
tesidues also with efficiencies of about 25%. Similarly, Wellner e al. (1990) found that limited
acid treatment did not deblock cytochrome c, but did deblock peptides with N-acetyl serine or N-
acetyl threonine at the N-terminal.

A survey of acetylated proteins found that 43% of N-terminal residues are serine or threonine
suggesting that limited acid treatment has significant chances of success (Persson ef al., 1985).

Examples of the determination of an acetyl blocking group are seen in Haniu et al., (1984);
Asano et al., (1986).

Proteins with an N-formyl group at the N-terminus may be partially deblocked by heating for 2 h
8t 55°C in 25% trifluoroacetic acid; success is variable (Shively ef al., 1982). Another procedure
i8to incubate the sample in a 1.5 ml tube with 30 pl of 0.6M HCI for 24 hours at 25°C as starting
conditions (LeGendre et al., 1993). When we tried this procedure on a bacterially expressed
protein on which N-formyl methionine was expected, there was only slight acid cleavage, rather
than deblocking.

A recent review of obtaining sequence. data from acetylated proteins used relatively large
fémounts of protein and found that the specificity of the enzyme will result in little or no data
from some proteins (Krishna, 1992). Uses of this enzyme in real sequencing include Schinina et
al. (1996). An interesting way to use this enzyme is described by Tsunasawa ez al., (1990). The
authors digested a protein, blocked the newly released -amino groups with PITC and oxidized to
Phenylcarbamyl groups, then removed the acetylated amino acid with the enzyme. The mixture
of peptides was then applied to the sequencer and only the N-terminal peptide was sequenced.
Krishna et . (1991) obtained limited sequence data also using chemically blocking the N-
termini of peptides. To obtain data, hundreds of pmole of protein are required; identification of
?he N-terminal amino acid is possible with large amounts of protein. A similar technique using
1on exchange chromatography is described by Allen (1989). A procedure for isolating N-terminal
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peptides using adsorption of dinitrophenol derivatized amino groups has been reported (Kaplan
and Oda, 1987). Another technique was described by Akiyama et al. (1994).

A systematic application of the above techniques to proteins blotted on PVDF was decribed by
Hirano et al. (1993). The procedure appears relatively insensitive, and may introduce peptide
pond cleavages from the attempted acid based deblocking steps which may confuse latter data,
especially for large proteins.

Some intracellular proteins have myristic acid on their N-terminal glycine (Sefton and Buss,
1987). The residues which determine whether a terminal glycine is myristoylated are within ten
residues of the N-terminal (Towler et al., 1988) and include a lysine at position 7 (Kaplan et al.,
1988). A N-Acetyltransferase from yeast displays substrate specificity which is affected by parts
of the protein distant from the N-terminal (Lee et al., 1990); the enzyme from rat liver is mainly
affected by the first three amino acids (Yamada and Bradshaw, 1991). N-acetylation is believed
{o be a co-translational event (Yamada and Bradshaw, 1991).

Blocked N-terminal peptides can be selectively isolated from digests by cation exchange
chromatography (Gorman and Shiell, 1993).

We suggest that if a protein is blocked, it be digested and the peptides be sequenced, unless
obtaining the N-terminus is vital. '

Sequencing Proteins From Gels

Many proteins are isolated by gel electrophoresis. To obtain sequence data, the two. normal
methods are to either transfer to PVDF and sequence, or to digest the protein and sequence
peptides. Transferring the protein to PVDF and then attempting sequencing is the more simple
approach but success is limited because of the frequency of blocked proteins. Digestion of
protein from gels is described separately.

When preparing samples for electrophoresis, boiling may hydrolyze peptide bonds, especially
Asp-Pro bonds (Geiger and Clarke, 1987); indeed boiling may be used for peptide mapping
(Rittenhouse and Marcus, 1984) although boiling for 3 minutes has been considered to give
negligible hydrolysis (Kowit and Maloney, 1982), or according to Rittenhouse and Marcus
(1984), about 1%. Tubulin is a protein that is very susceptible to non-enzymatic hydrolysis of
peptide bonds, namely Asp-Pro, Gly-Ser; in addition, heating may cause B-elimination by
Cysteine, producing dehydroalanine, which may react with lysine, leading to cross links between
peptides (Correia et al., 1993). The Asp-Pro hydrolysis appears acid catalyzed, because of the
weak buffering of Tris at pH 6.8, and the drop in pH with temperature; phosphate pH 7 gives
adequate pH control without raising the pH to where disulfide interchange can become a problem
(Cannon-Carlson and Tang, 1997). Kubo (1995) noted that even at pH 6, inorganic cations do
ot cause hydrolysis, while Davagnino et al. (1995) preserved immunoglobulins by using a
higher pH Tris buffer. Another danger of excessive heating is loss or oxidation of all reducing
agent, with possible reformation of disulfide bonds.

Sample preparation of hydrophobic peptides at low temperatures for electrophoresis has been
described recently and is claimed to increase the solubilisation of peptides and reduce streaking
(Hennessey and Scarborough, 1989)
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%aﬂ-ington (1990) claim that using diacrylylpiperzaine as the cross-linker in gels increases the
tield of sequenceable protein by two. They mention that bisacrylamide breaks down to
iomaldehyde which may react with amino groups and cause blockage of the N-terminal.

gg terminal blockage is a potential problem but there are no definitive reports on its prevalence;
geim and Speicher (1992) find 10-15% blocking during transfer, which is within the range of
@ormal variability in yield. The following steps may be taken to reduce the chance of N-terminal
plockage: use of reducing agent in the solution of protein, pre-electrophoresis of gels to remove

potential reactants, degassing of gel solutions to reduce the amount of catalyst needed and hence
Rhe concentration of free radicals, use of reducing agent in the electrophoresis buffers,
gwystalhzatlon of SDS, long polymenzatlon of gels (up to 3 days) to reduce concentrations of
sotential reactants, using sucrose instead of urea in a sample buffer, heating samples to 37°C for
140 minutes; (Walsh et al., 1988; Moos et al., 1988; Speicher, 1989). It has been claimed that the
most important reagent to reduce is ammonium persulphate (A. Louie, Applied Biosystems
feminar, 1991). One possible reactant in gels which could lead to blocked N-termini is free
erylamlde (Geisthardt and Kruppa, 1987). Data of Bosisio et al (1980) suggests that 50 mM
Egcrylarmde may be present in a typical gel. Moos ef al. (1988) recommend conducting
fslectrophoresis at near neutral pH, rather than the usual pH 8.5 and suggest that electrophoresis
lower than normal pH is the most important factor in preventing protein blockage. However it
i since been reported that a low pH for electrophoresis improves sequencing yields of some
jproteins but decreases the sequencing yields of other proteins (Stone ez al.,, 1989a);blocking
furing electrophoresis The low pH also causes some proteins to smear on gels Lysine and
terminal amino groups can be modified in gels by Schiff base formation, a process reversed at
shigh pH (Kosiarz et al., 1978) which may be why it does not seem to be a problem in sequencing
@here the sample is exposed to base. Ward et al. (1990) suggest that electroblotting causes
ﬁeonmderable loss of tryptophan.

Hemoglobin (5pg) in sample wells increases the amount of protein transferable out of a gel on to
“embranes, possibly by blocking reaction of acrylamide with proteins, thereby incorporating
mme protein into the gel (Gillespie and Gillespie, 1997). Overnight incubation dcreased protein
s;f’eld rather than increasing it, and pre-electrophoresis had no benefit. This report agreed with an
gm‘her ﬁndmg that keratin, a common contaminat of gels, is partially solubilized by reducing
Bgents, causing streaks and giving the appearance that 2-mercaptoethanol is a source of

ntaminats (Ochs, 1983).

¢-running of gels may decrease resolution, but casting the stacking gel with resolving gel
buffer and performing pre-running with stacking gel buffer in the upper tank maintains
@solutlon (Dunbar and Wilson, 1994)

* Another possible reaction that occurs in acrylamide gels is alkylation of cysteine by free
S?Wylarmde This phenomenon has been observed by several laboratories, some of which have
Wed the cysteinyl-S-propionamide adduct to identify cysteine (Ward et al., 1990, Ploug et al.,
?‘1989) However only some cysteine residues may react (Chiari et al, 1992). Controlled
lation prior to electrophoresis is preferred.

double, inverse gradient gel system may increase resolution of proteins of similar sizes
3 doya et al., 1994). To separate large proteins by electrophoresis, FMC recommend their
BArose gels, which can separate proteins up to 600,000 (FMC, 1991).
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[o separate small peptides as peptides, small as 1,000 daltons, Schigger and von Jagow (1987)
mggest electrophoresis using Tricine buffers. Novex (Encinitas, CA), Schleicher and Schuell,
mtegrated Separation Systems (Natick, MA) and the Nest Group sell precast gels that are
yaimed to separate peptides as small as 1,500. The Nest Group claim that their gels have longer
pelf life and better resolution, in part due to the use of high quality SDS than gels made in the
sormal laboratory. Integrated Separation Systems also sell a stain that is claimed to efficiently
fix and stain small peptides, but the stain is not stated to be compatible with further analysis of
he peptides. Hoefer list an electrophoresis system for peptides down to 1,500 in their 1992
satalogue.

Elution of proteins from gels

Below are methods for removing proteins from gels, but these methods have limited uses.
Normally to obtain sequence data from an intact protein, transfer to PVDF is the method of
choice. If the protein is blocked, the normal method is to digest in the gel and then elute, separate
and analyze peptides.

There are devices for direct elution of protein from gels. ISCO, BioRad, Hoefer, Schleicher and
Schuell, and Amicon make such apparatus, and another has been described by Hunkapiller et al.
(1983). The Amicon unit claims recoveries of 80% to 95%, with unfixed proteins; they suggest
staining with cold KCl, sodium acetate or Coomassie without acid. Promega claim that proteins
stained during electrophoresis with their ChromaPhor Protein Visualization System yield 75%
recovery. One report that stains with 4M sodium acetate finds 70% recoveries when 100 pg of
protein is applied to a gel (Ohhashi et al., 1992).

One procedure for passive elution of proteins from gels is that of Ward et al. (1991), in which the
gel slice is soaked in 3 x 1 ml of 20 mM Tris-HC1 pH 7.4, 0.02% Tween 20 for 20 hours at 250C.
Coomassie ,effect on elution of proteins stained BSA was poorly eluted from a gel (1%) whereas
90% of unstained BSA was passively eluted after 70 hours (Ward et al., 1991). To remove
Coomassie, staining was only for 15 minutes when possible, then the gel pieces were washed
with 3% SDS, 50% 2-propanol to remove Coomassie, then washed with water for 24 hours. The
SDS is to dissociate the Coomassie and the propanol keeps the protein fixed (Ward, personal
communication).

Promega sell a Protein Recovery System to be used in conjunction with their Protein
Visualization System which stains proteins during electrophoresis (Promega Technical Bulletin
100). Promega claims recovery of 50% or better for proteins with molecular weights of 31, 55,
97Xd (Larson and Shultz, 1993). The Recovery System uses homogenization of the gel followed
by extraction with 100 pl of 50 mM ammonium bicarbonate, 0.1% SDS. The supernatant from
centrifuging the crushed gel contains the protein. After an essential concentration step, the SDS
and dye are removed by acetone precipitation. The dye inhibits some proteinases. The system
appears to be based on earlier reports of passive elution of proteins from gels (Hager and
Burgess, 1980; Bray and Brownlee, 1973).

z"\nother method of from gels is to soak the gel slice, containing protein visualized with 1 M KCl,
I 1 ml of 70% formic acid for 10 minutes and then centrifuge the mixture on to a piece of
PVDF. The ProSpin cartridges sold by Applied Biosystems appear ideal for this method.
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%Recoveries of protein from electrophoresis step at 10-20%. The method has been used with
%;i,roteins from 13,000 to 67,000 (Hermansen et al. 1992).

%\nother method for eluting proteins from gels is to add 200 pl of 50% trifluoroacetic or formic

§acld, crush the gel with a Kel-F pestle and sonicate; recoveries decrease with the protein size
{Asquith ef al., 1992)

?feick and Shiozawa (1990) report that elution of proteins from gels with formic
‘gcid:acetonitrile:2-propanol:water 50:25:15:10 v/v/v/ followed by gel filtration gives recoveries
.of over 60% in most cases.

‘Unstained proteins can be detected in gels by phase contrast (Johnson ef al., 1990) but the
-commercial instrument has been withdrawn from the market.

ch or copper staining is claimed to be almost as sensitive as silver staining and reversible, so
that the stain does not interfere with blotting or sequencing (Fernandez-Patron et al., 1995a;
-Ortiz et al., 1992). When treated with the right solutions, proteins can be digested and blotted
-with minimal loss compared to unstained proteins, even after storage for years. Other stains are
ithe Rapid Reversible Stain of Diversified Biotech which is claimed not to affect biological
Iproperties of proteins and to be removable for elution of the protein from gels. Nile Red stains
sproteins in SDS gels, and with modifications, in IEF gels, without interfering with subsequent
“operations (Bermudez et al., 1994). Fluorescence detects 10 ng of protein (Alba et al., 1996).
:ESA (1997) sell Rev-Pro reversible stain for PVDF and nitrocellulose membranes; it is claimed
~to be more sensitive than Coomassie Blue, and compatible with sequencing.

+Proteins ‘can be removed from gel slices by homogenization and spinning in an Amicon
gj;Microcon concentrator fitted with a Micropure insert for filtration (Amicon document 1901;
:Sheer, 1994). In further studies, Amicon (Krowczynska et al., 1995) showed that unstained gels
.give the best recovery, or using KCl stained gels while Coomassie or zinc imidazole staining

-reduces recovery. The elution buffer is less important, with best results from 50 mM Tris-Cl, 0.1
: mMEDTA, 150 mM NaCl or PBS.

“Aninteresting method is reverse staining of proteins with zinc, followed by electroelution on to a
-small reverse phase column, from which the protein is eluted with a gradient of acetonitrile
* (Fernandez-Patron ez al., 1995b). This method may separate chromatographically proteins which
_arenot resolved by electrophoresis. However it requires construction of special apparatus and the
best sensitivity reported was 50 pmole of protein.

‘Removal of gel matrix

" Another method of recovering proteins that are purified by electrophoresis is to use FMC's
- 8garose based ProSieve electrophoresis system, in which the agarose gel is melted to allow
“ &traction of the protein. Recoveries of 90% are reported (Morgan et al., 1991). Bands are not as
“8harp as acrylamide gels. Epicentre Technologies (1202 Ann Street, Madison, WI 53713, 800-
3284-8474) sell GELase™ to digest agarose but we suggest that the absence of proteolytic
. $1zymes be determined before using this product.

?;BiORad sells the reversible cross linker N,N'-bis-acrylylcystamine for acrylamide. Although this
%Product has been available for several years, it has not been widely used. One reason is that
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mevmg a completely soluble gel may require elevated temperatures during polymerization,
ification of the reversible cross linker (Hansen, 1981) and the use of formamide to avoid non-
pducible cross links (Hansen et al., 1980). This cross linker is less reactive than bis-acrylamide
»d may give gels that do not perform well (Gelfi and Righetti, 1981). Ghaffari ez al. (1988)
Bbtamed satisfactory resolution, although less than from bis-acrylamide and 50-70% recovery of
protems ata 1 pgload.

sample concentration from multiple gels

To analyze proteins separated on 2-D gels, Bauw et al. (1990) cut out bands from multiple gels
and loaded up to 20 gel segments on top of another gel which concentrated the protein The
kecond gel has a custom made well which concentrates the sample, which can be gel pieces or
ditute protein solution, horizontally to give a band 5 mm2 (Rasmussen et al., 1991).

Another technique needs only a different spacer to form a funnel web well. The data shows
bxcellent recovery from multiple gel slices (Lombard-Platet and Jalinot, 1993). A variation runs
the protein from multiple pieces of gel into an agarose gel, from which the protein is extracted by
melting (Rider et al., 1995).

Another gel concentration technique uses a concentration gel inside a Pasteur pipet, leaving the
protein in 1-2 pl of gel (Gevaert et al., 1996).

Proteins from multiple gels can be concentrated on one piece of PVDF by homogenizing the gel
and spinning the extract on to PVDF (Warlow et al., 1995). The protein can then be sequenced
directly or digested on PVDF.

Blotting to PVDF

The standard procedure now for sequence analysis of proteins separated by electrophoresis is to
blot on to PVDF,( polyvinylidene difluoride) membranes (Immobilon-P from Millipore) as
described by (Matsudaira, 1987; LeGendre and Matsudaira, 1988). Nitrocellulose cannot be used
in the sequenator because of its susceptibility to the harsh conditions employed.

We suggest amount of sample loading 100 pmoles on a gel to increase the chances of having
sufficient sequenceable protein present after losses during electrophoresis and transfer. One
simple rule for proteins with molecular weights up to 30,000 is that if a stained blot can be
photocopied, it can be sequenced. After blotting, it is wise to stain the gel to see if all protein
transferred from the gel. Also a second piece of PVDF will indicate how much protein passes
through the primary membrane. The amount of protein passing through PVDF is less with some
brands (see Selection of PVDF) and may be reduced by presoaking the gel in transfer buffer
(Mozdzanowski and Speicher, 1990).

Itis reported that the amount of protein on PVDF can be quantitated, down to 0.5 pg, by eluting
the bound Coomassie Blue (Kain and Henry, 1990). One laboratory has quantified
immunostained and Coomassie stained protein on PVDF by wetting the membrane with
methanol to make it transparent and then scanning (Parrado et al., 1993). quantitation of protein
In our laboratory, Dr. E. Baramova loaded about 1.3 nmole of a protein on a gel and was able to
Sequence over 25 amino acids.
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'amino acid analysis of proteins electroblotted to PVDF shows typical recoveries of 28%-47%
ETous et al., 1989, Nakagawa and Fukuda, 1989). Stone and Williams (1993) report an average
By jotting efficiency of 34% for proteins between 14,000 and 116,000. Henzel et al. (1994b) report
bhat thin gels increase transfer efficiencies, especially for larger proteins; 0.5 mm thick gels give
ﬁansfer efficiencies of 60-90%.

ﬁ%ﬁlyl-ansverse gradient gel electrophoresis can determine the optimal concentration of for
belectroblotting, by showing resolution and transfer efficiency on one gel (Smejkal and Gallagher,
1994). As a guide, these authors show complete transfer of proteins up to 45,000 with gels up to
12% acrylamide, up to 60,000 with a 7% gel and up to 120,000 with a 6% gel.

%}though not tested with PVDF, ultrasound has been used to transfer proteins to nitrocellulose
E(Kost ef al., 1994).

ANovex in their catalogue suggest Tricine gels because they are more porous than the
orresponding Tris containing gels and therefore may give better transfer.

%A new approach to efficient transfer of proteins is the use of different buffers on each side of the
¥PVDF transfer membrane (Lauriére, 1995). On the gel side, high pH and SDS promotes elution
of the protein from the gel, which on the other side of the PVDF, low pH and methanol promote
inding to the PVDF. Under these conditions, large and small proteins transfer efficiently to the
“membrane.

=The PVDF that is best known is Immobilon-P from Millipore. PVDF is also available from
pplied BioSystems (ProBlott), BioRad and Schleicher & Schuell (Westran); these companies
laim that their products are superior to Immobilon in retaining proteins. Westran is PVDF on a
jolyester support. In support of the claims of Applied Biosystems, Promega in their Probe-
Design kit for generating and separating peptides, state that peptides are more easily eluted from
obilon and better retained on ProBlott. Millipore has released a second version of
mmobilon, the Immobilon-PSQ membrane which they claim binds more proteins and gives
uch higher yields for . In 1992 Porton Instruments released Hyperbond™ membrane which is
mtlaimed to retain small peptides better than existing high density PVDF and to allow more
fﬁcient sequencing reactions with more data obtained as a result.

=

.In our laboratory, we have compared three brands of PVDF. Ken Klotz, Department of Cell
Biology, transferred 50 pmole of B-lacto globulin to the PVDF. ProBlott from Applied
Biosystems gave twice as much signal as Immobilon and slightly higher repetitive yields;
Westran also retained more sequenceable protein than Immobilon but less than ProBlott. The
- ®periment described here used only one protein and one condition for transfer, (10 mM CAPS,
@H 11, 10% methanol, 500 mA, 40 min from 1.5 mm thick 10% gel) so that the advantage of
*10Blott may not always be as great under other conditions; also it should be remembered that
any people have successfully obtained data with Immobilon. It is claimed that three brands of
: OF selection of PVDF perform similarly when excess SDS is removed but ProBlott and Bio-
Bed PVDF are superior when excess SDS is present (Speicher et al., 1990). Later this lab
Mowed that ProBlott and Bio-Rad's Transblot bind small proteins better than Immobilon-P, and
18t Immobilon-P is more sensitive to SDS (Mozdzanowski and Speicher, 1992a). PVDF which
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pinds proteins more tightly gives sequencing performance as good as looser binding PVDF, and
petter yields of tryptophan (Reim and Speicher, 1992).

Jungblut et al. (1990) reported only small differences in efficiency of transfer of a range of

roteins on to ProBlott™, Immobilon™, a polypropylene membrane (Selex-20) and a siliconized
glass fibre (Glassybond). When the increased initial yields obtained with the siliconized glass
fibre are considered (Eckerskorn and Lottspeich, 1990), the authors suggest the siliconized glass
fibre is the best medium for electroblotting and sequencing of proteins. However this membrane
is not in widespread use.

Another study of transfer membranes showed that ProBlott usually binds more protein that the
other tested membranes. When the efficiency of transfer and sequencing are considered, ProBlott
gppears to usually be the best choice of membrane (Baker et al., 1991). Immobilon PSQ was not
included in this study. A Millipore representative suggests that because both Immobilon PSQ and
ProBlott have 0.1 pm pores, rather that 0.45 pm of the original Immobilon, they will bind protein
in a similar manner. Micron Separations (MSI) sell PVDF-Plus, with 0.45 pm pores, which they
say is comparable to Immobilon-P. LeGendre et al. (1993) report recoveries of 30-80% of
protein on Immobilon-P and 100% on Immobilon-Psq and ProBlott.

Buffers for electroblotting

Some studies claim that there is not a systematic difference between CAPS and Tris-glycine
buffers (Speicher, 1989; Stone et al., 1989a), although some proteins exhibited less efficient
transfer out of gels, or less efficient binding on PVDF membranes in one of the buffers. More
recently Mozdzanowski and Speicher (1990) claim that Tris-glycine and Tris-borate buffers (50
mM Tris, 50 mM boric acid, not titrated, pH ~8.3, 10% methanol, 225 mA, 2-4h) give 40-50%
recovery of blotted proteins on the first PVDF membrane compared to about 30% recovery
obtained with CAPS buffer and sodium borate. Tris buffers must be removed to prevent
interference with sequencing. Baker et al. (1991) also suggest that Tris-borate pH 8.5 is often
superior to CAPS. Speicher (1989) used 12.5 mM Tris, 96 mM glycine pH 8.3 for 2 to 4 hours as
his routine conditions which he claimed gave quantitative transfer of most proteins, the
exceptions being those in the top 15% of the gel (a range of acrylamide concentrations were
used; the concentration used which gave the reduced recovery was not identified) where
recovery was still 75% or more.

Bauw er al. (1990) report that Tris-borate (50 mM Tris, 50 mM borate, 8 h, 35 V) gives better
Tecovery of proteins than Tris-glycine although transfer is slower.

Bhavsar ez al. (1994) find that addition of BSA as a carrier protein improves efficiency of
fransfer. Addition of BSA would interfere with sequencing applications, but deoxycholate may
Improve transfer efficiency, or decrease it.

Transfer time for electroblotting

Speicher (1989) suggests that transfer times need to be empirically optimized but CAPS needs
shorter times than T ris-glycine buffers. Later this author (Mozdzanowski and Speicher, 1990)
Suggests that 2 hours of blotting is sufficient and that longer transfer times do not remove
Proteins that remain in the gel, nor do they move proteins from the first PVDF membrane to the
Second, a finding confirmed by Jungblut et al. (1990). Mozdzanowski ef al. (1992) showed that
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;‘)Vertransfer does not occur i.e. once a protein has been bound to PVDF, it does not elute during
the transfer.

A study by Baker ef al. (1991) shows that a large protein does not transfer as fast as a small
protein. With some membranes, there was loss of protein in less than an hour of transferring but
po data after one hour was shown.

Effect of methanol and SDS on electroblotting

Giiltekin and Heerman, 1988 report that in the transfer buffer prevents binding of proteins to
PVDF; methanol is reported to reduce the elution of some proteins from gels (Eckerskorn et al.,
1988). Mozdzanowski and Speicher (1990) suggest 10% methanol, because less methanol
decreases binding to PVDF; he also reports that SDS usually decreases binding to PVDF. A few
membrane proteins, transfer from gels were transferred more efficiently without methanol;
gpparently methanol was not needed to dissociate SDS from the protein. Mozdzanowski and
Speicher, 1990) claim that most losses losses of protein associated with electrophoresis and
blotting occur during transfer and are independent of the buffer used but are caused by high
concentrations of (Speicher et al., 1990). To avoid the losses, they recommend the presoaking of
the gel in transfer buffer. For some proteins below 20,000, presoaking the gel increases the
amount of blotted protein by 70%, even though less protein is transferred out of the gel
(Mozdzanowski et al., 1992). The amount of protein bound to PVDF is about 50% of that in the
gel. Eckerskorn et al. (1988) also report that methanol decreases the movement of large proteins
out of gels. Speicher explains that methanol is needed to dissociate SDS from the protein; too
little methanol will cause incomplete SDS removal and hence poor binding to PVDF, whereas
too much methanol will remove SDS from the protein in the gel. Because the charge on the SDS
converts the electric field into movement of the protein, removal of SDS in the gel by high
concentrations of methanol will result in inefficient transfer of the protein from the gel.
Guidelines from Applied Biosystems are to use 20% methanol for transferring protein below
20,000, 10% methanol for proteins between 20,000 and 80,000 and no methanol for larger
proteins (Applied Biosystems seminar, 1991). For large proteins, it may be necessary to add to
the transfer buffer to help move the proteins out of the gel.

in the transfer buffer reduces the amount of protein bound by PVDF several fold, but addition of
0.1% NaCl partially restores binding efficiency (Tovey and Baldo, 1989).

Transfer of large proteins

Large proteins are the most difficult to transfer and sequence because of low yields on transfer
and then relatively high backgrounds of amino acids during sequencing. Some factors which may
increase the success of electroblotting are listed here. Besides reducing the methanol
Concentration, or even omitting methanol (Pluskal ef al., 1986), another technique that may
Improve extraction of proteins from the gel is to presoak the gel in transfer buffer for 30 minutes
(Mozdzanowski and Speicher, 1990). Increasing current density may increase efficiency of
transfer of large proteins at the expense of smaller proteins (Jungblut ef al., 1990). A blotting

Procedure varying the current is claimed to give good recoveries of both large and small proteins
(Otter et al., 1987).

204



king from a gel with a low concentration of may also help and is more successful than
mg methanol concentration in the transfer buffer (Mozdzanowski et al., 1992). Adding
o, to the transfer buffer may help.

‘e Max Planck Institute in Munich, one recommended blotting procedure is to use 10 mM
m borate (no adjustment of the pH) overnight in the cold room with cold circulating water

sfer of small peptides

‘f'pore report that proteins Jess than 20,000 transfer easily and are insensitive to methanol
'eentratlon Because they can diffuse, equilibration of the gel in transfer buffer should be less
b ten minutes. Porton Instruments claim that their Hyperbond ™ membrane is more efficient
b existing PVDF membranes at binding small proteins. To enhance the binding of small
jtides to PVDF, Millipore suggest using 20% methanol in the transfer buffer and reducing the
Botric field by 50%; a procedure is described by Otter et al. (1987). They also recommend their
v product, Immobilon-PSQ.

Ty

 \ ing semi-dry blotting apparatus

"A's type of apparatus 1s less efficient in transferring protems than a tank transfer apparatus
W Fox, unpublished observations; reported in poster of Mozdzanowski and Speicher, 1989)

1 study using a Millipore semidry blotting apparatus, found that the amount of membrane
tems extracted from a gel was inversely related to the molecular weight of the protein (above
'000) Addition of 0.1% SDS to the cathode buffer increased the transfer of larger proteins and
§89 or 40% methanol in the anode buffer improved the retention of proteins less than 12,000 on
tie PVDF. However the high methanol concentrations decreased the amount of larger proteins
to the PVDF. These modifications are not applicable to transfer in a tank type apparatus
lissilour and Godinot, 1990). Parameters affecting transfer efficiency in a semi-dry apparatus
ave also been studied by Jungblut ez al. (1990).

@ther procedures for electroblotting

gﬂillipore has a book of electroblotting protocols for different applications, Protein Blotting
?rotocols for the Immobilon -P Transfer Membrane.

ffbne of the protocols that may be useful for some situations is for electroblotting of large proteins
from non-denaturing gels; this procedure may be useful because of the difficulty of transferring
gatge proteins. No methanol is used in the transfer buffer; data on the amount of protein
transferred is not shown. A procedure for transfer of basic proteins from non-denaturing gels to
titroceltulose has also been published (Van-Seuningen and Davril, 1990)

Non-denaturing gels can be coupled with SDS-PAGE; two denaturing gels may be used to
toncentrate the sample (Trudel and Asselin, 1994).

Xu and Shively (1988) recommend transfer times of 100 minutes, at a lower voltage than
Specified by Matsuduira (1987) and report decreases in recovered protein if the electroblotting is
continued. These authors also claim that coating the Immobilon-P membranes with Polybrene
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horeases the yield of transferred protein, as reported by Matsuduira (1987) and Walsh et al.
1; 088), but no longer recommend the use of Polybrene (conference report).

imount of PYDF used in electroblotting

BVDF is very hydrophobic and poorly wetted by the butyl chloride used in the sequencer to
z"‘:, tract ATZ-amino acids from the PVDF which binds the protem being sequenced. It has been
fhund that putting a large, or very small amount of PVDF in the sequencer is more likely to
Bause variable flow of butyl chloride over the PVDF membrane, causing variation in the amounts
Br amino acid seen (Speicher, 1989); this reported variation is consistent with our observations.
Phe suggested ideal size for PVDF membrane is 4 x 9 mm, with two pieces this size; larger
fimounts can be loaded but are prone to erratic flows of reagents and hence erratic levels of
Bimino acids. Another piece of data on the amount of PVDF is that of Stone et al. (1989a) who
Bhund that loading protein on a large amount of PVDF decreased the repetitive yield during
BEquencing.

taining of electroblotted proteins

| Destaining is also reported to affect the yield of sequenceable protein (Speicher, 1989);
Blestaining with 50% methanol/10% acetic acid was reported to reduce yields of sequenceable
Bbrotein by 30% or more compared to destaining with 50% methanol alone. Phang et al. (1996)
port that omission of acetic acid from staining and destaining solutions slows the processes but
ifoes not affect the final results. The staining procedure suggested is to stain with 0.5%
" foomassie blue in 40% methanol and destain in 50% methanol (Speicher, 1989) (time
fnspecified but possibly five minutes and not more than half an hour). This author has since
aeported that Coomassie may reduce the yield of sequenceable protein, although he was not
tWorking with electroblotted proteins, but rather proteins adsorbed on PVDF; Ponceau S was
chuggested as a stain which causes less loss of protein (Purcell & Speicher, 1989). Choli et al.
£(1989) report that 40% of Jactoglobulin spotted on to PVDF is sequenced, but only 24% of that
Ewhich is stained with Coomassie; Ponceau S was not tested. Drying the blot after staining
thances visibility of proteins (Sanchez et al., 1992).

?Another destaining procedure is to soak the gel in 5% acetic acid:1-butanol 9:1 biphasic mixture;
@18 system is claimed to be more rapid than conventional destaining (Molnar et al., 1990).

nceau S is less sensitive than Coomassie. Staining is stronger at acidic pH and is reversible at
£ asic pH (Aebersold, 1989). Schleicher & Schuell claim that destaining in 10% 2-propanol/10%
gcetlc acid gives permanent staining (instructions for Westran).

g}mmega have three protein staining systems. They claim that their ChromaPhor Protein

Visualization System, which stains proteins during electrophoresis, is compatible with blotting
&ﬂnd sequencing but they do not show data on recoveries (Breitlow, 1992). This company also
%Epons loss of small and hydrophilic proteins from PVDF during staining and destaining with
: -oomassie blue. The suggested conditions are to stain for 30 s in 40% methanol, 5% acetic acid,
i’**002% Coomassie blue and destain for 1 min in 40% methanol, 5% acetic acid. They do not

ﬁddress the issue of loss of sequenceable protein caused by Coomassie blue or acetic acid
H(Shultz, 1992).
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§ addition to staining proteins after transfer, Thompson and Larson (1992) successfully
jransferred proteins stained with Coomassie Blue or ChromaPhor stain. By soaking the stained
igel in 1% SDS, 50 mM Tris-Cl pH 7.5, these workers presumably coated the protein with SDS
4o that an electric field would move the protein out of the gel, even though it had been fixed.
Wter soaking in SDS, the gel was soaked in transfer buffer for 15 minutes.

;%opper phthalocyanine 3,4',4" 4"-tetrasulphonic acid has been proposed as more sensitive than
;;Eoonnnassie blue, easily removed with 0.5 M NaHCO3/20% ethanol (Bickar and Reid, 1992).
g@mother chelating method uses a Ferrozine/ferrous complex or ferrocyanide/ferric complex for
protein on PVDF or nitrocellulose (Patton ef al., 1994). The iron based stains are as sensitive as
gold stains, but are reversible and after reversal, cause no interference with sequencing or
gigestion. |
@n alternative to staining is to dry PVDF for 10 minutes after blotting, rewet in 20% methanol
iind look at it in front of white light or place in 20% methanol over a light box. Protein bands will
: pear more translucent than background (LeGendre and Matsudaira, 1989). By wetting the
PVDF in 50% methanol and scanning at an unspecified, protein bands can be quantitated to 1 pg
(Parrado e? al., 1993).

;it'ierewether et al. (1995) used Coomassie Brilliant Blue G stain instead of R, because there was
wnly one, late eluting peak. Amido Black gave negative deflections in the baseline, interfering
aith low level peptide collection.

%Blotting to other supports

%procedure to transfer proteins from polyacrylamide gels to glass fiber (Aebersold ez al. 1986)
‘does not appear to be used any more.
£

E?Alimi et al. (1993) transferred proteins to carboxymethylcellulose membranes purchased from
fSchleicher and Schuell (NA-49). Most of the proteins studied were basic but alcohol
“dehydrogenase, serum albumin, ovalbumin and catalase also transferred to the membranes with

‘high yields”. A major advantage of CMC membranes is ease of eluting proteins, with 50 mM
HCl

%‘Proteins transferred to nitrocellulose cannot be loaded into a sequenator because the membrane
}’disintegrates under the conditions used. Although some prefer to use nitrocellulose, (Aebersold
o al., 1987; Aebersold, 1989), PVDF appears more popular.

?When proteins are blotted on to nitrocellulose, up to 90% of small proteins can be eluted with
‘cetonitrile solutions (Parekh, et al., 1985). Triton X-100, at 0.1% to 1% also may elute proteins;
?Polyethylene glycol under low salt conditions is a second choice. (Gelman Sciences, usenet
essage, 1994) . Lui et al. (1996) investigated elution of proteins from PVDF, and found that
igh temperatures or high TFA partially degrade proteins; alkaline solutions of acetonitrile are
‘Moderately successful; 1% piperidine in 40% acetonitrile is up to 90% effective. SDS and some
«Other ionic detergents were ineffective, whereas several non-ionic detergents werw effective, and
jthe favoured detergent was

5,316 (3%); adding organic solvent to detergents did not enhance elution, Zwittergent 3-16 gave
é@‘eater recoveries (up to 90%) of peptides from digestion of proteins on nitrocellulose. Staining
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joteins reduces elution efficiency, so the authors suggest staining a narrow strip of
jtrocellulose to locate the band of nitrocellulose to be eluted. Aebersold (1989) suggests that
atensive drying of nitrocellulose causes irreversible binding of proteins to nitrocellulose and
pat desorption is favoured at basic pH. Another procedure for removing proteins from
jtrocellulose is to dissolve the membrane in acetone and precipitate the proteins with
ymmonium bicarbonate (Anderson, 1985).

A theoretical study with observations of the binding of proteins to nitrocellulose shows that salt
ind 20% methanol promote binding of proteins (van Oss et al., 1987).

flectroblotting from IEF and 2-D gels

t has been reported that proteins can be blotted from isoelectric focusing gels after removal of
impholytes by perchloric acid (Hsieh et al., 1988). Proteins have also been blotted from
mmobilized pH gradients (Knierim ef al., 1988). A recent two dimensional electrophoresis
ystem, using acid urea gels reportedly can handle relatively large amounts of protein, and
sgparation by hydrophobic properties can follow using a third electrophoresis (Vanfleteren,
{989). A two dimensional mapping system using acid urea minigels has been described earlier
[Davie, 1985). Blotting from two dimensional gels on to derivatized glass fibre has been reported
[Bauw et al., 1987).

Proteins separated on two-dimensional gels have been analyzed by Kennedy et al. (1988a,
1988b) by perforiming digestions of the protein in the gel, then separating fragments by
electrophoresis, transferring to PVDF and sequencing. It is claimed that data was obtained from
1-10 pg of protein, which may require pooling of material from several gels. To analyze proteins
separated on 2-D gels, Bauw et al. (1990) cut out bands from multiple gels and loaded up to 20
gel segments on top of another gel which concentrated the protein. Jahnen et al. (1990) also
describe sequencing of proteins separated on 2-D gels. Immobilized pH gradients have been
used; ten gels give sufficient amounts of the more abundant proteins to enable sequencing
(Hanash et al., 1991).

Hochstrasser et al. (1988) claim that a modified 2-D electrophoresis system increases resolution
over O'Farrel’s original system.

Sequencing peptides produced by digestion of a protein.

Often a protein must be digested to peptides to obtain sequence data, most often because of a
blocked N-terminal, and also because sequencing from the N-terminal may not give enough data.
The steps of digestion and separation of peptides cause some sample loss, so more protein is
leeded than when sequencing the N-terminal of a protein.

Choice of digestion.

There are enzymatic and chemical methods for digesting proteins, but enzymatic digestions are
More common. An ideal digestion cuts only at a specific amino acid, but cuts at all occurences of
that amino acid. The number of digestion sites should not produce too many peptides because
Separation of peptides becomes too difficult. On the other can, too few digestions produces
Peptides too large for complete analysis.
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fhe most common digestions are with trypsin and lysine specific proteinases, because these
hzymes are reliable, specific and produce a suitable number of peptides. The next most common
jgestion is at aspartate or glutamate using endoproteinase Glu-C or endoproteinase Asp-N.
ymotrypsin is sometimes used, although it does not have a well defined specificity.
hoteinases of broad speficity may generate too many peptides to separate, and the peptides may
fs too short to give useful data. Of the chemical cleavages, cyanogen bromide is the most
fymmon. All the chemical digestions are less efficient that a good enzymatic digest. However

there are less gaps between peptides. Also the actual sequencing can be faster because of the
Blimination of the startup steps of the sequencer operation.

fhat the proteinase being used is contaminated with proteinases of different specificity,
fequencing grade proteinases are available from Boehringer-Mannheim and Promega. It has been
enorted that some proteinases are inactive; one group prefers sequencing grade trypsin and
mmteinase Asp-N from Boehringer, endoproteinase Lys-C from Wako Chemicals, and
é otrypsin and subtilisin from virtually any supplier (Tempst et al, 1990). These enzymes
may be stored frozen in 0.1 M ammonium bicarbonate. We have not noted inactive proteinases.
& .

Digestion conditions
¥

Digestions with some proteinases may be performed in 20% organic solvent, effect on digestion
which appears to improve the specificity of thermolysin (Welinder, 1988). Fernandez et al.
(1992) find that 10% acetonitrile with or without 1% reduced Triton X-100, use in digestions
tllows tryptic digestion of proteins. This group also showed that carboxymethylation of a protein
iﬁllows more complete .

Overnight digestions are common, to ensure that a protein is fully digested. However, such times
may be longer than necessary, although only if there is sufficient protein for multiple conditions
can the necessary digestion time be mvestigated. When subtilisin was denatured, with a
frypsin:substrate ratio of 1:100, 10 minutes was sufficient for digestion, and longer digestions
gave a more complex peptide pattern, possibly due to the formation and then the action of
Ppseudotrypsin (Christianson and Paech, 1994).

Use of controls during digestion of a protein

When performing an enzymatic digestion, it is very important to perform a control digestion
containing no substrate; also include a positive control, like cytochrome c. We have more than
once sequenced fragments of the proteinases used to perform a digestion. Using proteinases of
known sequence -trypsin, endoproteinase Glu-C, chymotrypsin, thermolysin- makes finding
autolytic fragments easier.

It is also vital to ensure that the protein of interest is digested. We have seen incubations of
Proteins with proteinases in which no significant digestion occurs. After performing a digestion,
Some of the digested protein should be run on a gel to see if there is intact protein left, or if the
digestion products were separated by chromatography, some of the intact protein should be run
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fio see that it is not present in the digestion mixture. Running a control digestion of the proteinase
Ljone is not sufficient to be sure that there are no products from the proteinase.

br, digest proteinase resistant proteins, Riviere ef al. (1991) suggest either heating for 30 min at
g500C in 6 M guanidine-HCI, which can be diluted to 2 M; chymotrypsin, Achromobacter
, otease or subtilisin can be used for digestion but trypsin works poorly. Another procedure is
Bieating at 37°C for 30 min in 8 M urea followed by digestion with Achromobacter protease or

Bubtilisin.

Jrea can form cyanates which will react with amino groups. Boehringer Mannheim recommend
2() mM methylamine to block this reaction. 0.1M ammonium bicarbonate also is adequate to
i‘;prevent N-terminal modification (Stone and Williams, 1993: Fernandez et al., 1992) Proteolysis
imay be performed in detergents, although may cause problems because it must be removed prior

o HPLC separation and cannot be tolerated by all proteinases (Stone et al., 1989c). Proteolysis
gin acetonitrile also worked well. i

‘When preparing proteins for digestion, excess detergent should be removed to prevent inhibition
‘of enzymatic digestion and interference with reverse phase separation of peptides (Shannon,
ampublished observations, Stone et al., 1989b). However, low levels of Tween 20 have been
suggested to reduce losses of peptide during digestions (Simpson ef al., 1989a,b). This grouphas
.bandoned use of Tween 20 for digestions, possibly because it interferes with with mass
spectrometry; they have not said anything about sample losses (Reid et al., 1995).

;A complication to proteolytic digestions is the formation of new peptide bonds by the proteinase
‘under sub-optimal pH. transpeptidation One study found 10% formation of a new peptide bond
with trypsin, and 1% levels of products using endoproteinase Glu-C (Canova-Davis et al., 1991).

To separate peptides produced by a digestion of a protein, the most common method is reverse
‘phase HPLC. When performing such separations, it is wise to chromatograph peptides in two
solvent systems to reduce the chances of having two or more peptides in one peak. When
collecting peptides, Aebersold (1989) recommends immediate freezing to avoid reduced yields
after serine residues.

Moritz et al. (1996) state that broad peaks in the chromatogram of peptides from a digest are
disulfide linked peptides, which can be avoided by reducing and alkylating the protein before
digestion, which also gave more peptides, in greater quantity.

F_Or digests of less than 50 pmole, Kenny et al. (1994) suggest that electrophoresis on 150 um
diameter capillaries gives better recovery than chromatography on 2.1 mm diameter columns.
However use of electrophoresis for separation of peptides from digests has not been widely used.

Two dimensional electrophoresis can separate peptides also; its main use is separation of
fragments which are not eluted from reverse phase columns (Nokihara ef al., 1994).

One scheme to reduce sample handling when obtaining proteolytic fragments of a protein is to
load the protein on a reverse phase column to concentrate and desalt it, and possibly alkylate it.
Proteinase introduced into the column digests the protein and the fragments can then be eluted
and separated. This procedure has been described for the Hewlett-Packard sequencer with its
Sample cartridge. 20% acetonitrile is essential to obtain digestion, causing hydrophilic peptides
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to be washed off the support with starting buffer. Some bonds are not cleaved with the protein on
the column although they are cleaved in solution (Burkhardt, 1993). A similar technique is used
py the laboratory of Don Hunt to generate peptides for mass spectrometry.

An example of successfully obtaining data from a protein is work done by Joel Hockensmith and
Larry Mesner in the Department of Biochemistry. Intact ATPase, molecular weight 90,000 was
blotted on PVDF but neither the intact protein nor proteolysis products gave sequence data. 500
pmole of protein was isolated, digested with CNBr and peptides separated on Tricine gels and
‘lotted on to PVDF. Approximately 20 pmole of peptide was sequenced off PVDF. Two samples
contained more than one sequence and one had only one peptide which was sequenced for over
95 amino acids.

Jones et al. (1994) optimized digestion of one protein by altering temperature and urea
‘concentration, thereby increasing yields of peptides and reducing non-specific digestion. Another
digestion with endoproteinase Glu-C gave either incomplete digestion, or artifacts of non-
specific cleavage and transpeptidation (Hara et al. 1996). ‘

‘Michrom BioResources sell small columns which trap protein while reduction, alkylation and
Jdigestion are performed (Baldwin et al., 1995). The procedure is confusing as written, and
ff;tecoveries are not given. Using a conventional C18 cartridge for alkylation of lysozyme followed
-by elution gave disappointing yields in my hands.

‘Immobilized proteinasescan be used for protein digestion. Davis et al. (1995) have described the
i;_production and use of capillary columns of trypsin for preparation of samples for mass
ispectrometry. Raising the temperature of digestion to 37°C increases autolysis, as does the
«presence of acetonitrile. Ronnenberg e al. (1994) immobilized proteinases on soft gels with
. diisocyanate chemistry, which has less bleeding than CNBr; the sensitivity of the technique was
.ot demonstrated, but an absence of autolysis products was claimed.

;«Digestion of proteins separated by electrophoresis

“After isolating a protein by electrophoresis, there are several options for digesting the protein to
+obtain internal sequence data. The gel may be dissolved, as described above; this option seems
warely used. Electroelution or passive elution can remove the protein from the gel; these
.techniques can work, and have been used successfully here. Digestion in the gel or after
“Wansferring to PVDF are commonly used, and in the hands of experienced laboratories, are
Zequally efficient (Erdjument-Bromage et al., 1995); transfer to nitrocellulose was less efficient.

iFOr both in gel digestion and on PVDF digestions, electrophoresis was performed using high
purity reagents (Bio-Rad), and the gels, 1.5 mm thick, aged for 24-48 hours prior to use. Fresh
?fbuffers for the gel are suggested. Samples were heated at 37°C for 15 minutes in sample buffer.
;;A control piece of gel or PVDF is advised to identify artifacts from reagents. Using
?ﬁﬁhromatographically repurified Coomassie blue (Sigma or Aldrich) reduces the number of
atrtifact peaks seen during the peptide separation; dye from other suppliers may have a higher dye
gf,content but is not recommended. Coomassie Blue R-250 is about 50% pure, with about 45% of

Ehe impurities being less polar compounds, and the remainder tri and tetra-sulfonated molecules,

w;bhlf%green colour, that inhibit binding by Coomassie Blue (Kundu et al., 1996; the authors
“Uescribe a purification scheme.
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itering through Nalgene disposable filterware may extract something which inhibits the
zyme by 50%. If trypsin is used, which is common, modified trypsin from Promega or
oehringer will give less autolysis products.

E’ all cases, a high protein concentration is necessary for successful analysis, which means 2 pg
. more of the protein of interest per lane (0.05 pg/mm3). Williams and Stone (1995) found that
¢ concentration of protein in the gel is more important than the total amount, mentioning one
iwotein which gave data when redigested at a lower amount but higher concentration than an
nsuccessful first digestion.

y gel digestions give greater yields of peptides than digestion on PVDF, especially of large or
ycosylated peptides (Merewether ef al., 1995). In contrast to digestions in solution, methionine
ppeared to be oxidised. On the other hand, Mertz ef al. (1994) found that in gel digestions gave
irge unidentified peaks and were not reproducible and digestions on PVDF gave slightly greater
ields than nitrocellulose. ;

'*%oritz et al. (1996) state that broad peptide peaks in a digest are disulfide linked peptides, which
g;m be avoided by reducing and alkylating the protein before digestion.

gel digestion

fhe bands were cut in small pieces and 1 ml of 50% methanol added and the supernatant
ﬁiscarded after 20 minutes at room temperature; the destaining was repeated. The gel pieces were
iried for 2 minutes in a Speed-Vac, then add 0.5 pg of trypsin in 200 pl of 0.1M NH4CO3 0.1%
Tween 20 and incubate for 20 hours at 30°C. Extract peptides twice with 0.1% TFA, 50%
\ﬁcetonitrile (volume not specified) for 30 minutes at 4°C and concentrate supernatants in Speed-
Yac to < 100 pl. Lysyl endopeptidase has been used for this procedure.

!The overall yield of this process has been estimated at 12% (Williams and Stone, 1996).
b
digestion on PYDF

The procedure here is from Fernandez et al. (1994). Blotting uses 10 mM Tris 100 mM glycine
PH 8, 10% methanol to high retention membranes, namely ProBlott, Trans-Blot or Immobilon
;qu. Transfer in a tank rather than semi-dry apparatus is believed to give higher yields. After
Witing the PVDF in small pieces, add 50 pl of 1% reduced Triton X-100, 10% acetonitrile, 0.1M
iTris pH 8. After 30 minutes at room temperature, add 0.2 pg of trypsin and incubate 24 hours at
%37°C, then vortex, sonicate for 5 minutes, spin and remove supernatant. Add another 50 ul of
hove buffer and repeat, then use 100 pl of 0.1% TFA and pool supernatants. The suggested
#Mzyme:substrate ratio is 1:10 but 5-fold variations work.

¥ MALDI-TOF data is to be obtained, octyl or decyl glucopyranoside or decyl or dodecyl
imaltopyranoside should be used to eliminate detergent clusters during mass spectrometry
Kirchner er al., 1996); 1% octylglucopyranoside in 25mM ammonium bicarbonate 10%
Aeetonitrile allows MALDI-TOF with saturated cyanohydroxycinnamic acid in 50% acetonitrile
01% TFA ((Gharahdaghi et al., 1996).

Button e al. destain Coomassie stained PVDF with 70% acetonitrile and digest in 4 pl of 25 mM
AMmonium bicarbonate, 1% octyl glucoside, 10% methanol, 20 pg/ml modified trypsin; extract
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,eptldes with 10 ul of formic acid:ethanol =1:1 for MALDI-TOF. Henzel et al. (1994) find that
~oomassie does not interfere with alkylation, but does interfere with mass spectrometry or
sapillary LC. They remove Coomassie with the following, mentioning that direct extraction with
nethanol can cause 51gn1ﬁcant protein loss: wet with 1-2 pl methanol, add 100 pl water, mix,
ydd 400 pl methanol, mix; add 100 ul chloroform, mix, then remove solvents. To remove
peptides> 3,000, incubate blot with 20 pl DMSO and shake for 30 minutes.

iwamatsu and Yoshida-Kubomura (1996) exploit the retention of hydrophobic digestion products
on PVDF by performing sequential digestions on electroblotted proteins. Their suggested order
of digestion 1s lysyl peptidase, endoproteinase Asp-N, trypsin. The reasoning is that hydrophobic
peptides not released by the first digestion may be digested and released by a later digestion.

Lui et al. (1996) claim that only 50% of peptides are recovered from a endoproteinase Lys-C
digest, and 70% from a tryptic digest on membranes (PVDF or nitrocellulose not specified),
petter recoveries using Zwittergent 3-16 when digesting on either nitrocellulose or PVDF;
fecoveries were greater off nitrocellulose than PVDF. Thus this grouup recommends use of
Zwittergent 3-16 when digesting proteins on nitrocellulose or PVDF membranes.

Digestion of proteins in gels ‘
This process has been long used for peptide mapping (Cleveland et al., 1977).

To digest proteins in a gel with cyanogen bromide, the gel slices were dried, then treated with 0.5
ml of cyanogen bromide in 70% formic acid (protein:CNBr 1:20 or 100 by weight), then the
glices were dried again (Jahnen et al., 1990). The resultant peptides could be separated by
extraction with 1% trifluoroacetic acid followed by reverse phase separation (Jahnen et al,
1990). To reduce peaks from Coomassie Blue staining, staining was only for 15 minutes or less,
#nd then Coomassie was removed by treating the gel pieces with 2 1 ml aliquots of 3% SDS 50%
n-propanol for 3 hours or until the gel was clear followed by 24 hours of washing with water.
‘Extraction of Coomassie Blue increased the yield of peptides and eliminated the Coomassie Blue
peaks on chromatography (Ward et al., 1991). The extraction may also remove which can
interfere with reverse phase separations of peptides (Bosserhoff e al., 1989).

;;Limited acid hydrolysis of proteins in gels, after removal of Ponceau S or Coomassie blue stain,
#ppears successful in generating internal sequence data and avoids problems with enzymatic
’Teactions (Vanfleteren et al., 1992).

Stone and Williams destain proteins by adding 500 pl of cold 95% acetone at 4°C for 30 min,
z&nd washing twice with 0.1M ammonium bicarbonate, presumably to remove SDS.

A procedure claimed to be more efficient than earlier procedures specifies destaining the gel,
mcubatmg in 0.2M ammonium bicarbonate, 50% acetonitrile, and then, unlike other procedures,
zCOmpletely drying the gel, which is then rehydrated with ammonium bicarbonate, 0.02% Tween
*20 and trypsin (Hellman et al., 1995). The acetonitrile removes some Coomassie. Avoiding the
Jlse of Coomassie may be more efficient, but most people are used to using it, and the procedure

gWorks adequately when Coomassie stains is used. The proteins are alkyated before digestion;
gjﬂCUbate in sample buffer containing 10 mM DTT, then add 20 mM iodoacetate (N-
opropyliodoacetamide not tested)(Hellman, ABRF posting, March 1997). The author (personal
Ommunication) suggests that by completely drying the gel, proteinase is better drawn into the
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igel to digest all of the substrate. Reportedly some samples that did not give data with other in gel
_digestions gave peptides with this protocol. The rest of the procedure is common to other
methods This procedure can be used on dried gels. Hellman (e-mail, 1997) says that the Tween
“has been omitted from this procedure successfully, which was used by many for the 1997 ABRF
in gel digestion survey. Moritz et al. (1994) also omit Tween in their later procedure for in gel
digestions.

A variation is to digest the protein and eluate with SDS and endoproteinase lys C, remove the
SDS and then peform a complete digestion (Hwang et al., 1996). A 60% yield is claimed, with

success from 10 pmole protein; the authors report the Rosenfeld's procedure does not always
work, and is sensitive to the amount of proteinase.

Another variation is a stress on the importance of reducing and alkylating proteins before
digestion to prevent disulfide bonds forming (Jend et al., 1995), a point made by Moritz et al.
(1996), whose procedure for alkylation in'a gel is described in appendix A; this report also shows
more efficient digestion after alkylating the heavily cross-linked BSA. The authors suggest that
reduction and alkylation prior to electrophoresis may not work efficiently in mixtures but do not
offer direct evidence. Instead they digest in the gel prior to electrophoresis and find for efficient

production of peptides it is necessary to add SDS which is removed by precipitation with
guanidinium chloride. ‘

One group report more autolysis during in gel digestions than during digestions on PVDF, even
using autolysis trypsin (Rasmussen et al., 1994).

Digestion of electroblotted proteins

Digestion of proteins on PVDF is common. However the digestion may give different results
from digestions in solution because of failure to extract hydrophobic proteins with the common
aqueous digestion and extraction systems or failure to cleave in hydrophobic regions of the
protein (Rasmussen et al., 1991). However digestion on PVDF gives less autolysis products than
in gel digestions, even with modified trypsin (Rasmussen et al., 1994). Henzel et al. (1994) find
that alkylation of proteins on PVDF is unaffected by Coomassie, but Coomassie must be
removed prior to capillary LC and electrospray mass spectrometry. Methanol extraction removes
proteins, but the chloroform/methanol extraction of Wessel and Fliigge (1984) is suitable. After

teduction and alkylatin, the blot is incubated with PVP-360 and trypsin; hydrophobic peptides
are extracted with DMSO.

Applied Biosystems (Yuen et al. 1988, 1989) has described procedures for performing amino
acid analyses, alkylation, and digestions of proteins that have been electroblotted on to PVDF.
We prefer not to perform alkylations in the sequencer as described by Yuen et al. (1989) because
we have found that the sequencer is contaminated by the reagents, so that extensive washing is
needed before the sequencer can be used again. A method for with 4-vinylpyridine prior to
electrophoresis described by Tempst et al. (1990) is to reduce the protein in Laemmli sample
buffer, with 2-mercaptoethanol reduced to 0.5%, heated to 60°C for 10 min then 37°C for 20
min; then a 20% solution of 4-vinylpyridine in ethanol is added to give a final concentration of
1.5%. After 30 min at room temperature in the dark, the sample is loaded on to a gel. Drs. P.
Glee and K. Hazen in the Department of Pathology have successfully used this procedure
enabling identification of a cysteine . during sequencing. Without alkylation, digestion,
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fomplete of proteins may be less complete. Cysteine can be alkylated after electrophoresis on
8'DF (Ploug ef al., 1992, Iwamatsu, 1992) prior to digestion of the protein.

B pst et al. (1990) found that endoproteinase Glu-C was not successful for in situ digestion of
teins. In agreement with the report of Bauw et al. (1990), on nitrocellulose, not all possible
boteolytic cleavages of substrates occurred. This group advises keeping the reaction volume
E1ow 25 pl. Up to 25 mm?2 of nitrocellulose can be handled, with enzyme concentrations of 0.04
b/ul or more. The membrane should never be allowed to dry.

[nother method of obtaining sequence data from a cyanogen bromide digestion is to electroblot
e protein on to PVDF and digest with 150 pl of 0.15 M CNBr in 70% formic acid, then elute
Bie fragments with 75 pl of 2% SDS, 1% Triton X-100, 50 mM Tris pH 9.5 for 90 min at room
3 perature . The fragments are then separated by electrophoresis, blotted and sequenced. The
held of sequenceable fragments was 2-5% of the material loaded on the gel. (Scott et al. 1988).
8 has been reported that CNBr digestion on PVDF leaves about 19% of protein, an amount
ficreased to 73% by reaction with PITC (Wadsworth et al., 1992).

NPS-skatole can digest proteins at on PVDF; the fragments can be separated by running a
fecond gel, or presumably by chromatography (Crimmins ef al., 1990).

modified procedure for digesting protein blotted on to nitrocellulose has been described by
iTempst et al. (1990). In studies on digestion of proteins on Fischer et al. (1991) used TES buffer
il 8 with 5% acetonitrile, 1 pg of enzyme/100 pmole of substrate (less enzyme gives less
gdigestion, more gives autolysis products) for 8 hours after which no further digestion occurred.
®Yields of sequenceable peptides were 10-30%; again, not all possible peptides were seen.
tProteinases that were used successfully were endoproteinase Glu-C, endoproteinase Asp-N,
?&ndoproteinase Lys-C and trypsin. Luo et al. (1991) have also described digestion of proteins
iblotted on to nitroceltulose.

-To digest blotted proteins, Wong et al. (1992) applied 5 pl of methanol to PVDF, then added
-¢yanogen bromide in 0.1 M HCI and incubated for 3 h. at 45°C. Before extracting electroblotted
-and digested proteins, Wong et al. (1992) used a modified extraction (Wessel and Fligge, 1984)
to remove . The methanol wetted blots were placed in 100 pl of water, 400 pl of methanol added,
the tube was vortexed for 2 min and 100 pl of chloroform added. After another 2 min, the liquid
was removed prior to extraction with DMSO. Methanol or acetone have also been used to
remove Coomassie from PVDF. Digestion was enhanced by alkylation of cysteine with
iodoacetate (Henzel ef al.,, 1994). To digest with endoproteinase Lys-C, this groups dried off all
but 20-50 1 of DMSO, added 0.1 M ammonium bicarbonate to give 10% DMSO, then digested
with enzyme at a ratio of 1:20 substrate for 17 h at 37°C. Complete removal of DMSO causes
difficulty in dissolving the peptides . DMSO did not alter the pattern of digestion, while a
mixture of SDS, proteolysis and DMSO enhanced proteolysis. Similarly Fischer (1993)
increased yields of hydrophobic peptides by digesting with trypsin in the presence of 50%
DMSO. Another procedure to help extract peptides is the use of 10% trifluoroacetic acid
(Rasmussen et al., 1994).

Millipore have developed Immobilon-CD membrane for digestion of electroblotted proteins. The
Surface is cationic and peptides can be eluted readily after digestion. Common dyes cannot be
used, but Promega's ChromaPhor is suitable. Millipore now supply a stain for the membrane.
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mmobilon-CD appears to bind proteins as efficiently as unmodified PVDF. Patterson et al.
1992) eluted over 70% of bound proteins with 4 M guanidine-HCl and 0.1% Triton X-100,
;bout 70% of CNBr peptides with 70% formic acid and 50% of peptic fragments using 2 M
wetic acid. Enzymatic digestions can be performed on the membrane or after eluting the
proteins. However it appears that digestion requires an enzyme active at either low pH or in
guanidine, precluding the use of trypsin.

Cyanogen bromide may give a different digestion pattern when the substrate is on PVDF rather
than in solution (Zhang et al., 1994).

Elution of electroblotted proteins from PVDF

Yuen et al. (1988, 1989) also reported that 25% of the protein applied to the gel can be extracted
from the membrane. The most efficient solvent for lactoglobulin was 70% 2-propanol, 5% TFA.
Szewczyk and Summers (1988) report higher recoveries of protein when mixtures of Triton X-
100 and SDS are used to extract proteins from the membranes. Simpson et al. (1989b) reported
recoveries of 57-78% using 2% SDS, 1% Triton X-100, 0.1% DTT in 50 mM Tris-C1 pH 9.
Detergent can be removed by a precipitation technique described above (p.2, Stone ef al. (1989))
or extraction with heptane: isoamyl alcohol 4:1 (Bosserhoff et al., 1989). Detergent can also be
removed by "inverse gradient" reverse phase chromatography as described by Simpson et al.
(1987, 1989a,b), the protein is digested and the digestion products separated by microbore HPLC
(Simpson et al., 1989a,b). SDS may also be removed by precipitation with guanidine-HCl,

although recoveries of peptides are variable, especially for large or hydrophobic peptides
(Riviere et al., 1991)

Montelaro (1987) has reported extracting 75% of the protein A bound to Immobilon-P
membranes with 40% acetonitrile in 0.1 M ammonium acetate pH 8.9 at 37°C for 3 hr. An
application of removal of protein from PVDF was reported by Stone et al. (1989a) who applied a
protein to PVDF in 70% formic acid and then performed a cyanogen bromide digestion by
adding 10 pl of 70 mg/ml cyanogen bromide and incubating in the dark for 24 hours. To obtain
the peptides, the supernatant was removed, then the PVDF was incubated in 200 pl of 40%
acetonitrile for 3 h at 37°C. This supernatant was removed and the PVDF was incubated with
200 pl of 40% acetonitrile, 0.05% trifluoroacetic acid for 20 min at 500C. The three supernatants
were combined with 60 pl of water and dried. Recoveries in this procedure are reported to be 15-
100% and protein dependent (Stone et al., 1989b). Another procedure uses 20% acetonitrile in

the digestion mixture to enhance digestion of the protein and elution of fragments (Choli et al.,
1989).

Although the procedure of Szewczyk and-Summers (1988) gives higher recoveries, losses during
detergent removal make this latter process less efficient.

Wong et al. (1992) have extracted proteins from PVDF with 2 consecutive 2 hour extractions
with 200 ul of DMSO with shaking. This procedure is more efficient in extracting proteins from
Immobilon-P than from ProBlott, with efficiencies of 32% of BSA and 70% of carbonic
anhydrase extracted from ProBlott.
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Another technique is to digest a protein in the presence of SDS and separate the peptides by
reverse phase HPLC, using a DEAE pre-column to remove the SDS . This technique has been
successfully used by Kawasaki et al (1990). Using a DEAE column ahead of the reverse phase
column can disturb the baseline early in the gradient (Shannon, 1992, unpublished observations).
Columns designed specifically for the removal of SDS are now available.

SDS can be quantitated by its interaction with methylene blue (Hayashi, 1975).

“As described above, proteins can be electroblotted to nitrocellulose, eluted, digested and
~gsequenced, or digested on nitrocellulose and the peptides eluted. Aebersold (1989) describes a
procedure for such digestions.

One method of generating and isolating: fragments is to use Promega's Probe-Design Peptide
Separation System. The protein of interest is separated on a gel, transferred to an Immobilon
PVDF membrane, digested with cyanogen bromide and, the peptides are resolved on a gel system
designed for peptides, which are then transferred to ProBlott PVDF membrane for sequencing.
The necessary materials are supplied by the maker,

A different method for eluting proteins is to displace them with another protein. Chertov et al.
(1992) eluted a hormone with a solution of 0.1 M ammonium bicarbonate pH 8, 25%
acetonitrile, 0.5 mg/ml bovine serum albumin. This technique gives another separation problem
if pure protein is needed.

While digesting proteins on PVDF, Zhang et al. (1994) observed that 30% acetonitrile with 2.5%
TFA was more efficient than 60% acetonitrile-2.5% TFA in extracting hydrophobic peptides
from PVDF and that 60% acetonitrile was more efficient for hydrophobic peptides; both
solutions also contained 30 mM 4-hydroxycinnamic acid for mass spectrometry and peptide
extraction. This group also observed that vacuum drying of a CNBr digestion on PVDF
prevented extraction of peptides, but after drying in an open vial, peptides could be extracted
with the solution mentioned above.

Another study showed that for the short peptide angiotensinogen, 2% formic or acetic acid
removed 70% of bound peptide (Krishnamurty ef al., 1994).

After digestion, Mertz et al. (1994) found the best procedure for eluting peptides from PVDF
was 20 ul of 50% TFA for 10", and 2 x 50 pl of 0.1% TFA for 15'. Iwamatsu and Yoshida-
Kubomura (1996) mention that more peptides are extracted with 20% acetonitrile than 10%.

Cyanogen Bromide

Cyanogen bromide cleaves on the carboxy side of methionine residues. Because there are usually
only two methionine residues per 100 residues, several peptides, often large, are generated.
Peptides produced by cyanogen bromide digestion have homoserine at their carboxy terminal,
unless the peptide comes from the carboxy terminal of the intact protein. Thus the absence of
homoserine from a peptide suggests that it is found at the C-terminal of a protein. Homoserine
can be readily identified in an amino acid analysis, but is hard to distinguish from serine when
PTH amino acids from the sequencer are-analyzed. A cyanogen bromide digestion is simpler to
perform than an enzymatic digestion. Performing the reaction in 70% formic acid usually avoids
the protein solubility problems that often occur with reactions that are performed in aqueous

217



puffers. The reaction is carried out according to the procedure of Gross (1967). Although a ratio
of cyanogen bromide to methionine is often quoted, achieving a precise ratio is difficult because
the amount of methionine in 1 mg or less of protein requires an amount of cyanogen bromide
'that cannot be weighed easily. We have found that the excess of cyanogen bromide produced by
adding the smallest amount of cyanogen bromide that can be taken from a large piece does not
produce harm. Strydom et al. (1985) also used a large excess of cyanogen bromide. Other
examples are Asano et al. (1986). Handle the cyanogen bromide in the hood; if you wish to
weigh it, put the cyanogen bromide in a preweighed, sealable container for weighing, After
(digestion has taken place, the formic acid is removed on a Speed-Vac, equipped with an acid trap
1o reduce the amount of formic acid reaching the pump and to reduce the amount of cyanogen
promide which escapes. Dilute the sample 10 x with water first, and repeat the drying to reverse
possible esterification of serine and threonine residues with formic acid; this process is repeated.
.Some references are: Reiman et al. (1984), Asano et al. (1986), Pastuszyn et al. (1987).

‘Tarr and Crabb (1983) report that exposure to formic acid appears to esterify serine and
threonine residues and that aminoethanol reverses the esterification; however standard
procedures do not use aminoethanol. Goodlett et al. (1990) confirmed formylation of serine and
threonine by mass spectrometry and claimed that the formylation did not affect Edman
sequencing but did not offer quantitative evidence. There are reports that Met-Cys, Met-Thr and
‘Met-Ser bonds are not efficiently cleaved (Doyen and Lapresle, 1979; Schroeder et al., 1969).
With a Met-Cys sequence, methionine is converted to homoserine (loss of 30 mass units) with
variable cleavage of the peptide bond. The latter authors achieved more efficient cleavage of
‘Met-Thr and Met-Ser bonds by using 70% trifluoroacetic acid although the reaction proceeded
more slowly than in formic acid. These authors also find that 4 hours at 50°C caused random
cleavage in catalase. Shively et al. (1982) state that use of trifluoroacetic acid for cyanogen
‘bromide digestions avoids blocking of terminal amino groups and Goodlett ef al. (1990) showed
that use of trifluoroacetic acid instead of formic acid reduced esterification of serine and
threonine. Guandine hydrochloride may also be used and may give greater yields of peptides,
and avoids possible reduction of disulfide bonds by formic acid, which was not directly shown
(Villa ez al., 1989). Although pyridine formate buffers can block the N-terminus of peptides

(Shively et al., 1982; Levy et al., 1981), formic acid is still commonly used for cyanogen
bromide digestions.

A study of reaction conditions found that 1 mg/ml CNBr in formic acid for 12-18 hours, gave
formylation, oxidation of tryptophan; acetic acid and 0.1M hydrochloric acid gave more acid
hydrolysis of peptide bonds; 70% trifluoroacetic acid with 10 mg/ml CNBr for 6 hours gave little
acid hydrolysis, no adducts and reduced oxidation of tryptophan (Andrews et al., 1992). When
digesting ovalbumin, the cleanest appearing peaks on chromatography were from cyanogen
bromide in 70% TFA; 70% formic acid was next best, and 6M guanidine with 3M HCI gave the

Smallest and broadest peaks (Shannon, 1996, unpublished observations); the yield of peptide was
about 25%.

Methionine sulfoxide and sulfone are unaffected by cyanogen bromide. The cyanogen bromide
digestion converts tryptophan to monohydroxy tryptophan (+16 mass units).

An alternate procedure is to use cyanogen bromide and potassium iodide to cleave at both
methionine and tryptophan residues (Huang and Huang, 1994). Yields of 80-100% are claimed.
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another procedure is to use a mixture of formic and heptafluorbutyric acids, with reported yields
£ 80% (Ozols et al., 1977).

ne reason for incomplete cleavage of proteins by cyanogen bromide is the formation of an
mnstable intermediate, which will give rise to some of the expected products (Zhang ef al., 1996).

j‘rypsin and Endoproteinase Lys-C

;rrypsin cleaves on the carboxy side of lysine and arginine residues, although cleavage at Arg-
pro and Lys-Pro bonds is slow. The bond RXS(P) is not cleaved (Cohen et al., 1991). The
gpeciﬁcity of trypsin, its ability to work under denaturing conditions, and its low cost make
fryptic digestions a favored digestion. Before performing a tryptic digest, it may be worth seeing
how many arginine and lysine residues are present, and whether it might be better to produce
fewer, larger fragments by digesting at lysine only with endoproteinase lys-C, or arginine only -
by citraconylation of lysine residues before digestion.

Trypsin is reported to be active in 6 M urea and 1 mg/ml SDS; our experience suggests that it is
not active in 3 M guanidine hydrochloride. Aebersold (1989) reports that trypsin is more active
in bicarbonate buffer than Tris-Cl and that trypsin is not inhibited by up to 40% acetonitrile.
Suzuki and Terada (1988) reported that 0.05% SDS in 0.2M ammonium acetate pH 8 stimulates
hydrolysis of BSA, but this concentration of SDS inhibits activity against a . No other proteins
were tested to determine the specificity of the effect of SDS. Stone and Williams (1993) find that
trypsin will digest suspensions of proteins unlike endoproteinase lys-C.

i’rolonged incubation of trypsin appears to give rise to pseudo-trypsin (C-trypsin) which can
hydrolyze bonds adjacent to aromatic residues (Keil-Dlouhd et al., 1971). About one third of
{typsin can autolyse to this form whose activity towards chymotrypsm substrates is low but
epparently sufficient to give chymotrypsin like digestion (Smith and Shaw, 1969). Promega
Corporation and Boehringer Mannheim sell trypsin which is claimed to be resistant to autolytic
digestion because it has been alkylated. Methylation of trypsin makes the enzyme more resistant
to breakdown and stabilizes the activity, but does not prevent all autolysis (Rice et al., 1977).
Although calcium also stabilizes trypsin, reductive methylation further stabilizes it.

Cleavage with endoproteinase lys-C, which cleaves on the carboxy side of lysine (Jekel et al.,
1983), may be performed at pH 8 in 0.1 M NH4CO3 and 5 M urea (Reiman et al. (1984).
Steffens et al. (1982) used the same buffer but with 0.1% sodium dodecyl sulfate,
Proteinase:substrate 1:100 by weight, for 2 hours at 37°C, then added another batch of proteinase
-and repeated the incubation.

?KaWasakl and Suzuki (1990) report that some bonds are cleaved more slowly in the presence of
8DS but digestion still occurs even at 1% SDS. Later these workers reported that the digestion
Pattern in 0.05% SDS is the same as without SDS, but some bonds are not cleaved at higher

-foncentrations, unless more proteinase is used; digestion will occur in up to 2% SDS (Kawasaki
‘ind Suzuki, 1992).

Achromobacter protease I is also reported to cleave only on the carboxy terminal side of lysine.
é'Brenner et al. (1990) report that Achromobacter protease and endoproteinase Lys-C have
if fferent activity at some lysine residues, that endoproteinase Lys-C produces less nonspecific
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jleavages but requires more enzyme and longer digestion times. With both enzymes, most non-
"peciﬁc cleavages are on the C-terminal side of arginine

éubmaxillaris protease (Schenkein et al., 1977) and clostripain or endoproteinase Arg-C are
hlaimed to digest specifically at arginine. However, with a preparation of submaxillaris protease
from Pierce, we found that digestion was not specific, and we have had no other experience with
ihese enzymes. One report showed useful digetss by this enzyme, but not at arginine residues
oudfoot ez al., 1995). This enzyme has been used by Simpson et al. (1987). Boehringer
Mannheim suggest denaturing the substrate in 5M urea but conducting the digestion in 0.1M
yrea at pH 8, or using 1 mg/ml SDS. Our mass spectrometry lab has also found this enzyme
aileffective (M. Kinter, personal communication, 1997), as did Iwamatsu and Yoshida-Kubomura
%9996).

Instead we suggest modification of lysine residues with citraconic anhydride before digestion
g‘ith trypsin (see Reiman et al., (1984); Lau et al., (1985); Atassi and Habeeb, (1972)).

?Annan and Biemann (1993) peracetylate protein prior to digestion and analysis by mass
gpectrometry. Acetylation prevents tryptic digestion at arginine, if acetylation is complete, which
gfmay not be. Amino acids besides lysine may be acetylated.

5.
grypsin also cleaves at S-2-aminoethyl cysteine (Raftery and Cole, 1966); the modification of
dysteine is performed with 2-bromoethylamine (Okazaki et al., 1985). Pierce sell the reagent
‘meinoethyl-Sé (N-(iodoethyl)-trifluoroacetamide) for this reaction and Molecular Probes sell N-

{2-iodoethyl)trifluoroacetamide (Schwartz et al., 1980). This digestion is not often used.
3

yle suggest performing digestions with a molar ratio of trypsin to substrate of 1:30 in a volume
of 1 ml. A control of trypsin alone should be run to see if any peptides are derived from trypsin
gnstead of the substrate. Digestions with trypsin are usually run at pH 8 and 37°C e.g. Strydom et
?gl' (1985), Pastuszyn et al. (1987), Lau et al. (1985), 4 hr., proteinase :substrate 1:50 by weight.

?I"rypsin can release exposed peptides within one minute of digestion (Wettenhall and Cohen,
1982).

if;"'erSeptive Biosystems claim that their immobilised trypsin columns allow digestion with a high
?i'atio of enzyme to substrate and hence short digestion times, reducing oxidation of peptides and
Minimizing trypsin autolysis, which is lessened by immobilization.

;Limited Acid hydrolysis

¥,

Limited heating with dilute acid can cleave a protein predominantly on the carboxy side of
#partyl residues. The following procedure of Haniu ef al. (1986) has been used successfully in
bur Jaboratory. To dried sample, add 0.5 ml of 0.1% trifluoroacetic acid. Place the tube in a

%ﬁaled vial which is heated at 110°C for 2 hours. Remove the acid by lyophilizing or in a Speed-
Yac,

f;?.Published procedure is that of Titani et al. (1987). The sample is heated at 110°C for 4 hours
With 2 M formic acid. Another procedure is to incubate the peptide at 37°C for 72 hours in 70%
2omic acid (Reiman et al. (1984)). Gerber et al. (1979) dissolved insoluble peptides first in 88%
Mrmic acid or 50% trifluoroacetic acid before hydrolyzing for 20-35 min. at 110°C in 6M HCL
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rfluoroacetic acid vapour hydrolyzes proteins on Polybrene treated glass fibre filters and
VDF at serine, hydrolysis at and threonine, hydrolysis at residues (Hulmes and Pan, 1991).
| nical conditions are six days at 22°C with 15-35% efficiency. Higher temperatures increased
ydrolysis at , as does the use of liquid acid. Efficiency of digestion was higher on glass fibre
Eters than for samples in a tube and lowest for samples on PVDF

E,e lability of Asp-Pro bonds enables them to be hydrolyzed under mild conditions (Landon,
77).

in alternative procedure is to use endoproteinase Asp-N from Boehringer-Mannheim, which
E:aves on the amino side of aspartate residues (Drapeau, 1980; Ponstingl et al., 1981). Simpson
i al. (1989c) find that this enzyme does not cleave Asp-Asp bonds and slowly cleaved a Thr-
jsp bond. Some digestions at glutamate have been reported (Hara et al., 1996).

:aphylococcus aureus V8 proteinase (Endoproteinase “Glu-C)

his proteinase cleaves on the carboxy side of glutamyl and aspartyl residues in phosphate buffer
{ pH 7.8, and on the carboxy side of only glutamyl residues in ammonium acetate at pH 4.
owever, it has been reported that this enzyme will also cleave after glutaminyl, asparaginyl and
iryl residues (McWherter et al., 1984). Other workers also find this specificity and that the
hzyme does not hydrolyze all bonds adjacent to glutamate (Dognin and Wittman-Liebold, 1977;
Nalker et al., 1977, Moonen et al., 1980). non-specific cleavage Conditions for using this
lroteinase are described by Asano et al. (1986), proteinase:substrate 1:27 by weight in 50 mM
inmonium acetate pH 4 at 37°C for 18 hours; Pastuszyn et al. (1987), proteinase:substrate 1:41
E'weight, 0.1 M ammonium acetate pH 4 overnight at room temperature; Titani et al. (1986),
foteinase:substrate 1:100 molar ratio, 0.1 M ammonium bicarbonate pH 8 for 48 hours at 25°C.
E;is enzyme retains activity in 6 M urea, 5.5 M guanidine-HCl, 5 mg/ml SDS. Aebersold (1989)

orts that this proteinase is not inhibited by up to 40% acetonitrile. Kawasaki and Suzuki
1990) report that endoproteinase Glu-C shows low activity in 0.05% SDS and gives different
ligestion in SDS (Kawasaki and Suzuki, 1992).

Eqnes et al. (1994) describe a number of non-specific cleavages by this proteinase and describe
ptimized conditions for digestion of one substrate. Another response to non-specific cleavages
ﬁ,ld transpeptidation by this enzyme was to add endoproteinase Asp-N (Hara et al., 1996).

§9me groups find that this proteinase does not digest as efficiently as others (Iwamatsu and
foshida-Kubomura, 1996).

Eleavage at Tryptophan

;Ocedures for chemical cleavage at tryptophan have been described (Asano et al. ,1986;
?ahoney et al., 1981; Huang et al.,1983; Fontana ef al., 1983; Reiman et al., 1984; Houghten
md Li, 1978), Crimmins et al. (1990). However, these procedures have not been overly
Mecessful in our hands. Crimmins et al. (1990) report 10-60% vyield with BNPS-skatole.
Xidation of methionine can occur. The major side reaction is bromination of tyrosine. Vestling
Bal. (1994) found 6 minutes digestion was adequate and mention that concentrations of BNPS-
Katole and protein must be chosen carefully to produce clean peptides. Oxidation of both
ptophan and methionine was found.
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EAn alternate procedure is to use cyanogen bromide and potassium iodide to cleave at both
imeth ionine and tryptophan residues (Huang and Huang, 1994). Yields of 80-100% are claimed.

E;Chymotrypsm cleavage
-1
gSome examples of the use of chymotrypsin are: Pastuszyn ef al. (1987), 0.12 M Tris-Cl pH 7.8,
;ﬁo mM calcium chloride at room temperature for 2.5 hours with proteinase:substrate 1:140,
iReiman et al. (1984), 0.1 M ammonium bicarbonate pH 8, 10 mM p-aminobenzoic acid at 37°C
gfor 16 hours (proteinase:substrate ratio not given).

The primary specificity of chymotrypsin A is cutting after tyrosine, phenylalanine or tryptophan,
but it may also cut after leucine, methionine and alanine (Keesey, 1987) and Boehringer list it as
:a broad specificity proteinase. An early survey of chymotrypsin A action shows a high
gpropomon of bonds adjacent to leucine being cut, as well as many others (Neil et al., 1966).
£Lhymotrypsin C is more prone than chymotrypsin A to cut after leucine (Folk and Cole, 1965).
;A study of hydrolysis of dipeptides by chymotrypsin shows that hydrolysis after methionine may
‘be comparable to that after aromatic amino acids and also that chymotrypsin does not have a
‘clear cut specificity (Duan and Laursen, 1994). In addition, Keil (1992) compiled data showing
}that aspartate in position P1' reduces cleavage, proline in P1' usually prevents cleavage whereas
arginine in P1' enhances cleavage. :

;;'Cleavage at Asparaginyl-Glycine Bonds

‘Bornstein and Balian (1977) have described a procedure to cleave proteins between asparaginyl

«and glycyl residues. An example is in Strydom et al. (1985). Modifications are described by
Titani et al. (1987).

Asparaginylendopeptidase

Asparaginylendopeptidase from jack bean is reported to cleave specifically on the carboxy side
‘of asparagine (Ishii et al., 1990). This information is from the supplier, Takara Biochemicals,
719 Allston Way, Berkeley, CA, 94710, ph (415) 649-9895, or Panvera, Madison, WI (800) 791-
1400, whose catalogue shows a digestion by this enzyme and peptide bonds not cleaved. This
product is also available from ClonTech (Palo Alto). One group found this enzyme ineffective
(Iwamatsu and Yoshida-Kubomura, 1996).

A collection of digestion procedures is presented by Matsuduira (1989) and Stone et al. (1989b).

Cleavage at Cysteine

Trypsin also cleaves at S-2-aminoethyl cysteine (Raftery and Cole, 1966); the modification of

Cysteine is performed with 2-bromoethylamine (Okazaki et al., 1985). This digestion is not often
used.

Another method to cleave at cysteine only is to modify aspartate and glutamate residues with a
glycineamide-carbodiimide reaction, oxidize cysteine to cysteic acid with performic acid and
digest with endoproteinase Asp-N (Wilson et al., 1989). The modification reaction produces
modified aspartate and glutamate and the oxidation reaction also modifies methionine, tyrosine
and tryptophan. Minor non-specific cleavages were also seen.

222



)ther digestions

yeumisin digests on the carboxyl side of digestion at charged amino acids. Clontech is 2
gpplier. Enzymes that cleave after proline have been identified (Szwajcer-Dey et al., 1992;
aiwant and Porter, 1991), although they also cleave after alanine (Yoshimoto ez al., 1978).
roline specific endopeptidase (prolyl endopeptidase, post-proline cleaving enzyme) is available
rom ICN
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Note: A
Alkylation of cysteine residues with 4-vinylpyridine

The procedure described here is that of Hawke and Yuan (1987) of Applied Biosystems.

1. Prepare the following solutions: 1 M Tris HCL, pH 8.5 containing 4 mM EDTA; 8 M
guanidine-HCl; 10% 2-mercaptoethanol in water.

2. Mix 1 volume of Tris solution with 3 volumes of guanidine solution to give 6 M guanidine
buffered with 0.25 M Tris.

3. Dissolve or dilute the sample (1-10 pg) in SO pl of the above buffer. Add 2.5 ul of 10% 2-
mercaptoethanol (3.6 pmole) and incubate at room temperature in the dark under argon for 2
hours.

4. Add 2 pl of 4-vinylpyridine (18.5 pmole) and incubate as above. Store 4-vinylpyridine under
argon at -20 ° C to reduce polymerization. If the 4-vinylpyridine is brown, it may be partially
polymerized and cause the chromatographic problems noted below.

5. Desalt by reverse phase chromatography.

We have scaled up the above reaction. During desalting of scaled up reactions, we find many
peaks that appear to come from the 4-vinylpyridine. Thus separation of 4-vinylpyridine from
small peptides may be difficult although cytochrome ¢ can be separated satisfactorily from the
other reactants. Tempst et al. (1990) report that vinylpyridine must be removed promptly to
avoid side reactions and damage to pyridylethyl cysteine. They also find that when desalting by
reverse phase chromatography, a 15 to 20 minute wash at 100 pl/min with 3.5% acetonitrile is
necessary to remove alkylation reagents; they suggest that the gradient used is advantageous at
other times, but for hydrophobic proteins, increased time on a column may decrease yields.

After storage for a year, one batch of 4-vinylpyridine became viscous and formed an insoluble
glob in the presence of acetonitrile. This material clogged a column. Some vacuum distill 4-
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jinylpyridine and discard after seeing colouration because storage and exposure to light may
;ause polymerization (Gray, 1993).

desalting by filtration using a device like an Amicon Centricon may lead to an insoluble protein.

“Alkylation in gel (Moritz et al., 1996)

“Wash gel with water 3 changes over 1.5 hours, then immerse in 50 ml of 10 mM DTT, 0.2M

Tris-Cl pH 8.4, 2 mM EDTA for 2 hours at 40°C. Then add 4 vinylpyridine, 2% v/v and incubate
for 1 hour at 25°C in dark. Add 2-mercaptoethanol at 2% v/v to stop alkylation and wash gel
with water for 1 hour. Addition of guanidine-HCl to improve solubility of vinylpyridine does not
improve alkylation but does reduce recovery of peptides.

Note: B
Removal of detergent from samples

To remove SDS, Stone et al. (1989) suggest the following procedure: Dialyse 1 ml or less of
protein against 0.05% SDS, 5 mM NH4HCO3. Dry. Add 50 pl of water, then 450 pl of cold
acetone with 1 mM HCL. Incubate at -200C for 3 h. Centrifuge saving supernatant in case the
protein did not precipitate. Wash the pellet twice with 100 pl of cold acetone and dry.-

Bosserhoff ef al. (1989) have extracted SDS from peptides using heptane:isoamyl alcohol 4:1.
The starting solution is 100 pl of 0.1% TFA and 0.05% SDS; add 5 pl of TFA and vortex with
100 pl of heptane:isoamyl alcohol 4:1; centrifuge and remove heptane layer with a pipet and then
drying. Repeat if SDS >0.05%.

Konigsberg and Henderson (1983) extracted ion-pairs of dodecyl sulphate in organic solvents.

SDS can be removed from samples loaded on reverse phase columns by precolumns. One type is
a DEAE-precolumn described by Kawasaki et al. (1990) which may disturb the baseline early in
the gradient (Shannon, 1992, unpublished observations). Another precolumn is the SDS

precolumn sold by Poly LC and the Nest Group, from which SDS is eluted by high concentration
of acetonitrile.

Michrom BioResources sell cartridges for removal of ionic and non-ionic detergents. Although
most conveniently used with an HPLC equipped with a 10 port injector, they can be used with a
syringe. A capillary LC setup to remove SDS and concentrate a sample for mass spectrometry
has been described (Vissers et al., 1996).

Pierce and BioRad sell detergent removal columns, and Supelco recommends Amberlite XAD-2
and XAD-4 resins for detergent removal. The use of Amberlite resins for removing Triton X-100
has been described but the recovery of protein was not measured (Cheetham, 1979; van der Zee
et al., 1983).Vinogradovand Kapp (1983) have described this technique.

Another method of removing SDS is to add KCl1 to 50 mM on ice, leave 10 minutes and remove
the KDS precipitate by centrifugation (Prussak et al., 1989). Suzuki and Terada (1988) found
that 20 mM KCl1 was adequate to precipitate dodecyl sulphate. After 1 added KCl to a solution of
peptide in SDS, the solution still bubbled as though detergent was present. Guanidine Hecl also
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precipitates SDS but causes variable recovery of peptides, especially large or hydrophobic
peptides (Riviere et al., 1991).

A procedure for precipitating proteins from solution, including detergent solutions, is from
Wessel and Fliigge (1984). To 0.1 ml of solution add 0.4 ml of methanol, mix and centrifuge at
9000g for 10 s; add 0.1 ml of chloroform, mix and spin at 9000g for 10 s. Add 0.3 ml of water,
mix vigorously and centrifuge at 9000g for 1 min. Remove upper phase. Add 0.3 mi of methanol
to lower phase and interphase with precipitated protein, mix and centrifuge at 9000g for 2 min to
pellet protein. A procedure using phenol-ether works with larger volumes, with claimed 80%
recovery even from 10 ng/ml solutions (Sauvé et al., 1995)

This procedure was tested with - 40 pg of protein, although the authors claim quantitative
recovery with 2 pg of protein. Proteins down to 18,000 MW are claimed to give > 90% recovery.
For 1 ml samples, at 4 ml methanol, 1 ml chloroform and 3 ml water. After removal of the upper
phase, subsequent steps are as above.

Detergent can also be removed by "inverse gradient” reverse phase chromatography as described
by Simpson et al. (1987, 1989a,b). Thorough equilibration of the column is necessary for this
technique to work; BSA may be a poor test protein because it gives a broad peak (my.
observation, confirmed by Robert Moritz). ‘

Detergents can also be removed by filtration devices such as Centricon and Ultrafree. Removal
of detergent is inefficient above the critical micelle concentration, where the detergent forms

high molecular weight micelles. Amicon document 2302 gives a guide to the effectiveness of
these devices for different detergents.

Another chromatographic technique is hydrophilic chromatography. Clauser et al. (1993) eluted
proteins in SDS from polyhydroxyethyl aspartimide column with a gradient of acetonitrile from
90-50% and 10-100 mM ammonium TFA.

BioRad suggest their hydroxyapatite columns to remove detergents from protein solutions.

Non-ionic detergents in protein solutions can be quantitated by passing the solution through a
strong cation or anion exchange column to which the protein binds while detergent passes
through and is quantitated by UV absorption; there may be no recovery of protein (Pardue and
Williams, 1993).

Note: C
Alkylation of cysteine in proteins on PVDF.

Ploug et al. (1992) and Iwamatsu (1992) have described procedures, both of which have been
tested successfully on lysozyme. After performing the alkylations, the lysozyme was sequenced
and amount of alkylated cysteine at position 6 measured. Because of uncertaintities in the
Quantitation of these derivatives, the measurements are uncertain. Alkylation with 4-
vinylpyridine based on the method of Ploug et al. (1992) is 90% efficient as measured by area of
PTH-pyridylethyl-cysteine, 50% efficient as measured by amounts based on a standard (which
may be subject to differential loss during storage of the standard and selective concentration
during storage), 60% by peak height. The method followed was to wet the PVDF with methanol
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Eand then incubate in 1 ml of 0.1 M phosphate pH 8, 5 mM EDTA, 10% methanol, 20 mM DTT
gt room temperature for 1 hour under argon, then incubate for another hour with the above buffer
“except containing 20 mM 4-vinylpyridine instead of DTT, then rinse with 1 ml of 20% methanol.
Using 1 mM DTT and 5 mM 4-vinylpyridine appears to be equally efficient. Alkylation with 20
mM N-isopropyliodoacetamide based on the method of Iwamatsu (1992) appears 90% efficient
or more; use of 1 mM reductant and alkylating agent is almost as efficient. The method was to
wet the PVDF with methanol, incubate 1 hour at room temperature in 1 ml of 6 M GuHCl, 0.4 M
Tris-Cl pH 8.5, 5 mM EDTA, 2% acetonitrile, 20 mM DTT (FW 154) followed by a similar
incubation using a smaller volume of 20 mM N-isopropyliodoacetamide (FW 227) in the above
puffer instead of DTT. ’

In a native protein, some cysteine residues do not react with iodoacetate and other alkylating
agents, but do react after denaturation (Scott-Ennis and Noltmann, 1985).

Note: D
Materials which interfere with Edman chemistry

1. Primary amines, which compete with the peptide for PITC and also generate UV absorbing
peaks which interfere with identification of PTH amino acids.

2. Oxidizing agents which will destroy PITC.

3. Buffers which neutralize the trifluoroacetic acid used for cleavage or the trimethylamine used
for the coupling reaction (Krishna ef al., 1991).

4. Materials which react with the amino terminus of a peptide. Some of these materials are;
cyanates, which may be generated from urea; aldehydes and peroxides which are often found in
Triton X-100, Brij and Tween solutions (Lever, 1977; Ashani and Catravas, 1980).

5. SDS, precipitation of protein which may cause sample loss from the filter support and
bubbling in the instrument and require service, although reportedly 50 pg can be tolerated. See
appendix B for procedures to remove detergent.

6. Buffers containing formic acid which may block the N-terminal of peptides and modify lysine
(Shively et al., 1982; Levy et al., 1981).

Note: E
Methods to concentrate protein

Two mefhods of concentrating proteins by precipitation are the methanol/chloroform technique
of Wessel and Fliigge (1984), which we have successfully used, and a phenol-ether precipitation
method of Sauvé et al. (1995), which can handle larger volumes; 80-90% recovery was reported.
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Topic 19. Proteomic Technique

Proteomics is the study of proteome, used for analysis of complete complements of
proteins. Proteomics includes identification, quantification and determination of proteins
localization, modifications, interactions, activities, and their functions. Proteomics is much more
complicated than genomics. The genome of an organism is generally constant, whereas the
proteome, the functional products of genes, may vary in different forms within a particular cell
or between different cells. Moreover, many proteins from every gene are alternative splicing and
posttranslational modifications. This machinery affects protein structure, localization, function
and turnover. Thus, several protein forms cannot be characterized by genomic analysis alone,
providing proteomics is a powerful tool for proteins analysis (1). In proteomic technologies rely
on protein separation, protein identification and protein characterization. The technology used in
proteomics such as two dimensional (2D) gel electrophoresis, mass spectrometry and protein
array are developed.

2D gel electrophoresis or 2DGE is a method for separating complex mixtures of
proteins. This method allows the sample to separate in two dimensions for higher-resolution
visualization. It works by separation of proteins in two steps: the first-dimension is isoelectric
focusing (IEF), which separates proteins according to their isoelectric points (pI); the second-
dimension is sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE), which
separates proteins according to their molecular weights (MW). This provides maximum
separation and allows thousands of proteins to be resolved. The resulting gel is then Coomassie
Blue, silver and amido black stained for viewing the protein spots. Spots on the gel are proteins
that have migrated to specific locations. These can be selected and subjected to analyze by mass
spectrometry (1,2,3).

For proteome analysis, two dimensional polyacrylamide gel electrophoresis (2D PAGE)
is used to separate mixtures of proteins allowing comparative of related samples - such as

healthy and disease tissues. The methodology includes 3 steps (fig. 1-3.) (4).
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Figure 1. The proteins from healthy and disease tissues are load onto the middle of the

left side of the gel, where the pH is neutral. The gel has a pH gradient from top to bottom,
which the top is more acidic than the bottom (4).
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Figure 2. An electric potential is applied across the gel, making one end more positive
than the other. If proteins are positively charged, they will be move towards the negative
end of the gel and if they are negatively charged, they will be move to the positive end of
the gel. The proteins are reaches at their isoelectric point, which the overall on the protein

is zero (i.e. a neutral charge). This separation is called isoelectric focusing (4).
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Figure 3. The second step for separated the proteins by charge, according their mass in
the perpendicular dimension. By comparing the two gels reveal that proteins are
expressed at different levels. In the disease tissue, the red protein is more abundant than

in the healthy tissue and could be represent novel drug targets or diagnostic disease
markers (4).

The 2DGE permitting the concomitant analysis of hundreds or even thousands of gene
products in a single run. However, the reproducibility of 2DGE data has the difficulty to perform
because of pH gradient instability with prolonged focusing time as the pH gradient moves
towards the cathode (cathodic drift) and flattens in the centre (plateau phenomenon). The
comparative of two samples by comparing the images of the stained gels and the exchange of
2DGE data between laboratories has been a major problem because of irreproducibility between
2DGE generated by the conventional method. This problem has overcome by using immobilized
pH gradient (IPG) strips. IPG strips are based on the use of immobilized pH gradients, made with
buffering acrylamide derivatives that contain a free carboxylic acid or a tertiary amino group
which are co-polymerized with acrylamide and bis-acrylamide. The pH gradient is precast into
the gel and cannot shift during electrophoresis. Thus cathodic drift is eliminated, enhanced
reproducibility and pattern matching, and the comparison of 2DE data between laboratories can

be simplified. The strategy in an IEF or IPG combined with SDS-PAGE for proteins separations
are showed in figure 4 (1).
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Figure 4. Strategy for proteome analysis by two dimensional gel electrophoresis D.

The IPG strips for IEF are now commercially available, such as ReadyStrip IPG Strips
(Bio-Rad). This commercially system has a variety in the strip length and the linear pH gradient
range. The use of IPG strip length and the pH ranges for protein loads per strip are under the
product’s guidelines information. The samples (cell, tissue or fluid) will be subjected to 2DGE
must be prepared by lyses the cell of interest and minimizing damage from protease. The method

of lysis will vary greatly depending on the sources of the cells (5).

In previous study, Fatoohi e al. have improved the identification of the parasite proteins
that induce cellular immunity in naturally infected woman. By using the ReadyStrip IPG strips
(Bio-Rad) and SDS-PAGE for separated the presence of soluble Toxoplasma gondii antigen (ST-
Ag) or fractionate proteins from ST-Ag. Two dimensional separation of ST-Ag showed that all
fractions were made up of many different proteins (more than 200 spots) (Fig. 4). However,

other proteins in the 20-40 kD range were absence, probably due to the much lower protein

concentration (6).
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Figure 5. Silver stained two dimensional electrophoresis pattern of tachyzoite ST-Ag (6).

Proteins, which are separated by 2DGE can be determined the specific characteristics of
interest by mass spectrometry (MS). The integration technology advances in 2DGE and MS

analysis, have increased sensitivity, reproducibility, and throughput of proteome analysis.

Mass spectrometry (MS) provides the ability to accurately measure the mass of almost
any molecule that can be ionized to the gas phase. A mass spectrometer consists of three
essential components (Fig. 6.); an ion source, a mass analyzer and a detector. An ion source
converts molecules into gas-phase ions. Once these ions are created, they are separated in the
mass analyzer by their mass (m) to charge (z) ratio and detected by an electron multiplier. MS

data are recorded as ‘spectra’ which display ion intensities versus their m/z value (1).

MS is a powerful analytical technique that is used to identify unknown compounds, to

quantify known compounds, and to elucidate the structure and chemical properties of molecules.

246



For analysis of biomolecules, MS is used to identify proteins and to determine the molecular
weight and/or structure of species ranging in size from diatomic molecules to large proteins. MS
instruments that have a role in proteomic analysis are matrix-assisted laser desorption/ionization-

time of flight mass spectrometry (MALDI-TOF MS) and electrospray ionization tandem mass
spectrometry (ESI tandem MS or ESI-MS-MS) (1).

»
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Figure 6. General mass spectrometry scheme (1).

MALDI-TOF MS is composed of two parts, the first part “MALDI” mentions to a
methqd of ionization, while the “TOF” mentions to the mass analyzer. This technology is
suitable for the peptide-mass fingerprinting, The samples to be analyzed are first mixed with so
called matrix molecules and spotted onto a small plate or slide, and then allowed to evaporate in
the air. Upon drying, the matrix molecules crystallize and solid sample/matrix co-crystals are
finally formed. The target is then inserted into the ion source of the mass spectrometer which is
under a high vacuum. A laser (e.g., a pulsed nitrogen laser at 337 nm) is fired onto the sample,
resulting in the desorption event due to absorbance of the laser energy by the matrix molecules.
The matrix crystals results in the modulation of the absorbed energy into heat. The rapid heating
causes sublimation of the matrix crystals into the gas phase. The ions are ejected from the target

surface and accelerated into the mass analyzer (Fig. 7.). At the time that the laser is pulsed a
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voltage is applied to the target plate to accelerate the ionized sample towards a time-of-flight
mass analyzer. The TOF can be operated in either linear or reflectron mode and can easily
separate proteins up to 500 kDa. The precision is considered to be approximately 10 ppm (1,7).

~ ESI'tandem MS instruments, which ESI mentions to the ions are produced in the source
of the instrument. Tandem mass spectrometry mentions to mass analyzers that are able to
perform two-stage (or multistage) mass analyses of ions. There are different types of mass
analyzers are used in ESI tandem MS such as quadrupole, ion trap, and TOF mass analyzers.
From different tandem mass analyzers with ESI sources provides instrumental adaptability in
proteomics research. ESI tandem MS are performed to acquire partial amino acid sequence or
peptide ffagmentation. In contrast to MALDI, the peptides or proteins to be analyzed by ESI are
in aqueous solution. Typically, peptide mixtures are first separated by liquid chromatography
(LC) or high performance liquid chromatography (HPLC). Prior to mass spectral analysis, the
protein of interest is either chemically or enzymaticall}‘/ cleaved, the resultant mixture of peptides
is fractionated by an online-HPLC from which sample peptides are directly injected into the first
mass analyzer. In two quadrupoles series, the first mass spectrometer (MS1) is used to select,
from the primary ions, those of a particular m/z value which then pass into the fragmentation
region. The ion selected by the MS1 is the parent ion and can be a molecular ion resulting from
the primary fragmentation. Dissociation occurs in the fragmentation region. The daughter ions
are analyzed in the second spectrometer (MS2) (Fig.8). In fact, the MS1 can be viewed as an ion
source for MS2. Tandem mass spectral data interpretation is automated and performed by
computer software. The fragmentation of peptides under conditions results in the specific
cleavage of the peptide bonds. Consequently the product ion spectrum is a representation of each
amino acid in the peptide chain. In the procedure involves the use of a triple-quadrupole mass
analyzer (three quadrupoles in series) equipped with an electrospray ionization source that may
be interfaced with a high-resolution separation method (Fig. 9). A precursor ion (single peptide)
is then selected by the first quadrupole and transferred into the second quadrupole where it is
induced to undergo fragmentation. The fragment ions are then analyzed by the third quadrupole

mass analyzer with subsequent acquisition of the product ion mass spectrum (1,7).
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Figure 8. The operation of the tandem MS instrument (1).
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Figure 9. The operation of a triple quadrupole MS instrument (1).

An ion-trap mass analyzer, the design and operation is very different from triple
quadrupoles. Ioﬁ traps collect and store ions in order to perform MS-MS analyses on them. The
analyzer is very simple in design. The ions from the source are directed into the ion trap, which
consists of a top and bottom electrode (end caps) and a ring electrode around the middle (fig.
10). Ions collected in the trap are maintained in orbits within the trap by a combination of DC
and radiofrequency voltages. A small amount of helium is used as a “cooling gas™ to help control
the distribution of energies of the ions. To perform MS-MS analyses, the trap fills with ions from
the source. Then a particular ion of interest is selected and the trap voltages are adjusted to eject
ions of all other m/z values. The voltages on the trap then are quickly increased to increase the
energies of the remaining jons, which results in energetic collisions of the peptide ions with the
helium gas atoms in the trap and induce fragmentation of the ions. The fragments then are caught

in the trap and scanned out in according to their m/z values (1,7).
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Figure 10. An ion-trap MS instrument '(1).

Some instrument control software allows the automated switching of the triple quad or
ion trap between full-scan and tandem MS modes to acquire peptide MS-MS spectra. In this
approach, the instrument is set by default in full-scan mode to detect peptide ions as they emerge
from the source. When peptide ions are detected, the instrument selects the most intense ion and
subjects it to collision-induced dissociation (CID) to obtain an MS-MS spectrum. The instrument
then switches back to full-scan mode and selects the next most intense peptide ion and subjects it
to CID. This switching cycle is repeated to obtain MS-MS spectra of multiple peptide ions
automatically.

Peptide-mass fingerprints or product-ion data are used to search a protein-sequence
database to identify the protein of interest. The identification is made by comparing the
experimentally-generated data with theoretical data calculated for database entry. Database
search programs are often included in commercial software packages that are provided with mass
spectrometers. One such example is the SEQUEST program that is used for database searching
with uninterpreted product-ion spectra. A number of search engines can also be accessed free-of-

charge over the Internet, for example the Peptldent and Multldent programs at the ExPASy
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Molecular Biology server, MS-Fit andMS-Tag at the Protein Prospector server, or MASCOT at
the Matrix Science server. These web sites also provide additional proteomics software tools,
technical information, and links to other resources (7).

For proteome analysis of human-prostate tissue that are studied by Sarka Beranova-
Giorgianni, which is used 2DGE to separate proteins and identification of selected protein spots
by MALDI-TOF MS and ESI-Q-IT-MS. Proteins from a whole prostate-tissue specimen were
solubilized, separated by 2DGE, and visualized by staining with Coomassie Blue (Fig. 11.).
There are approximately 400 protein spots of various intensities are detected in the 2D map.
These proteins spots were identified based on peptide-mass fingerprinting or product-ion data.
By MALDI-TOF MS analysis, the spectrum contains 24 peptide ions with masses of 0.5-2.6 kDa
that represent the peptide-mass fingerprint of the protein spot is shown in figure 12 — a single
spectrum was produced from all peptides in the tryptic digest. Moreover, a typical product-ion
spectrum obtained by ESI-Q-IT-MS (Fig. 13.). It should be noted that the tryptic digest was first
separated by capillary HPLC, and each eluted pep{ide was introduced online into the mass
spectrometer and analyzed. Thus, a product-ion spectrum was recorded for each of the tryptic
peptides. (In contrast, in the MALDI-TOF experiment described above, a single spectrum was
produced from all peptides in the tryptic digest). The spectrum in Figure 13 displays series of
product ions that arise from gas-phase fragmentations of the particular peptide and that are
diagnostic of the peptide’s sequence. All product-ion spectra generated in the ESI-Q-IT analysis
of the digest spot were used in a database search to pinpoint the sequences of the peptides and to

identify the protein (7).
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Figure 11. The 2D map of the human-prostate proteome (7).
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Figure 12. MALDI-TOF mass spectrum of the trypic digest of protein spot 10 from the

human-prostate proteome. The letter T indicates trypsin-auto-digestion peptides (7).
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carbamidomethylcysteine) from the tryptic digest of protein spot 6 from the human-prostate

proteome. The data were obtained by ESI-Q-IT-MS (7).
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Topic 20. Protein microarray Technique

Protein microarrays are tools that can be used in many different areas of research,
including basic and translational research. Protein arrays are solid-phase ligand binding assay
systems using immobilized proteins on surfaces which include glass, membranes, microtiter
wells, mass spectrometer plates, and beads or other particles. The assays are highly parallel
(multiplexed) and often miniaturized (microarrays, protein chips). Their advantages include
being rapid and automatable, capable of high sensitivity, economical on reégents, and giving an
abundance of data for a single experiment. Bioinformatics support is important; the data
handling demands sophisticated software and data comparison analysis. Fortunately some of the
software can be adapted from that used for DNA arrays, as can much of the hardware and
detection systems (1).

There are two general types of protein microarray: analytical and functional protein
microarrays. Analytical protein microarrays involve a high-density array of affinity reagents (e.g.
antibodies or antigens) that are used for detecting proteins in a complex mixture. Functional
protein chips are constructed by immobilizing large numbers of purified proteins on a solid
surface. Unlike the antibody antigen chips, protein chips have an enormous potential in assaying
for a wide range of biochemical activities (protein-protein, protein-lipid, protein-nucleic acid,
and enzyme-substrate interactions), as well as drug and drug target identification (2). There are
many variations in protein array formats to date (Table 1). A protein array is defined as a
microérray in which protein interaction is detected with the aid of miniaturized ‘ligand’ spotting
technology. However, it is important to design studies carefully based on the design of the
experiments, the kind of output needed, and the kind of samples that are expected (3).
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Table 1. Miniaturized protein array technologies (10).

Printed on matrix Detection method Matrix substrate
Antibody Antibody (ELISA) NHS*

Antibody Analyte labeling Nitrocellulose
Antibody Antibody (ELISA) Scillicon
Antibody Antibody (ELISA) Aminosilanated
Antibody/antigen Analyte labeling Poly-L-lysine
Antibody/lysozyme Dire;:t imaging Gold

Antibody (microcantellever) Energy transition Gold

Purified protein (human) Analyte labeling Nitrocellulose
Purified protein Analyte labeling Aldehyde
Purified protien (yeast) Analyte labeling Aldehyde
Purified protein (yeast) Antibody Nitrocellulose
Fractionated protein Antibody Various®

Whole cell lysate (human)  Antibody Nitrocellulose
Recombinant protein Analyte labeling Aldehyde/Nickel
Peptide Multiple methods® Gold

V_arious substrates Analyte labeling Poly-L-lysine

* N-hydroxysuccinimide.
® Poly-amine derivatized, poly-aldehyde, and nitrocellulose slides.

¢ Surface plasmon resonance, fluorescence, and phosphoimaging.
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Protein arrays have been designed as a miniaturization of familiar immunoassay methods
such as ELISA and dot blotting, often utilizing fluorescent readout, and facilitated by robotics
and high throughput detection systems to enable multiple assays to be carried out in parallel.
Variables in immobilization of proteins include both the coupling reagent and the nature of the
surface being coupled to. The properties of a good protein array support surface are that it should
be chemically stable before and after the coupling procedures, allow good spot morphology,
display minimal nonspecific binding, not contribute a background in detection systems, and be
compatible with different detection systems. The immobilization method used should be
reproducible, applicable to proteins of different properties (size, hydrophilic, hydrophobic),
amenable to high throughput and automation, and compatible with retention of fully functional
protein activity. Orientation of the surface-bound protein is recognized as an important factor in
presenting it to ligand or substrate in an active state; for capture arrays the most efficient binding
results are obtained with orientated capture reagents, which generally require site-specific
labelling of the protein (1).

The most important investment for production of protein microarrays is the arraying
robot. The reliability and reproducibility of the fabricated arrays are entirely dependent on the
quality and morphology of the microspots produced by the arrayer. All arrayers have three basic
components: (4) a source plate location for placing the samples to be arrayed, usually for 384-
well plates; (5) a device or head for printing the samples; and (6) a destination zone for
placement of the supports to be arrayed, usually 1 x 3-inch (25 x 75-mm) slides. There are
basically two types of arraying robot, those that use pin or contact printing and those that use
Piezo-electric non-contact printing. Non-contact printing is faster at multi-dispensing a single
sample but slower at changing between samples, compared to contact printing. Contact printing
has the major advantage that it can prodﬁce protein spots of the highest quality. The choice of
arrayer type will thus be influenced by whether a few samples are to be arrayed on each slide (2).

Fluorescence labelling and detection methods are widely used. The same instrumentation
as used for reading DNA microarrays is applicable to protein arrays. For differential display,
capture (e.g. antibody) arrays can be probed with fluorescently labelled proteins from two
different cell states, in which cell lysates are directly conjugated with different fluorophores (e.g.
Cy-3, Cy-5) and mixed, such that the colour acts as a readout for changes in target abundance.

Capture arrays form the basis of diagnostic chips and arrays for expression profiling. They
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employ high affinity capture reagents, such as conventional antibodies, single domains,
engineered scaffolds, peptides or nucleic acid aptamers, to bind and detect specific target ligands
in high throughput manner. Antibody arrays have the required properties of specificity and
acceptable background. Antibodies for capture arrays are made either by conventional
immunization (polyclonal sera and hybridomas), or as recombinant fragments, usually expressed
in E. coli, after selection from phage or ribosome display libraries. The term 'scaffold’ refers to
ligand-binding domains of proteins, which are engineered into multiple variants capable of
binding diverse target molecules with antibody-like properties of specificity and affinity. The
variants can be produced in a genetic library format and selected against individual targets by
phage, bacterial or ribosome display (1).

Nonprotein capture molecules, notably the single-stranded nucleic acid aptamers which
bind protein ligands with high specificity and affinity, are also used in arrays. Aptamers are
selected from libraries of oligonucleotides and their interaction with protein can be enhanced by
covalent attachment, through incorporation of brominated deoxyuridine and UV-activated
crosslinking (photoaptamers). Photocrosslinking to ligand reduces the crossreactivity of aptamers
due to the specific steric requirements. Aptamers have the advantages of ease of production by
automated oligonucleotide synthesis and the stability and robustness of DNA; on photoaptamer
arrays, universal fluorescent protein stains can be used to detect binding (1).

Protein analyzes binding to antibody arrays may be detected directly or via a secondary
antibody in a sandwich assay. Direct labelling is used for comparison of different samples with
different colours. Where pairs of antibodies directed at the same protein ligand are available,
sandwich immunoassays provide high specificity and sensitivity and are therefore the method of
choicé for low abundance proteins such as cytokines; they also give the possibility of detection
of protein modifications. Label- free detection methods, including mass spectrometry, surface
plasmon resonance and atomic force microscopy, avoid alteration of ligand (1).

The question of cross-reactivity is an important one which applies to all ligand binders
and particularly to antibodies, being the most popular reagents. While antibodies are thought of
as being highly specific, monoclonals can show unpredictable cross-reactions which will be
revealed by thorough screening. The ultimate usefulness of individual reagents then depends on
the relative level of cross-reaction and specific reaction. The use of sandwich assays, in which

antibody pairs are used to bind and detect ligand, may go a long way towards eliminating the
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problem, since it is unlikely that both members of the sandwich will exhibit the same cross-
reactivity. Polyclonal antibodies are emerging as array reagents for protein expression studies;
although they require affinity purification, rabbit sera are easier to produce than monoclonal, and
cross-reactions may be reduced as a result of heterogeneity. There are ambitious projects to raise
monoclonal antibodies and antisera against the entire human proteome. An important general
principle is that, for optimal specificity where assays are highly multiplexed, it is essential to
provide dual level target recognition, i.e. two levels of specificity for each locus in the array.
Sandwich assays achieve this with two antibodies, photocrosslinking reduces the cross-reactivity
of aptamers and MS provides definitive label-free protein identification (1).

The new technology of protein array analysis allows for the simultaneous quantification
of a large number of proteins in one sample. Kastenbauer et al. have used this method in order to
describe patterns of protein expression in the cerebrospinal fluid (CSF) of patients with viral and
pneumococcal meningiﬁs. The RayBioi Human Cytokine Array V (http://www.raybiotech.com)
is used which detects 79 human cytokines, chemokines, and growth factors. The array membrane
contains dots of antigen-specific immobilized antibodies, arranged in 11 columns and 8 rows
(Table in Fig. 14). Six dots are coated with biotin-conjugated IgG (positive controls) and three
are uncoated (negative controls). The antigen-specific immunoreactivity is detected with biotin-
conjugated soluble antibodies and horseradish peroxidase-conjugated streptavidin. Densitometry
of chemiluminescence-exposed X-ray films was used for quantification. In order to normalize
the results, the optical densities of each dot were then expressed as percentage of the average
optical densities of the 6 positive controls contained on each array membrane. Because the
protein array detects only relative expression levels and not absolute values, there is no defined
lower detection limit. The distinct pattern of protein expression in viral meningitis and in the

acute stage and during recovery from pneumococcal meningitis are demonstrated in figure 14

(7).
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Fig. 14. Cerebrospinal fluid protein array analysis of 79 cytokines, chemokines, and growth
factors in pooled samples (10 patients in every diagnostic group) of controls (patients with non-
inflammatory diseases), patients with pneumococcal meningitis on admission and during follow-

up, and in patients with viral meningitis (7).
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