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A260 fl1jmflINffl13J 	260 l-J1ll4L2Jl 

A280 D1fltL1111 	280 t-l1lTh1J1 

Amp tiiiii 	ampicillin 

bp base pair 

Carb Fildo-Im carbenicillin 

cfu colony forming unit 

dAT? deoxyadenosine triphosphate 

dCTP deoxycytidine triphosphate 

dGTP deoxyquanosine triphosphate 

dTTP deoxythymidine triphosphate 

DMSO dirnethylsulfoxide 

dNTP deoxynucleotide triphosphate 

DNA deoxyribonucleic acid 

DNase A deoxyribonuclease A 

DTT dithiothretol 

EDTA ethylenediamine tctEaacetate 

EtBr ethidium bromide 

g gram 

IPTO Isopropyl- 13 -D-thiogalactopyranoside 

kb kilobase (1 kb = 1000 bases) 

LB Lubia Bertani medium 

M Molar 

jig microgram (10 gram) 

mg milligram (io 	gram) 

microliter (1 0 	liter) 

p.m micromolar (1 0 M) 

ml 	 milliliter 
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MM millimolar 

ng nanogram (10 9  gram) 

0D600 optical idensity Ifl 600VIIWwAl  

ORF open reading frame 

pg picogram (102  gram) 

pmol picomol (10
-12 
 M) 

PCR 	 polymerase chain reaction 

RNA 	 ribonucleic acid 

RNase A 	 ribonuclease A 

SDS 	 sodium dodecyl sulfate 

TBE 	 Tris-Borate-EDTA buffer 

TE 	 Tris-EDTA buffer 

Tris 	 Tris (hydroxylmethyl) aminomethane 

Tris-HCl 	 Tris-hydrochloride buffer 

UV 	 ultraviolet 

X-gal 	 5-Bromo-4-chloro-3-indolyl-B-D-galactopyranoside 
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urni 1 

0 
'urni I urnn 

q 

(Aequoria victoria —enhanced green fluorescent protein- 

egfp) flUiflL 	11flJN 3J (Recombinant DNA) (Iflil .1) niT 1-Lh (Gene 

cloning)  

ii j 	nitjinn 	InTv' E. coil 1thLLL1J1J1a E1-3 (Model) 	nin 1,j 

L'inUmfllE 4fl1flT 	 LlLflWifl A. victoria LiJiflU 

Expression vector LNLLflIflNUJ 011 green fluorescent protein (gfp) 	fl1.3 

GFP vuinv 	 Aequoria victoria 	 GFP 

LLat EGFPia EGFP LIJ k LLRANO dnni 35 L 	Ithi- GFP ( 510 nm) 

ultraviolet (UV) Ina LL.nflLifl (blue light, 393 nm i)J minor peak at 470 nm) 

q1U1A EGFP 	1flflnn niL 	i IJ1LL 	EGFP LfliflflL1 

(mutation) 

Tth4 fh 	fl-Lflfl Ser65 -> Thr LLaz Phe64 -> Leu (Yang et al., 1996) riunii 

TL 	LL{. GFP LL 	UT4 (egfp) n ni2fl'L'a j -11flm - ilt3n 'IJ-Ar nuTJ Lfl alit 

1L flJifl (reporter gene " 	marker) Ut 	12flfl 	JiUfl 	n1llU 

	

a 	 a 

L1J5 
qj 

C.i 	 ¶ 
LYLJU IJU 	Lfl11 flu 	itn 	 iiJfl1LIU LLLLJfl-LflU 

a 	 a  
qL@UL 	(Foreign DNA rn Insert DNA) lUnTh4

afl 	 -nu iflUUflJ 

(Insert) Vu JL 	JYiLW) LL11LL 
Al  

ii 	flU 	 Tnnu iiWIJE) 	Ul'rnJ Ligase 
V • 	r V V 	4 c a 	 a 	 .= 	 a 

LLW1Y1LtJ E .coli LY LVJflW)U LfJfl 
V 	a a a 	 a 

nuuUnTsnu Transformation inJl LtULfli,1LIulfluJrfl 

LVlYiY i 	LaULm1fl-rLJuw)v0 

(thi 1.1) 

	

a 	 a 	 a v 	 4 	 V 

	

Uflu 	flTflULau,tJ 9 	11Lfl 

fliflilLUL fli'511EiflU flfl 	LaEiflI11U LL flTLflUrnfl 	awR 	 Vfl 

1 	 Suranaree University of Technology 

 

 

 

 

 

 

 

 



IjVM 	 2 

4 	 - 4 

mail in 	 .L 	pEGFP-N1, 	-23  LL 

pAD1 T~mfjl pET-23 Lh4 Expression vector (iJi 12) 	nTn nfl Iw1JEJ 

wIi L ' Uu E. coil iVI fl 	 an (Selectable marker) 	Lln 5ii 

(Origin of replication, or, 	iai (promoter) L 	LtE1 (terminator) LLUL1W.X] 

4 

EJ 1aL 	
4 

(Cloning site) 	L 	L4flfl1L1fl iEl ri 	Amp 99-3 

flh1fl3 f3-iactamase fl-t on J 

wnJ 	1 niviJnn 	talL Jfl1Lfi 	Cloning site LUV) 	'rh nll.tn11fl4 
4 4 

L1flTLflL1flLL1L giLL 	fltflLUN' 	J 

L OI~I'Daj Xhol, NotI, EagI, Hindlll, Sail, Sad, EcoRl R BamHl 

pEGFP-N1 (Clontech, USA) 	 egfp 	nfl 	LLtJ 	gfp l' 

flLflLflflflhi1-L GFP 	lJ'1fl L1LJflL flJfllL 

mammalian cells IqFJ3,j excitation maximum = 488 nm; emission maximum =507 nm 
44 I 	 4 	4 4 	 • 	 . 	 4 4 444 . t' 	 4 	 , 	 4 

an ti 	kan 	LLU 	 fli'11 	fl°.L on 	J 

nYJnLnLLu1LfJ Ln 	MCS (niulticloning sites) LLIiIrJ 

9 	T 	 • 	 4 	 .9 
Lnn LLnia La fJLllL L9JrnJ 

Iln1FflLYfl: mn flMul'u, Bglll, Xhol, Hindlll, EcoRl, Pstl, Sail, Kpril, LL 	BamHl 

iio.u.rn 	 2 	 Suranaree University of Technology 

 

 

 

 

 

 

 

 



urn'i 1 
	

[CI 

EcoRI 

 

Nail 

egfp 
pEGFP-N1 	Not 

4733 bp 	) 	
Not 

pET-23 

3666 bp 

 

kan 	 amp 
Expression vector 

1 
EcoRl 	 Not 

Egfp 

720 bp 

1 
Not 	 EcoRi 

amp  U
EcoRI 

4386bp 

your clone? 

1.1 n 	 egfp invi 	pEGFP-N1 LL11 pET-23 

W,LL€Jfl LLL14 	 3 	 Suranaree University of Technology 

 

 

 

 

 

 

 

 



um 1 
	

4 

,T7_trmiritor 

	

- 	- T7_Terminal_pr1mr 
6xUis 
-XhoI 158 
NotI 166 

---EagI 166 
-.' 	 -HindIII 173 

- -SaIl 179 
SaCI 190 

	

.- -- 	-- L_.----EcoRI 192 - 
- 	- 	- 	BasnHI 198 

	

p 	'z---- --  T7_gene10_1ader 
--- T7-leader 

/ 	 -Xpress_f'wd-primer 
- NheI 231 
NdeI 230 

	

'--'-- 	T7_trars1_en_RBS 
XbaI 276 

'- 
 

T7-promoter 
8g111 334 
MacI 359 

	

pET-23 a.b.c..d(+) 	- 

	

3666 bp 	 - -- 

pici1lin—._ 	 .PvuII 979 

	

FstI 2526-- 	

: 	

pGEX_3_primer 

ORF 

pBR322_orIgin 

1.2 LLNfl0-1 	PET-23 

	

on 	 4 	 Suranaree University of Technology 

f1_orlgin-.. 

N 

3355 
AmpR_promoter-- - 

 

 

 

 

 

 

 

 



mm i 

c -nni i 	nni 	- yi 	cuIaJ t 

flL 	L1:LL- 	1lITI 

(UV) 4flfl 	 Lfl LLJNJ 	L 1iEpmntj 

fl 1JflQ LLL1J01J tYlJ 

1. 1J 1 Jflfl 	UD.3ti1JflT R3JLfl]J 	lL LVWIJ 

2.  

a 
3. iflfl (lab coat) fl-JEl 

91 lu 
a 

4. Lilfl LLflfl E4I6f1 

5. 13JlnhinThi 

6.  

7. flJ 	 LW'1 L'NOYI-In-1-i autoclave WTh 

LflflJ1 

8. L1.'L'" glass box' 

9.  

10. JLIIJIJ UV-protective shield 	1rn-1JLLf-1 UV LL flJJWJ 

UV 

• a 	 4 
11. fl 	 LLiu

T 
 JJJ LIJ 	U 	I 	 'A-13J 

• j• 	9 
mi Lnrni win LrnTflU 	 NUNWIU 

12. wi TI 3J 	 MA OUT @ ,J MILIR U 

13. 1 	 L1irn4El flfl 	JflThLTfl 	 dnm 

IE111 VIJUEHJ flflflflfl.LJEi 

ni'M-bi 

1. ITT) (reagents)-L 	niii Ti 	 nithan win 
'- 

IflWl 141  IA 

a 	 4 	 a 
2.Lfl L9J- Jfl 	LILIfJ2YflN L1 0flJVJ 	1UflUL3 I91 J14W1WiJ1l L1JLrnJ 

q 	'U 

nULJ -200 	1'L 

3. IflLIJqfhJ- 'U 	1Jh.In'1 autoclave 

4. flTh- injik.,nrnl 	iJnn dn 

NU'J1J 
'U 

5 	 Suranaree University of Technology 
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JPfl1 1 
	

ri 

Sad(620) 

AeI(7) 

Psll(638) 
Sall(639) 
KpnI(649) 
Sadl(652) 
ApaI(651) 
SmaI(6i) 

0~;~, 	 41, 

le 	 CAG_nh(65. 352fl  
C.MVjmmeady_pro(IO. 62 	- - 

	

CVdprii3'?I 	..- 	. 	 •\ 
CMVpro(520, 589)j  

 

pEGFP-N1 

4.7 kb 

NotI(1401) 
XbaI(1411) 

 

-- 

  

Aflfl(1639) 

  

p 211194) 
pB.BE_pñ226O;22) 

\ ex256, 24Sl SV4OhQ _ 
C/i s Si- 	proc2278-2516)   

' SV40oFpii(2507 2526) 
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[1 

mpR.promoter - 

Fl-origin,  

N 

T7 terminator 
,' .T7_Termina1_primer 

72'.6xRis 
XhoI 158 

-- .'.'-NotI 166 
/- 	 EagI 166 
'." 	 HindIII 173 

179 
Sac 1 130 
EcoRI 192 

-BamHI 198 
.•-• 	-. 

 

77_genelo_leader 
--V-- 

 
-T7-leader 

'-.-Xpress_Fwd_primer 
- NhI 231 
PldeI 238 

\'"-T7_trans1_en_R5S 

T proter 
\ BglII 334 

MscI 359 
---ROF 

Ampicillin 	 ..' -PvuII 979 
PstI 2526 	 -'pGEX_3_prlm2r 

' -pBR322_origin 

8 	 Suranaree University of Technology 

 

 

 

 

 

 

 

 



U1 2 

vndfl'1'JV1fl1Tn 2 	IWJ 1 	fl11OIJiYH1 

4 
1.  

2. Lflh1l1lcO 

NI  

d ' 
3. 1, 	 L1LO (Nuclease- 

free) 

'lrc;J 	n1w 

Clean petri plates 

Glucose 

NaOH ION 

Sodium dodecyl sulfate (SDS) 

Sodium acetate 

Glacial acetic acid 

Deionized water 

70% alcohol 

Ampicillin (100 mg/ml. stock) 

Kanamycin (100 mg/ml stock) 

Tris-HCI 

Boric acid 

EDTA 

Tryptone 

NaC1 

Yeast extract 

Agar 

Dimethylformamide (DMF) 

60°C water bath 

Jci1. MUL  LZMaU4@U 9 	 Suranaree University of Technology 

 

 

 

 

 

 

 

 



A. 

Lubia-Bertani (LB) medium 1 Liter 

Tryptone 	 lOg 

NaCl 	 5g 

Yeast extract 	 log 

Deionized water 	 1000 ml 

0 	 9) 	9) 	 9)91 	 9) 	9 

iJIJ pH 1ifli 7.0 cfltJ NaOH fl12fl1flJ'JU  I N 1LYJfl 11OVlffl11JflJ 15 psi DiNlInD 121°C 

LJJ14I1 20 IIA 

Lubia-Bertani (LB) medium with agar 1 Liter 

Tryptone lOg 

NaCl 5g 

Yeast extract 10 g 

Deionized water 1000 ml 

Agar 15 g (t 	iiiiiJ'ii pH tt) 

iJ'ii pH 1IflT ' 	tJ 7.0 	NaOH MIDM
V
IJIM I N 111tJ agar 15 gJallugno 111 	1U1tm1 

1 	lLLfl ill 	i1Oflffli1J11l 15 psi 	IflUJIJ 121 -C L1fl.tflfl 20 lfl1 	in 	114IUUGbJ 

11WflJJOttflhil 	60°C 	L}Th114l14 Larminar flow hood 	11}i1Ll't1l 1 
-  

1J1tt 20-30 U11 tflh11 	tu11J 4°C 	
9) 

LB/Amp plates 

Tryptone 

NaCl 

Yeast extract 

Deionized water 

Agar 

1 Liter 

log 

5g 

lOg 

1000 ml 

15 g (t 	iniirii pH t) 

Suranaree University of Technology 

IL' 

 

 

 

 

 

 

 

 



A 
1J1YI2 	 11 

I 	 14 	 - thu pH 11'lI 7.0 W)J NaOH 	13JLIflJGUU  1 N tiirn L1Ll11JflJ 15 psi DWIIn2J 1210C 

L1L1 20 141 	1iinii 	1 'fl1 ili1Uj 60°C ¶flfll'1-UJ Ampicillin (100 

mg/mi stock) 11J Carbenicillin (100 mg/ml stock) 1flU 0.5 ml Ghfl1TflJ 

L11'1tJ 50 mg/L J1 	u 1'lTh1nL 	lLLi Carbenicillin in 13JLftJ J1flfY1 

I11OTh1Lfl11$1i14 	Larminar flow hood 	 20-30 lflYI 

4 	- 
Ifl1UOTh11t1flJ 4°C 	n1i 

Note: 	7fl?fl75 .W'1fi7)fl7 7flAflU51'fTh1774Jj'1IO'.711Th17fl75 

il ?nñni mmn ?u 	ri'iji 7unu7Jm 

LB/Kan plates I Liter 

Tryptone 10 g 

NaCI 5g 

Yeast extract log 

Deionized water 1000 ml 

Agar 	 15 g (M.1144VIMITU pH u'i) 
3'  

iiii pH 1"'1917.0    Y)tJ NaOH 	11JLJ1J9J1J I N Lfl141 i1i 	11 14 fl1IJ11-i 15 psi DUMD3,1 121°C 
V 	 V 	 V 

11JL111 20 1Tci Y-14 	1fl1 1Ll11tWtUj 60°C ¶J1fl1'lJtThJ Kanamycin (100 

mg/ml stock) 11flU 0.5 ml l 	ilL 	 50 mgfL 

Ampicillin ii1 Kanamycin (100 mg/mI stock) 1110 1 g 111 Deionized water 5114HJ 10 ml 1flt '14 

fl1 flO 	1iU 	11U44 fl 	IU11 0.20-0.24 J.Lm 	111tJ J1Wfl1 fl5O'1LIl 

1J3J1tU 1.0 ml 	 LL1LU1I 	-20°C 

NaOH 	 I Normal 

1fl1O1 101I1NaCI 10 N stock 

LJL14 	 ii 	 Suranaree University of Technology 
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B. nitiimuni 	nnTc 	iJiiwirn (Preparation of solutions for 

Large-Scale plasmid DNA preps) 

511 d111' Und' Y-MA 3 L14fl11 large- 

scale alkaline lysis plasmid preps LL1111 alkaline mini-preps lU 	lJpitflTYl 10 Ifl5flinhi 

Solution I 

Final concentration 

Glucose (MW 18 1) 50 	m 

1M Tris-I-ICI (pH 8.0) 25 	m 

0.5M EDTA (pH 8.0) 10mM 

Deionized water - ml 

111910J Solution I ThTU 40 ml ii 	 125 ml 	Jfl3J O 

1t'i161 "Soin. I, alk lys" Ltflh1fl1UJ1L9O 

Solution H 

Final concentration 

	

IONNaOH 	 0.2N 

4 Sodium dodecyl sulfate (SDS) 	1% 

	

1tJJ Solution H I 	fW1AY1 14 14 SDS stock solution 1,43J4,11 10% 11O 20% 

3) 3'
L9

0  
14J11L1) ii 	JJ1U1JO NaOH t1i SDS Th 	

4 
iIJ 40 ml R1 	rni jqç 

12 	 Suranaree University of Technology 
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Solution HI flW1J 100 ml 

Final concentration 

Potassium acetate, 5M 	 60 ml 

Glacial acetic acid 	 11.5 ml 

Deionized water 	 28.5 ml 

Th1J 40 ml 1 O1 50 ml-conical tube 11`11j solution HI t1 
' • 	 S 

3J1TO' t1(J Ll1diJ1LIO 

TE 

Final concentration 

lMTris (pH 8.0) 	 10mM 

0.5MEDTA 	 0.1 mm 

Deionized water 	 - ml 

	

4 	 3 	 3 4 

11111J TE flJ1 10m] uiflifl 	i11li1Ufl 	J1.J11 0.20-0.24 micron 
4 

.3 

5x TBE stock I Liter 

Tris (MW =121.1) 

Boric acid 

EDTA 

Deionized water 

54 g 

27.5 g 

4.15 g (u1O 20 ml of 0.5 M EDTA) 

1000 ml 

'3 	 3 
o Y 	4 	 4 d 

In 	1fl11tfl1 	J1'tO. (1ifltJ TBE buffer V163JI14,11inn  
0 	 .o cI Y e 	• .8 	3' 	 31 1= 	 333' 

VI] Gel electrophoresis UiJL 	1O'LJi ii 	1LLV1Ol1IW11 I 	1tW 3( UflflTIWfl 

ui inuiuto nnnt1Jt1) 

c-a1.r. MUL48U LONUM 	 13 	 Suranaree University of Technology 
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i, At 	 b 1 
1 . 	flfl1J1LLflJf11 MV) 	1JLL91I1ULtfl4 	ITW 	1LO?( (Nuclease) 

2.1151111u (Double-distilled water) UJ Deionized water 	fl1L1l11U 

C. ni 	Jnifhthii 'in nn 

fl1 11 Microtube 11O Eppendorf 	1 	lftflVllI9J win 1.5 ml i1i1 
d 	V 4 	 V 	 V 

Ifl 1tffifl iniinOifli 	fl]'IULINL1tJ 

0 	' 	 V 
(option:nn Autoclaving Tape) unrn Ith ii 	tlJjJ 121 C nnnin 15 14Th unvli 

filluiJI111111  

4 

	

2. 11191lJ Pipette Tip LOflT  V1Y)fld1tlfl1 I 	J' Pipette Tip 	114fli1l' Pipette 
.1 	 .4 	V 4 

1'1fl'v11 1L5LiflTiPJ1 (option: U91 Autoclaving Tape) LI11l4Jfltirn 

14 	 4 V 	9) V 
121°C 114Lfl 15 WT',1 tL1111J iIfl1' 

. 4 ., , j 
U 	irnn lt 	iiirnft, pipette tip lthni ?, 	, uNote: W 	L$Y  

60 °C 

Barker, K. 1998. At the Bench: A Laboratory Navigator. Cold Spring Harbor Laboratory Press, 

New York. USA. 

Robertson, D., Shore, S. and Miller, D. 1997. Manipulation and Expression of Recombinant 

DNA. Academic Press San Diego, California. USA. 

Sambrook, J., Fritsch, E.F., and Maniatis, T. 1989. Molecular Cloning: A laboratory manual. 2 ml 

ed. Cold Spring Harbor Press, New York. USA. 

WLW. 14 	 Suranaree University of Technology 
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n 	3 

(Isolation and Large scale preparation of bacterial plasmid DNA) 

1. L10fl1WUOL0 pET-23 	pEGFP-N1 	1191flLLU 

2.  

11f10 E. coil 

	

4 	 4 	 8 
1WULO1i1fl4th E. co/i J111 

JTh1J1flLflh14 nil J1J 

4 
W1JL lil1Jl1J 1LO14J Ifll'flu LtJOL11LLN1-flL9f1 

4 4 	 4 	 4 
Ul15fl4Lfl 1W1Uflf1 Alkaline lysis 

11J Birnboim and Dolly (1979) TltJ111 flfl111 	 13L1Lflr) (Supercoil) 

4  
1O1flflh11IOlJ L93J Topoisomerase )

4 48 
 L 

4 	 4
iU11LIfl 	

0 
 1 

9,
Lfl1Ofl)1fl 

	

4 	 4 4 	 4 	4 4 	4  
1hw9c1l11lj (iiiiitu 4000 kb) Uii 	 10 kb 	

84 

0' 

Alkaline lysis )1lJ19cJ 	1W1W111 1 	OT1Lfl1111'UWthTh (Denature) ThU 
0 	 0 C.  

NaOH 	I 	1flUlTh 	11I4 fl1NO 	91fil1JlW4trn11)I1JW1flfl '1fl4 

44 	44 	 4 	 4 o 
J1U 100 kb 

4 
IFltU ww 	 I i 	rnim pH 1i-JflWl 11O 1Jfl1 I3JLf1IJ t4 

0 

	

4 	 4 	 o 	 4 	4 
 dill 
	4 

'W'131 91U1911" 	

iiin-un,I,J 

	

4 	 • 	 4 	 4 fl' 

Li) 

4 4 	 I I
UMwl 
 4 	 I 	 I 	 d 	, 

l3lL1OJfl1LUJ 

	

1IL1'U 	fl1 f) 	Potassium acetate Ifflz Sodium dodecyl sulfate (SDS) &MM111113040  

0 	I 	 4 	 .1 
'al 	iiji Oft 	inii tiff 'n,i 

Ththii1nnrnv 	I1114O Polyethylene glycol (PEG) LLf1T5W'U1O 

I 	fl 	I 4 01 	 4 liUblcfljd 
RNAse fl 	

9, 
 1 

4
J1 	L 	Jfl15LL1 	YlJ1flUfl 1lU1 

4
11hl1 

	

4', 	 4 	p 	 44d 	49,4' 	0 	 0; 

11J1cnJLnc1 L)OJ 

4 	 I  

Nfl]fl13JlJ 	W)U I1f'U Transformation fl1L1flUW1J ICflJ IWW1hJI J1f1lJfl] Ui iiiii 

1ifltJ1PCR 

15 	 Suranaree University of Technology 
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nwwrn tt 

1inj ]fl1 Th4L 	fl1JL 	(Ultracentrifiigation) *tJ Cesium chloride 

(CsCI) 	 fl1 11] 	n1i1flQI Chromatography column I 	flflii 
- 	 S 	

y 

(Resin) FffllLtfl 	1Li1JM1fl1fJ 	13 Lfl 

9)9) 

-rnujijti 

CsC1 

0 	 9) 	 0 	9) 	 9) 

Anion-exchange column Mal9lonlAULMItillu 

?111U Cesium gradient 4Ofl1 fLOflI 0lYfl fl151 fl1 ThU11J Polyethylene glycol 1itJflq 
9' 	 - 	 Si 	 9)0 	0 	9) 	 - 	 9) 

nt1JnTf1 Anion-exchange column (Qragen 11) Biorad) ti 	J1rnYfllLLPi Iiti1ic 

I 
rc 	niuirnj 

Solution I 

Solution H (NaOH, 10% SDS) L11jJLZJtI 

Solution III 

Isopropanol 

70% ethanol 

Buffer-saturated phenol pH 8.0 stored at 4 °C 

Chloroform 

TE buffer 

LB liquid 

Ainpicillin (100 mg/ml stock)! kanamycin (100 mg/ml stock) 

Ice bucket 

Table vortex 

High speed centrifuge at 4 °C 

• '- 16 	 Suranaree University of Technology 
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A. fl1LtUflhIflu11fltWfttJlJ1O4J1fl 

1. ttn 	 10 

'' 
	4' 	0 	. 

ml 9NJ 	11tJ'1tO LB 10114TU 2 ml 	1lfl4 (ampicil]in (1'PV1J pET-23, 

kanamycin Th1J pEGFP-N1) 	 1Afl'1 U 50 mg/L 	LlJJliLodtJlYl 

OoflhmflJ 37°C 	1JItflJ 120 rpm LJiWIi 12-18 95J. 

2. T1471004 1411 	L1U1rnAl111Ti1 200 [i] 	Ul 	 J11111 LB/Amp 

(PET-23) 1145D LB/Kan (pEGFP-N1) 1l'314 100 ml (L13 1:500) 	14O'114i11J1J1'Jd1 

OUIJ 37 °C 	114t1i 120 rpm 

00 	 0 	 1510 	51 

3. WTHY111O)ThTh 50 ml 	0hJ111O 	Lilly 111114 2 	lflh11ulfl t'i 'vii<Iii 

O1FT14flflOfl]3JflJ1'l1J1hJL1fltN 4thU 	rThU1?I,pJ 4°C 

	

10 U1 	1J1J 10,000 rpm 11J11IO JAIO (Beckman, Palo Alto, CA) 111YO U 

51 
tio 	wmrn. 
.4 	5/ 	 ' 

W1) 7;1w1rnn117cJ Sol'n LII .  

I 

	 0 	0/ 	 C a 	 P 	 a 	 o' 	, S 
4. flL Supernate 	 "LB waste" LADMIJOIDWIRIAWDILTO  

a, 
Liii fITh U1Th I' 

5. 110 Solution I i1VIIJ5 ml (io50 ml in 	1m'o 3) 

LtJL1clfl 

'4 
0 	j1.od 	a,. 

Solution I Ikfl i?huf ThI Tris IWEDTA 	ThY11. Tris n1nulnvsthJ5nnti 

0' 	 .  

suivnA1r1nhSEDTA 19 7)111) Mg ?ifl7JflflUIt)7ffflJ 	 flfl 

	

4 	0 	 .'l 	 '51 
furnnv suei 	W1'.flVNifflJ 	JY1lJ lfltij1)Jt175 Mg It/U Cofactor 

6. L1l1U Solution II 1lflU 10 ml UVA n 	ihiiii 5 

11Lfl1J1i14141UJ 5-10 '14Th 

1.L 	 17 	 Suranaree University of Technology 
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Solution II 	UJ1 	11iEIJ 1 '72i1IU 1 ff7 	}Y57 NoON 11I1 CO2  97rnflfl7ff 

	

d 	 4d • 

	

IJ 1thJfl5f)W1 pH 1JN Solution II 	
.=

12.5 IWO fl1.fl7 lfl Th5 hi Tj 
3' 	 , SI 4 4 

	

1IWIWThTh 	1n7I7 fl 	flIc1J Solution II 	107O1? I,L5Y5JfllJJJfl75A(J 

fyMnVOIRIOUIV 

7. 1tu1fJ Solution 11I1U'31 5 ml THOU Nol fl 	ThbIthJ1 5 	oiniwi 

flhIU1141LI'6 10-15 141Y1 

I,  

nTnimw Solution Jun 	Jfl0UJThflJ1J 

(Renaturation) IU 	UlJJfl'f) Vlfl0 

8. thi iWI 	ffli3JIOlJ 10,000 rpm Aunal 10 111 	UII1'1 4°C 

• d 	 • 	3/ 
n1nJf177rfl/u0O17IuAINu 

9) 	 44 	 4 	 . 
11W) fl 	7UO(RJ7J1JU 	7nu 1fI0U&flfl1JflF3 1i7 	 SDS 111 	infr, 

cI 

P1 'Wf1f 0 0JSI hf? flI 50 

9. U supemate '11 

	

	1 1f-11.AfTtJ'1 	 3M L1i0 4 

wil Thb'IIIiiUn 

10. lflJ J1fUu1 	01fJf Ifl LLD 	 lJ Isopropanol (RT) iN 1J1 	0.6-0.7 

.2 d - 	 • g/d 	 , 4 
JIflflOIJ F4J Ufl1flU1-U1O Ithii (Isopropanol n 

11. 11 	 10,000 rpm &WIWI 30 Will 	t111'hi 4°C 

td 	y 
12. 111 Supemate 	01 	111 vilmt 	L0m.IL0U 	11lU1l0iIL'fJV(1 I1U 70% 

Ethanol 1ii.iiU 5 ml 1Ll1fl0110 	1fJ iiihii 	O'fl1fflh3iLb0iJ 10,000 

rpm &L-301n'n 10 1J1Y1
44 

 U13J 4°C 1fl 	flO1L01lJ0O0fl1rnJ1 1lfllI01JL0 

LIM 	h3J1u 5-10 111714 	qi 

13. 0flitfl(11ti TE 1-0-31I 200-300 il f101 	1Jn1L1J RNase 

(20 mg/ml stock) 11171,1 1-2 p1 11410TOIN)II Purification 10 

	

W0.91-5- MUL4OU L-3LLm4 	 18 	 Suranaree University of Technology 
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T111L]14Wfl I )1L J111J111-1Jfl1LLUfl I.9ltJ Gel electrophoresis 11 OfI15JLJ14 lJc 

Y 	 0 	 b19) 	 I 	 0 	1 	9) 	oq3). 

	

]L0'I1 tt101tflJ 	1J1LV1 L1J1flh11Th 	i'rniinm 1 	Thflhl 14l1iflT 

B. Purification of Plasmid DNA 

lB. Purification of Flasmid DNA Using Phenol 

lJfl] TVI 	ill Jlfl 40] ii 	 ]]flfl] 	flu 

LOU 	N'1 Y140 	1tJll11LL0flLULO11i1f)1YU1 Lii 	J1J1J 

urnit 1l1UoJwm 1iwnfl1n]i oon 

Lc tt 	uiiiiirni LJiflflWi1JFJfj 

ffl1)U 	 Lfli314 I 	 1Jcl1nrn4 LV ] 	 TLJL1J1V4U tli'Illflth4Ofl 

flfL].ifl1tJ 	iinnonrnvn 

1. if) 	 LOl]f111i0 TE 	11LtLl11Lf)LJ Buffer-saturated 

phenol: chloroform lu1J1L'fliflU1U1UW 

LfiONfl13JifU 20 )Ui 

obi 	 9) 	 3) 	 di 
2. 141 IiF 	Lww 	U'1I1J11O. 	11J)O)J 14.000 rpm L1J141]I1 2 141)1

,=* 
 LY

o
lOfttJflifU 

3. L 	 odiioiu Ito n 

1 

4. thj Chloroform 	i LY1f'l4l 	 )13J N1tn41L.114t1 20 

a 9) 

0 

5. 1.1 	f)1IU TAIDUMIM101 	1)JL5O1J 14,000 rpm LJ1JL11 2 'Lii)) 

6. i1oii.iuin 

lii 'Ut)! 

7. t)fW1flt 	LtJ114t 	fl111J 1/10 1)Ut) 3 M Sodium acetate (pH 5.2) 

LLt1 2.5 11ild3IJI05VOI cold 95% Ethanol fl1 	1t)NL1f'U L)11J 

di 	 . 	 di 	 9) 

o1n1rnJ -20°C nJ1n1lu1 12-16 'InJ mo 11Ofl1li -70°C J11L3ui 30 141)1 

8. iuiiitni 14,000 rpm 	UL'HIl 15-30 t.l1YI Ylaili'MflU 4° C 

Nc1.w. MUAM LONLMU 	 19 	 Suranaree University of Technology 
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3, 

9. 
 

L1 Supernatant )11 Llfl 	LO1I1J 70% Ethanol 
0 
 Ttfl't4 100-500 tI 

0a3)d 	3' 
10. 'ill 1WI 3 	J1tl 5-10 U10v1 

9' 
11. TE (pH 8.0) i'uu 100-200 j1 Inu 	rnuiirnj 4°C 

flThU11fl3J - 20°C 

12. 1 	11f1 	 IW1RJ14 Spectrophotometer t0fl11 Gel electrophoresis (ml 

4) 

2B. Purification of PasmidDNA using Columns (Qiagen) 

3, 
0. 	 0 	 0 	 o 	 bi 9) o 	3) 
Ti-l1fl1i 	)1lTh 50 ml 	 U114 	2 1 	1f]1W11fl L'l 1'110h1 

l 	it 	IHWJ 4 °C 

4ti11 10 14Th InfiIIIIA515JOIJ 10,000 rpm IWAIDI JA1O (Beckman, Palo Alto, CA) 110 
q3' 

)lJ'l LU111Jfl14 
3, 	 3, 

9/ 	 0 

	

Iflfl) 7fl1 1t'I1 	fl(i Sol'n ff1 	711i '1 ml Li 

2. 4 Supernate 	i'ich'ii 	 flfli1 "LB waste" 	JgtB l fl 

tWL1111'1 

3. Lu11flJ P1 	114i14 5 ml 	 fl0TJJ1 

0 	 0 9/os 
4. 1fltJ P2 1J114i14 10 ml 	nrnc tthn 5 	1iiiinutiianu 

9, 
0 

fl4ltL'tJ'1 5 141)1 

5. 1fl111tJ P3 114i14 5 ml tJ14 TJirIi 0611 rn11J fill] lJ1 5 	1111f'1,4tt1 
0 
o 

LAM Ij141411L'iJsI 15 141)1 

6. )il 	 fiu1JLirni 10,000 rpm L 'AlJIil1 10 111TI WOUL"nU 4°C 

7. ?u Supemate 411 	1 r.ii14 Qiafilter Cartridge (Qiagen, Lajolla, CA) IJl Ring 

d 	4 	 3) 3) Io,.oi 	 3)3/cl' 	 3? 
stand 	1U'1N)tJ) Cartridge 	O111J)1 IThitJ 	fl11Th 10 IJITI Ima 

flOtJi0ti113J1 

8. flflAl Qiagen column IRIWO  Ring stand LI 	500-tip . Column 111lJLE11.Ji14 100 ml L1lJ 

lt111tJ QBT 11111i114 Column 11fl14 10 ml 	11111tJ QBT 'l)-T4114 Column 

9" 	
' 
	9' 

-WL. 	 20 	 Suranaree University of Technology 
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9. VD9 Plunger 1111J1lJ Qiafilter Cartridge ILMIAI.Iff i1iJbl LL1Y 	tJii Cartridgehi 

10. wi 	i1in1hi Qiagen Column IV WL14'1 10 	1iiUlHtrfl1J 

Column 1 	1i1JO3 

1flfliILtIi1J1fl'lfl 1) L1-F 

11. fiI4 Column 91011141765 QC 2 ffil flITU 30 ml 

12. 1O 	tOO'fl1 1"'W1T}11Y8 'QF ilUIV 15 mlL 	 LO)Oflflfl Column 
3' 	 • 	4.4 

13. iiiUf11 '1 IV=Ifl3j Isopropanol d31JIV15 0.7 IYII  

N1ninrnT1ohhn 

14. iuiii 	iJLOJ 10,000 rpm L1] 30 'U1 	tIfll 	4°C 

15. TN Supernate I'O1l1 111 	11Y11O 70% Ethanol )NU 5 ml 	Lo911inn 

11U 1411fl&IIIII01 5 IWIVI TKII IIIJ1511IDIJ 10,000 rpm 

3' 4 
1iOIO1tW1 YlD1DAI1nIJMDI .flW1i1J1U 5-10 1411 

16. it 	flO 	iOiiii TE i1fl14 100 j.il 'iflifltLititJiflVfl1JiO 

LflJ TE LhJ 	111oiflJiflfli 500 ng/jU 

17. i 	1ifi3JIOULO 11tJd1 Spectrophotometor M41af)-15111 Gel electrophoresi (liTi 

iiTni 4) 

I 
N10 	LifltU 

Uu1'1)J 

Birnboim, H.C. and Doly, J. 1979. A rapid alkaline extraction procedure for screening 

recombinant plasmid DNA. Nucleic Acids Res. 7:1513. 

Robertson, D., Shore, S. and Miller, D. 1997. Manipulation and Expression of Recombinant 

DNA. Academic Press San Diego, California. USA. 

Sambrook, J., Fritsch, EF., and Maniatis, T. 1989. Molecular Cloning: A laboratory manual. 2 nd 

ed. Cold Spring Harbor Press, New York. USA. 

21 	 Suranaree University of Technology 
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U 	 - 
4 fli 	 111 	ThJi 	W11t (Qualitative and quantitative 

determination of DNA) 

	

iJn 	L I'Vi'aff 13,115 0,30115ii 	LOU 	1U1111JIJWdJOULO Vl 

2. 	 1JOl1 1Jfl1iO1-flJN 	
8 	

OJWW 
4

O LJ 

Ultraviolet (UV) spcctrophotometry 

a 	 3) • 	 8 	 a 	 a 	aa 	1 • 
1flOfllfl]1 4o1nh1j4unnn1oonlnrn4n11Jo-mJtJy) 

• 4 	 A 8 	 o 3/ 
O411fTh 	4LO1LO1Wflrn4L! 	UV 	11 	'11WY1 260 nm 	iiiornThiii 

	

3) 3/ 	 8 
flh11JLlJ1JJU L]t10' 2 jig/ml 

4, 	'3 	.3 	 ,j 	'3 	 3) 
50 jig/mI 	icjmnti 	110U 260 nrn tvnrni 1.0 111UJflh1iJIlifl'UOfll4OU 

11 
01 	 1 	1 

U1w flil1JO G + C content 

260 nm 

Jfl1ThJfl ifl 	1fl1flLUh4']jil 320 nm UO 

220 nm 1J1fl 	IL 	1')f1U 320 nm 	 5% 	11flUL 	IF 1131 	260 nm 

320 nm 

Cuvette Th1Jf1 Vu 1H191Vu 	1UfLO111OU 

UV Th ]IJUfl UYf1 230 nm 	lihJ A260:A280 V11.115fl 

U11J1l1clUfl1L11Y] 	114W Jfl11iULli0149JOl 	UOO1L3ULOV1O bi oiwiivru 
0' 	 3) 

A260:A280 O 1 	W14LOVuMflOVfl1l 1.8-1.9 n101UlJ1flfYul 1.9 IM01,31 

3/I 01 	 3/ 	I 

	

RNA 11 g1O10cj]flh4Ul1tJfl1] 1.8 	fl1't1fl1fJ1WUL0 
• 

IJUL0U)JNJU n1IUflhLz 	11izJ1-uou 280 nm 

• 

1'ILl1fl4 (Aromatic amino acids) 111ULLN]OU1VYUfl to 	1JL1JOfl4LLJUflhi 

0 	3/ S 	01 	•  
flT5Jfl1OJ LUW]fl Tyrosine, Phenylalanine L11 Tryptophane 	1OO1V')U A260:A280 

'3 

J 

1L1JU1Z1l 

 

lunANNI&II&M A234:A260 LiU 	'ic3Miiii L1fi11UU1fl11 
11 

0.5 LL1flfl1th4L1OU)tJllhU 

-J1.1. °kilL1JU UJfJItLOU 	 22 	 Suranaree University of Technology 
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TE buffer 

0.5 x TBE 

Agarose gel 

6x loading dye 

EtBr I mg/ml 

1 Kb DNA ladder 

Calf-thymus DNA or Lambda DNA (100 ng/j.d stock) 

UV/Vis Spectrophotometer 

Electrophoresis apparatus (Mini gel) 

UV transiluminater/Gel Doc 

50 mI-Conical tube (iiJitfltn) 

Microwave 

Safety eye glasses or goggles 

01,5`11W1,613  

-4 4 

A. n1 'ciJitto1citF UV Spectrophotometer 

a. tuAlflIDA TJV Spectrophotometer 	ihWJ i 	ruhniii 5 tnn
4 

 

b. f1 	 I il () 	11J1-flI.5 ml 

C. HqIJV15ffffIIFJ TE ifltlTh 99 (_ ) j.tl 	 nnuninunc 

JN Cuvette 

d. lCuvette 	111l Quartz (intt it iiirnTnit) 11 	n'nj 	i) 2 ON 

	

4 	 9) 	 I 	4 in?mm TE ILflhllt 	Ofl1l Iffl1fliLt11JN 

TE VII 260 mn Lt1fi1tJfl1.it(bIank) 

e. 1fl1 flURfl)12flflIfl&J 260 nm 1I 	280 nm 
, 	 4 	 4 

f. 
 

in 	 1i'lffl 260 nm 1I 280 nmThh 
9) 

 Cuvette Yl 

IJ5510 TE 

g. iflttiTii1fl4 260 nm Lt1 280 nm ilOUii1fftF 

h.  

fU L3LL14 	 23 	Suranaree University of Technology 
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3) 	 - 	 1 	 a 	4 	4 

	

fll Y)IJJIIJW1J'U 	iflitnciwn 

260 rim 9 ]UJL4ti1t1J 50 1g/m1 	11thflh 111U]ii]i)11J 

L31L1JThJ 

(A 260) x (50 1g/ml) x (Dilution factor) = DNA (ig/m1) 

rnJm iihi 2 p1 'V-N DNA 'h 98 [11WN [11W 	TE 11ii A260 = 0.200 

M1.fl4 	11J11LO1.iW = 0.200x 50 tg/m1 x (100/2) = 500 Lg/m1 

4i1i1J1 l114)ZJ tg 	11 JiWU13 

4 rnii UflNfl11'1 	 111]Y 	A260:A280 	 1.7-1.8 01 

I 0.' 	 p a d 	4 	 31 	 3) I of 	I 	fJ) 	I 

110]fl1J1flfYfl 1.9 LI 	 RNA IL11ThllE)Jflh1 1.8 

3, 	a 	3/ad 	a 	3,3) 	 Ill 	 3)4 	L3) 	 4 
L1 U1lh911. 01tOt.i1O.ffl 1IJLIJ1 1Ji1fl1fl'I4 1i 	bill 	11 lo 	unmmi 

)/ 
TE 	'16 iiu3Lii (on1 100 ngii1) fl3J15 	Th11flflfllcltifl]LJ 1/10 Wl11iJ11 

J1 3M Sodiufn acetate 111 2.5 IY iiiiii YlJJ1 95% cold ethanol II 	 —20°C iOV11WOfj 1 

1J. 	 10 141 	1JL)1)1i 14,000 rpm 05IMM 4°C lt110fl)14lLfl4 

111Y1tJ TE 'ih1111'1 

B. ni itt€Tcujni 	fl1 	L1JflhitrfltJ1.JIJ t14c 

niii Gel electrophoresis 	 1Wfl1il 11O fl14fllflflf14 

	

U]1JFV111 11n1nk 	ni1ni 	Polyacrylamide 	lfl]1l J1Th 

CS 	 I 3/ad 4 	d 	 3' 	 13/ 4 
LCIrIJ 01)1lfl11lfl JtflclIllfltfl] 500 bp tii'Ii Polyacrylamide LI1t)1111flhJ 

itJnii 500 bp 	10ni L m5l4a.-nil5ai 	 1J 

0 	 3! 	 • 	3ld 	 0)0 	3/ 	 4 
141Dfl]1i]J111U I 	1U1)U1 	 1014111 E)fl1 	1Ll111l11nY45rn1tJ1flJ 

3/ad 	 4 	3/ 	 t. 	3/ 	 3/ 
111)U1fl14l1Jh1 fll11LJ1bI1i 	 nu ni1 	oinm 

15T(IurnJ N11Z)fl1 

4 4 ad 	, ad 	 4 	q 	44 	3/3/ 	oo 3/ 4 	 3,31 

tY11Jl)11OU1) 19514 11OU1111 lrO14Wlflll1 1141 	11JLiJ1J'JW11 	11l11flW)11J19JJ9J11 

4y  
nil 	hit 	ii 	lflJ1 	11tJfli1 	11) 	O'lfll 	'11fi1il 11 	1Ti1}1 4.1 14301014 M15  

4 4 
Ifftl1J 1411 IJIN 

JPLI. 1AULMU UiLLI1II 	 24 	 Suranaree University of Technology 
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rjd 
114L1IULfl1 (Supercoiled DNA) LfwM'  

n- 1lOiiUt'W (Linear DNA) 	 (Circular DNA) (J 

4.1) 

91'51-371 4.1 ffil3JLIJIJ9JU9JNIOZfIl lrnJi 	Ill wflWUtii,iii 

1Ofl]1lIL1 

(% w/v) 

qtJ1.11LO1JI0Th113flflJ (kb) 

0.3 60-5 

0.6 20-1 

0.7 10-0.8 

09 7-0.5 

11 6-0.4 

2.0 3-0.1 

--I— 

open circular — 	linear 
supercoiled 
(closed circular) 

I 
4.1 1111 	)14Y1 NIIJllMJ1J fl 	ill 	1 	la,  ISO 

90 	 V 

(http://biochemistry.yonsei.ac.kr/biochem_molecularfgene_cloning_20.php)  
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d 
-9J141 L2J flWiJ 	IflJW (Molecular size) 	1fl1 OWtOL111-JNflfl4flhJ 

0 	so V 	p 

log10 	1Jt1JY 1ThJ LIQ12J9JU1 	jtO,,,fl1 I51flTl 

DNA migration rate =1/log10  of number of base pair 

-UflThI flh1l fl 1 fl4l 	1) 	1l114 

(High-melting —temperature) 1on'h ni 	1tJo 85-95°C LL 11 	1UT 	35-42°C 

(Gelling temperature) 	fli 	1itttJflJ1W1fl Seaweed 	 1-25 kb 

2) Low melting/gelling temperature agarose 	 ni 	iitJO 65-700C tILL 	tUTJ 

1n'1 25°C rnJ1114 ni wnn 	 rnnni 	fl1I 	L14WhIL 	(Gel Ligation) LL1 

Random primed oligo-labeling 
,) , 	 40, 	 4 8P , 

-13JL 1i]11 uLO14WfltW 	(Linear DNA) 

All -Avvo Jy •  
LJ1411'fltA 	14LOtf1)1J'}1 

-15flO1JLtZ1 Ionic strength ¶OLJ8 '  1fl1')lt)OlJ 	fl1fl11cMLfl 

4 	 d 8 	 o 	 bl 
W1411J thi Lw 	 IM 1I1tfl3J Ionic strength fffl 	flT5L11l.lTh111itfllVrU1J Ithimifi 

1/ 	 4 

-fThLLJOfltLUiY1li (Voltage used) fII5L A6 Volt 	 WAIJUIna 

LIfl4L11' 

= 
lL 11flJL1fl1aJ1n 1nb 4-9 Volticm 

-1L)UL) (DNA conformation) I 	 (supercoil) WAIDUY1411AL451  

1tL1J1JLLILIU1J Open circular (1J10 4.1) inhi'h 

nhtrnwi L1fl,I 	ii 	 ni1 	Ionic strength 104ITTIL.Wfli, F 

4 	 , 	 9/ 	 • 	 0 9/4 
- filTh EtBr 	LLLJY1LY1 	EtBr LJitfll 	W14L.) (Intercalate) 'liThl 

V 
4 8 	 8 	 4 4 4 

fllfl 
0, 0 

1140,911111115 Lfl1WUDLO1JLOl14 

11 	15% EtBr lowwllYll nTi1. 1 mana,911idauLI 	ltJ 	 fJ' 
• 

EtBr 191h L1J1115fl 
0,
Y)3JlflL1111l1 

99
1lLL ILi'3 

WLLtfl 	 26 	 Surariaree University of Technology 
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Electrophoresis buffer 

Gel electrophoresis 	11615' 	Tris-boric (TBE) Tris-acetate (TAE) Tris- 

phosphate (TPE) (R-15 71-lyl 4.2) 

b1$c  

TAE JiWiçn 	11Jfl1(Lowest buffering capacity) 	Lnrvi Lflfllfl41Y) 

y , , 
TBE U TPE 10% 	 lii 	19flJ ThiW)fl 

Supercoiled DNA 	 fl 1 'OV1 fl11TY1U1OTh.J TPE IM-- TBE 
' 

(High buffering capacity) IT"U'livam-3 n-31  

4.2 Electrophoresis buffer 

Buffer Working solution Stock solution/Liter 

TAE lx 50x 

40 mM Iris-acetate 242 g of Tris base 

I niMEDTA 57.1 ml of glacial acetic acid 

100 ml of 0.5 M EDTA (pH 8.0) 

TPE lx lOx 

90 mM Tris-phosphate 108 g of Tris base 

2 mM EDTA 15.5 ml of phosphoric acid (85%, 1.679 g/mI) 

40 ml of 0.5 M EDTA (pH 8.0) 

TBE lx 5x 

45 mM Tris-borate 54 g of Tris base 

1 mM EDTA 27.5 g of boric acid 

20 ml of 0.5 M EDTA (pH 8.0) 

rWL. 11Lrra1 U.ttNLtiU 	 27 	 Suranaree University of Technology 
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_ 	
. 

TA (th4
i 4.2) LInflnflJ 

Electrophoresis chamber, Gel casting tray, Gel comb ilfM Power supply III Gel casting tray lu 
Electrophoresis chamber HAIII Gel comb 	n 	i1ini (Casting tray ) iu'1 

lion 1itiii fl t'1?Th1J Minigel 	nionihrnJ J1 	25-30 ml 

0.5x TBE Th un iLL 	 0.5x TBE ml 	iliJL'1J'U 0.8% 11353,11W 

100 nil III VALL1 OIL flflJ1JTh 250 ml 	 LT1LYlOM'  

y 	 , 	 . 

	

it 	ml 	iitiiii.v 

V 	 .4, 	 Jt 	 V 	 • men - 	 lfrnllti'u1c ¶ 	rn'llfll1 l2l1 flThJtJlflrii14 

	

T flull 	 LlT)O112J1fl WJfl]fl 

Tl1Jl0il] Stirrer bar lt fll flJfl1lI 'tYt4tnU 

flltflhlTt 	0.8% 

1. ni'hji 0.8g I 	 111ltJ0.5xTBE i1MIJ 100 ml 

Q V V 2. nilliruhi 	 50°C 

3. 50-ml Conical tube 411,111.t 25-30 ml 

4. thJ EtBriJLI'iJ'tYU 1 mg/ml 11l11i'iU 0.1-0.5 ug/mI 	ltL1'L''l 

. uornl 	Jiii nit 	uoilim )ll1' Gel apparatus 	fit ?i'LLLP*I 

111571111 gel comb 11TIfliflaltigh,311,049jal Gel casting tray 

I 	 P 

6. omlmtiiimm 20-301,1111 

7. 091WIAV391 50-ml conical tube ii "for EtBr agarose" 

r49t.0. 	 28 	Suranaree University of Technology 
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TIN 

2.Ln1tW 
I 	 4 

LL n1TLL1J 

WI 

Lf1,th1')J 

LWEI LL1flkUflLfb. 

IAI 4.2 11fl1 	flhlLLLfl11 Gel electrophoresis 

V 	 • 	V 

niiflniihnw'ii EtBr iL 	 EtBr 1iru 
9 

L) 
,1 
 ill ii1ii 	iY1u Fume hood qi 

d 	 , 	 4 d 	 4 
Note: EtBr 1)) Llfl in 	7JT17Jf171flEflJW (fl11 11ItJnn3) LUO'flflfl 

9/ 	 3' 

	

Wi ?1fl 	
4

Ufl
4

JeN 1D7Jflflf7W 15% &1717nf175FI71J 

tin 	nnnun lJJUQ1 (Molecular weight,) 'tI1lW7JW flJ7Ufl4Lfl1tJflW5ffflJ 

29 	 Suranaree University of Technology 
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1u4' Th wtii 7U77IVthJ 0.5x TBE 	EtBr (0.5-1 pg/mi) 15 	V hni 1nu 
of 

win 2J ru thi 

flhi1lJ1 l)U Gel electrophoresis 	 pET-23 11M pEGFP-N1 
Co a d 	 / Cs 	 a d 	of I bi 

1. 	1flD1fl 11O110 1 1 	141O lihl 1111) 

bbj 1cwi 

a. I Kb DNA ladder (100 ng/ul) 

b. Your pET-23 11' D pEGFP-NI 

c. Your pET-23 MID pEGFP-Nl 

300 n _xl 

100 n - 

200 n - 

2. 11'11J 6 x Loading dye 1Yi 	Ix 1 	11Ol b-c 	i1iirn 
2  rviio  I

Cs  
U 10 tI 

o  
111

of  
i 8-well comb

a  d 	01 	
100 -volts hnfmunii  

Bromophenol blue 	3/4 O111 	 20-30 Ulln 

a ' 	 3' 
3. Uf1)tJ'] 	it5'aifW)f)1JYif11J1-1 UV transiluminator IL L001411O0 11 YJ UV 

—protective goggle (hJW Safety glasses) 	nit M'ur uv iuni 	tii u-v 

tra fl si hum i nator 

ad 	333) a 	 3/ 	 Cs 	 Cs 	 'of 	 a 
4. LULOfl t1i)J I Ltfli till 	111J pET-23 	tflJl1i'fllf11J 3.66 kb II 	I1lll 4.7 kb 

of 	 Cs 	 3/Cs 	 3) 	 ad 	 a 	 Of 

ZY11Jti pEGFP-N 111Lu1JL 	JWLJ 	pET-23 	pEGFP-N1 tflJ 

UMMIDULDT1 	1 Kb DNA ladder 	Jig 1.hJfl-I (ii 4.3 IL 	iIi 	4.3) 11tJL9fY111J 

3/ 3/ (b 3/Cs of 	.01 ad 
tLtI4if ]flhLl (hil 	11uN'w) i i- iinvi 

3) 	ad 
5. liITfl 	 wi.iwrnihti jig/ml 	iittnji1urnnti jig 

a 	a 	 3) 3? 	ad 	1 	 3/Cs of 	 d4 
6. IJUil ItflflYfl'tl I 	flThflW1 Th L 	Ll1P11 Iflfl1JflhJ 

rnnnii 	1if1i 

U1-I LflL1.l 	 30 	 Suranaree University of Technology 
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1kb DNA Marker 
bp 	 ng/IOIJJ 

10000 80 
8000 80 

- 	6000 80 
5000 80 
4000 80 
3000 120 
2500 122 
2000 81 

1500 73 

.-- 1000 40.6 

700 57 

500 61 

300 44 

IdT,I 4.3 1 kb DNA marker (http://www.antageneinc.com/images/lkb_DNA.gif)  

43 	1O L1W1fl I kb DNA Marker 

DNA fragment (bp) ng DNA!band 	O 1000 rig 

10,000 80 

80,000 80 

6,000 80 

5,000 80 

3,000 120 

2,500 122 

2,000 81  

41314 1€J4Li1 	 31 	 Suraflaree University of Technology 
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icrnii 5 iicwicw Jfl- % 	HflYfl (Restriction Enzyme Digestion 

of DNA) 

1. 	 11tJlfl1 	1flfl1'tJtfl tI11L11 

,nnh 
bi 	 1 	 bi 	0' 

tYIJ I 	1LHi (Restriction endonuclease "30 Restriction enzymes) ti L9I1JY1tRJfl 

J11flLtU1191 

1oi1i 	1 	 2 (Type II) iflhi1J11flUflT41U 

¶ 	J1lJ1fl 	gin h 	31 o 31 
Jtfl L fl 	

3'
1t'fl1 	WlLJ 9101 

ti'li Vi 	 O1W1-fl1 tOu 	iiinri 2 
0 0 	 l 

iiJtJi 4 6 10 8 1l 	fliUflU1iU Palindrome 90 flitJ') 
IA- 

(Axis of symmetry) 
14 e4 	I 

ti 	 EcoRl 	t1i 410 GAATTC Ut1iffl9tJfl14 

31 	31 	0 	 o313'31311 	' 	'cH313'  
fli tJtJ1J L9 	iVnqi i 1JntJcirn4 it 	

i 
 inn-  trninu tn'n 

iJI111itfl (Cohesive end 	Sticky end) 	iiiti*n-s 5 tflfl- ] m 3' tniii*i 

3) 	 ' 
5' protruding end 1161 	iJ1i11 3' ifl)i1i1I

3' 	
5' 

41 
 Jfli 3' protruding end t1fl4 EcoRJ tVt 

5' protruding end ffiu Psi I 1' 3' protrudjng end 

EcoRE 

5'-GAATrC-3' 	 5'-G 	5'-AATTC-3' 

3'-CAATTG-5' 	10 	 3'-CYrAA-5' 	0-3' 

PstI 

5'-CTGCAG-3' 	 5'-CTGCA 	 G-3' 

3'-GACGTC-5' 	 3'-G 	3'-ACGTC-5' 

33 	Suranaree University of Technology 
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bi d' 	 3'b19' 	 4 
L311 I 	uJ1liW1 	I1 	fl -fl'I'?NV11tJ YflTh ILijrpnrnj 

LVfl1 iiii 	(Blunt end) Ilh EcoRV 

5'-GATATC-3' 	, 	5'-GAT 	ATC-3t  

3'-CTATAG-3' 	 3'-CTA 	TAG-3' 

b) 	? 	 b9191 	• 	 .t 
OU I 	 1flJ1 11,14 XlzoII 	 1I1Jt4 

5-PuGATCPy-3' 	 5'-Pu GATCPy3.! 
10 

3'-PyCTAGPu-3' 	 3'-PyCTAG Pu-5' 

!)14 	1Wfl 	1f)fl1 400 ¶ 	iiicic I in 	itjiji niojnv 

Iini11thibMThtj  

0 	' 	Ui 4o 	 U' 	 , 
1-fl11Jwu L11fl4 ¶ 	 ThtJilJi 

31
fltJ 	J&LflJI9RJJ LJOO14 

14 30 pH V611An,l 7.2-7.6 37 °C 111110141vi, -1;01 

	

LIN"Ll Snzal ADA LIMUMMOR1111= Taql 	t1 

t 

q,4d 	3 on1nni awii 

-in4wlo 

-1011 1,131 LC]J 

,1iiwJI4UIcic2 	iniiiiiV1119,190 

1) l tUiIIJii 65°C L1WrHfl 15 IJA iunii Heat inactivation 

2) 1'EDTA 'Ih4 Chelating agent 1n15Li 200 m Na2EDTA pH 8.0 11ith3J1tU 1-2 jt1 

0 	 I 	 ti eQI 

I%1&'Vfl 
• 9' 	9' 

-fi I1.JIo IIi1Ji1 	iflrn1JULTh)l4 i1fhnT 

Purification ICIhI ThJJrI EDTA, SDS 

I 

Ix 

1.. IVIULMau Li'LLt14 	 34 	Suranaree University of Technology 
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-t1111J 18 	1fl'yn1 turnJ 37°C tI 1J1I8 %1 	ii1i 	42°C 

-thnnii th4 BSA, DTT 

4' 	 4' 	 b13fl'4 4 
iiiiin' 13J11 	nh111oLbl,1cJ tni 	ioitn'nm 	I  DA-fl 'A 11,01WIA A 111"14-3,6411A 

(Star activity) L']4 n1lizis Mn 2  MID pH Ir1 8.0 uiniiirhti 

111JL0 	(J1nIYii 100 units/ jig DNA) 

ini 1ini-, 
- 3' 
flfl1 11flU Unit 11i I Unit f10

4 	 ' 
 

y 	4' 	 4 
LO1)]lflU 1 jig l 	J,JtU4I 	irnIfl2J tu U 	

r,
U11J1J 	11 	 LCI5J 

4 	 4 
i1tUJ1u1fl' 4-5 rmn fl]Wt 	11J11I1tJUU1J fO 

' 9' 	 " 	 3' c 	4' 
1. tJ'I1tNI81L IJ (Single digestion) fli 	110W)UIOT4 L 	4V1514) 1fl11 L1U 

2. q9h tiff 01 W'LJl]55'  (Double digestion) INA1141flo 1) 	 Claq 

	

3'a, 3) 	 o'4 	- 

1vt icw Iflot-53,1101MOU
eA  

J 9/ _ 	
) 	

I 	 9' 
411fllJ LLOfl1f )13 	 1 	 '1501J 
4, 	 3)3' 	 4Y 	 4 	ad 	3' 	IV  da 	9) aa 	',i 	i 
flU1JW1 	all Lflfl) LIIJ '1O 3) 	uou1owuwu I 	flit fl1U81I iIcJ 

4' 	 3) a 	a 3! 	 4'jjVVj.N
iLOtfl00flTfl1flflOUUtON0 

1'k'I0'1J 

2. 	'iiiflcn' (Multiple digestion) 

14 	 A 
(Covalently closed circular) 

a 	 0 	 c 	a31 

L1U111J' IJ'Wfl0 	11 	11'flTh (One recognition site) flilrn Iii 	0UI0 

U 	fl-'fl Linearlization 11t 	J1lflflWU L3J 
4' 0 	d 	IVi 3) 	e 	• 	 a 	3) - 	d 	9/ 

i111Ie'4W14 I 	1JflhL}1'i-Z0fl Prnfl 	iii Till 	0l'W1(NrflU (Fragment) Th 

flUtflJU 4 Jl1U  144 
91
1
4

i0
d  

iO
c  

1L 	1'WU1O11 	icwr, I'If n 1iF11114 11 

fl3),c 	Ci 3? 	 3) 4e 	 4 
IlI0J1 	4l 	n IflJ J)11,fl1A 2n thnti 1i1Th 	 (Linear DNA) J  

743'4d 	3? 
11iL1iHflW)Ji814 

 
IJIY'WflU n 11L1W..i' 	 n +1 ¶'l42JflW3' 2n+2 thnv 

a 	4'  
Wlflflhi No:! Lan EcoRi 

I101Lfl JetJ1I1 (thi 5.1) 

r49l.. 	L3)LLt4 	 35 	Suranaree University of Technology 

 

 

 

 

 

 

 

 



u5 	 36 

2.5 jtg of pET-23 DNA 

500 ng, uncut 	 2 jg + NotI+ EcoRI, 37°C, 1-4 hr 

100 ng 	
1900 ng g1....  

Ethanol precipitation 

Resuspen'in TB 

1900 ng 
"cut" vector 

200 ng 
+ ligase 
+ insert 

i.bi 5.1 11fl fl1UflIOlUflh11UWfltJ1V(3J 
qM 

Lambda HindIll marker 100 jxg/ml 

EtBr 1 mg/nil 

Restriction enzymes: Nod, EcoRI Wit buffer 

5x TBE I Liter 

lOx loading dye 

3M Sodium acetate pH 5.2 with glacial acetic acid 

95% Ethanol 

Glycogen 20 mg/ml 1110 tRNA 20 mg/mi 

Water bath at 37°C and 65°C 

iru U4I'3LLU 	 36 	Suranaree University of Technology 
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A. MlIVIUM Nod + EcoRl-Cut vector 

W1L 	1LYfl 	i1 	1I1JI 	L11 	LFYUfJ Wi-I 1°112J NotI Iflu1flJ 

niff GCGGCCGC lomwDIOU Lfl1'LJ1fl0 5' overhang T&I CIGCC 	 1J 

wi-f19cEcoRi 	11JUf GAATTC 	U11UCJiJ iiiiu 5' overhang 9JtN AATT 11)1flfl 

n1tfJ,jtud 	 lini 	cnMiiwn nn inTh 

IMMIMIU71,19011,01111ff irnithu Unit (U) 	irnt 	1 jig DNA (Lambda 
d 

DNA) l 	1JLJUl'W 1 ¶ii. P11 	1J luiJnituiiii 37°C 	1?95OLOJJ 
- 	 9) 	 9)9) 	 - 

O1J1Ji1W1UJL1J2J1JU lOx fllJ)fl LIJIThImfl 	fli 9f3J1 
o 
1LiL'i 11 	4-5 	Jitrn1-ibl1J14 10-20% 'J011uL 

9) 9) 	9) 
'Li1Oflh1 	1Ji-Jflh1tJ lx 

' 	I 

Ji3t1fl- 
9) 9) 	 . 	• 	 - niii 2 p..g 901 pET-23 i 	iJWWU 0.5 jigfjil flV11i0th1JrnliJ 

DNA 	 4jil 

lOxbuffer 	 2p1 

Water 	 13 jil 

Enzyme (10 U/jil) 	 1 jil 

total volume 	 20 ,ul 

11 	Lida H Ifl,  lUIJ] 3 j.i.1 U 	1 jil 'LIV-3 lOx iti1d 81l1*1u 

10 j.tl Leul 	J1 11n1 	 tinii Star activity Su 

JniiThiiiv1-l4ou 1: 10 	IJWi-I i 
1 	 Y 

fl1'O1'ILIr) 

ThfliflO4 

1. nil YII1 	LUW pET-23 1UW Iclr 11 NotI +EcoRJ 111MIJYMIM0191 pET-23 \Thi-j 200 

ng 	1flLLfl1JUtifl V11*I1fl tnJn 

pET-23 DNA (2 jig)  

Sterile deionizea watr  

lOx buffer  

-Jc1J. 	LLU 1.JLLli-t 	 37 	Suranaree University of Technology 
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Enzyme (fivefold excess)  

Total volume 	 50,d 

37°C AWMI 4 ¶J. 	111flfl1 1U '1 J11) Heat block 
31  

1W}1 

 

fl 	 2 ¶ 	 mrnnr 	iilpnfln 

B. Gel electrophoresis of pET-23 

?
3/3/ 

1n7Tnr risiviuo.8% 

1. 	inni 	wMiwn 3-4 953J. 111 	JflhIltJfl1J 1-2 pl 11101200 

mM Na2EDTApH 8.0 tL 	 pET-23INotT+EcoliJ T1.fl1-J 100 ng 

O'hJ1f11I khJ lQxloading dye iUTJ 1-2 p1 

2. 

a. Lambda HindIII marker 	300 ng 	- jil 

b. pET-23, cut 	100 ng 	 - p1 + 	1-2 1LI  dye 

c. pET-23, uncut 	100 ng 	 - p1 + 	1-2 jxl dye 

3. 	Ji 	flitJbl1iLU 10 t1 illIT1.1 8-well comb 1130 5-8 j.il 1TflJ 12-well comb 

100 Volts W3111llUY1 Bromophenol blue 	wJt 

3? 
it 	lI1L)?fl 20-30 ¶-JTV1 

4. 	JfitJtJ1 	it 	irnnrn-nsniu UV transiluminator 	rn1oiwn W13i 

UV —protective goggle (bbJ11 Safety glasses) 	iti1'u uv fl1Fjfl1M?ffUq uv 

transilluminator 

5. fliO 	flilJ5U (Complete digestion) 	itJfl'iiflhinin. 

lfl,Mu 
 

¶JJ 1 MAJ 

I 

9JUiIr1inhi 3.66 kb thi 11J?rJ1,ptu (Incomplete digestion) rnntirnni 	irnn 
bi VT 

	

1 	 bi) 
tmnW1 Lfli 	iJiWI L) 	Jt8U I 	1,IWI L t1LflJUi) 

MW nn (1J1 5.2) (oi,n1mrn i 

rn,.lJu) 

LLttU 	 38 	Suranaree University of Technology 
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Idlifl4  5.2 	 pET-23 	1 LL 6 fla Lambda HindIlI marker, 11I 2 

uncut pET-23, 'ff 0013 RD pET-23,cut 

I 
Nflh11I 	Th1U 

nJ 	 _ 	

0 _ _ 

1int1lAu'1q. 2545. 	 2. 1fl tflJ 

fl0y9 

Barker, K. 1998. At the Bench: A Laboratory Navigator. Cold Spring Harbor Laboratory Press, 

New York. USA. 

Robertson, D., Shore, S. and Miller, D. 1997. Manipulation and Expression of Recombinant 

DNA. Academic Press San Diego, California. USA. 

Sambrook, J., Fritsch, E.F., and Maniatis, T. 1989. Molecular Cloning: A laboratory manual. 2 nd 

ed. Cold Spring Harbor Press, New York. USA. 
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j11fltl1flfl 

5x TBE 1 Liter 

Tris base 	 54g 

Boric acid 	 27.5 g 

EDTAO.5M 	 20m1 

lOx loading dye1Jtlfl1 	4°C 

glycerol, 25% 

EDTA, O.1M 

Bromophenol blue 0.25% 

fiLL14 	 40 	 Suranaree University of Technology 
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6 in 	 nintct (DNA isolation from gel) 

1. LJtWfl egfp fragment 	1L 	)flt1O pET-23 

urni 
3) 

Gel electrophoresis 1711 

o 3/ 	 8 

J1J 	1II 11c4 

niini1 	ioni lun11Tu1.J (High quality agarose) )1 

itiintrniflin 

d 	14 
iiuti.nii Nuclease Lt 	tflJtJ'flYWN1H 	fIcnini 	flfl flflth1 

1flT 	LOfltYfl1it 	8Ofl1 l 	L1IL J111Jtt'lF11 

	

a 	 a3'a 4 	 aa 
UJ101111 n-15 Recovery 	10 	 fl1119111 	 11JtlJU1MinflMi 

.h]1041t) 200-500 ng 	J01 	UtflhilfltlV11i EtBr lJ1.4 Transiluminator 	95UTh111 

 
UV

a a 

	

Itt 	nThni 

noni1t 	ivinm 1ni1niintiu 

o 0 	9/ 	 3' 	9/ 
uinnin. rnj niThorn 	ooi 	 rniISiJ 50-65°C 991114 

0lt1iflhttNUt]ft1fl1 (Silica membrane) 01 010fl11f LI 	LII 311] 

oon 

I 	 ci 	9/ =I 3)ci' 
'1L110fl1J1J°i.J1l 770 bp 11 	I4H14J0tJ1€J egfp 	flW1fl.fl 

V 	 I 	I 	 9, 	. 	 V 

bgfp On 	L'1flt10 '  T401 	 0'1 pEGFP-N] 91,111IM15141AMA 

9/ 	 fl 	do 

	

J1111 770 bp 	01 	1iY1J pEGFP-N1 J1cW)tJI0'u I J)911L1t41 Nod LL0 EcoRl 

9/ 	 1 q.# 	0 	 I 	 a 	 I 

1flJ1 pET-23 	11 	fl10 	 1L'1 
 

Nod tL0 EcoRI 	1L1'fl44 fl1 

23 
tn:i.J:itolitn Gel electrophoresis I. J'I41) 770 bp0l'1c0fl1 	1JL1JJ9fl4 1.2% YI0 

tWO 	01.110 ii 	1fl0l1 	0111 	 Gel /PCR 

Clean-up system flfl1J'fl (BIORAD) 	0L0]11.10 	 Lt9Tlnom1 
3€ 	 V 9) 9) 	a 	 €9 

ffl1Jt0JH0HW 770-bp fragment 11l1fJ']ll Gel electrophoresis 

41 	 Suranaree University of Technology 
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JtT 	LrTh1Th 

Restriction enzymes and buffer: NotI, EcoRI 

Agarose 

5x TBE buffer 

GeIiPCR Clean-up system ( ) 

Water bath at 50-65°C 

Razor blade 

Clean petri dishes 

fl1flfl) 
s/ , 	• 	a 	 a, a 	 a, 

A. Restriction digest "d pEGFP-N1 1fl ijniini 1 H11 

a 	a, 	 I 
1. 4iflfl1Th pEGFP-N1 WUL)14 115J NotI U1 EcoRl 

H 	1 1 Double digestion 

itrnnn tiu 1Ulnn'L4 

pEGFP-N1 DNA (10 pg) 	 p.1 

Sterile water 	 p.1 

Not 	 p.1 

EcoRI 	 p.1 

l0xbuffer 	 10 p.1 

Total 	 50 p1 

LIJfl'1 37°C 	12-16 ¶UIJ. 

l.a a, 4 	 t a 	a 	a, 

1ITh1(1 2 	1fl]I fTh'lIL)l 	 11 	J11fl1J Till 

-04 
0 	 l.a 	a a 1 14.a 	' F 

wm tuizwnn'n I 	lJIfl1 I 	iO'fl1YI11U 

pEGFP-N1 DNA (10p.g) 	 p.1 

Sterile water 	 p.1 

Enzyme 1 	 p.! 

42 	 Suranaree University of Technology 
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lOx buffer 	 10 j.il 

Total 	 50 p1 

31P 
ILY)1JJVI 370CLth4n11 12-16 13i. 	n 	flni Enzyme 	iTU11 5 U NJU)1JJ19 

37°C 111AID110dWAD 2 T3J. 

2. 	 1.2% 111 0.5x TBE 

3. lt 	11J1lJ 4 wells 

3' 
4. fl1)fl1'tJ14til 	lLJ'WI' L1JL114 

a. MW maker 

b. pAD lINotI+EcoRl (positive control) 

c. Your pEGFP-N 1 / Not I+EcoRJ 

4 
5. 	 100 Volts Awn-al 1 'l1i. 	 Bromophenol blue If1fl4 

fltJj Al-AMOIRIDD)J UV transiluminator LL61tiflTh (i1111 6.1) 

6. L1tflJ Heat block VIDW11fiIJ 55 °C 

7. )1 	 UV transiluminator fl3J UV-protective goggle 1 

	

1UI (Razor blade) 	LLt 	L 	o1uiii 

i1n1n UV transiluminator (iJ 6.2) 
3' d 	b131 	 , 4 

8. 	1UWlL011W1 I I 	I14fflO1 L)J1fTWflJ ¶1flU1Ji1flP11 

WL1L LLi1. 	 43 	 Suranaree University of Technology 
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I 
th'i 6.1 L1 1VJILOULO pEGFP-N1 	JtO1- L flJ Nod 11flZ EcoRJ 	cJfl 2. 

I MO molecular weight maker, I1JI1 3 fRID positive control (pAD 1 	Not I+EcoRI) 

fl?11fl11Jd 

 

egfp IJIJIfl 770 bp 

6.2 fl151 	 (Robertson et al., 1997) 

W1 	LLL4 	 44 	 Suranaree University of Technology 
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3̀3B. fli IWU 	llLOfl flhlfl1J1Jp1 (Gel/PCR Clean-up system, GENEAID) 

(LLflh1411 6.3) 

1u11 DE buffer Th1 500 p]LI1ThiTh 300 mg Yhfl1r.1LfJm 

0 
(Vortex) tL 	JflOfl1fl3J 50-60 °C JflL1UrnJ) 

1) 

2. Th DF column MIUMDA 2 ml Collection tube 

3. 1JL11J1fli'  1 IND-lill 800 ul 	11J1i101 DF coluthn 
rj 

4. rn 	L1I)1)JLflfflJ 13,000 rpm 	'fl 	)Lthfl111 30 111 V-11 Flow through 

uiii DF column IdiallflIMInDo Collection tube T'WLJ t '111 	1JThL11e 1ii 

5. I11flff113 Wash buffer 	Wi1.rnU*)) i1MIJ 600 p1 III 	L""AM 15419,1111 L1575 

13,000 rpm 	OLhWTh1 30 5VITAlflow through IL11 DF column llJlthNTh 

'rU1O1 Collection tube 614L03J 	 13,000 rpm 	 ihwn 

3 U11L11 I1IJUU1H 

6. 
 

J1tJ DF column 	]J1 	It 
9) 
 11IW11U1 1.5 ml 	O1 

7. 11J Elution buffer 11JTh 15-50 p1 1flW 	 J' 11 DF column ILJ 'O1 

Ii1W111 2 	li1IY)12tc4flJ 13,000 rpm 	 2 'UTYl 

8. L]1 Ii' L 	1i1Jiigw1J 	Gel electrophoresis 1TU'TflfU1111 

LU LMALLIAU 	 45 	Suranaree University of Technology 

 

 

 

 

 

 

 

 



M. 

PCR Product 
Gel Sce 

Wash 

63 	LflL 	 (www.geneaid.com) 
91 

C. Ui 1J12U 	ieui&ue egfp 770 bp lglflli Gel electrophoresis 

1. nil 11 

	

	iiL1J'1i 1.2% hJ 0.5x TBE 
, 

2. tLfli 1rnrni 	biwtim
Q,
i iiiiiw 

a. Lambda DNA Hind Ill maker 

b. egf770 bp (control) 	 50 ng 

c. your efgp 	 1.0 J.11 

d. your egfp 	 2.0 p.! 

tL LtLtt 	 46 	Suranaree University of Technology 
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, 	411 	 4' 

3. tWfl 	LYlW111J11sfffltJ 100 Volts flJU111 1 ¶1J. 11-5-09UM-WI Brornophenol blue flO1-i 

i111tJ 	 UV transiluminator LL)Vi1W11Y 
3)  31 

4. llfml 	iiiuu 	egfp 1141flj'10 ng/J.L1 1LJfl'1Jflf)UW egfp (control) 

D. fl11 	rntI 	11Th'fl5 Recovery 

1. 114101 egfp = 	ng4Ll 

	

11 	
43, 	 3,3) 	 d 	4 

2. iimitu egfp 	Jcili = 	1Lii 	ng/pi x 	Ji 	WUI11thl1Y1fl111tJ TE (j.xl) 

= 	ng 

V 

3. 9MAIVU110 egfp 770 bp fivirnfilinimmilmovia pEGFP-Ni 	 (1utirnTh) = (770 

bp/4700 bp)x 100% = 16.38 	% Wl 	llfltJ egfp Jfl1 Recovery 100%IIJ1tJ1'flIYI1 

'ii WdIfflJq pEGFP-N1 100 Lg 	egfp = 16.38 ng 

I 
1hJflT1 Recovery ¶1 egf LL1iOW 

I
WI 

= {1i?1Ji egfp (ng) x 100)116.38 ng = % 

1. 13J1 	 L114 	egfp 770 bp '= 	............................ng/pd 

2. iii nm1uni Recovery IL1W1 
4 d 	41 41 	 41 	 d 	 0, 4, 

3. ni 	uL11fl 	1frn1111nn11 

Robertson, D., Shore, S. and Miller, D. 1997. Manipulation and Expression of Recombinant 

DNA. Academic Press San Diego, California. USA. 

Sambrook, J., Fritsch, EF., and Maniatis, T. 1989. Molecular Cloning: A laboratory manual. 2 nd 

ed. Cold Spring Harbor Press, New York. USA. 

Winfrey, M.R., Rott, M.A., and Wortrnan, A.T. 1997. Unraveling DNA: Molecular Biology for the 

Laboratory. Prentiec-Hall, Inc., New Jersey. USA. 
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I 	 I 	 V 
7 

J61t11fl 7 Dl 	UU 
I

fl (DNA ligation) 

	

4d 	 4 
1. LL O1flh ITJtO 

• j 	• 	 , 
2. 

Li Th u 1(1 

	

DNA Ligation 414 M5 L 	 DNA Ligase 

	

4 	 • 
114 L W flI 	t 	1iJlJ LlJ DNA Ligase 	lTh 

li'nitv1rnThiv 5' 	w 	iunii 	niJiii 3' CIJO 

oiit 	(iiY 7.1) 

(NM7 
ppi 

1 
	

ATF AMP 

JY 

,/ 	0/ 	 0' 	I 	• 	 I 	 0 

thi 7.1 

DNA Ligase (Berg et al., 2002) 

• 0• 
4 

U11 1D1-L1flJ 3 IflJlJ 

1. 
I 0,31 	 0' 	 , 4 P i 	 o o 	 0' 	 31 

I'14W)JW1J 19J Ligase L 	11JfI11W14 MI1J EcoRI 	 ¶J  

13A 
	I 0,t3?I 	.4i 00 Z4d 	 4 	I 0/ 

	

lttltW1J1u1-J 11lJltGIJJ1Jffl1  1lO 	fl°Th314W1W1 1rn3Jy)ef11JLo 

4 	• 	 I 	 3701d1 	 11 	 0 

 141-3  Lou 5' Oofllflhirntwl4WllnLflflO1-JThl3il 

4 	100 

LIcJcn3rnJ 

jp1.c. W.L14 LLt 	 48 	 Suranaree University of Technology 
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Alkaline phosphatase !h4 Shrimp alkaline phosphatase 

(SAP) 

2.  

iiitifrn 	(Force cloning) 1i4 	 Not! 1t) 

0' 
1J1flYJ EcoRI 	n 	nini iiiiti 5 1J01)flL1O 	o10110 

0 	 0 

11J1flJIJ 	LL11 
01

11 
'I 

lthltJl1thi 

3. ni 	 Jiirn 	innin 	 1Lrn1li '1Jf11v1 (Blunt end 
CS 

ligation) Lfl UJO IflO1J
9) 	3  

Ldlf3J
,,' 
 EcoRV fliLrntO itJ flTh1ifl'flflT5 

9) 	9/ 	91 	0' 	 oo* 	9)91 	 • 
LlfJflhlUfl t 	

0 	
t'1flO14 L9J Ligase 	fl1212i1flfl?1LLlJ1tO1-iLO 

to 	' 	 91 	191, 
JiflIfli 1 itJYJ1n)11LrnNLOTI i1J lJ1J 	11JTt)fllJ 

' 	t9) 	 02',,C 	 , 	 01 	 -• 	s 	91 	0' 
fl1'}1 I1fl4i1fl4 	 iiJ1Ofl'1J Linker %-t 	ll1O 	i1J 

11nI i Linker 	1Lfl 91190 

	

0' 	 0' 	I/o 	 / 	 3) 	0)91 	 • 	 9'9 
tO4 9ld1J EcoRI J1fl1fltW 	L'flLO 	 1111'U EcoRl (iii 7.3) 	tLO1J 

3,  

il1-J 

11L'liIJ Ligase 	ii 	 T4 DNA ligase tL'I E. coli DNA ligase '1'l-fl 'Th 

0 	 3) 	 d. 	 5) 

tJOUfflUL1 T4 DNA ligase 1&fli ATP flJ'U Cofactor U)1LO1J LCIc3J Eco/i DNA ligase Th'ni 

NAD LI14 Cofactor JI'HT1Jf115li 	 T4 DNA ligase 1J1flfl'1 

fli W11'lfl4 egfp fragment (0.77 kb) nut ni 	in'i 5 LW1 

(3.66 kb) lflf fliYIhfli 	O'l4Wflh1lJtflI 	 WilJ 

2' 	• 	 ,) tI  

Rigidity 	 UO11LO f1ltJ1') ifi fib 11W)i1 fl1 10-100 ng/p.l IVI 
3)919/ 	 I 	 Id 	oo  1w13 	9)4 	21 

frnwui 	lUnitfl 	nil 	ilJLQ 
01 01 	

n ldIc 
9)3) 	 • 	t 

	

fl 	
0 	 0 	 99 

lJlW
•
fl 0.1-1.0 jig/tl fl 	 JlYlfliI)l' tfllLt))l4LfflA iini 

5)9/ 
Recirculation 	 11OLJJ1u1Rfl'U I 'IIf11 Contatemer 

tJi&c. M14LMU 1-J'1-U/ol.,L 	 49 	 Suranaree University of Technology 
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5' ® _J: 	 OH 3' 
3 HO 	5 

DNA fragment of vector 

	

5'® 
	

OH 3' 
3 HO 

EcoPJ restriction 
enzyme 

	

5 

® 	 5 

2' 
14 	 a S 

	

u1 7.2 n11 Li 	 i 	FT) 1inith Linker WIL'03J3 (Adapted from 
'1 

Berg et al., 2002) 

	

l fl'A 73A Lfl1Yf113YUN pET-23 1I 	egfp 	1fJJtJ egfp 1n61410 

3J1nn1i In irnitnei it 
 

	

PET-23 LI 1t)1fl egfp UMA on 	1'}1l'1'1l1 E coli1flfl151'O3J 

'151U1Th19Jt)' egfp 	1u4113J1L1lflUGhi E. coli 	i'i 7.3B liff 
4 	 ;, i 

fl15I1J Polyethylene glycol 11 	Ficol 	]tJ 
,,r,i2 	_ 	 ) ) 

A 	

/ 	

B 11111 I I I 

if' Ri 
3IJTll 7.3 Vector DNA WIZ Insert DNA 	 A) flh1JI1I1l1f11 

Ligation 	JI nTh B) 1iL 	iii'1Jfli Ligation 

tI LLLL14 	 50 	 Suranaree University of Technology 
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4 	 4 	 4 	 4 d 	 8 e 	34 
flO Oi itJL tJiJiJLi 

1 
0 	 8 

rniio 	tiwn 1-3 ii 	irniiiiwitntu LW1'I14 

DNA ends (pmol) 	 = 	(2 x 10 
6)  x I 

Microgram double-stranded DNA 	 660 X number of bases X 2 

	

ifll3JtZlfJO3 1 bp = 660 Da tL 	iflflii 	 Avogado's number Vii 

Ghl 	ifliJiJl LL 	4iJi 	 i iiiii H1114 Vi1j pET-23 9ff IlAUIR  

3666 bp ii'N dill i = 0.22 pM/jig LI 	12J1 	 (770 bp) 
3'' ,  4 

= 1.08 pM/jig 

4 
5 rnit1 I'm ittrnl hi 	ivn tfInLrnnfnJ 

4 
 fl 	fl1O a single vector DNA Jfll 5 

ivh 104 a single insert DNA 

Otl4 	flIj -allill uWaij i i  i
•  
i 	f)II DIU mill 	if ThO 	lu IA4nnj lT1Jl,lJfli 

Ll'l11flLLOU10flJl113JlU 'll 

ng of insert = ng of vector x size of insert (kb) x molar ratio 

size of vector (kb) 

4 0 	 1 4d 	,i 

W-0 molar ratio 

i'rc 	fllLTLfl q q 	 - 

T4 DNA Iigase 

1 Ox ligation buffer 

pET-23, NotJ/EcoRI-cut only 

egfp 

Sterile-deionized water 

WLU LS4Uti1L 	 51 	 Suranaree University of Technology 
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n1Th'1 

A. pET-23 	1JL'(1A1L 200 ng/g1 

11LOfli,flU 	 1:1 LL'I 1:3 molar ratio 

	

a 4' 	4 	i' 	4 	 - 
B. I 	J1flfl3 	iiJi 	1 	1Jfl1I 	 tJ1YI 

	

4 ¶2.1. 	T1 OJ1Z Heat block liiiu 	 12-16 °C Awrial 

12-16 952.1. 

1jJfli 1 	1:1 molar ratio 

pET-23, NotTIEcoRl-cut 200 ng 	 1 Jil 

egf  

sterile, deionized water 	 - 

I Ox ligase buffer 	 - tI 

ligase 

total volume 	 10111 

4 
1IEW1Y1 2 1:3 molar ratio 

pET-23, NotIJEcoRl-cut 200 ng 	 I tl 

egfp 	 _p.l 

sterile, deionized water 	 - tI 

lOx ligase buffer 

ligase 

total volume 	 10/i.! 

C. *1 Gel electrophoresis IIIIN Ligation 

L1L3J 	 Gel electrophoresis 

lane 1 = pET-23, uncut 
	

100 ng 

lane 2 = pET-23, NotJJEcoJkI cut 
	

100 rig 

lane 3 = 1:1 molar ratio pET-23, Notl/EcoRl + egfp 
	

5 p.1 

Wi.LIVfl4 &WILLIAU 	 52 	 Suranaree University of Technology 
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lane 4 = 1:3 molar ratio pEt-23, NotJJEcoRI + egfp 	 5 j.11 

lane 5= egf 
	

50 n 

lane 6 = molecular weight maker 	 300 ng 

4 	 0 	 '1 
7.4 	1flfflL 	 L2J T4 DNA 

ligase TE)TH I DO pET-23, uncut; I1 2 AD pET-23, NotL/EcoRI -cut , no ligase; IOU 3 RO pET-23, 

NotJlEcoFJ -cut, with ]igase; 	4 	molecular weight makers 

I 	= 
niirn 	tn 

0 

uThnJ 
0 

	

11&Iflri. 2545. 	 2. 

Lfl1±'11f fllLYfl11 

Berg, J.M., Tymoczko, J.L.and Stryer, L. 2002. Biochemistry. 
5h1 

 Edition. New York: W. H. 

Freeman and Co. 

Robertson, D., Shore, S. and Miller, D. 1997. Manipulation and Expression of Recombinant 

DNA. Academic Press San Diego, California. USA. 

Sambrook, J., Fritsch, E.F., and Maniatis, T. 1989. Molecular Cloning: A laboratory manual. 2 nd 

ed. Cold Spring Harbr Press, New York. USA. 
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IQ- 	 V9i 	 - 	 V Y 

picinii 8 flit 

(Competent cells preparation and transformation of Eschericia coli with plasmid DNA) 

, 	i 	e 

1. INIMMUM15MOU Competent cells i1flL9cttE. coli 1111ilflJ 

2. ni 	diuiitit 	 Heat Shock 

1J7li 

111t111 w
4

51urn (Gene cloning) 111,11TWIMMIUMMIMO Di iLLiJNJ 

(Recombinant DNA) 1nnni 	 (Host) 	i11 in- i 
• d3)  

Transformation 	L 	Jflil)i 	liii 	Iti L1t1 IL 	illl?l)fl L 3wl) 

fitJNJfli L9 	 Th'flfl1JTY11 L1L1 1JY 	J L1Jfui1J 1'LJfl)i 
3) 	di 	d 	88 	 4 ( 	,' 4 	 i4 4 	 , I 

Competent cells,fl 	019SLL1JflTh J I fl1tJtTh I9Ll5O1 MOMITMOLITMIffM 

3) 	 4 	 44 	 3) 4 
iWi1.4 Cloning 1%

4 
 JJl 

3? 	13) 
i1

3)
fl1J 1) E. coil K12 IO 	

I
JO K12 

iiJJfli LIU E. coil HB600, E. coil Hv1109, E. coil DH5 INXW 1JbI.IJ 

iio 	in'n (Restriction enzymes) "1t1 

Ll'1lN fl 	ii 	 iLJi1fl)i1JTh )StItl 
9) 3? 	4 	 3)4 	 di 	 8 

iuiwii 	iirn biimi 	iGhUfW Homology based recombination 151J1fli  iJ 
'3I5) 

li 1WJiJi14 
4 	 0 33) 	 484Q3)0 	 4 	9) 	4 

D11fJ3J Competent cells ff 	 oinfli5  

ttuiihi Ca 
24 	

41Jifl141 Lill Mg 
2+ 

 Rb 4  , Co 
2+, 

 K4  Ili Dimethyl sulfoxide (DMSO) 

WllJii9cE. coli u1fltJII'U Competent cells l' 1 	i 	11ti9J E. coil 1 OZODU M Cl 

+ I 	 4 .3'i 	I 	 4 	 44 	4 
PI1IWJOIJ'hl Ca lfl'U JtU}9 Cl LJi?flt'Itl 

OflIJtlt) 	Di 	tJiLJiYI9fl i1Lc?l1fl1i itiOfli W14IflflflitJW)fl 

4 	 , 	d 	 ' 	 8 

(i 8.1) urn Ji15 fli1J fl flYl 	i1J'IJ3' Transformation 

iTh 	niii Electroporation 1flii11'LDliUlh4 Competent cells 1niTh 
o 	 1 	 44 

fllllill'Hfltfl iLu19 L1u1H)lrnJ ¶LIft1t 

0 	 t 	,44J4 	44 

	.VW 
 3' 	 ' 3 	3? 	 4 	 3' 3) 

flW) 	ii 	 iJ1' Itlill IiTh 	irn Lfl19flLlVfThVF1i 
9?  4 48 4 aim 'arl-019JIUMIJ E. coli 	ij'l 

rJP1. 	L1 LLLt'U 	 54 	Suranaree University of Technology 
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Transformation IL 	1Y1LfJ ATY Transformation lnif1n uvrb1yIli l flThvNn1 

1wfhi 10-20 LYi1rn 	 10 
'° 

colonies/rig of pUC 18) LL111J hvLnm 

lunil Transformation 11 	iJii Liu ti-111JI96ruaraulailAl 	 ni 

LLL Ili '11th114i1J Electroporation 	 nt niitJL1hl 
0 3) 

f111tflh1Jh)tMflJ ni 	i1i)i 1 
4

) 10 m N-2-hydroxyethylpiperazine-N, N'-2- 

4 0 * 	 0 9)  
ethanesulfonic acid (HEPES) t 	 1'FLJ Electroporation )11bIIl 	 LLtJ Mid- 
0144 	3 	 8 4 

log phase 141I%) 	1l}lLtflJ 	L11J' 

9')' 	 10 b11nLcc 	n 	1JLc1c l hI 10% Glycerol TIMIN1913AU 3 x 10 cells/ml 111Tfl1 
0' 	 00 

3' 143' 	 4 	4849' 	9)00 

lLlI15U1'llt11 (Dry ice) IL11Lfl1JT11-700C    1 1nflhJ1 I'Id1fn1J 

Electroporator L'vlmu niniitni 	ni1ih1i 	 inrn1irniu 
4 	o 	0.' 	 0 	

0 	
0 

LtJJThTh Electroporation 	 —70 C 'i'Ll 15% glycerol LLL1'Uh1J1tflJ13J1 

c 	3/3/L5) 	 3) 	4 
1uiiun IT14111)tJ1Wrn 6 L1Oi4 

t'1fl4 Gibco BRL, Bio- 
4 

Rad 	tUiflY1 (10 colonies/ig of supercoiled plasmid DNA) LL 	11t1-Al11I1Jf) ILA ilfll 

3) 	 10 ci 	3)3/0 	o.' 	 1001. 	14 
flO1'LLYfl 9)1l I 	hull flI 	 191'I 	I11115 Competent 

cells T13jflWff3J1Jflff 11unIADliN Rearrangement recombination Error! 

JAL 8.1 flflfl1 	 1OflTU Competent cells (Pos and Spangenberg, 1995) 

J1il7. flL014 	)'1LL14 	 55 	Suranaree University of Technology 
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fl1 III 	O(1IJ lJ 	Heat Shock UM; Electroshock 
0 	13141 r 	 4, , 4 

itcrnr rn i 	 0cnnrntiw)n (Competent cells) "v4110,1 )1flflil'ui 

0 	 - - fflLf1i 1 	flU 	11JurJ'wI) 	U'11J 0 C 	11nWinoij 
a 31 4 	 41 	 6' 	 3140 311 	 6' L4Ilf1J6' 

DNase N 	1f1"dO' E. coli H'Mq4 	 MIA 

a 	 0 	 0 J1, 11 	(Heat Shock) ThtJ1J1 1L 	O}flJ1tlflUjJ 37 C 11 42 CAUL-1-al 
a 31 	 3) 	 1 	aa 

11fl 1 	 )1'V1fl1 Transformation "[itflJ 
I 41 	01 	 I 	 , 	 a 	 a 	 I 	a 4 o 	3/ nrnm 	 ni1i9cl 	irn0hi 

Competent cells I'UchJ 	i2JmVi 

(Supercoil) t 	iblfl,i iirniti 	(Linear) 	O3fl 	mtk (Opened circular) 

11 	 11nT'i1w1 E. coil 

Competent 	9[tJb.J 	Log phase 

S)1Ylfl1' Transformation 

nifluni 
4 

Lu1J 

2n1 LOU 111' 

3.11Lttfl11fDlfl fli Jl'cfl'Y4 	 UOOtr'v11 11'11 

~=-V]Fmmnn Transformation 

1T'1 flJflh1ThJ 
q 

E. coil )G2-blue 11470 DH5 1JI41811111 LB agar 
I1 

i9JU1I 50 ml 

Supercoiled plasmid pUC18 10 ng/j.tl 

LB/Amp plates 	 'h,.ITh 10 ¶13flJ 

TE 
	

10 ml 1J1fThLO 

LB bloth 
	

100 ml dDiDALIND 

CaC12 0.1M 
	

150 ml 

CaCl2 0.1M+15% glycerol 
	

50 ml 1UI 

LnLLMI 	 56 	Suranaree University of Technology 

 

 

 

 

 

 

 

 



1J 8 
	

57 

flTflI111 

A. D151MEM Competent cells I11fII (Preparation of chemically competent cells) 

Cohen et al. (1972) 1I1 Sambrook et al. (1989) 

3/ 	 4 
TOW51W1 	 Competent cells 	1AMM E. coli 

' rnihi 11 	o1i 	W1Th13fl LW15J 

4 	 44 	 otl 

1. tYfltJ E. coil XL-Blue 11 	
. 

DH5 	 niim LB agar Ui L1ittJ1U LB broth 5 

• 3' 	' 	 4 
ml I 	JIJWIJ1JLIJtJ1 I 	iJttflJ 120 rpm fl 37 C LiUfl'ii 12-16 ¶J. 

2. iit4 ' onn4 I 3,11 0.4 ml (1:250 dilution) 	1.L'U11 Erlenmeyer flask TID LB bloth DO 

0 	 314 	• 	 . 4 	 4 
100 ml IJ1l iU'flL 	l 	 U1J1W101 ITh 1JL')OIJ 120 rpm Vi 37 CflJUr1i 2.5-4 

GI1IJ .  1 	Ufl 	 1tJ Mid-log phase (OD 600 = 0.3-0.5) 
3/ 	 0, 

3. 
 

11 	iiit 	1JUTh 10 ml ViLLfl11 0D600 I1tJl1
9' 
 

Spectrophotometer (Spectronic-20 MI 	tJIJLI i) 

o 	4. • 	4 	 3' 	 • 	• 	 9' • 	 * 
4. UiYflIJfui 0D600 	i 	ilL 	ilL flJ14tTh1 5 1.1iVi 

44 	 3' . 	• 
OI15ZJJ1411 50 ml IiU'1U 2 111&1 qc 	11flJI 	1111Jit1etJ 

HAVVIal 	
j. 	 3) dC 	 31 31 	 4 

15 u,flYI
'3 
 if 	

31 
 Al  lVi LUVThi 1111i11 1Th1 

I 
	 • 4 4 	 4 	'3 0 

5. Ui 	luJ1iUtu 	urnj 4 C Wfl3JLOuJ 5,000 rpm 	fl1J 40C tthwi 10 UN 

JUl)1 f1OUflflJWUUUUU 

4 	3k31c 	o' 
6. IL1O'tuhJflh1rni 1'1 Lu mulvan Oi'U1WN 	i?.flLthA 

'OOfl3J"]U Pasteur pipette 11 	1-ml micropipettor 	itJ1flJUflJ1 Y'ni 1/10 

JN1JO'1 100 m CaCl2  T111110141ltJfl1tI'flhJi1 

0 	 • 4 4 	_ 
7. 

 
U1L1c 	L 	tu 	u1fj1J 4 C fflhiJL 	ui 2,500 rpm 

4 
 tUVi3J 4 C LthJfli 10 VI .-A 

4.o 	fl53l 	 o3 	• 	 • 
8. LVi 	L1JU%tJ 1Ufl1 	1tIJ V 111 Lfl1JL9tfl1 LU1UiILJ 	1tt31tY'iUYlLuJU 

On1 	)"tJ Pasteur pipette H10 1-ml micropipettor t 1tiflOUflfl1 ci'm 1/100 
4 •d 

LVi1111ii5UOi00 MM CaCl2  ViLL'IfWU IflamigmijualLIJ19 uilhwhll 

9. LL15Vtt1O1 lViu1IlUUiLIJ. 

WL1. 	 LLtLU 	 57 	Suranaree University of Technology 

 

 

 

 

 

 

 

 



urni 8 
	

58 

, 	 I 
10. 	cini'1' 100 Jil oi 	i [hi cttru 

31 
l'13 thJ 30% glycerol 	I4O11)JL'1I 1 '1U 15% LiflLflhJ Freeze  

70°C 1711014114fif4ald UAOnU 6 thij 

d 	3l 	 13? 3? 9) 
B. fli '('1O1i 	1JL 	 Heat Shock 

3' • 	 4 	 4 	 3? 

1flt iv i 	1 1J 	Competent cells 
, 

111 ithi 

a. TE 
	

10 ji1 

b. Supercoi led pUCl8 	10 ng 	 I .i1 

c. A 1:1 ratio of pET-23 to egfp 	 5 L1 

d. A 1:3 ratio of pET-23 to egfp 	 5 tl 

3) 	 A zl 	3'4'8 	 4 
2. Ghc  Micropipettor 	P20 	tio 	 iio iiirntijvi iw1rni 

8.31 31 wrl thi itoitott 	Competent cells fl1Jfl)fl14 ii LI111tt9NL1J1.fl1] 30 'W11 (Wlcbc 
dc3) 	 ) 	 1 	 d ' 

11Thfl1J
b1 
 VJ -70 C i 	fl1 	11U1LJJ-1 fl 	flTttOW) iffli 

Ligation mixture 	 n111i-i1tini 5 Y1 I Gel electrophoresis 

	

4 4 	 d 
0  0 
	0 	 I 1 4 	 0, 

Note: ligation mixture flsfl'f73J7flSf1tifl -20 CLLU7 	 7(Jc1WUW 

4 
3. *1 Heat shock 	 42°C U1U 2 U1'fl tJ

4  
q 	qI 

3? 	•( 	I 	 4 
1l1iLfl I 	iioTht'rn 	nit wic w014UhLnlJ-mlnl t1JUfl1 2 lflV 

4. lMicropipettor ill P1000 j1 Th1fl4W) tI ThLIU 2 xYT 118 LB iPnu 900 tl i'hJh1 

2 fl 	nniioNfJ 1L 	 37 °C 

' 
9fl1fli 120 rpm nJUnn I 1J. ('uJUohIiLuunihirnfl1,i1Uu1 

I1feon) 
1 

5. 
 

UI 	I1UC1 5 	
88 	

inuo 	i- rn irn-mm 

iminr LB 11i1l2ih1nu 100 p1 

6. IIN 	jU P200 OfIllYfiff 10 p1 1flJ 5 

LB/Amp IL iltbt 	fl1 	1UH1TU1Th1 lltJ Glass hockey stick 

L-Lttfl& 	 58 	Suranaree University of Technology 
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' 
LC1ThTt.fl1i 90 .tl 	

1/ 
 

N1JThO1111IM91111TOT1 370C 	16-24 ¶J. 

7. 11 	L19JO Transformants 	1401 415L01) utiiii cfu 

8. in 	 111114N1 ltJ1J11 ( 1Yln1itJil4 

1 11I1J Supercoiled pUC Wht'IJ 1-4 X 106  cfiL'Lg) 
V 

4 4 4 4 	o 4 
9. Lfiu1140111T193J to t 14J0tL 	mjtJ1 4 C Il0 t910 L n1io1ii 

C. 1111 Replica plates 

0 	 0 	 0 0.' 0 	 4 	 0.' 0 

1. 141)11401'11T5 LB/Amp ]UJ)114 	114Y11J11 Mini-preps OfI'DIUM115IJ111 PCR 
Y 	

14 

1111011,1011115 YHVf'a41JU5flfl ITCY1 27 

	

I 

II2. iii 	mi 	i10 	11110 pET-23 tt 	1 	iii1 	iio pAD1 

Negative control tL1 Positive control O1J1 U ]fl1411ll11U L'0tfJ 
'I 

ttoiLo niLntyirflo pET-23 tnlil1ntto 

1H1i111t1 01 	11t'hLo11.ntrn1J "-" 1111J Negative control 

0. 	0.' 	 0 	 ' 

014L11J ilittUlmi 	 t11l4'tOtfl flu 11$ t i 	 ii 	
0.

nUtU 

Liu tlLflJ101 1fliJ.JO pAJlfl 	]flh1'1l14L01U1fJ1J1fl "+" 	1'l41J 

Positive control 
01 	 11 

4 o.' 
	T1.1 

 o 	
'1oIi 

4 
3. lic I 	 L1}1JJ?111'1Uo 1 	W 101 Transformants 11 1Oinn'lYui 

Transformation (813 'hj 9) 

	

44 	 4b13) 43) 	I 
4. tLci0fl 	1110tJ 20 to 1J1fllOt1Th 	]fl'llo14140tJflT1 

01 
0 4 4 

5. 1i1i140Th1 'lilU 	1111 	0110U11fl3J 37°C I11fll1 16-18 fli 	
3) 
 LinJi14tJT}1Th1 

0 ' 3) 	 3) 	 3' 

	

iflfliflJ)J L' 	4 C lit 	 "ii 

ILOU LLL 	 59 	Suranaree University of Technology. 

 

 

 

 

 

 

 

 



8.2 fliflRIVITIM15711 Replica plating 

4 
UIPITIMWIMITIOMM 

Aviv 
1. JThTh 11J Transformants Yl 

2. 1fl1Wflflfi1 Transformation Efficiency IJO'I Competent cells 

Transformation Efficiency = LB/Amp 

J1O1lL14LO (jig) 

rJct.n. WULMIaU LIJINWAU 	 60 	Suranaree University of Technology 
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Treatments #colony Transformation Efficiency 

TE, 10 i1 

pUC18, 10 ng supercoil 

A 1:1 ratio of pET-23 to egfp 

A 1:3 ratio of pET-23 to egfp 

Q 

y ninirniiin 

1. IMqU41045JIM7115 TE 1unii Transformation 

2. tiernto1 Transformation mixture 
y 

4 
I10LtflI 

W4LU L'3LLtI 	 61 	Suranaree University of Technology 

 

 

 

 

 

 

 

 



UI1V1 8 
	

62 

1JUTllflJ q 
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fl1flNflfl 

2xYT (100 ml) 

Tryptone 
	

1.6g 

Yeast extract 
	

0.1 g 

NaC1 
	

0.5 g 

Deionized water 

oqS) 

iiiii pH 11T1 7.0 4,30 NaOH 1J Deionized water 111,14 100 ml Vu I 	OLI1Jfl1 	1 	tflJYl 

4°.0 

YE buffer 

Tris (pH 8.0) 	100mM 

EDTA 	0.1 MM 

Competent Cell Preparation using TSS and Transformation 

TSS (Transformation and Storage Solution for chemical transformation) 

85 % LB medium 

10 % PEG (wt/vol, MW 6000-8000) 

5 % DMSO (vollvol) 

14 

50 m MgCl2  1t) 0.1 g (MgCl 2.H20) 

	

9/51 5/ 	 1 iim pH 1i L 6.5 LM91J141Thf1J 10 ml Vu 	 tim 

' 
111J1 40C tlJIfllJ 2 thnii 

flTI1tJJ competent cells 

1. LVfl1J. E. coil JM109 VIVID DH5 ifllfllLlfl1J14Th LB agar 141hit J.11.1 LB broth 5 ml 

	

3/ 	 • 	 d 
llUlft L1J1JIJtJ1 ffl1J17flJ 120 rpm Vu 37 C LJ14IHfl 12-16 ¶2J. 

2. 1 J1 0.4 ml (1:250 dilution) 	lWJ')I Erlenmeyer flask 	LB bloth lad 
y 	• 

100 ml U]huLYi11t 	tflJJVlJtJl ffl1JL 	JlJ 120 rpm Vu 37 C L1J4Ll1 2.5-4 

¶15J. 	 Mid-log phase (OD 600 = 0.3-0.5) 

AIDUIAVL 	Ln'flLtiu 	 63 	Suranaree University of Technology 
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3, 	 I 3, 
9? 	 4 	 4 	 /4 	 9? 

3. 	L 1'1)IL1J141l 10 ml 	LOL1iLYW11 0D600 ttihc 

Spectrophotometer (spectronic-20 iLflJLii) 

o 4 	 'd 	 d di  
4. 1nic1wii 0D600 	 flfljflzfl 5 -WIT-) it 

3? 

t- 1flJ1l 50 ml 511J14 2 	¶ 	 flJ1i tniiti 

L1L,4)1 15 ¶411
4 
 fl1flt) i 	Y1il'H1 	 rii Wl3flhl 

4 4 0 	 0 	 4%? 

5. uiinm 1t uiirni 4 C 11J1iO1J 5,000 rpm 1Ufl1S3J 4 C 1&-31515   14Th lO' 

• d 
rn. in 

9' 	 • 	 1? 
4 di 	 1 	 d  

¶JTh) 	
/4 4 4 

6. flTh 111tJIJ?11t11tJ TSS ThtJl1 	14 I ml L9 

Competent cells ci''n 	TF11J fill Transformation 

7. 911 100 jil 1111 competent cells 	 11i')11°fl.iicl 1.5 ml 	14flT5tJ'iflJ 

d 9'L,9? 	' 	4' 	 IVi9'4 o 
14111 	llffl L 	 iurnjiictui L- 1 4 C 1Ahut11 6 'lcIJ. 

4 4 0 
113J10114111 	 1flJ Transformation 1tfl1 -70 C 1911fl

V
ulli 6 Ifiku 

(Competent cells 	l5 1Afl1Y 861l 'O011 1x106  transforrnants per /g of plasmid DNA) 

Transforming the cells 

1. 	1141I (l 'OtJffh 20 p.!) 	 100 Al competent cells 	ll1tJt111J1 

1flL1i'lJ 
9' 	 3' 
o cf 

2. 
 

Jflflh11 	
d
flWI1l 30 U1  1 L

,

ffl 
	

t' 

 

11')  
3? 

0 	 4 	- o 	 d . 
3. UTh1 	Lliliifli5 Heat shock yrnuiinii 42 C nfl.wn 2 141)1 1 141UL1IL1'U 

4 
14114 2 141)9 

4. 13J 0.9 ml LB broth 

0 	 i • 	' ' 	- o di 	 4 
5. LLOt1th 	37 C nJ14rn 60 14Th 

4' 	- 	4 	 4 
6. 11tJ19I 100 p.1 4 	Th111O)111J 	t1'flflf ii 1tVltflfilm 

0' 
1fl11tJ 

4 	 di 
7. 1UTh11flij1J 37 , C 1J1Jfl1 12-16 ¶1J. 

€i14 LtLLtiU 	 64 	Suranaree University of Technology 

 

 

 

 

 

 

 

 



U7171 	 65 

l 	 t 	 91 	 d 31 31 	 3? 

	

J11flfl 9 A1T1IJ1 	i'f'fl (Selection and screening for 

desired transformants) 

godufnAl 
? 	9) 	 3) 

1.  qi 
d 	ic 	 3? 	91 

2. nJi 	 ii iJnrnnmniu 	31)11J11J L fll 	rJWu LJ 

3? 9) 	 91 3' 	— 	55 
imwninnni 1nwuurnJ 

IU 	flfl1O 	1Ofl 	1W0J1i12J1J 	ic pUC18 
d 	 3)  

?i1J1 	 1JJU1JJ Blue/white screening 1 	I
iThrn-vi 

9)1 	 qs' V 	 S 
J 	1jijJ t1 	11 	L'LW1LtJ t1f)f11Yl1 Transformation i1W'JU 

Oil" 15 TIIJ5 59vf 15 	 IPTG/X-gal 

5) 
iiirniii 	V1 flW1 	1J1Ifl1)5fl1 	 fl1JL'M1i1O pET-23 	JWUwiJ]1llJ1tJ 11' 

W' flfl1)U1)U fl nut iii 	ni 	81JJiiithiyflJirn JJ1-fl 
d 'o 	 ' oql) 	- 	 • 	 ' I 

IWflJ °fli 	11JII L1 	J1J141 !i1VLJffli2i WO 

111JitW11I1tJ Gel electrophoresis 

o 91  
WOlJ1UJitJ 31flW11 t I flifl 	Oflif 	 ItJ1WI (Laenmli mini-preps) 
Ic . 3? 	 — 45) 	 9)5 
Lli iotiuin 	iUtfl 	JiUtJflThtJ Gel electrophoresis 1 

Avcl 	 d qi 3' 
EtBr 	iOfli 	iU 	 JUi 	i 	J1VJWtJ EtBr 	V) 

- 	3? 	 , 	 — 
VflflIU UV transiluminator i 	 W3J uu 

o.ot 	 3) 	o, 
1ThtY)- 1fl'fl 

S 	
onThiu 

'Afil 0113J RIOU to 
A 	'o3d 	9)

L   flJ uni1imjiniu 
510 oY 	91 0' 0 

lifl'Ii 

Colony 

	

30 	 51 	V 

hybridization i1flf1iiO ii11 Vi9t)iflflih Transfomation rnttnijwinu omio 
3)91 	 IS 	 I 	 I 

	ill 

	

9 	0' iu1n1iutii m iT)] 	NiJnJu in 	ut3njtrnu (Nylon membrane) 	icii 

	

3? oq9' 	 9' I 	 I 	 3? - i 	u 

9', 	 o 	 0 tju3l1 	u 	tuu u 	lniui1,jtwtinu 80 C nitfti 

-dfjjjuIfjIf(,wI'U 2 	1i'fl111u UV crosslinker IutMfl 20 uici 	iiiii Hybridize tT'ii Probe 

nii 	iwnu LLLU 	 65 	Suranaree University of Technology 
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9).c1 	 ±j 	' c 	'3o 	 0' I 	 '4' 

6JflJ T1 Probe vi Tfl-f fl1fl fli 	1flUfl 	11 	 A1l1j 
0 w 	cS'49)  

Probe MMMULDY10aiM5 t11Th]fl probe YtJ11 

nii3Ithfi Autoradiograph 	 1)Lfl1 Hybridization 
0 	' 	 0 	 '4' 	'4' 9/ 

1nI'd 	uurnn il l Probe 'i1'ic 

TtnU (Colormetnc) 10 

(Chem iluminescent) tt ULLfl J 

ltni 	 Autoradiograph t111 Colony 

d 	 ' 	9) 	 '4 
 hybridization 1JJmflt1JU 	 (ivi 9i) 

inu'uutin tiThwvi lnrnnntiiirn tiru Restriction enzyme digestion 1O PCR 
3' 	 3) 

h4n11°1 Restriction enzyme digestion UU00IM511DIMM1,01110 fl1UUfll5U?jfMolo`W1q  

ittflflI1*fl1c31]111J 

T  -111jt 	nii nviic 	 (Large-scale 

plasmid purification) ]fl 	fllfll 	4 

C '4i 0 9' 	 ' 	 '4 3) 	 t  'M'019) 
]rnJw11to1 lii1mi tin ltinit 11tiJnrn hi 

Affinity column tV) LFt tit 	 1il )tJ]'1 1flnUcflU]lJ 

9) 	 9) 
1ttIfrnj])eJ]J tJ1dU 	1Jl'VifYl1ThY VIfl.-t nit 

'3
tn w1u Itl 1vm-ri ail n 

rnowi 1rn1on15 	fl 	flh11J5Thfl]ftflhJ1J11uW)tJ fl11J 
'0 	 '4 	'3 	 0, 	 '3 	 - 	 .• 

ij - n hniin n iii 	iniini'i 	1n1 

1tttl ' tJ (Rapid small-scale plasmid isolation) 	l 	if) 15 M Qj it lUfM ITOMIM11Jrn- 
 

lit"i 

	

nfl 	Thfli,-fli mini- 

preps 	in 	 1-5 JIg 

'ThVflJW1 	O Alkaline lysis (Birnboim and Doly, 1979) Lt 	Rapid boiling (Holmes 

0 9) 	0, 	 0  

and Quigley, 1981) 	 flfliUi1itJflUfffJ 111HLL 	1hl141flflflOU Uti 

iJon1nn 

- 	 3) 
1i bJl 	

'3 

)1Att) 	o11ct-ln 1-2 ¶IJ. 	2JWItfl4tO'}1 

'iOi'11 J1- Ili 	wu1' litTi n15T71 Transformation U1fl15 Sequencing 

	

'9 0 	0' 	 '3 o'3) 	 ' 	'4 	t, o 
T>Utflflifl) 1Jiti 	Jififlfifltfl4 	1O1 Ui 	 fl11j14tW1CJ'1 91MAIWIll 

	

flLU i1rnJ'V1tYJ] 	i11 'lJ 	Alkaline lysis ( 	it 	lilitii 	3) 
, 	 0 	3/ 

iti fl1tJ?(ititJ11J SIDS Lt 	NaOH t'IWNtflJ rn SIDS ttn NaOH 9)1id111 

nnicii1 lt 	iv1ni - 	pH 
0 	 '3 	 o 	3)'- 	 '4 

nnnhii ftJthm Efitniil'Il 	 al 5 	q 'ugn 

4il1 LJ'LLt1U 	 66 	Suranaree University of Technology 
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4 	 G Aw 

VflfltJ L1404101fllm bi L 	4fltWifl1UfltIiW15W1 	1J1flO2J 
0 	91 	 91 

1flfl12J1fl1YJ)U12J 	tJO 1iThfl 	itfl1fl1411iifltJ potassium 

acetate fli 	51 	ThLYU fl11J14 

SDS ttlth 
• 0 

n1wtJ' 	1_1111tJ in1riiinnw:ii 
91 	 91 	o 	0 

nuwi ino wJ TE 

45 Rapid boiling iititiii 	Alkaline lysis 

OLOIJ irnninniui'iu fill lnY11n1trnitT Lysozyme W313,15Y OUMM Non-ionic 
I 	 0 

detergent (19fli Triton X-lOO) fl 141L 	1Itl 	LTh1 	 L11fl1 	 l'i1 

tuwtrnnm fin1 	 1 

1iienu 	i 	nri III ti 	11 oj1thiunjij 

u1111 tit 	i1i1ncflrn4flhJtTh1Utrn 
91 	o 

iJfrYlwl TE 
t1Y 	 • 	9' 	4; 	o'd 

1YJfrn I1fl 	mini-preps 	1LOO4J1J1fl 1JT5W14!O LJ4Ofl1 

Transformation I 1ifI 	U1fflfl')1 2 kb Yl Lf inn1UnW1-iO1fW 

Gel electrophoresis 	4199OT5 	flY1fl1JflfJIC15 t014 lC13J  RNase 

nonnff1i1nhJthsntu 	 inrnii rninmwn 
U.  

1fl81JIOflJU Leamni mini-preps, It1iij Alkaline lysis mini-preps 	01 	IilUl 
9191 d 	 91 	 U.o 

11i1 O1fJYW1ZJflT5 	fl1cfftJW 
b 	o, 

WFIVILMIZ  

1'UL14 L344LLtL 	 67 	Suranaree University of Technology 
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ME 

Replica plate onto 
nitrocellulose disk 
placed on agar in dish 

Nitrocellulose 
disk removed 

Break open bacteria 
with NaOH, neutralize, 
treat with protease, 
wash, bake at 80 C 
to immobilize DNA on disk 

( 	•... \ 	Hybridize with 
\ radioactive probe, 
) autoradiography 

I 

DNA print of colonies 

Transformant colonies 
growing on agar surface 

Retain 
master 
plate 

Reference set of colonies 
(Note: red colony has DNA 
complementary to the probe) 

X-ray film 

9.1 Colony hybridization (http://oregonstate.edu/instructionlbb492/figletters/FigF9.html)  

J1 pJflT13J 

Cracking buffer 

Solution I 

Solution II 

Solution III 

Agarose gel 

EcoRl and buffer (option: flanking enzymes) 

Nod and buffer 

10  loading dye 

J?L. 14 	LLIAU 	 68 	Suranaree University of Technology 

 

 

 

 

 

 

 

 



DNA marker 

Isopropanol 

RNAse 

TB buffer 

yy 	I 
A. fl111ft1 	11 	OT13fl13UflU W1 	1JThtJ1 	IFMtIJU Laenmli minprep 

(Nature 227:680, 1970) 

1. 1f1rn-1rn'Transformant 	 111LW' 

L'IcO LB fl1-fl11 3 ml 11 rirni 	flJnU Ampicillin 	O JI'tW])I 

thipi 37 °C 	1J1'1J 120 rpm 	12-18 ¶J. 	LflJ1 11,03ifff 20 11DID104 MCI,- 

1lfl19iO pAD1 (Positive control) 	Th1i90 pET-23 (Negative control) fivW) 
a 10  

2. 5WINIMU1,14 1.0 ml 	J 	ii 	 JUi 1.5 ml inmn'iinh wilii 
? 	 a,a a, ' o1 • 

nino ininiinnui imna 	iicirni 

1.JL11JO1i 13,000 rpm 	2 1411 
a 	 a ad  

3. 'U Supernate 	I ii 	Rill 	11)T1ffl1 "LB waste" 103HIM50fl1l LY11 
S 1!1 1:3 a a, 	 A 	di 

	

L Th 	 wiimi 

4. 111]J Cracking buffer 'rifltt 25 .Ll 	ltThu 

H1Jt11 (iht Larminar flow hood) 	 1fl1flhTUfl51 (Mask) 

Note: ,&inercapthoeihanol JJffl7U7U1174 7IiJ2J97h1 Fume hood 1WitYJ Mask 

5. Laminar flow hood 1J1411 20 UVv1 

6. U 	 1fl1i1 '3J1Y14 0.7% 1lJbhifJ EtBr 	hnirn 

7. 11t1fl 	5 	iJ1hflJ 13,000 rpm 	10 n' 
a 	 a 	 aa a 	 a 	 p a 

8. V1111,MflIFTOIJITIJIFU1511fl14 10 J.L1 U1n111fl1I 1tJhJLUJ 

EtBri1JLith'1fl101-5 

9. IMAIRJOIJ1,01A Imi EtBr W11DOM9114 1.0 ..tgfmI IJ4r11 10 UIVIA 

10.  

Transformants 	J1 	11g1410 pAD1 t1? pET-23 WAIMJAMMIDWID 

4 	 atPaaa 
11Ufl l1fl

I 
 TYTh3Jfl1 L 1J11J1H 

cWl.ø. VULMZU 69 	Suranaree University of Technology 
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B. D1TWl1 Alkaline Lysis miniprep 

1. IMWMTIAMI IOA I 	niiton Positive transformants J1 5 In1ionrni 
3o 	) 

2. 1iIO 1.5 ml 	l 	IOIL 	IJU11 1.5 ml 	1fl111lbh ii1rnim 
, 	 ' 	 ' 

111Jl5' 

13,000 rpm &rjal 1 141 	 flO Solution III wiilu 
9/ 

1J7U1Ifl1 fl 

3. iij Supemate 	 iici'n "LB waste" MMID50ATM ID911 
1 	, 

_Th _1,?looJn L1'fllwl 

4. 1ntJ I 1W1.J 200 J1l 	fflJfo1j 	Jiri 

5. iiii 11 10IM11 200 J.tl iiJi 	fl1inn1iinnJji 5 
'bi' 

t'uinn1nJrniwu 5 uJNU1 LJflT410 TTh 

6. 1u1J Ill 	11fl14 200 ;11 Ufldl 	nnnjijji s 

1111fJ!1J1flflh1Um 15 Wrn 

7. 110ItJ 13,000 rpm 4141,3,01 10 	4°C 

8. 1Jl 	1tiU1J141l1i1U11'I}flJ vn 	iji-fhiw Iii 

9. 'J1tr1''i 1tJ 0.7 L11*tJ Isopropanol (111"5310 2.5 	11i3J1J 	95% Ethanol) 

ii to 	 Nifli mirniioinrni 1IJIThIJIJ1 	 -20 °c 
. 	 , 

Ji'wJtJ 30 

10. 'NIMIJOTH 13,000 rpm 1&1111 10 1-11 	I11j 4 °C 

11. Supemate 	 tIOU 100 ml Idol 70% ethanol LOYTicM 

flO 1tJ 	1L OOfl  T11 TIM 	 ai W 5-10 

IJITI flVdIUM1101HOO TE 11fl14 20 Ji1 IJ RNase (20 mg/ml stock) allflI4,14fillij 

&Ufl '1tJ 10 1g/m1 	4110-1 RNA 

12. 1fl1 	i'lO bC AD 	oiI 	-20°C 

01 	 V 	 '410 
C. ni 	 8i)JO,_g 	inii 

I f I 15 0-9 	 161=-~ wc 	i1cinrni 

Transformation 	iiliJiuinao'yi Lflfl lOB J111flh11ll) 

O1f1Il VI,. MILLIKId,3901 Nod 	il 	lJ1JO' egfp lUflL1O1 pET-23 1U 
9? 	4 	o' 	 3) 	 3) 	 9? C 	

fl1 OOUlO1113J1tJM05 	fl fn 1fl1flUW14 1iJ1 
0
iW41ThU 6 iii 	i'thi 5 Transformants MIZ 1 Positive control (pAD 1) 
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0 	 4 
n 7iOWI 11fv 

, 0

sn,rfrnnI miniprep DNA 1J5'fUIJJ3J7r1 um Thfl 

U'17 0"19 	 15i ld 	11Jf'c1 (EcoR] tin 1YJ} XmaI 	80 th) 
4 	 0 

Z('11 1I 1(Jfflfl7 master mixes 

4 
flimrnj Master mix 

0 	 9) 	b 	o'o, 	 o 	o 	 9) niJii 'lcic (Lou csj 	1rv1 	in) 1 	mi 	W14WVW11 ITIJ,  
0 	 4 	 A 	4 

i]fltJi 11114Yl 6 
4 	 - 	_ 	 . 	, 

Jlli 1JILVO LLtlJtt11fJ114l1l4 
d 

111O1 Master mix Nf1iJ1 fll1WlJ 

2. 91flff ilitJJifl Master mix 3,11 15 PI MIUIOIDOIIIJ 	in 	I1J miniprep 

DNA (131n lOB 1 12) Tm 	5 J.tl 

4 
9111fl 9.1 	ifli1iUYThlJ Master mix 

Master mix for: 

Component 1 tube 13 tubes 7 tubes 

Enzyme 0.5 JJ1 6.5 J_L1  

Buffer B 2 JJj. 26 J1  

DNA 5J.tP'  

Deionized water 12.5 J.i1 162.5 	..t1  

Total Volume 20 J.1I 195 J.tI  

I 

 

'dil

0'  

Miniprep DNA 5 tl WOJ11 200-600 ng IM I U 

0 	 4  
Th1J miniprep DNA IU  U1JOftffl 1 iJtlJULThi 1 ¶.J. rn uiirju 37°C 
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3' 
3. 	111 	 EcoRl/Noti 

Plasmid DNA 5 Jil 

Sterile deionized water -111 

lOx buffer 2 JJJ 

EcoRl _I_1l 

Not  _1_tl 

Total volume 20 gI 

37°C 111Th1 1 ¶i. 

4. inil 	f)11J1tJJ9J11 0.8% 	UJ11 14M,34MIA 8-well comb 	I1t) 

t 	1 

5. lOx loading dye 	 '1Jfl1 	1010119c5 N 	ttiii'hJuvn1rn Gel 

electrophoresis 
- 	 5) 

6. t)ltrnl 	iii1i1uutoiimrnti tt1im 	onJijitinint 

31111 9.2 fl1 lIUIO pADi, pET23-egf 

Lane 1 = 1-kb DNA ladder 

Lane 2 = pADi cut with NotI+ EcoRI 

Lane 3-7 = pET-23+egfp cut with NotI+ EcoRl 
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I 
n1t 

t1mnJ q 
QJ 	 y I 

JU t'lc1t1nf. 2545. 	 2. Thn1Jvl1n-)Yrnitrn 

nJvflff' flTh1 

Birnboim, H.C. and Doly, J. 1979. A Rapid Alkaline Extraction Procedure for Screening 

Recombinant Plasmid DNA. Nucleic Acids Res. 7:1513. 

Holmes, D.S. and Quigley, M. 1981. A Rapid Boiling Method for the Preparation of 

Bacterial Plasmids. Anal. Biochem. 114:193. 

Laemmli, U. K. 1970. Cleavage of Structural Proteins during the Assembly of the Head 

of Bacteriophage T4. Nature. 227: 680. 

Robertson, D., Shore, S. and Miller, D. 1997. Manipulation and Expression of 

Recombinant DNA. Academic Press San Diego, California. USA. 

Sambrook, J., Fritsch, E.F., and Maniatis, T. 1989. Molecular Cloning: A laboratory 

manual. 2 nd ed. Cold Spring Harbor Press, New York. USA. 

Winfrey, M.R., Rott, M.A., and Wortman, A.T. 1997. Unraveling DNA: Molecular Biology 

for the Laboratory. Prentice-Hall, Inc., New Jersey. USA. 

htlp://oregonstate.edu/instruction/bb492/figletters/FigF9.htiril  

t11WJW)fl 

Laenmli mini cracking buffer 	10 ml 

0.0625 M Tris pH 6.8 	0.62 ml of 1 M 

2% SDS 	 1 ml (20%) 

10% glycerol 	 1 ml (20%) 

5% bata-mecaptonal EtOH 	0.5 ml 

0.1% Bromophenol blue 	10 mg 

ti'hii1u Fume hood Iiflinrii 
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uJflBc)n11 10 ni 	 tJ11Thfl Polymerase chain reaction 

(PCR) 

A 
3J 

1. LJiOUflii1 PCR 

2. ORF 101min PCR 

umb 

_ 

	

ThW1 PCR t1 13J1flhJ1urn4 	11J11OfV 
3' 1uni21unijr(rnj-n Transformant 9 lolil ii 	]flhlJ 	nThni 

3) 	 —  
'ni PCR rn 	i1Thouo1)nln.t 81 	

o

11 
9) 

n111J 
11 	9/ 	 — 	 i 

i-ij 	mi 	ii1ni1nu1thyui fo]n4 ttiini 'lrnwe (Primer) TIMIM 

	

4 	 3' tww lii 	miiintu 18-35 wr( ur 
I 

um ii 	iu1c1 	 w'tn4 

I1i1flf1 W 	ifltJfl 
0 

J1-J'l1Jfli1 PCR IMIMMOV14 f) Denaturing, Annealing U Extending 

3' 	 I 	3'cr 	 3' Denaturing ini1 ui 	Uni5 	uoriitij1ittkntuitn nnrnn'nhi 
— 	 9J10 	 I 	o 	I 	 1b19) 

tJiL')WO !11 	L 	J1J 	JfflJ 	1t1JNtJu1en1t9mmun 11 
I 	91 	 • 	 o 	 9$ 
10O' 	flE1JUflflfl1 Annealing mnmni b-mjmniniqi-iwu 

Loul,yl,J DNA polymerase 
— 	 0't 	 4 	 — 	, 	' 3' 

tfl') Iflfli 	iWUO n 	ornni Extending ni 	itulwuiiw PCR 1-YflJ)1tfl 

iinntru I Jni 	 v1 1wou 1 ri 2 litf 	i mu 	 = 2
0 
 WO n 

iiiJntn lltJVfl tth1'ic 30-40 o1 	fl1lTh 	nhun 
31 I 

e1flOuJw1114c1 13JI Ql 	 nJu PCR nmun 	'ni 	 Qthi 

11.1) 

PCR 'I 

	

9/ 	 . 	4 	 L19/t9I 	o 

	

nrn 	 5 kb 	l 	ifl1fl- Lod  11tOfill 
I l 	 9) e 	 o, 	 43'S o 	 I b9C 	i' c omifl rnJUii 40 kb om it mm 	ijntn it000m- 	tii inimn-orni 

11J1flhY1 100 kb 	 wrnnn 	t1iniim PCR AVnlik 

r4?L1. 	tt)U t1Th'fl&V(11 	 74 	Suranaree University of Technology 
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I1111flh1114 L I 	1TJJ 	1'LYII Li DNA polymerase P1IWf1 LlIL1JWv1IV 
9191 	9) A 	V ,v 

O 	if) 	iflLII111I1iJ14 Thermostable DNA 

polymerase of T. aquaticus 061115AMIJ IYuffI-Lfl 
9? 	 • 	I 	 9191 

iijnj)j'w lu in uyinoThtnil 	1uLe1JwJo ii nmwiij icoijwtjjin 
0 	 9' 	 0' 	 0'  • 

L fli 	inirnwu2J rniiJ')t'Y 

411 

114 nil Tlq Dal 111" 5 Ili 
I,r y 	 d • 

• o,id 	9/ 	 1l 

pET-23 1i1J1I wuii 	itJ11J LU 
- 

T7 terminal Primer 1 = 51- GCTAGTArrGCTCAGCCG-3' 

-'• 
T7 Xpress fwd Primer 2= 5-ACCATGCAT,C1CTACCCATA-3' 

 
l3LUO ULflWI1JiflJitJ I 	flLI 	fffl14'U Annealing temperature 'UO flTh1J

0'  

10014ffliflil Melting temperature (Tm, C) = 2(A+T) +4 (G+C) d 

Primer 1 =................ 

Primer 2=............... 
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Re Ion to be amp ilfied 

Target DNA 

Add excess primers land 2, dNTPs, - 	and Taqpotymerase 
Heat to 95° to melt strar)ds Primer 1 	Cool to 60' to anneal primers 

W I z 5. 
: 	 gr-Primer2 

Primers extended by Taqpolymerase at 600  

5' 	 3' 

I 	5' 
1.. 

 
Heat to 95° to melt strands 
Cool to 60° to anneal primers 

3'__.._-'.--_-.,_•._-- 5' 

5• 	 3' 

,Primers extended by Taqpo)yrnerase at 600 

- 
5•— -# 3' 

I Heat to 950  to melt strands 
Cool to 600  to anneal primers 

,Primers extended by Taqpotymerase at 601  

—* 

Heat to 95° to melt strands 
Cool to 601  to anneal primers 

Primers extended by Taq pomerase at 601  

— 

And so on 

10.1 Polymerase Chain Reaction (Lodish et al., 2000) 
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ici 	nu&ii 
0 

10 x loading dye 

DNA marker 

Primer 

Tag DNA polymerase 

lOx PCR buffer 

dNTPs 

25 mM MgCl2 

Colonies of recombinant DNA 

Agarose gel 1.2% 

A. 011flJ master mix 

Stock Final concentration 

lOx PCR buffer lx 

MgCl2, 25 mM 1.75 mM 

dATP, dCTP, dTTP, dGTP (100 mM ethh) 0.2 mM each 

Primer 1(17.5 ng/jtl) 1.75 ng/jil 

Primer 2 (17.5 ng4tl) 1.75 nglpi 

Tag DNA polymerase (10 U/i1) 0.075 U/jU 

DIJ Master mix u11OI 

B. iemnii FCR 

	

1. 	 Master mix 11,17U 25 p1 llrnI)WiflJ1l 0.6-ml iiiinu 7 U1O1 
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4 4 	 .l' 	 , 
2. tL1cO2J1 1 	nrns'11o1 (ll11Juoi.0 

iImiiu) 	 pADI (Positive control) 111jififflo lllfl PCR therniocycler Ulis  

heatpad t3J Mineral oil 	50-100 tl) 

3. 14414,  

Step 1: 95°C, 3 mm 

Step 2: 95 °C, 1 mm 

Step 3: 42 °C, I mm 

Step 4: 72 °C, I mm 

Step 5: 72° C, 5 min to extend all unfinished products 

	

41cwrni Gel electrophoresis 	1U'UO'ti1lI 1.2% 'i1fl n11Vli egfp 
4 	 o 	 - 

L1hL1tnuonJ1rnntJ 	I 	lIf11 I1J]flfl]91 PCR flhJfll 	11WtiLOIl L9cIJI9 

iniirniniThni 9 

ni'nciio 

lJuThnTh 

Lodish, H., Berk, A., Zipursky, S.L., Matsudaira, P., Baltimore, D., and Darnell, J. E. 2000. 

Molecular Cell Biology. W.H. Freeman and Company New York. USA. 

Robertson, D., Shore, S. and Miller, D. 1997. Manipulation and Expression of Recombinant 

DNA. Academic Press San Diego, California. USA. 

Sambrook, J., Fritsch, E.F, and Maniatis, T. 1989. Molecular Cloning: A laboratory manual. 2 nd 

ed. Cold Spring Harbor Press, New York. USA. 

Winfrey, M.R., Rott, M.A., and Wortman, A.T. 1997. Unraveling DNA: Molecular Biology for the 

Laboratory. Prenticc-Hall, Inc., New Jersey. USA. 
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aq It (&80) 

All III (806) 

oil 

Hoe II (1050) 

AfivN I (1217) 

Ndo 1(183) 

EcoOlOS I (2674) 

Ant 11 (2617) 

Ssp 1(2501) 

Xrnn I (2294) 

Sca I (2177) 

M73m 

81 
bp 

pwij." 

UNUMIDUPOIJBITHIlff pUC 18 U pUCI9 

396 	 455 

	

pUCl9 	 I 
GAAUCGAGCTGGGTACCCGGGGATCCTCTAGAGTCGAQCTGCAGGCATGC 

LI 	
, AGGTFGCC 

	

Sc I Kpn I SmaBamil Xba I 	ACC I 	Psi I 	 Hind III 
Hincli 

pUCIB 

GCCGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCGAGCTCGC I 
PSI' I 	 'I 	I ' 	____ _________ 	 I Xba I Hind Ill 	 ______ 	______ ______ 	______ 

I 	 Sal I 	 BarnH I Smal KP() I 	 EcoR I 
Acci 	 XmaI I-Ilnc ? 

Na, I 
Hae II (235) 

Sile fbi unique 
	

CtrlO 1(1779) 

Copyright (c) 2003 Amersham Biosciences K.K. All Rights Rserved. 
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This fragment, whose synthesis can be induced by IPTG, is 
capable of intra-allelic (a) complementation with a defective form 
of beta-galactosidase encoded by host (mutation 1acZDM 15). In 
the presence of IPTG, bacteria synthesise both fragments of the 
enzyme and form blue colonies on media with X-gal. Insertion of 
DNA into the MCS located within the lacZ gene (codons 6-7 of 
labZ..are replaced by MCS) inactivates the N-terminal fragment of 
beta-galactosidase and abolishes al fa-complementation. Bacteria 
carrying recombinant plasmids therefore give rise to white 
colonies. 

The map shows enzymes that cut pUC18/19 DNA once. Enzymes 
produced by Fermentas are shown in blue. The coordinates refer to 
the position of first nucleotide in each recognition sequence. 

The exact position of genetic elements is shown on the map 
(termination codons included). The bla gene nucleotides 2486-
2418 (complementary strand) code for a signal peptide. The LacZ 
polypeptide corresponding, to wt beta-galactosidase and essential 
for blue/white screening ends at nt position 236 (compi. strand); 
another 30 codons in the same reading frame are derived from 
pBR322. The indicated rep region is sufficient to promote 
replication. DNA replication initiates at position 866 (+1- 1) and 
proceeds in indicated direction. Plasmids carrying the pMBl and 
ColE 1 replicons are incompatible, but they are frilly compatible 
with those carrying the p15A replicon (pACYC177, pACYC184). 
pMIBl -derived plasmids can be amplified using chioramphenicol. 
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I kb DNA Ladder (http://www.promega.com) 

1kb DNA Ladder: 
Part No. 	 Size 

CS/lA 	 500p1 

Description: The 1kb DNA Ladder is ideal Icr determining the size at double-stranded DNA from 250-10,000 base pairs. 
The ladder consists of 13 double-stranded, blunt-end fragments with sizes of 250/253, 500, 750, 1,000, 1,500. 2,000, 
2.500. 3.000. 4000, 5.000, 6000, 8,000 and 10,000 base pairs. The 1,000 and 3,000bp fragments have increased intensify 
relative to the other bands on ethidium bromide-stained agarose gels and serve as reference indicators. All other fragments 
appear with equal intensity on the get. All fragments are dephosphoryfated by ClAP treatment. However, they are not intended 
for use in quantitative analysis. Recommended loading volume is 5pf/tane. 

Storage Buffer: The 1kb DNA Ladder is supplied in 10mM Tris-HCI (pH 7.4), 1mM EDTA. 

Concentration: The concentration of the 1kb DNA ladder is 100g/ml. 

Storage Conditions: Store at —20°C. Avoid multiple freeze-thaw cycles and exposure to frequent temperature changes. 
See the expiration date on the product label. 

Usage Note. Concentration gradients may tbrm in frozen products and should be dispersed upon thawing. Mix well prior 
to use 

Blue/Orange 6X Lading Dye (Gi 90A): The Blue/Orange 6X Loading Dye supplied with these markers has a composition 
of 15% Ficotl 400.13.03% bromopherrot blue, 0.03% xytene cyanot FF, 0.4% orange 0, 10mM Tris-HCI (pH 7.5) and 
50mM EDTA. This dye is used for loading DNA samples into gel electrophoresis wells and tracking migration during elec-
trophoresis. Recommended usage is one part loading dye for every live parts DNA solution. The xytene cyanof FF migrates at 
approximately 4kb. bromophenol blue at approximately 300bp and orange C at approximately 50bp in 0.5% to 1.4% agarose 
gets in 0.5X IBE (1). 

ET 

10.000 

:88 8 
8.000 

- 4,000 
-3000 
- 2.500 
- 2O0O 
- 1.500 

- 1.000 
- 750 
- 500 

- 250/253 

0.7% agarose 

OuaUly Control Assays  . 	 . 	. 	. 	. 

Accurate Sizing: Five microliters (500ng) of the 1kb DNA Ladder are mixed with ipt of Blue/Orange 6X Loading Dye and 
subjected to electrophoresis in a single lane on a 1.2% agarose gel with TAE 1X buffer. The markets must show the expected 
pattern when compared with Lambda DNJHind ttl Markers (Cat.! 01711) and 1X174 DNNHae III Markers (Cat.! 01761). 
Note: In a 2% gel, the 250bp fragment may appear as a doublet 01253 and 250bp, respectively. 

Nuclease Assay: To test for nuclease contamination, 5pl of the 1kb DNA Ladder are incubated in restriction enzyme buffer 
overnight at 37°C. Following incubation, the ladder is subjected to elect rophoresis and visualized on an efhidium bromide-
stained agarose get to verily the absence of visible degradation. 

5' End-Labeling: Five microliters of the 1kb DNA ladder are added to a labeling reaction containing 1 p of T4 
Potyrructectide Kinase 1 O Buller, 1p1 of Iy-PfATP (3.000Ci/mmof © lOpCi/pl), lpt of 14 Polynucfeotide Kinase and 2pl of 
deionized water. This reaction is incubated at 37°C for 10 minutes. then stopped by the addition of ipt of 0.5M EDTA. Do 
not heal-inactivate the reaction. Do not heat the marker before loading. After labeling, the 1kb DNA Ladder is 
separated on a 1.2% agarose get. After the get is processed, the labeled markers must be easily visible after overnight expo-
sure to X-ray film without an intensifying screen, at room temperature. 

1. Sambrook, J., Fritsch, E.F. and Maniatis, 1. (1989) Molecular Cloning: A Laboiator Manual, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY. 
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Lambda DNAJH1ndIII Markers (http://www.promega.com) 

Lambda DNA/Hind III Markers: 
Part No. 	 Size 
G171A 	 lOOpg 

Description: Lambda DNAJFlirvi lit Markers are prepared by digesting Lambda DNA to completion with Hind ill followed by 
heal-inactivation 01 the enzyme. The DNA fragments are then ethanol-precipitated and resuspended in storage buffer. The 
eight DNA fragments range in size from 125 to 23,130 base pairs. 

Concentration: 0.5mg/mt. 

Storage Butler: Lambda DNAJHiixi lit Markers are supplied in 10mM Tris-HCI (pH 7.5), 10mM NaC1 and 1mM EDTA. 

Storage Conditions: Store at -20°C. 	Avoid multiple Ire 	}i'aw cycles and exposure to iiuent temperature changes. 
See the expiration date on the product label. 

Usage Notes: 1. ConenIralion gradients may form in frozen products and should be dispersed upon thawing. Mix well 
prior to use. 

2. Due to he reannealing of cohesive ends, an extra band may appear above the 23,1 3Obp fragment while 
the 4,361 bp band disappears. To avoid this annealing, heal the Marker at 65°C for 10 minutes in the 
presence of lx restriction enzyme buffer, and then immediately chili on ice for 5 minutes before loading 
onto a gel. 

Blue/Orange 6X Loading Dye (61 90A): The Blue/Orange 6X Loading Dye supplied with these Markers has a composition 
of 15% Ficoll® 400, 0.03% Bromophenol Blue, 0.03% Xylene Cyanol FF, 0.4% Orange 6,10mM Tris-HCI (pH 7.5) and 
50mM EDTA. This dye is used tor loading DNA samples into get electrophoresis wells and tracking migration during elec-
trophoresis. Recommended usage is one part loading dye for five parts DNA solution. The Xylene Cyanol FF migrates at 
approximately 4kb, Bromophenol Blue at approximately 300bp and Orange B at approximately 50bp in 0.5% to 1.4% 
agarose gets in 0.5X TBE buffer (1). 

bp 

-23.130 

—9416 
-6.557 

—4.361 

1
2,322 

- 2,027 

(564, 125) 

0.7% agarose 

,Quality.  Control Assays- - 
Accurate Sizing: One microgram of the Lambda DNNH/mJ lii Marker is mixed with lx restriction enzyme butferand 
Blue/Orange 6X Loading Dye and subjected to electrophoresis in a single lane on a 0.7% agarose get with TAE lx buffer. The 
Lambda DNNH/rxi Ill Marker must show 	the expected pattern when compared with a previous tot. 	- 
Nuclease Assay: To test for nuclease contamination, one microgram of the Lambda DNNtliii fit Marker is incubated in 5Oyri 
of lx restriction enzyme buffer for 16 hours at 37°C. Following incubation, the Marker is subjected to electrophoresis and visu-
alized on an ethidium bromide-stained agarose get to confirm the absence of visible degradation. 

1. Sambrook, J.. Fritsch, E.F. and Maniatis, 1 (1989) Molecular Cloning:A Laboratory Manual, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY. 
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EcoRV (http://www.promega.com) 

Product 

EcoRV 

EcoR V (HC) 

For Laboratory Use. 
Component Listing 
Description 

Protocol 
Storage Conditions 
Storage Buffer 

Features 

Source 
Incubation Conditions 
Percent Activity in 
4-COR0 Buffer System 

Frequency of Cutting 

Cat.# Size Conc. 	Unit 

R6351 2,000u lOu/pl 

HE 	R6355 10,000u lOu/pl 

11 	R4354 10,000u 40-80u/pl 

GATTATC 
CTAATAG 

. Blue/White Cloning Qualified: Promegas blue/white cloning 
s'say provides a higher level of quality control for enzymes used 

In cloning applications. 

• Available at High Concentration: Cat# R4354 contains 10,000 
units of EcoR V at a concentration of 40-80u/pl. 

Be Enzyme 	—Info 1Lnati0jL 
Store at -20°C. 
10mM Tris-HCl (pH 7.4), 50mM NaCl, 0.1mM EDTA, 1mM DTT, 0.5mg/mI 
BSA, 50%  glycerol. 
Escherichia coil 362 pLG74. 	- 
Buffer D. 37°C. 

A 	 B 	 C 	D 	MULTI-CORETm 

10-25% 25-50% 50-75% 1000/0 	 1000/0 

A Ad-2 OX174 pUC18 M13mp18 pBR322 

21 	9 	0 	 0 	 0 	 1 
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HindIll (http://www.promega.com) 

Product 

Hind III 

Hind III (HC) 

Cat.# Size Conc. 	Unit 

IM R6041 5,000u lOu/pl 

BE R6045 15,000u lOufpl 

ZU R4044 25,000u 40-80u/pl 

ED R4047 50,000u 40-80u/pI 

For Laboratory Use. 
Comoonent Listing 
Description 

Features 

Protocol 
Storage Conditions 
Storage Buffer. 

Source 
Incubation Conditions 
Percent Activity in 
4-COREs Buffer System 

Frequency of Cutting 

Notes 

ATAGCT T 
T TCGAAA 

• Blue/White Cloning Qualified: Promegas blue/white cloning 
assay provides a higher level of quality control for enzymes used 
in cloning applications. 

• Available at High Concentration: Cat.# R4044 and R4047 
contain 25,000 and 50,000 units of Hind III, respectively, at a 
concentration of 40-80u/pl. 

• Available in Custom and Bulk Configurations: Learn more 
about our custom options for this product at: 
www,promega.com/myway/- 

Restriction Enzyme Usage Information. 
Store at -20°C. 
10mM Tris-I-lCl (pH 7.4), 250mM NaCl, 0.1mM EDTA, 1mM DTT, 
0.5mg/mi BSA, 50% glycerol. 
Haemophilus influenzae Rd. 
Buffer E. 37°C. 

A 	B 	C 	D 	F 	MULTI-CORE" 

25-50% 100% 75-100% 10-25% 1000/6 	50-750/o 

A &d-2 	X174 pUC1B 	M13mp18 	pBR322 

7 	12 	0 	 1 	 1 	 1 

Star activity may be observed in the presence of Mn 2+  
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Xhol (http://www.prornega.com) 

Product Cat.# 	Size 	Conc. 	Unit 

XhoI 	 00 R6161 	3,000u 	IOU/PI 

EM R6165 	10,000u 	lOu/pi 

Xho I (HC) 	EM R4164 	15,000u 	40-80u/pl 

For Laboratory Use. 
Component Listing 
Description CTCGA G 

G AGCTAC 

Features • Blue/White Cloning Qualified: Promega's blue/white cloning 
assay provides a higher level 01 quality control for enzymes used 
In cloning applications. 

• Genome-Qualified: Promega's Genome-Qualified restriction 
enzymes are assayed to ensure optimal performance in genomic 
analysis applications. 

• Available at High Concentration: Cat.# R4164 contains 15,000 
units of Xho I at a concentration of 40-80u/pl. 

Protocol Restriction Enzyme Usage Information, 
Storage Conditions Store at -20°C. 
Storage Buffer 10mM Tris-HCI (pH 7.4), 300mM KCI, 0.01% Triton®  X-100, 0.1mM 

EDTA, 1mM DTT, 0.5mg/mi BSA, 50% glycerol. 
Source Xaothomonas ho/c/cola. 
Incubation Conditions Buffer D. 37°C. 
Percent Activity in A 	 B 	 C 	D 	MULTI-COETM 
4-CORE 

25-50% 	75-100% 	75-100% 	1000/0 	 10-250/0 

Frequency of Cutting A 	Ad-2 	PX174 	pUC18 	M13mp18 	pBR322 

1 	6 	1 	 0 	 0 	 0 

Notes Ends generated with Xho I can be directly ligated to ends generated by N.  

Sal I. Neither recognition site is regenerated In the ligation product. 
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T4 DNA Jigase (http://wwwpromega.com) 

Product Cat.# 	Size 	 Conc. 	Unit 	 Price 

T4 DNA Ligase ED 	M1801 	lOOu (Weiss units) 	1-3u/pl 	Please Ennuire 

D1 	M1804 	500u (Weiss units) 	1-3u/pl 	Please Enquire 

14 DNA Ligase (HC) NO 	M1794 	500u (Weiss units) 	10-20u/pI 	please Enquire 

Available Separately 

14 DNA Ligase Buffer Pack 	MO 	C1263 	1.5mI (3 x 500pl) 	 Please Enquire  

For Laboratory Use. Units listed are Weiss units. 

rnpnent_LIs.Ung 
Description T4 DNA Ligase catalyzes the joining of two strands of DNA between the 5'- 

phosphate and the 3 -hydroxyl groups of adjacent nucleotides in either a 
cohesive-ended or blunt-ended configuration (1). The enzyme has also been 
shown to catalyze the joining of RNA to either a DNA or RNA strand In a 
duplex molecule but will not join single-stranded nucleic acids (1). 

Features • Available at High Concentration: Cat.# M1794 contains 500 units 
of 14 DNA Ligase at 10-20u/pl. 

• Flexible: Use with 5', 3' or blunt-ended DNA inserts. 

• Provided with lOX Reaction Buffer: 300mM Tris-HCI (pH 7.8 at 
250C), 100mM MgCl2, 100mM DTT and 10mM ATP. 

• Blue/White Cloning Qualified: Promega's blue/white cloning assay 
provides a higher level of quality control for enzymes used in cloning 
applications. 

• Available in Custom and Bulk Configurations: Learn more about 
our custom options for this product at: www.promega.com/myway/- 

Applications • Joining double-stranded DNA molecules with cohesive or blunt ends. 
Protocol Promecia Product Information #9PIM180. 
Storage Conditions Store at —20°C. 
Storage Buffer 10mM Tris-fiCi (pH 7.0 at 250C), 50mM XCI, 1mM DTT, 0.1mM EDTA and 

50% glycerol. 
Unit Definition 0.01 Weiss unit of T4 DNA Ligase is the amount of enzyme required to 

catalyze the ligation of greater than 95% of lpg of A/Hind III fragments at 
16°C In 20 minutes. 

Quality Control Tests Activity, SDS-PAGE/purity, DNase, endonucleasé/nickase, RNase, blue/white 
cloning assay. 

Source Recombinant E. co/i strain. 
References 1. 	Engler, M.J. and Richardson, C.C. (1982) In: Thq Enzymes, Boyer, 

P.D., ed., Academic Press, New York, NY. 
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Shimp Alkaline Phosphatase (SAP) (http://www.promega.com) 

Product 	 Cat.# Size Unit 

Shrimp Alkaline Phosphatase 	 EZI 	M8201 	500u 

For Laboratory Use. 

Component Listing 
Description 	 Shrimp Alkaline Phosphatase (SAP) catalyzes the dephosphorylatlon of 5' 

phosphates from DNA and RNA. Unlike Calf Intestinal Alkaline Phosphatase, 
SAP is completely and Irreversibly inactivated by heating at 65°C for 15 
minutes. Alkaline phosphatases are used to prevent recircularization and 
religation of linearized cloning vehicle DNA by removing phosphate groups 
from both 5'-termini and may also be used for the dephosphorylation of 5' 
phosphorylated ends of DNA or RNA for subsequent labeling with [32P]ATP 
and T4 Poiynucteotide Kinase. SAP is active on 5' overhangs, 5' recessed 
and blunt ends (1). 

Features 

	

	 • Convenient: SAP is irreversibly inactivated by heating at 65°C for 
15 minutes. This allows streamlining of the restriction enzyme 
digestion, dephosphorylatlon and ligation procedure by eliminating 
the need for clean-up after alkaline phosphatase treatment. 

• Flexible: Active in most lx restriction enzyme buffers. 

• Blue/White Cloning Qualified: Promega's blue/white cloning assay 
provides a higher level of quality control for enzymes used in cloning 
applications. 

• Provided with lOX Reaction Buffer: 0.5M Tris-HCI (pH 9.0), 
100mM MgCl2. 

Applications 	 • Preventing religation of linearized cloning vehicle DNA by removing 
phosphate groups from both 5' termini (1). 

• Removing 5' phosphate groups prior to end-labeling with T4 
Polynucleotide Kinase (1). 

Protocol 	 Promecia Product Information #9P1M820. 
Storage Conditions 	Store at —20°C. See the expiration date on the label. 
Storage Buffer 	25mM Tris-F-ICl (pH 7.6 at 40C), 1mM MgCl2, 0.1mM ZnC12  and 509/6 (v/v) 

glycerol. 
Unit Definition 	One unit Is-defined as the amount of enzyme required to catalyze the 

hydrolysis of lpmol 4-nitrophenyl phosphate per minute at 37°C In 1M 
diethanolamine, 10.9mM para-nitrophenyl phosphate, 0.5mM MgCl2  (pH 

9.8). 
Quality Control Tests Activity, SDS-PAGE/purity, endonuclease/nickae, Dr'lase, RNase, blue/white 

cloning assay. 
Source 	 Panda/Us borealis. 
References 

	

	 1. Sambrook, J. etal. (1989) Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York. 
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Tag DNA polymerase (http://www.promega.com) 

Product Contents  
Taq DNA Polymerase in Storage Butter A: 

- Part No. 	Size (units) 
M18A 	 100 
M186. 	. 	. 	500 
M186B 	 2,500 

Note: Cat.! M1861, M1865 and M1868 are supplied with Thermophitic DNA Polymerase lOX Butter and a separate tube 
containing MgCl2. Cat.! M2861, M2865 and M2868 are supplied with Taq DNA Polymerase iOX Butter which contains 
15mM MgCl2  

Important! Taq DNA Polymerase in Storage Butter A must be used with the Reaction Butter provided. U another reaction 
butter is used, Triton® X-l0O must be added to a final concentration of 0.1% to ensure enzyme activity. 

Taq DNA Polymerase in Storage Buffer B 
Part No. Size (units) 
M166A 100 
M1S6B 500 
M166F 2500. 

Note: Cat.! M1661. M1665 and M1668are supplied with Thermophilic DNA Polymerase lOX Butter and a separate tube 
Of MgCl2. Cat.! M2661, M2665 and.M2668 are supplied with Taq DNA Polymerase lOX Butter which contains 15mM 
MgCl2. 

I Taq DNA Polymerase in Storage Butter B is fully compatible with other reaction butters 

Description: Taq DNA Polymerase is  thermostable enzyme that replicates DNA at 74°C and exhibits a halt-life of 40 mm-
ules at 95°C (1,2). Tag catalyzes the polymerization of nucleotides into duplex DNA in the 5'.-3' direction in the presence 
of magnesium. The enzyme has an apparent molecular weight of 94.000 daltons by SDS-PAGE analysis and exhibits 5'-*3' 
exonuclease activity. Taq is recommended for use in PCRt and primer extension reactions at elevated temperatures. 

Enzyme Storage Buffer A: The composition of Storage Butter A is 50mM Iris-HOt (pH 8.0 at 25°C), 100mM NaCl, 0.1mM 
EDIA, 1mM OTT, 50% glycerol and 1% Triton®X100. 

Enzyme Storage Buffer B: The composition of Storage Buffer B is 20mM iris-HOt (pH 8.0 at 25°C), 100mM KCI, 0.1mM 
EDIA, 1mM Dii, 50% glycerol, 0.5% Tween920 and 0.5% Nonidet-P40. 

Source: Thermusaqvaticusstrain Vii (1). 

Unit Definition: One unit is defined as thamount of enzyme required to catalyze the incorporation of 10 nanomotes of 
dNTPs into acid insoluble material in 30 raiinutesat 74°C (2). The reaction conditions are specified below, under Standard 
DNA Polymerase Assay Conditions. 

Thermophilic DNA Polymerase lOX Buffer, Magnesium Free (Part No. M1 90A and M190G): When the lOX 
Buffer supplied with this enzyme is dituled 1:10! has a composition of 10mM Iris-HCI (pH 9.0 at 251C), 50mM KCI and 0.1% 
TritonwX100. This butter is optimized for use with 200 j.uM each of dNTP5. Sufficient 25mM MgCl2  is provided, separately, to 
allow optimization of enzyme performance under a variety of conditions. The Triton'X-100 in the Buffer is compatible with 
the detergents in the Storage Butter of the enzyme for all applications. 

Taq DNA Polymerase lox Buffer containing 15mM MgCl2  (Part No. M188Aand M188J): This buffer, which has a 
composition of 50mM KCI,'10mM Tris-HCI (pH 9.0 at 250C). 1.5mM MgCl2  and 0.1% Triton®X100 when diluted 1:10, is 
supplied with Cat.! M2661, M2665, M2668 and M2861, M2865, M2868. 

Magnesium Chloride Solution, 25mM (Part No. A351B and A351H): The final magnesium concentration in a reac-
tion mixture may be optimized by the user according to individual requirements. It is important to vortex the MgCl2  thoroughly 
after thawing and jrior louse, to disperse the MgCl2  throughout the tube. 

Storage Temperature: Store at -20°C. Avoid exposure to trequeni temperature changes. See the expiration dale on the 
Product Information Label. 
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Heat Inactivation of Restriction EncIonuceases 
Heat inactivation is a convenient method For stopping a restriction endonuclease reaction. incubation at 65°C For 20 ;inutes inactivelas the majority at re:rricUon 
endonucleases that have an optimal incubation temperature oF 37°C. Enmez that cannot be ii ctivaied at 65C can olteir be irradivated by incubation a 60°C 1,,r 2 
minutes. The table below indicates whether or not an elayme can be heat inactivated and the temperature needed to do so. 

Neat Inactivation wasperlormed as follows to approximate a typical experiment. A 50 p1 re.ction mixture containing the appropriate NEBiA1er. 0.5 pg of call thynwa 
DNA, and 5 or 10 p1 01 restriction endonuclease (at selling concentration) was incubated at 37°C For 60 minutes and then at 65°C or 80°C For 20 minutes. Mpg at 
substrate DNA (usually lambda) was added to the reaction rr!jxture-and incubated at the optimal reacion temperature of the enayrne for 60 minutes. Any dicslion 
(complete or partial) of the substrate DNA after the second incubation, as seen by açaros gel electoophoresis, was interpreted as incomplete heal inactivation. 

Inactivallpri 
Erm =(emperare) 

Mill Yes (65-C) BsrGl Yes (8C°C) NCO  'res(65°C) 
I Yes (80°C) Bssll II Yea (80°C) I/do I Yes (65°C) 

A65 I Yes (65°C) Bs.sK I Yes (80°C) NgoM IV Yes (80°C) 
Acil Yes (65°C) BssS I Yes (80°C) I/he I Yes (65°C) 
Ac/I No 8iAP I Yes (80°C) NIJ Ill Yes (65°C) 
All Il Yes (65°C) BsIB F No V/a IV Yes (65°C) 
Al/Ill Yes (80°C) £siEIl N6 Not  Yes (65°C) 
Age I Yes (65°C) BsIF5 I No I/ru I Yes (65°C) 
AJI Yes(65°C) BS/NI No Nail Yes (65T) 
A/u I Yes (65°C) Ba/U I No Nsp I Yes (65°C) 
Alwl Yes (65°C) BsiX I Ye.s (65°C) Pac I '(es (65°C) 
AlviN I Yes (65°C) Bs(Y I Yes (80°C) PaeFF7 I No 
Apal Yes (65°C) 6s17171 No Pt/Ft Yes (80°C) 

I No 8su36 I Yes (60°C) P/fM I Yes (65°C) 
Ape I Yes (80°C) C3c8 I Yes (65°C) pie  Yes (65°C) 
Asc I Yes (65°C) CIa i Yes (65°C) Pmc I Yes (651C) 
Ase I Yes (65°C) Dde I Yes (65°C) 	. I'm! I Yes (55°C) 
AvaI Yes (80°C) DpnI Yes (80°C) PpuM F No 
Avs;l Yes (65°C) . 	L)pntt Yes (65°C) PshA I Yes (65°C) 
Aw!I No Oral Yes (65°C) Ps/I Ye 	(80°C) 
BamH I Yes (80°C) . 	Bra Ill Yes (65°C) P'vu I Yes 
Banl Yes (65°C) O(dI Yes (65°C) PvlI 	. No 
Ban Ft Yes (65°C) Eae I Yes (65°C) /?sa I Yes (65°C) 
Bbs I Yes (65°C) Fag I Yes (65°C) fist It Yes (55°C) 
81w I Yes (65°C) Earl Yes (65°C) Sac F Yea (55°C) 
BbvC I Yes (80°C) EcoN I Ycs (65°C) Sw it Yes (65°C) 
BcgI Yes (65'C) EcoOlOgl Yes(6S°C) Sa/t Yes (65°C) 
Bc/V I Yes (65°C) . 	Scott I Yes (65°C) SapI Yes (65°C) 
Bc/I No EcopV Yes (60°C) S30A I Yes (65°C) 
Blat Yes (80°C) FM Yes (65°C) Sau96 I Yes (80°C) 
BgiI Yes (65°C) F044 I Yes (65°C) Stilt No 
Bgitl No FokI Yes (65-C) Scat Yes (80,C) 
Bipi. No 'Fsel Yes (65°C) SerF I Yes (65°C) 
Bmr) Yes (65°C) Fsp I Yes (65°C) SarA I Yes (65°C) 
8pm I Yes (65°C) Hae ti Yes (80°C) SIaN I Yes (65°C) 
Bsal Yes (65°C) Hae ill Yes (80°C) SIC  Yes (65°C) 
BsaA I Yes (80C) Hqa I . Yes (65°C) 011i  No 
SaaB I Yes (80°C) . Hhlti Yes (65°C) Slot Yes (65°C) 
BaaH I Yes (80'C) Iliac II Yes (05°C) SgA I Yes (65°C) 
BsnJ I Yes (80°C) Hind III Yes (65°C) Saw I Yes (65°C) 
SsnW I Yes (80°C) Hint I Yes (80°C) Sm! I No 
BseR I Yes (65°C) HnPl I Yes (05°C) SaaB I Yes (80°C) 
Bag I Yes (65°C) F/pa I ' 	No Spe I Yes (55°C) 
Ps/El Yes (80°C) Hpa II Yes (65"C) Soil I Yes (65°C) 
Bs/HKA I Yes (80°C) F/ph I Yes (65°C) Sap I Yes (65°C) 
Ps/WI Yes (80°C) ICas I Yes (65°C) Stu 1, Yes (65°C) 
Bsll Yes(O°C) /çool No sly  Yes (65°C) 
Bsm I Yes (80°C) Mbo I Yes (55°C) Srva I Yes (65°C) 
BsmA I Yes (80°C) Moll Yes (65°C) iaqI Yes (80°C) 
BsmB I Yes (80°C) Mlel YeS (55°C) ret No 
PsmF I Ye (80°C) MinI' Yes (55°C) Tao I No 
Bso8I ' 	No 	' all Yes (65°C) Tsj)5I No 
8sp1286l Yes (65°C) M,scl Yes (65°C) Fap509! No 
BspD I Yes (65°C) Mse I Yes (65°C) TspiF ,i No 
(lapEl Yes (80°C) Ms/I Yes (65°C) Tihlll No 
BspH I Yes (65°C) Mspl Yea (65°C) X03 1 Yes (65°r,) 
BspM I Yes (65°C) MspM I Yes (55°C) Xcsri I Yes (65°C) 
Bar I Yes (80°C) Mwo I No ).'ho I Yes (65°C) 
BsrB I Ys (80°C) Nae I Yes (65°C) x,°r. t Yes (55°C) 
BarD I Yes (80°C) - Nar I Yes (65°C) XT. 17 i Yes (55°C) 
Bsrfl N- NciI Yes (65°C) 
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Survival of Restriction Endonucleases in a Reaction 

Restriction endonucicoses vary with respect to their ability to maintain activity in a reaction over an extended perlcxi of time. 

1.0. 0.50, 0.25. and 0.13 units of restriction endonuctease were added 1050 ijt  reaction mixtures containing 1 pç ol unit-assay substrate DNA (defined for each 
enzyme in the Restriction Endonuctease section of this catalog). The reaction mixtures were incubated For 16 hoLvs at 37°C (or as noted). The minimum number ol 

units that resulted in complete digestion of 1 pg of substrate DNA in 16 hours was determined by agarose gel 	!roress. 

Enzymes that require less than I unit to digest 1 pg of DNA to completion in 16 hours can be used at lower caresra1ions for exiCnded incubation periods. 

DNA substrales are digested at varying rates, the actual number of units required for a corno.leie digestion in 16 1crz will change From substrate to substrate. 

UffltsRequ 
Fizyme 	, t D:gbon (16 hrs) 	 Enzyme 	"- DIesflon (16 hrs) 	 Fuzyme 	Dgestlo-i (16 his) ........ 

A31 11 0.13 Bsrl3! 0.13 Ncof 0.25 
Acct 0.13 BssFttl @50°C 0.50 Me  0.13 
AccflS I 0,50 BssI< I @60°C 0.25 NgoM IV 0.13 
Mit 1.00 BssST 0.25 Me  0.25 
Act  0.50 Bs/AP I 0.50 N/a Ill 0.50 
All 11 0.13 BsIBI @65°C 0.13 illalV 0.50 
At/Ill 0.13 Bs(E II @60°C 1.00 Not  0.25 
Age  1.00 Bs/F51 0.25 Nwl 0.13 

Ahdl 0.13 BsIN I @60°C 1.00 Nsil 0.50 
A/Lit 0.25 BsIUI @60°C 013 Nspl 0.25 
AIwt 0.50 BstXt @55°C 0.25 Pact 0.13 
AlwNt 0.13 Bs/Yl @60°C 0.13 PaeR7I 0.13 
Apat 0.13 Bs!Z171 1.00 P1/Fl 0.13 
ApaLI 1.00 Bsu36I 0.13 P1/Mt 1.00 

Apot 0.13 Cac8 I . 0.25 pie  1.00 

AscI 0.13 C/al 0,50 Pmet 1.00 
Asel 0.13 Ddet 0.13 Pm/t 0.50 
Aval 0.25 Dpnl 0.13 PpuM I 0.13 

AvaIl 0.25 DpnlI 0.13 	' PshAI 1.00 
,lvrlI 0.13 Dial 0.25 Ps/I 0.50 
83M 	! 0.50 Dra Ill 0.25 Pvrit 1.00 
Pant 0.13 DrdI 	. 0.13 Pvutl 0,13 
&r,tI 0.50 Pact 0.13 RsoI 0.13 
SbsI 0.25 Eagl 0.50 RsrIl 0.25 

Bbvl 1.00 Earl 	. 013 Sad 1 0.13 

BbvCI 0.13 EcoNt 0.13 SacIl 0.13 

BcgI 0.50 EcoOlQSt 0.13 Sail 0.13 
Sc/Vt tOO Ecofll 013 sap  1.00 
Bc/I @50°C 0.50 EcoRV 0.50 Sau3At 0.50 
B/al 0.50 Foci I . 	0.50 SauYS I 0.25 
Bg/l 0.13 Fnu4H I . 	0.25 ShtI 0.25 
BgIlI 0.25 Fokl 1.00 Scat 0.25 
BIpI 0.50 Fset 1.00 ScFl 0.25 

Bmrl 1.00 F.pl 0.13 SeAl 025 

Bpml 1.00 Hoe It 1.00 SiaN I 0.50 

8sa1@50°C 1.00 HaelIt 0.13 S/cl 1.00 
BsaA 1 1.00 F/pal 1.00 5711 @50°C 0.25 

BsaB I @60°C 0.13 1-/i)a I 0.25 SfO I 	. 0.50 

BsaH I 0.13 fr/inc II 0.13 SgrA I 1.00 

BsaJ P @60°C 0.13 Hind Ill 0.13 Smal @25°C . 	0.13 
BsaWI @60°C 013 HIM t 0.13 Sm!! 0.25 

BseR I 1.00 HinPl I 0.13 SnoB I 0.50 

BsgI 0,50 Hpal 0.25 Spe! 0.50 

BsiE I @60°C .0.25 Hpa II 0,25 SpIt I 0.13 

Bs1HKA I @65°C 1.00 j-/ph I 0.25 Ssp'l 0.25 

Bs1W I @55°C 0.50 Kas I. 1.00 Slut 0.25 

Bs11055°C 0.13 Kpnl 0.25 Sly! 025 

BsrnI @55°C 0.50 MOot 0.50 Seal 0.25 

BsmAI @55°C 025 Mbott 1,00' TaqI @65°C 0.50 

BstnB I @55°C 0.50 We I .025 TIi I @65°C 0.25 

BsmF I 0.13 M10  0.13 Tscl 0.25 

BsoB I @65°C 0.13 Ma/I 0.25 Tsp45 I @65°C 0.50 

5sp1286 I 0.50 McI 0.5(1 Fsp509 	@65°C 0.13 

&spD I 0.25 MseI 0.13 rspR I @65°C 0.13 

BspE I 0.13 Ms/I 1.00 (/(11111 @65°C 0.25 

BspH I 0.13 Mspt 0.50 Xbal 0.13 

BspMl 0.25 MspAlI 0.25 Xcml 013 
Bsrl @65°C 0.25 Mwol @60°C 0.13 .XlioI 0.13 

BsrBt 0.13 Naet 0.50 Xrnal 0.50 

BsiD I 0.50 Nail 1.00 XrnnI 0.25 

BsrFf 0.13 f/cl! 0.50 

1' 	
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