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Notl
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pEGFP-N1 % Not
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Expression vector
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Egfp
720 bp
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3UN 1.1 naadaTudmin egip nwaalia PEGFP-N1 1ingwmaila pET-23

HALAT. NULADK iDL 3 Suranaree University of Technology



uni 1 4

T1_terminator
-~ T _Terminal _primer
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-~ _-¥hol 158
» " _~Notl 166

Fi_origin, g
\ F.: P

--BamHI 198
- T7_genel0_leader
. Ti.leader
e, T Xpress_fuwd_primer
S ~Nhel 231
SNaT . Ndel 238
ro L "T7_transl_en_RBS
N~ ‘Xbal 276
-~ T7_promoter
_BgllI 334
MscI 359

AmpR_promoter """

_ __-—ROP
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3666 bp

_e~pPyuIl 979
T~ pBEX_3_primer

“Ampicillin————  f
PStI 2526~ ;

" “pBR322_origin

a A a
3UN 1.2 uNuNUaINaIFIa pET-23
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Nhel(591)
Belll(609)
Xhol(613)
Sacl(620)
HindIlI(622)
EcoRI(5629)
Pstl(638)
Sall(639)
Kpnl{649)
Sacli(652)
Apal(63T)
Smal(63%)°
BariHI(660)
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Apal 1(4361)

CAG enh{63, 332)

CMV_immeady pro(10, 362}

OV fwd pril 310, 1395 o
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-Cprj
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 |PBABE_3 pri(260. 2350
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T~Nhel 231
\ ~Ndel 238
\:;\ “T7_transl_en_RBS
“®bal 276
“T7_promoter
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MscI 359
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free)

Yo gUnsalazarsiail
Clean petri plates
Glucose
NaOH 10 N
Sodium dodecyl sulfate (SDS)
Sodium acetate
Glacial acetic gcid
Deionized water
70% alcohol
Ampicillin (100 mg/ml stock)
Kanamycin (100 mg/ml stock)
Tris-HCI
Boric acid
EDTA
Tryptone
NaCl
Yeast extract
Agar
Dimethylformamide (DMF)

60°C water bath

HALAT. nuLdau o 9 Suranaree University of Technology
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MINADDI
=4 ac
A. Mmawssnnmsiaz sl aue

Lubia-Bertani (LB) medium 1 Liter

Tryptone 10g
NaCl 5¢g
Yeast extract 10g
Deionized water 1000 ml

ar o R » (9 =
U§u pr 1714 7.0 §10 NaOH anmdudn 1 N udnirliisandonanudu 15 psi guugll 121°C

= =
Wnat 20 v

Lubia-Bertani (LB) medium with agar 1 Liter

Tryptone 10g

NaCl 5g

Y east extract 10 g

Deionized water 1000 ml

Agar 15 g (AuMaa N3y pH 11d7)

Y3

Y51 pH 1914 7.0 470 NaOH Anududu 1 N uaifn agar 15 g asluwaa 1hldduldjuazaioau

q
3

’ ¥ o & oy A& 4 o o a = o Z A Y o
Ter idwdnih lilaandefinnudu 15 psi gamall 121°C iunat 20 i ndanmindia oty

v 1 Al v ~ - ’ v o 4 o & 3
810nIURURNMATN 60°C NouNsziNa 91l Larminar flow hood Ydpsliomsuiad I ldne
] A

a o = =3 a
Wszanal 2030 WA IAueMIsTigungll 4°C sunsznald

LB/Amp plates 1 Liter

Tryptone 10g

NaCl 5g

Yeast extract 10g

Deionized water 1000 ml

Agar 15 g (1ANNAI910U3D pH 1A7)

HELAT. Pudan Liladuan Suranaree University of Technology



UNA 2 11

o o > - q P o . a
U5y pH TR 14 7.0 A9 NaOH amundudu 1 N udnhluiainFoinaudu 15 psi gungil 121°C
¥ ¥ £l

ihunan 20 wii R lFBusuFude Tdns o Tuslusraigumgil 60°c 11nTuAn Ampicillia (100
mg/ml stock) 30 Carbenicillin (100 mg/ml stock) 31U 0.5 ml T 18anm
Wuduganiie 50 mg/L snlfFanziadoswtia 15 laua Carbenicillin Hn1uadosuinn

. ' £ 3 o & ¥ =
INOMI5IMAIa3UN U U Larminar flow hood Vdaeldormsuiianadldnanszum 20-30 wf

g i a 2
nuIUe IS NgUNgil 4°C unsenaly

4 6. & £ - = g o g
Note: IWEJﬂ’J?ﬂfT&’ﬂ?ﬂYHﬂTSiJWiPT‘IIHﬁ‘UENB?H?S ?Hﬁ‘b’?hﬂﬂ?lﬂﬂuﬂ??‘iﬂﬂlﬂ'”ﬂ?ﬂﬂﬂﬂﬂ\?ﬂ?ﬂﬂ?ﬂ??
¥ . v
FNU 71!1!‘!1?1??']”;1)?71‘!8]”757171i3J871’Q?1’?M3 ua::mm‘?mfmswmmmsnwnfg%uz

LB/Kan plates 1 Liter

Tryptone 10g

NaCl 5¢g

Yeast extract 10g

Deionized water 1000 ml

Agar 15 g (iAunae91n5u pH 1A2)

) o & 1 7 i o =
Y50 pH W14 7.0 A0 NaoH Aandiud 1 N udnh Tuiasingoiawdn 15 psi guugl 121°C
a & < w oo ° v ' 3 a & & -
Wunal 20 win naldigusududa ldniath Tduslusraigungil 60°C :1miu@Ay Kanamyein (100

mg/ml stock) 31424 0.5 ml T 1danududiugaiia 50 mg/L
o Z
Ampicillin iaz Kanamycin (100 mg/ml stock) 0810 1 g 11 Deionized water 371194 10 ml 910U
» » " 1)
mmsnseanieMiawe Tnoldurunssanlivwing 0.20-0.24 pm gaaIsazalsNAIUMINTBILA

=y ] . o 3 a
Ysunm 1.0 ml ldasTunaen luIasiua g udunuigangil -20°C

NaOH 1 Normal

$1n15199919 910 NaCl 10 Nstock ¥iludganiu

HA.AT. NULEDY Lladuan 1 Suranaree University of Technology



N 2 12

B. MItAsENmsazmad I uMmsiennaalinadweU3uonnn (Preparation of solutions for

Large-Scale plasmid DNA preps)

4 a oo ) ar a wva i °
msasuuasazatoie 1% lunmsuonwaaiisfo wedmivunilgoamsn 3 Tuns large-
° " i a an i =1
scale alkaline lysis plasmid preps 2121131 alkaline mini-preps Tunﬂﬂgmmsﬁ 10 Talsaunu

yvq 3 a wa 1 g &
frﬁﬁzﬁjﬂqjiﬁﬂaﬂﬂuﬂﬂﬁﬂﬂﬂ‘]s AUANNTTNADDAUTIVAU

Solution I
Final concentration
Glucose (MW 181) 50 mM
1M Tris-HC1 (pH 8.0) 25 mM
0.5M EDTA (pH 8.0) 10 mM
Deionized water - ml

¥ " ° = ¥ v a A 4 o
1#ia30u Solution I 311U 40 ml TavldvaaunsmaeInievimanvyuia 125 ml @Weurenqu ¥o

) o & 1
#1592a1071 “Soln. 1, alk lys” 1A g 1M 1199110

Solution IT
Final concentration
10 N NaOH 02N
>t Sodium dodecyl sulfate (SDS) 1%
TRe 7L

¥ 1
1560 Solution I Inannasai 14 1% SDS stock solution 19FU 10% 130 20% Taolides

4 4 4 Vo = 0w o e
Haainye 1A S aves NaOH 1Az SDS d1w51 40 ml T vuiuniez 19

HELAT. ngttﬁau tilasuan 12 Suranaree University of Technology
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Solution IIXI #1151 100 ml
Potassium acetate, SM

Glacial acetic acid

Deionized water

13

Final concentration
60 ml

11.5ml

28.5 ml

TR alS e s ndouns oy 150 40 ml Taoldmaoa 50 ml-conical tube 1A solution TIT 137

ay ) & . A
e lavhideaiiesinge

3 e

TE

1 M Tris (pH 8.0)
0.5 M EDTA

Deionized water

Final concentration
10 mM
0.1 mM

- ml

¥ z
TinSonansazau TE nquag 10 ml imsnsosan¥e laolduriunsoanilivuing 0.20-0.24 micron

uasazaiiguugiivo

5x TBE stock 1 Liter
Tris (MW =121.1)
Boric acid
EDTA

Deionized water

54 ¢

275¢g

4.15 g (150 20 ml of 0.5 MEDTA)
1000 ml

o -4 IA ’ ﬂr ﬂ' e = o
i llanaidie Taumstlaainde INuasazaroiigungiiios (@1sazans TBE buffer M 1dlums

° . 1o ° 4 4 A& A 7a
1 Gel electrophoresis Tusuiudoai lilssingaime i Uaoaou laiindion sndudoanision

ad
LUDUAIDUIDDDNIINIG)

HFLAT. vn‘u?}au LipInan

13 Suranaree University of Technology

eufusramisuazdomsinn
wminondumaluladgaus



UNA 2 14

o =) () é
Hanmamssumsazaenazivhvles
9 o & " .tf A o dv - o o of =
1.ﬂmmmsmmwmﬁuﬂmam%mw'-ga'tmsuuazmawmu"lcmummaﬁ (Nuclease)
» 3
2.1*1’1'131n5u (Double-distilled water) Y50 Deionized water lumsimsouaisazaie

3. e vua s Ay s sl U AN OUAs 10

=t ar v 3 a =4 da o
c. mawmsanTageUnsaildsnnnnmsluilenuvesgduniduazionlanithndion
o = 3 = W o ] U o v 1 9 & ow
~dnfinndeanionidgginseivvediediodnoatazdnwmstaaeuauei lndnuans oda
1. M3INTHNNADA Microtube M3 Eppendorf Wi Ma0a lulnsiatlvig 1.5 ml iazeramld

3

= o “ o v o
aludinined vaauimieganmadin S1numudoms Yamawsdonduogiifioueds

]
= a

’ a . Y o 4 4 o o4 Y o
(option: A Autoclaving Tape) ud1i T ilssindofigavgi 121°C Wuna 15 Wi udah
MIOUUT

= - 3 drl 9q YVar o . " 1 H %
2. MS3IATUY Pipette Tip INBANNTZAIN 1UNIT 19 111991509 Pipette Tip aalunasald Pipette
1 A 5 < ¢ e ~ ° A v A
aaugaiioszninaiin disiarSwd 1Wdlash (option: Ta Autoclaving Tape) 1di Tt eaindo

ngumgil 121°C Wunm 15 Wi udreTiura

| 4 é r § o = r =)
Note: teiram¥ouda liimaoa lu Insnatluaznaes piperte dp Tlov Wit ugouuisgam gl

.

60
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= e Jﬂl e =y ] = o g A
‘U‘fl‘llﬂ‘l]ﬁﬂ"li'ﬂ 3 MaanauaziassuNmalaaeensUANS U INaeNn

(Isolation and Large scale preparation of bacterial plasmid DNA)

gavszaen 1 ifenonvatadia@iowue pET-23 1ag pEGFP-N1 90n9101uATI5 o

4 ° ey o §
2. e suimsnh Idanwelsirnmsuiloudio Tisiu

uni
- . /Y ¥ da 4 A a o ot
wuAREY E coli ihumaaidihuiiaun luamdnymuiinosedu luana lugiuei
a = o a = < = o
nSouadoulswamlumsdunszalduelSuaunn waadafidweivh I Taaulu £ coli Tins
Wy umnnuazasdnyaznaiugnssuay lusaduuaiiisovariiszdsznon Tudonaraiiad
= ad a A P4 w ) o & e &
wue Tas Tulyy Awwe TUsAu wemaduazmiuyad nannmsdiay lumsuonnaialiafouieno
o a ad a A adAaa Vo ' g < . da W ot
ApusanaaaaueoonyIndedus Intey 1diuunsnawnio Alkaline lysis NAaduuazian
- o o a_ oo : ] ¢
Tav Bimboim and Dolly (1979) Taoldwmanmsidmataiiadiduerzizisuihundd (Supercoil)
2 o o u . P ' = w=! =1 8 &K o o
iiannmsihauveueu 14l Topoisomerase Moglunyaiis ouazivuaan Jarlduoneonsin
= 4 ' P a oA =1 '
Tns InTauawwedalivuialng (Uszinm 4000 kb) vaznnaraiafduelvuimanndl 10kb 1133
= y ' . =4 a 4 o =
Alkaline lysis NalasTuTay  Awwenazwaraidaanuevzgmi 1idodnn (Denature) Tao
4 o Y] 3 ° =] ar & 4:
NaOH ¥3 liaowuse laTasou manaunsothdavuaaii 14 1as lu Teuddwemiluiug suay
= a ad & o =3 =t ] =1 [ a T
Uszina 100 kb Tusmziinaadadduedlivinadnuasizsiaiundonfnaammauiudim
] o v 4 ar’ a e ' o
Tng Adueduiidvanmannsonduganman1aluamazill pa Wunan n3e Tasms laifu Ty
o ' = a ad ° & = » & o W [
asazaoidiusaunniulyl maadiafisue s mounihbanddssadundogwuiuoglu
=R — 1 o @ 3 a 9, = [ = oo
syninfuglumsazmofiilusanazannsafisznduganmian18) suzforiu Ins ulsuAiwe
& T r;] = v ] ﬂ ' v o a o o =1 -
Fativwalwgin i hidwndvuazdu Ingzniailuous asiuTas Ty Txudidwedanafimsidy
annuaz lungaIznnnenouRY Potassium acetate 1182 Sodium dodecyl sulfate (SDS) daunaIaiing
=3 s o o U =3 o 2 2\ '
wweuay TuanavessisidwetinastasylumisazmeFiamsogaosazalgaui 1 1d u
v ° o o 7 o
nooalmindnih linnnznoudis 195 IMOANTD Polyethylene glycol (PEG) LaEAIADI5IOHID
=3 - =] = 1 @ " o < @
Tauldioulanl RNAse fazldwarailn  AvuendvimsuaendaliuSgnimmin Tavereii Tusdu
B = & ' ' o a_ ad -~ = ° W P
uazgudvedlas Tu Tyudng mdeeg et lsnaumaiaiamuen ladaunsorihmldtuaiun
¥ a & ] = =1 o v v w ° °
ADIMIANVUSANUOY 1HY Transformation NI5AATIZHAIEN 193] ump1e liimangdumsiinlii

U{AsmPCR
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¥
= =

o v o Ay e a 3 = o &
msidawen lalanuusgnimniulsminmsduilouvesTlsau orsidue uas
< o y - - | . 3 =
Tns Tulaw@idwe $la Taomsiunlssnaus 1 (Ultracentrifigation) #78 Cesium chloride
al a oo U s ar d = s 30
(csch) Jagtinusinmsaiaieg Taauneduiwiia Chromatography column Taaldmdnmsiai
AdueIMNIOTUAITTY (Resin) 9 Tuanalignnzilulszyuinmeldanududuveaniogs
> d o a 3 A W o w a & - o
nniuimssedueda)uideunse Tuangah luanseduiuisdusen Tudunsuganofvzszdn
a ad a Y P vy A o A qye ma o 4
naaiaauesnn Ny lael¥msazaronianududuveundedimsa 14 35msuuuil
o ' y = H P < 1 s
Uszndananhimsihumlssfianuiquazarsh 197 hisuasoioudy cscl
y Y o = [~ % =
Tumsnasssthinfnyin: ldmsusnnanaiaf@uessnnituanGols viaunuasao

- a o A o . v "
maueIFuTaninniudiernti1alaoms1d  Anion-exchange column 3o Taumstumioalu

=

71392070 Cesium gradient niomsfaidonlagliimsnnaznouny Polyethylene glycol ﬁﬁ\hﬂﬂqa

=1 4 > . o o° < a e
nAeM3 19 Anion-exchange column (Qiagen 13 Biorad) a1 IRAD WS 03 Inols

msazavluen

Saq gUnsaiuazaandi

Solution I
Solution II (NaOH, 10% SDS) 36y 1vuiaue
Solution III
Isopropanol
70% ethanol
Buffer-saturated phenol pH 8.0 stored at 4 °C
Chloroform
TE buffer
LB liquid
Ampicillin (100 mg/ml stock);f kanamycin (100 mg/ml stock)
ice bucket

- Table vortex

High speed centrifuge at 4 °C

HALAT. wdeu 1liasumu 16 Suranaree University of Technology
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MINANI

a Ao o
A. m‘suafmmauﬂmameaanmmmﬂmsmﬁmmmn

1. Fuusn ﬁ’}viﬂiaﬁﬂjmﬂfeuuﬂﬁﬁvﬁwﬁ'ufﬁﬁwmﬁﬁﬂﬁ'ﬁmmsaﬂuﬂaamgmrﬁammﬂ 10
ml 5413 ﬁ'ij‘éﬁ'ﬁﬁﬁlvum%a LB 911594 2 ml uazasUuIus (ampicillin §1151 pET-23,
kanamycin @113 pEGFP-N1) I#iianududuganiio 5o mg/L ﬂut%a“luﬁ'ﬁmmnwdwﬁ
ungil 37°C ANWITITOV 120 rpm (Tuan 12-18 .

2. Sufiaos thidefiauedreiusiuam 200 wi Tides Imiluwaagdanius sge1ms LB/Amp
(PET-23) 38 LB/Kan (pEGFP-N1) §11314 100 ml (130914 1:500) v Tugaimmmuueii
QuuQil 37°C M350 120 pm

3 Suitew Sudosman 5o mi aslunaoaiuniossi 2 vaeaiihmsaanain’s il

=

- d @ o w9 v o ! = v 4 - et
wapaihihmiinauganuvaoansanudwnewi lldumies Tdumisuradngunnii 4 °C

u

L=

o . \
Furan 10 W% fANuEI59Y 10,000 rpm 11ATES JA 10 (Beckman, Palo Alto, CA) H30
waoan ldunuiuld

= ¥ : 19 o g alny

wnsiise Mermsazaw Sol'n 111 13 1uiudiane 13
a F o o = W 1 = 4 . A

4. 3u Supemate N lumruzdrmivniveadohfanaini “LB waste” 1AUAADIONHINDIUNTD
HUARNIToNNA

5. IRuaI5azay SolutionI 911U 5 ml (A9 50 ml InHasalude 3) avlluusznounaztlash

0 ' 4 4 o o
weoonsd laslHasewmaumsmevi I waduuaiisouan

: o - ar as
Solution I Usznoudaenglaa Tris uax EDTA siang Inauaz Tris wimihiniluiiies 1y
iwasuuARBenuAnUay EDTA ve3uiy Mg tlasdumsvirnveeu lvddadumzang il

o d = B o [ ' [~
AdweiEyanm tilevnnmsyiaveuewu lsidInadesns Mg iy Cofactor

» .
6. IANEIIazAI0 Solution 11 $117U 10 ml Uarh nduvana w5 asaie I ansazaiodnu

o - =
HAZINUUUUMUY 5-10 UIN

HFLAT. m“nﬁav. ilasuau 17 Suranaree University of Technology



uni 3 18

. 9 a - — ¥y 1 a @ o 9
Solution 11 Aoy Tnuvsowmsen 131y 1 daminewldngs NaoH 1zga co, nnermn
ar 3 = o o o4 a P ' § = o
AniudelinnusutluiieeSnyr pH veu Solution 11 liiaahn 12.5 tWe ez 1% Ins Ty Taw
= o - et a = = v a ' ' o o =
Arouedua I IAaNgA na1 A Solution I ud1a15aza10h Idve uyuniouruiimside

ANMNVDIALE LD

a o = ar :’a N
7. NI Solution HE$1173Y 5 ml Muou Varh nduwnasa T s asune Ma1sazaiudh

funazAUUINGa 10-15 W

¥
as = -~ a = -4 @
HEIDIMAN Solution I HAWLTASNOUTUIUNATY WAYTUAMOUDISNDUAUAATW
(Renaturation) HaxgaAvog luamwasazaiy

=

° 3 A e g = o A
8. M TiTumIsananusseu 10,000 pm 1funa 10 Wil Hgmumgii 4°C
=1 = ° @ y = o -7 = r
SUONHUAZNOUTVIIVIUININMEMUpIIHaatliu v Ieauae :nau&nmuuam}mmu
" ' u’:a = =
YN AFERWIMUUNYNTITaZ Y Aznavmarine Ins lulywddume sps TsAuuazimy

AuYagvOIUANGE

9. 3 supernate 419 BesEiAs e MLALNTBI HiaMNT N W dnszanT e 3M 1wBF 4
- o g :l ] A [ o s ad
aa T/ Tumnasaazern msi Iiurdunsoadlennowiestlesnumsgyidofiowe
o ' ™ T £
10. ImfSummsazaloning udanud1sazais Isopropanol (RT) US11as 0.6-0.7 e 14
= o as W o g et ' 1 =
Aoueanaznou Kay Tagmsnduviaoa 1w (Isopropanol i liiaoueanazno e Naailoy
yaueh Isauveanaznandng )
1. il umlsaiuininnu$ 15ew 10,000 rpm Wunat 30 wik Aigamgl 4°c
2 v ¥ i gw a g a g
12. 19 Supemate 298191 WADY 1HAZNOUAID UIDHYA B1IAZNOUAIDWIBAILAISAZAIL 70%
° L RE ° 9 ad ° % a c;- 3
Ethanol $117u 5 ml ua lideni Idazneudidueazais th lihuvivshianu$asev 10,000
g oA a 2 ) o q ¥ -
pm 11UI1 10 117 Ngungil 4°C Miniugae e IUaveNn A M ldnznoudioue
v & ay a
uangungiies Ussne 5-10 i
° o w =1 a
13. aYAUALNOUAIDUIBAWAITALAY TE $113U 200-300 pl Miae1519we Taun151AY RNase

(20 mg/ml stock) 374 1-2 pl 4d2919¥11015 Purification AD
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a o o o o & A o g o o
ryazmeinuei Ido1eminzaudmSumsuun 1ag Gel electrophoresis H3amsAndavion laiida

1 o o v o 1 - = o ) 3 =3 Clo‘
Fumiz uadnow laidadwmz hisusohan 1deduiivsz@niam Suiludeain1aiduweusans

Ao

B. Purification of Plasmid DNA
1B. Purification of Plasmid DNA iisiiig Phenol
o o o ¢ d 3
imathdweandunnlumsildfioweniearsiouelnannmauileouveslisiu
ST— - . - v o 4
ou'laniang Huea liazarwhnhuazazueniindudiothurauiniy ilenavasazaoves
ad 4 8= a ) 1 = 2 o q ¥ . = g = 4 d
awuenIonfiowe Isauazedludiuvesiiuoa i lMusnmsarasiioueniooisiouenon

18 udnhasazanon lduanaznoudluiesuea

Auaey mugilonazdonnd Palifuealudanaiu msrziveatinnuiluiiy dminiuea

=3 ' 9 £ > T
nsziangnsmeTidaehndnyiui

o o = o a o [ 9 a
1. waannfazawaowe luaisazats TE ludlSuasniniveuudl 1Ay Buffer-saturated
! = v o o 1
phenol:chloroform U3uaswiinuasllluvassfioue navasazawluvaonsiiausalau
lnsoamaumsszum 20 Juh

Sl B d ) . -
2. hhihuisefiguvmgiifes anmsaseu 14,000 pm Funa 2 Wil houonsu

¥ ¥
3. Wilnlagamsazanaladuvusdiseiasziallldvasalni pdiih dsesdessninduuan

mszii T1lsAued

» .
4. AN Chloroform YSunsiu ldaslunana Inuil sy Tavlfiaseenauaisiduna 20
- 1
UM

shad 2 a g y 2
5. shlilumdseigangiifes anudaseu 14,000 pm ifunat 2 Wil ieuondu

6. 1%"Tllﬂﬂﬂuﬂmsa:ﬁw"lﬁ%unuatiNs:ﬁﬂi:’“J’q'lﬂ'lﬁnaﬂﬂimi ot IfseresznIguuan
mszd llsauey '

7. anAznRUARUIDAIBTIUEa TaumsiAu 1/10 1SuIA5984 3 M Sodium acetate (pH 5.2)
1z 2.5 U5 1IAS V81 cold 95% Ethanol ndumasa luufenauldidhiu udnih iy

gamgil -20°C e 12-16 wu 3e igaumgil -70°C e 30 Wil

a «»

poo b 2 5 -
8. hihumisafinnuiFIseu 14,000 pm lunat 15-30 wifi Agamgii 4 C

HFLAT. RWAEN LBu 19 Suranaree University of Technology



P
unn 3

10.

11.

12,

20

Ed
a a g o
IN Supernatant N4 UAIANATNOUATUIDAIYEITALAIY 70% Ethanol 1M 100-500 1l

o = = a
miRAEuouRIngunginies Uszina 5-10 i

[
P i

a o o =3 = a
asmuﬂsnaumﬂumﬁ"mmsa:mﬂ TE (pH 8.0) 911794 100-200 pul muﬁmummqmwgn 4°C
nSoNgungil - 20°C
° 9 a o v < o
fummanududuvesdnue Inoly Spectrophotometer H38M131 Gel electrophoresis (UN

=

Uiianisn 4)

2B. Purification of Plasmid DINA using Columns (Qiagen)

v 3 v [} »

Suiai SUED9 1IN 50 ml aslunasailumIsasiuly 2 vasanmiimsaanain 13 i ld
= - —_ 1 " ; = Vo 3 el -~
wamnmﬂunﬁnﬂanmaamnnummaum‘lﬂﬂmmm TilumIsasaangungil 4 °C

o e d )
Wuran 10 WM ARNUEITEY 10,000 rpm 11IATET JA 10 (Beckman, Palo Alto, CA) H39

A o 3 o 9/
mﬁmﬂmmuﬂu‘lﬂ

Py j} ) [ ny & a 14
yaeAse Iueasazae Sol'n 111 !!?f?uu“!‘”\?nQT?

2.

a =':‘ o ar c? A Aa L] a & A 1 g

U Supernate N4 UM UEd M UNBUTENAANAINIT “LB waste” [AVAADTOAT [0 15D
=t A = wl

HUANIS sANAS

AuaIsazaie P1 319U 5 ml a9 lWuuazneunazilarh savasazatsediansilasldaseq

A‘l o = o =

wavan e 1A aduunns ouan

a 5 @ S A 9 Y w o

Wua1sazais P2 39491 10ml e ndunasa lilin 5 asuie Tdasazmodniunazny
¥
o < =

VAT 5 1IN

= o 3 =4 Qs u’/‘ 4 r

Bud1sazaiy P3 9149 5 ml Mo Yarh nduvasa ldu 5 asuns dmsazaediiunas

d S o
NVUUUHIUT 15 HIN

]
= =

il dsanausiseu 10,000 pm 1Wurm 10 wi femmgil 4°C

3U Supernate ‘]’h‘] DUNTLUATL I Qiafilter Cartridge (Qiagen, Lajolla, GA) Tavly Ring
stand oSS aiteda Cartridge iedfuf Udeu3fgumgiiveanu 10wl ileld
AZNBUABITIAIN _
Ak Qiagen column 1A81% Ring stand 1z 19 500-tip Column AmSues117Y 100 ml Ry
a15aza1v QBT a3 Ty Column $1171 10 ml Yaveliasazaio QBT Tnaru Column

TvuaTagldusa Tiluona
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=] |£¥ v - 3
9. oA Plunger 23111 Qiafilter Cartridge nazifiumsazatv’ld uanadufiiu Cartridge la)
10. o1asazaen lauldasly Qiagen Column Minson131ude 10 YassWasazaroInarim
3/ £ LI a P " =} a A 1:'] ﬂ o )
Column T¥muaTlaslduse 1Tude veanaleznganisesnomilos Fumolumsilosius s
o é
wnnmsudaazenusain 13 1dszoenil
11. 421 Column MudWives QC2 A1 ATIag 30 ml
12. el lddBweNdeams 1195 Wives QF d1uw 15 mrihudrvedidueannin Column
< a g ¥ y 4 A
umsazmsA oA enaoailumIsIigzon
13. InfSuamsaza1vnsn 9 uazidy Isopropanol Usinas 0.7 1M1 Ngampiitouiion 1y

=] d as
Aueanazney wey Taomsnavyasa 1w

]
o

) i - =1 =1
14. PumieananuEI5ev 10,000 rpm 1iunan 30 niil figungil 4°C
£ ¥
= ' ° =1 o 1 1 o
15. 114 Supernate 8991911 ANAZNDUAIDUID 70% Ethanol 314U 5 ml ua Wiseeii 1iaznou
o y o oF d o
avane 1 lihumdes 517 finnmuisasen 10,000 pm aaeuesUeavenuaziinznoy
ad Y A a oy -
AEwIBIA Nganiivies Y szunu 5-10 Wi
a d o
16. BEMUAZNDUADNIDAIWAITAZAW TE 914U 100 pl HI1ALNOULINIAZASABEINAINITD
a e [~ a '
1A TE 14 msp A ueianududuinnnii 500 ng/ul
o : =4 °
17. Murmmaududuvesiioue Taol¥ Spectrophotometor H39M1391 Gel electrophoresi (U

Ugiianisn 4)

= <
wamInaaed agduazinisel

..........................................................................................................................................................................

UITUIYNITN

Birnboim, H:C. and Doly, J. 1979. A rapid alkaline extraction procedure fof 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, 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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unduanisi 4 msnsrvaevnamnmaz3anafid e (Qualitative and quantitative

determination of DNA)

4 o a =3 ° o
gadszaan 1wemunsadalSnafiouenazdnnumanududuvesdidue 14

4 o ' y = 1
2. ensIvapuRun VeI ue NI msdwilouve TsAuniversiouenio 1d

ynin
Ultraviolet (UV) spectrophotometry gminn & Tumsmanududuvesmsazaionsa
=1 =] 1 - q‘ 4 = = ) d'ﬂ
inadnuazlFisuentinnuuign iesnnlilsAunaznsaiinisnganiuruasiiinnuen
A N ow 5 7 o A & = o q ¥

AAUA N MIADWIBNAZDIF D WBAANAULEI UV AINE1AANTIRAT 260 nm Saansom Idm

s o o = toa P
anudndu1ddigat 2 pg/ml dmiumsazarsdduedigusanininnududu

¥ » . . § ¥ 1 o
50 pg/ml VAIYANTUNAINAIWEIAGY 260 nm V1IN 1.0 ArTiondimsnldvunlaudnideu

4 o P P
I ﬂﬂlﬂﬂﬂq’uﬂ‘“ﬂq G + C content

[ v
S =

MIIAAIGANAULAIYDINSANINADANAIIVEIAAUD U LDNMTONIN 260 nm V)52 Tomnd
o o 1 a = a a 2 ' = 1 1
dmiumasweniennuuignivesnsaiinddn Feaunsa 1¥aganiuuesogluaie 320 am uae
220 nm MGANAUUAINAIIVGIIAGY 320 nm 1AITIAY 5% VOIAIRANAUUEITIAINEIINAY 260 nm
NMQANANIEINAMNLIAGY 320 nm gunanaaslnUuilouvetum lumsazaionde
Cuvette #nsn ¥ ldmin Ialinnuaaianaou
TdsAuganduies UV fnnuenanaugaga 280 nm Lagm18ns1aIu A260:A280 411150
° = 1 o 4 1w ¥
il lumsdimsiedhmsazmeddueimsduidonveaTisAunioorsiduense i amdasidu
L = q{ ' 1 1 o 1 i '
A260:A280 V09T IsaYMURIDWBUTANTAIOYsTNIN 1.8-1.9 Smsasiaaunnndt 1.9 uanadl
a o P 9 4 9 Y ar 1 9 U 1 ad
msazmvAnwen laduiloudis RNA uazdhmsasidmdosndi 1.8 uaashasazaisdioue
b d ] ' : ' '
Yuiloudiolilsdiu msh TsAugandunasiinuenaau 280 nm iissninmsiingaozi Tuniizy
Y - ’ 4 ° L =) ‘o o = = 4 o
31929UN MU (Aromatic amino acids) i1 I A1gAnAUaIAehivIn Twagalinun/dounalasvuiy
e - " & o "o s :
MsunsAod TunIn Tyrosine, Phenylalanine 110% Tryptophane Fam Inmons a1 A260:A280 T
' » » ¥ .
anuiudranas Tunsiifimdnndiu A234:4260 sziiuinie¥ 1ddnd Taetmsasiauiigand

0.5 naasniinmsuuileud s Tisau
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ar

aa gunssluazansail

TE buffer

0.5x TBE

Agarose gel

6x loading dye

EtBr 1 mg/ml

1 Kb DNA ladder

Calf-thymus DNA or Lambda DNA (100 ng/pi1 stock)
UV/Vis Spectrophotometer
Electrophoresis apparatus (Mini gel)
UV transiluminater/Gel Doc

50 ml-Conical tube (‘Hﬁiﬂﬂﬁ‘llﬂﬁ 87)
Microwave

Safety eye glasses or goggles

MINADY
A. M3 IafSanadduelael¥ UV Spectrophotometer
g 4 4 J =~ =
a. 1A 03 UV Spectrophotometer tazdaau liiniosguiiunm s uf
= o ' a
b. aamsazawawed I 1 ul () ldlunasaluTasiivuig 1.5 mi
~
o o 1 1 dyé ar
c. U3 AZA1w TE 914 99 () pl aa'ld) lundagvana mavserlosnhiivuduuna
903 Cuvette

d. 1% Cuvette 111910 Quartz (GIMumnazuanindio Tlsalddrsnusedasea) 2 ou

v & o a4 w g ar = d a9 @ =]

ouniied My TE uazdndudmivmsazaisinuendesmsszia Jamganaundves
1 4 o v ol

HaeANUI5Y TE 71 260 nm udavi fauiugud (blank)

e. BIUMAANAUUAINANVYIINAY 260 nm 1AL 280 nm FIMSUAIDLIWSD

i z, v r .
£ WumganduudsIdiluguddnnsefinnugnaiu 260 nm uaz 280 nmlaols Cuvette 1
U539 TE

g IAMAANAUIAINANVIIINGY 260 nm 1AL 280 nm FInTVAI0G1eTED

0 3
h. MAUNG Efﬁl‘ﬂ\‘lﬂ'lﬂﬂﬂﬁuuﬁ\‘) INAIDYINITD
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o ar 1 Qs 4 \J & - 1 H 4
msdnnamnududu Taserfvmdunanan nilsgiavesmganiuuaainnueiniy
< ' 1 e . 1 f ° 1
260 nm VOIAL UMD YLAMUINIUMIND 50 pg/ml T Faumsas T lumssnnamaanu

Wuduvesdiue
(A 260) x (50 pg/ml) x (Dilution factor) = DNA (ug/ml)

#10879 193 2 pl ¥99 DNA T 98 pl vos TE 1ds1 A260 =0.200

>
o Qs b4

fauiu anududuuosdidue = © 0.200x 50 pg/ml x (100/2) = 500 pg/ml

- o ad v % Y 9 ¥ - 40
mlsmanianuavesdewe luniae pg TashanududuguainlSnamsazarwfibue

: o &K o T ] é L ' ‘
NIMUA TUNIRANITNAADY WIBUMUIUHIAOATIEIU A260:A280 FIAITUAOATIAIU 1.7-1.8 01
' w \ v == s 3 ) VW ' 9 '
MOATIAMNINATT 1.9 uaaadpuen laonluwilaudio RNA taghieasidniooni 1.8

' ' 4 o P= a - ° rid
uaasnenuiloudisllsau Madwedanududumnmiu Tl awisam ¥ivenald Taomsinu

. ¥
TE uagudeniaiu 1y (deondn 100 ngpn) amsarhuianaznoudnaielasmaniay 1710 wnlsines
Y94 3M Sodiurn acetate 1A% 2.5 MNUTUINTUBI 95% cold ethanol LANUNYMHNN ~20°C D1IBY 1

Y o J = I i o & 4,62
. udnh lWumSsaiiunat 10 1inuEsey 14,000 pm guni 4 °C HazazaoaznoUAIBY

19478 TE Ysmananas

s - ar =) 1 o = <
B. m3dadSmnamiduelaems Tamaiseaumesmnueffonlys lua
. o . Aw ™ 2.2 ad i 1 Y s
M3 Gel electrophoresis Hing1lszasfivousn luagavesdidumenUvuamaiuesnainiu
TuawnTvith Taolddnarefio exmIsanse Polyacrylamide 32 14@nanarialaminausuyma
< { ' o [ v . '
YDIADUBNABINITIZULN 13U DA WD TVUIARNNTT 500 bp 775 1% Polyacrylamide UADIMING
yalngindt 500 bp mslFesmTsa ms1FezmTsa Unwazarnuaz liidluduaswdod 14 iie
o - ' ¥ d g o o Y a * -
hesm TsaumasuazawIasanuiouuazldeslfivuas szmIsaezuvednihliifagnyuicen
=1 ' 5 o 3 ar
Tawwedmuie W nszua T ud ) vuravosgnguduivanududuvosezmise Sianw
3 a - d ¥ . W e Sa ' e '
WuduvesezmIsamnmzlivinaganuazdanududuiosgnivinalug vuiagnguiiinadems
4 4 ad | oad 4 dy o ¥ v @ oy oA LY
ADUNVDIADUID 13U AwBIATouNdNas lumanTnududugs Aniudeudenanududu
2 ) - ‘ a o - EY a Vv w P a’
ypsezm Isalfimunzauiiausouonfduedesnsvzing iz 19 dams1ai 4.1 wenainil ms

4 A
INADUNVN
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2
ar o

ad ] ' 3 ag == e ' 1{] = ; =
AowpdaIuAUgs 19veITUAD L nuTAL weN LT TluING Y (Supercoiled DNA) 1ndouiid

=N a ) " ' < 1 :
FnhAdueiiizliriudunss Linear DNA) wazAnhaduefiliuienay (Cireular DNA) (317
4.1)

= ¥ < P a o 3
ATTNN 4.1 ANVVUVUVDIBEN l?ﬁ‘nﬁ’]“733’“11“ﬂ']'illﬂﬂﬂlauiﬂ‘“u']ﬂﬂ'n"]

Ysuaezmisaluma FRuuRAIS uIB RN (kb)
(% wiv)

0.3 ' 60-5

0.6 20-1

L5 ' - . 10-0.8

0.9 | 7-0.5

1.2 ' 6-0.4

2.0 3=0:1
e
™ = ——open circular
el «—— linear

= «— Supercoiled

= (closed circular)

a 4 P 2 o 1 a ag
gij‘ﬂ 4.1 ﬂ'l3“‘1"13141’]Fﬂumﬁ‘"un'ﬂiﬂ314‘!]6\3Wﬁ')ﬁ11ﬂﬂlﬂulﬂ

(http://biochemistry.yonsei.ac.kr/biochem_molecular/gene_cloning_20.php )
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P - s o ] d? ar or ar ¥ d’
ﬂ'I‘iiﬂﬁE]uT]'ilBGﬂlﬂ‘Lll‘i)N'l'Ll'BgﬂTT‘iﬁlﬂﬁﬂuﬂUﬂﬂ%ﬂﬂiﬂﬂ‘Iﬂu
a o " as gi = a g @ o o
-yualua NAYoIAIDUHLID (Molecular size) Eiﬂ5'1ﬂ"ﬁlﬂﬁ‘ﬂ‘u‘l’lﬂﬂ@ﬂlﬂurﬁ)lﬂuﬂﬁﬁ?uﬁﬂﬂuﬂﬂ
o ' v oA e A Sy vy ]
logy, YDIVTUIUD Y uuﬂ‘BTUmQﬁﬂl!‘l]ﬂ']ﬂi?‘l@lﬂ'ﬂﬂuﬂ'lﬂ‘lﬂﬂ']']

DNA migration rate =1/log,, of number of base pair

a A o - a A a
-pumniazriavosezn lsaea axmisaniivion lTaeswiafe 1) silaunsgiu

a

(High-melting ~temperature) 19anpiigalumsazansiie 85-95°C nazudadiigumail 35-42°C

»
=4

- = 3 [~
(Gelling temperature) M I5ASUATIINNIIN Seaweed 1IN TUNITUENAD UIDVUIA 1-25 kb
- - = g w i a
2) Low melting/gelling temperature agarose 19gamgii Iumsaza1ofio 65-70°C Lazudafiingungil
9' i o aa 1 " o
A1 25°C mnzlumsuennsaiiinaonoonina MstsounoAdueluwa (Gel Ligation) LA
Random primed oligo-labeling
3.} a g _ o o A a0 s e
-ANUANTUVDUIA ADUIDAIWATT (Linear DNA) Ioas1msinasuiialiuluwaniiany
¥ ¥ 1w P A AN v d et Vv 9 o
Wuduaanu Taenamuemaouh 1451 lueandanududum
-AusZNOVIAE Tonic strength vou vlies Tuaniznlidi leseu ez Tufims¥mi e
2.8 4 i > & ] o -
v Trih Aiswevzindeuiidias uadil Tonic swength gafeziimsmilonidifaaun Infhwn
w > o A 4 4 T e qw ad a
AMUANUFTDUILINUIUFID19M IHvaazaonazAL oI T san I
AU IvDINsZUE IH (Voltage used) misifin Volt i ¥ sza@nsnnlumsuen Tuana
o2 ol a'd e = ' A =
vosAIDanad Taummemsuonamwe luauy Idihnlanussgeziinanomsiniounves
a g e oy s o 3
AuenihminTuagawnn TavilnfAsz1d 4-9 Voltem
' ad g . g a g o ' o - 2 g vd
-31519u09R10 10 (DNA conformation) ALDUID NS 191U VINGET (supercoil) INAOUTN 1AIT?
! i (] =] ) i =] n’: . s
NIV IFUASIAZIVY Open circular (U7 4.1) 0d19 s Amumsindeuivesdidwena gl
4 o o A v o . o o
wnuiledvdug 194 anududuveseemIsa lonic strength vaaivives
y o ¥ < o 9.
- n5 EBr Tumanazaivlives EtBr 1ih Tuns nsenituavesdioue (Intercalate) 111147
s o d - a Adv o q Y A 4 a g
PueaaanuiulseyaunasAidueianuoin yennnfitei IMsanmsinaouivesdiowely
o a . v =1 a ¥ a
wanAAY 15% EBr vzunsnia Tu Tuagadis wieiihiaeassdanididuefitizysraiiuaenay tail

o [ i ' - o
EtBr 191 T Junsnaaunnon lssai Idanunuinivvesfdueanas
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Electrophoresis buffer
ﬁﬂlﬂﬂgﬁiﬁu 13N7 Gel electrophoresis Uauaila Tris-boric (TBE) Tris-acetate (TAE) Tris-
phosphate (TPE) (113199 4.2)

= ' o z g = 4 P o y_oar
TAE 431190 ﬁﬂ1ﬂ’)13iﬂﬂ'l?[ﬂ(Lowest buffering capacity) Adwamanui 141501 iWires

ad e w = Y @ @
TBE 1z TPE 10% l-'ﬂlng‘Iuﬂ'l'jHUﬂﬂlau!ﬂ“uu’]ﬂuﬂiﬂlﬁﬂaqq uTﬂ‘NﬁiNGﬁn%amm:ﬁW}ﬂ

3 3 ]
Supercoiled DNA tiie 1dudrnzihindumn14en 1adesas aniniidesdu TPE uaz TBE lianuige

. - . :: dl : ar 0‘ ) T o’/’ \
(High buffering capacity) inue lumsuonaidwenivihviin luagasmuaziwn 14 lddseasanmh

M3 4.2 Electrophoresis buffer

Buffer Working solution | Stock solution/Liter
TAE 1x 50x
40 mM Tris-acetate 242 g of Tris base
1 mMEDTA 57.1 ml of glacial acetic acid
100 ml of 0.5 M EDTA (pH 8.0)
TPE 1x 10x
90 mM Tris-phosphate 108 g of Tris base
2 mM EDTA }5.5 ml of phosphoric acid (85%, 1.6719 g/ml)
40 ml of 0.5 M EDTA (pH 8.0)
TBE 1x 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)
HA.A. 141;}&5:’:1‘14 aauau 27 .Suranaree University of Technology




miamasouazmsmesmisanalas TA (31U 42) miazmjnmsﬁqﬂﬂsafﬁ'aﬁ
Electrophoresis chamber, Gel casting tray, Gel comb Iia% Power supply 7M1 Gel casting tray Tu
Electrophoresis chamber 132714 Gel comb 11 1ndfutatednaladhaniianenin (Casting tray ) oz
wa TaoUnAud dmsy Minigel Aoamsezm Isalinins 25-30 ml Iiasonivivles
0.5x TBE dmivusiaznguuazldivles 0.5x TBE lumsiwssnesm Isaanududu 0.8% USinm
100 ml Tuaudarhinderva 250 m 19 lu TasnwieasmvozmIsa Darhuraldmaiuiteld

o ¥ v £ s < .
ﬂ‘]'ll]ﬂufl‘lﬂ1ﬂ'[ﬂ'53l1’l Uf)i)ﬂ1ﬂ ‘umﬂumms DU nazprmlsgazatonuavny gisazaola

v w w4 Hq 1 o o 9 ¥ ' d

Yan2335: 33 Munavanldezmlsalaodavia vnenyims 1% lu Insnnasslimsunviatly
= ¥

seuzazninmsiianuiounas 1y gaenunnuiouivnaauamsizvaiouun uenvinil

A1M1307719 Stirrer bar WWwvIsRo 0 lumsvasuuazeanuanuieunu

mstaseupzMlsaton 0.8%

1. Hozmlsaun 08 g masluviaiiugsamsazalo 0.5x TBE $149% 100 ml

2. naowezmIsaliazaodvlulnsioy Yoo lhiBuasiigamgil soec wioausudoald

3. mozmIsafiazawudrasluvaaunna s0-ml Conical tube $117U 25-30 ml

4. 1Y EBr Adudu 1 mg/ml Wldnnududuganio 0.1-0.5 ugml Uarhuazmeryliith
A

5. moezmisdasuumana mamuaziozmisadon 99 Gel apparatus oo lduazia
M352 29 gel comb T In&awd1anilaves Gel casting tray

6. Yaeuliozn Isaudaraniu 20-30 w1

7. AARAINYIA 50-ml conical tube 11 * for EfBr agarose” Feerusaiundranaz14185 nnae

Z
133
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1. BNARaTiLTLanluong
794

2.mezmisaina
3anaadlianadavihuesias
uazUdaseznilsaudasn

4 honaraonaluAseanen m
Tiies¥iviau Tdiatmisuians
Tudssuasmmsusnaduely

aunnlnh

" 3
gﬂﬁ 4.2 TUABUNARNINIINDE M T5E9aLaz 1IN Gel electrophoresis

fan352 3
¥ ¥ L} ¥ ]
TRamgeiiennasaniimsiauiy EBr uaznaiaqgunsaintuilonudao EBr Tumsuzi

¥ "
1 1114 Navalumyuzmmwizogu Fume hood

B b - 4 ¢ o ok o i S 4
Note: EtBr vupdouil lunmmiasviiununisindauivesmdue (@1nvada [dsiaduas) iieann

= v o ad o 3 E 4’ a o b -
Tmar}ﬁ‘uaq EtBr UNM1IUNINAINLUAB LD 7’”1Hﬂ75!ﬂﬁﬂuﬂﬂa\1ﬂlau!3ﬁ'7ﬁ\1 15% JTHTﬂﬂa\Iﬂ'ﬁﬂ??ﬂ

: ar - P | = s
nnﬁawawmunfmaqa (Molecular weight) YBNAIOHID ﬁ'?ﬂ?iﬂf}’ﬂlﬂﬂﬁﬁ"ﬁﬂﬂﬂﬂ?i!wﬂlﬁiﬂHIJ

Y
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udrTagravalurimes 0.5x TBE #1i EtBr (0.5-1 ug/ml) 15 WIAW5 ouduivenu19 uasdneeniie

F
s erivinas

MsmfSinanduelnuis Gel electrophoresis f115unaaiia pET-23 Uaz pEGFP-N1

ar Y] s oA d g =4 = =1 Y é’ ¥
1. U INMIanNanaIguaAfouLlD Glmmﬂnm'jazmamaummﬂa'lllu 1ﬂﬁ~1€1u‘ﬁﬁﬂﬂ

Tulasiruasdag
a. 1 Kb DNA ladder (100 ng/ul) 300 ng ol
b. Your pET-23 #30 pEGFP-NI 100 ng ol
c. Your pET-23 W30 pEGFP-N1 200 ng ol

2. Tifin 6 x Loading dye T¥ ldnnandindugaie 1x dimfunasn bc TahidlSuas
1= ar o g = 3 or > [ 1
gahoTiiiv 10 W #1150 8-well comb HEARDUBANIUANANT 100 Volts TUAIIUAN
Bromophenol blue 2418 % voaszoznavousa Fa9z14a1 20-30 wn
3. ldgeiienoys Auo NN UNIABBNININUY UV transiluminator L3 1A0oUNIRDDN 20 UV
—protective goggle (1% Safety glasses) as1agroanoldnas Uv mwnmuastla Uv
transilluminator
A o Ay = 3 a o Poar - a
4. Awwedlavedi 1 oy Sudunaraiia pET-23 szlivmaminy 3.66 kb iazivuia 4.7 kb
) @ = ot o o
Fmsunaaiia pEGFP-N Tfifouanuduuaanaufiiouovos pET-23 ¥i50 pEGFP-N1 11
a o = P ' { i 3 {
HOUALUIBN 1A910 1 Kb DNA ladder 1315 umusiuon (31N 4.3 uazaisiai 4.3) Tasinnu
L P~ [ ¥ [ 4
WunaaihnuezldSuadnwe (lulsanududy) Indifssnumnniga
[ 3 g =g i v a8 d = 2z v
5. mummanuduyuvesaoue lunte pg/ml wazSinadnuen lanmualuntiio pg
= a g 4 ) i or =
6. nFeuisuanududuvestisuenmldninmiaessds 3 lanlinalndifsesuanuiiuiia

WINNTT INTIZINR 1A
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1kb DNA& Marker

gﬂﬁ 4.3 1 kb DNA marker (http:/www.antageneinc.com/images/1kb_DNA.gif)

MINN 4.3 S0 999R5U09IN 1 kb DNA Marker

DNA fragment (bp) ng DNA/band A9 1000 ng

10,000 80

80,000 80

6,000 80

5,000 80 \|
3,000 120 ; |
2,500 122

2,000 81 ]

HA.AT. LABY Iauay
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Sambrook, J., Fritsch, E.F., and Maniatis, T. 1989. Molecular Cloning: A laboratory manual. 2nd
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Y =-: @ A dar o I . .
unﬂ{]‘ﬂﬁm‘i‘ﬂ 5 msnaneuelaeH lwIRaI WL (Restriction Enzyme Digestion

of DNA)

gﬂﬂszmﬁ

A ot A aod ay v o Y dor o
1. lWﬂiﬂsauwa’]ﬁuﬂﬂlﬂul@“iﬂﬁnﬂﬂnl'jﬂﬂﬂjﬂlﬂu]lsﬁuﬂﬂﬁnlw']x

pmi
do o L. - L. L
mu“lvumﬂmrmz (Restriction endonuclease ¥50 Restriction enzymes) Lﬂmau”lqmmwﬂ
e @ o o ¥ A o o oo o, o A o 2
PNLUANIT oI HEARY i lunseaiid v uuanianuitmziazaa inuseow Tn
P ] v =Y = o da o oA b4 o 3 9
lawemansnegsznineiiang lo Ina eulanidaduwizaian 2 (Type ) Tagminn1Fluaudw
s a a A T W L = o a e °
e luanauinfgaiionin luana lududeuilsynoudo Indmm Indiivariia@ed wah
@ = A 1 o ycf P~ A ] do o a o q’
uagana oA Uanwe M IaFuanuefivuiamiueu eulaidaiuwzviian 2 e
o o w Ha & a - St o W . & o w
WHNNVUANTANNEII4 6 150 8 HINT 19 1NANTINIFE VIR Palindrome AD NITISBIAD
4 W 1 W = var
YOUVA NI BUAUBYASINUTINYBIT DI 1OUAZ TN VNI DENINAI (Axis of symmetry)

1 et Y ) A a o A A ) @ et
i e lsidns Idedaumsnate Ecorl Huinmand) fio GAATTC uagaoiilugaudiuil
sAvwanmlsuiudmsvmehasslunanmsenudy ‘

@ g B do o o g ¥ 1 o N kY - oy w L= 1
msanaueaIseu lasidasumzyii i 1adanedieiu Ae ladareion ldmdu Send

< L : v o 1
auelaiomiion (Cohesive end 130 Sticky end) NHUa oMU 5 810 Nd I 3" Fendaten 1d
5' protruding end uag ladaredu 3 ;randiaiu 5t o 3 protruding end L‘D"fu EcoR1 14

5' protruding end @31 Pst I s protruding end

EcoRI
5-GAATTC-3' 5-G 5-AATTC-3'
3-CAATTG-5' —> 3-CTTAA-5' G-3'
Psil
5-CTGCAG-3' 5-CTGCA G-3'
3-GACGTC-5' ——> 3-G 3*-ACGTC-5'

HA.AS. VLA 1lBauau 33 Suranaree University of Technology



uni 5 34

ul - - R A ' G = e & . & i 42
IO U UNTUAITAAALDUIDNAILH UIATINUNITDIT Y 'ﬂ‘ﬂﬂﬂﬂ!@ulﬂﬂﬂa]UﬂQﬁBQUjjlﬂqﬂu

150031 U210y (Blunt end) 15U EcoRV

5-GATATC-3' s 5-GAT ATC-3'
3-CTATAG-3' 3-CTA TAG-3'

o o a8 oa o - ] [ 9 9 ] s a °
Lﬂu1"]13J'1JN‘]511‘_F_I}]'1J'§E'Jill"ilﬁ‘l]'mllﬂﬂﬂ'lﬁﬂuvlﬁﬁ’lq WU Xhell WUILIN %ﬂ?'ll'ld_lu

5'-PuGATCPy-3' 5-Pu  GATCPy-3'
B
3'-PyCTAGPu-3' 3-PyCTAG  Pu-5'

o ‘o o o = ' = 5 o ar v adg
Vot teu laidns wwiginuduinndi 400 wiiauaznide lasnnaisuiim msdamiduedau
do o o ° a o a o “ o o
o lxidasume Taoia T 18 1ae idueu Tl lumsazavdidwenog luiies iz au
o ar d 3 -=§ 1 o o ‘:i o ¥ 9 9 4 s e oo =t
dmsueu lashin FwaazuSinismieez Idundae Faluiies TuunfiFon leoou Tmavy
d A " i) r:. T aan a =) o ' nci
Ane 15 3 pH oglug9 7.2-7.6 nimiviwlasefigungi 37 °C viseu e 1dgaungiin

=

1 as A s a e a ] q;
uanaanu lgainezuen 1 TasuSindwan 1w Smal Avaldgamalidues Tagl Aeeldgungil

wu

79 Ananeemsifiaamsumuziindiunsia

¢ aan v A g v das o

ssnsznevllgnsenmsanmdueniaeulainad e

a g

-ADUD

o o
-Uiles
1o Tl
oA ad ) [ ' o A ¥ aaa o i

vuhgunginmuzaudmivuaaziou vl Weasunamdssmsnyaljnset i1 laTay
1) gyl 65°C Wunan 15 i uni1 Heat inactivation

& a
2) 19 EDTA #uilu Chelating agent Tavm31An 200 mM Na,EDTA pH 8.0 a3 lillszuna 1-2 p1

tedeniinasdemsmauveseylanidasumne
a = a g a o a0 3/ 3 3
-ANVYTENTVeIAR WD AdweMmihnnlemsdasannmsdudouninduasulums
9 b4

' 1 @ o o

Purification 1%U Wu®a EDTA, SDS 512 1711a119190089msinanussaeu T
ar 4 a o e a & v o n’: o
-ies Taodndusindnanss 1Hundleaeg luanzanududu 10x Aniudesh

Mo ld ldnrududugaiode 1x
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= o o 1 o = =] = o i
-pamgil wu laidnanaianu ldangumgil 37°C uativiaeu lxinanu1da# 42 °c
. . 3
-dsenoudug sy BSA, DTT
T - o o o o et M v o d A o " A‘
wingne lmnay lumsiauve e Tl ieu loderaiau 18 luanSedaadundumisdu
'l lgdmmiianend (Star activity) 154 M55 Mo M3 pH gandt 8.0 uazmsionsidau

' = L4 a g 1 r
szmmau'lcﬁmmzmﬂmaqa (11NN 100 units/ j1g DNA)

an ar daor o
Uinsenmsaamiseulasifadums
a - da ' - = o o o d
Avnssuvouou lsialuruio Unit Tao# 1 Unit Ao Ysuanen lminldlunsdadiou
o 3 ot & & ad - owa 9 9) o
1 1 pg Wanysel lunamilegTus a gumginmunzay Tumal§iaudaee 1ol
= =2 1 as < da o =
Ysmunds 4-5 11 nmsaaddwemoon laidasuwizinaioiuy fe
o 9 P o 9 _ y v ¥ - Py | a_ & s v
1. aaddonitaou lal (Single digestion) M3daaAdueA N linilariia v 1ade
a P A aw o 1
Taoldivies iz auhusimdsmieldin
ar o i " 4 o a o n’: a
2. Anadeaaen Tl (Double digestion) 411 14 Taw 1) duou ladiaapariialunaes
= a a 7 o d’z = o 4 ' a o
Aoanuuaz e st Ideu Txiniassrilarhau 1ddnga 2vinliennsonivivess
ar o I’z L) Yaor 9 e a a P
mngaunumshanveeu laninsaesa Iidasoen ladiazsia TaoSuaineu lodn
o o sy ¥ ¥ A 8 ¥ a da A a 9
Mmamluiilesndesmsanududuveandonuanauou laddmassaslunasadunion
o o Y g = 3/ - v A g 9 a a Y o w '
Avdsuanuduinveunde Iz ey 138 3) Anauealuou laidausnualnidaen lua]
ar o o £ n’: ° a 9 d a e:
waziWiesausnoon TasmInnaznouALO 5 IUDA NHUTIIMsAad0eu lydesiianaoaly
ar o ]
vlived vy
w 9 o : & . = [ U4
2. Anmonatoiou 1w (Multiple digestion) 1iHnsanmidloumsandvaouou lal
o ad = . du o { o
mMIdaA e MTLINAY (Covalently closed circular) Adoten lytidasuwiziaiuisoda
¥ 4 o 1 @ M A ' o & — . < o q ¥ a ad
TAnisdmna Ao I mumiaeasmilan (One recognition site) Avz i IMnanailafidueI9
ﬁ 3 Sa = ) . . : ¥ a3 csy w Y o
naunmotluiduasenassaruEonmatinti N Linearlization d1induasatiuidanoou lad
o o So ad d"yéo A < o g ¥a ad 3 da
Aasumznaaaueil lanisdumiadn manseiifafwueduasiaoseny (Fragment) il
o ua’:ydd P a0 " w9 ¢/ o A9 o v o
Yauiiavu 4 taw faiu SHadueiiluinay Sdumdsdadqoeu ladyiianld o dwmia
4 { o 2 =
gdauendudunss nidu S5 20 Vet Sududiduwe i) udunse (Linear DNA) §i
o ' a 9 d a c:’ ° ] va o 9/ -::’ Ao
Aumiamsaadoeu lsdviiat o Aunue 92 1dAPWBIANATY n+1 FuTTmIU 2042 Yaw
a wa Ju = o o da o g/ dao o
unilfuanisiliinfnyazinsaannnosauealoou lylaai uwiz Nod uaz EcoRl

& < 4 o £ ' P
VUADUMTIAT Ulll')ﬂlﬂﬂ?llﬂﬂQﬂ\"lﬂ'ﬂzllﬂiﬂ‘U'Nﬂ'!\? (zﬂ'ﬂ 51)
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2.5 ng of pET-23 DNA

: !

500 ng, uncut 2 pug + Notl+ EcoRl, 37°C, 1-4 hr

\

\ %
100 ng
g.et....--.

1900 ng
v

Ethanol precipitation

Resuspen&’ in TE

\Z

1900 ng
“cut” vector

v

200 ng
+ ligase
+ insert

= n’: = da 2 A 3 o a2 g
517 5.1 TeozunsuuaastuneunismsouInmos AR 13 lum iAo eoHey

Yaq gunseluazarsin
Lambda HindIII marker 100 pig/ml
EtBr 1 mg/ml
Restriction enzymes: Notl, EcoRI 0% buffer
5x TBE 1 Liter
10x loading dye
3M Sodium acetate pH 5.2 with glacial acetic acid
95% Ethanol
Glycogen 20 mg/ml 139 tRNA 20 mg/ml
Water bath at 37°C and 65°C
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MsNARI
A. milﬁ‘l‘i‘ﬂﬂ Nofl + EcoRI-Cut vector

pulmidasmzezsniunzdadduuafimmzns ssvesiiue ou'lmd Nod sardsy
1A GCGGCCGC Hazdnnulu faLatn 5' overhang 499 GGCC vosBnawiiitlugiu dau
rou'lan] EcoRI 981818 UIUa GAATTC uazdanielu ifala1u 5° overhang Y09 AATT M&9910T
msaanuuauysel Rduegadanua) Tumsdadioeu laaldasuwe fenssuveuoulaida
DNA) Teauyseilu 1 sy, figumgiifimnzay Tavndfigumgd 37°C nandadoonlafazd
Srlledfimunzauiamndeiinmmududu 10x nglavialffeh lunsdadaoew lxiia
$mzlan WdionlsiSinw 4-5 vhuazaSunaneu Tssaifu 10-20% volSumsganiouay

iAuivies 1 Idanududugaiio 1x

Aoty

N15AA 2 pg Y99 pET-23 AAMINIY 0.5 pg/pl W ldmsae ) muday

DNA 4l
10x buffer 2 ul
Water 13 pl
Enzyme (10 U/pl) 1l
total volume 20

¥ » . ¥
Ugnsniiesnaounlasls Taoduiii 3 wluag 1 plves 10x Tivles s lX AT masgane
10 pl tow lafunariiaesAnndumianasanalaanizi lumngeay M50 Star activity #20
o

¥ v
matinasiinsihmeu lmiifesrsediadon 1: 10 uazidueu lsdidludgamoluivivesn 143

- ¥
HEFIS RNl

F5mInaane
1. MIAanaerinfduID pET-23 Aaoew el Nod + EcoRI Mifunanaiia pET-23 $1u7u 200

- =4 ' a aaa o w  w a
ng Aeamnuazinuuen Faemn nazisnl§asmnawdauai

pET-23 DNA (2 pg) ul
Sterile deionized water pl
10x buffer (**) pl
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Enzyme (fivefold excess) Ll
Total volume 50
vudfAseneangl 37 °C i 4 vu. niewinndt lugduium3e Heat block

a 3 o = 9 o 9 9 o It
HUUINA ﬂ'liﬂﬂﬁ’)ﬂlﬂu,quﬂ 2 "ﬁuﬁ‘ﬂ‘iﬂﬂﬂuﬂﬂﬁi‘ﬁﬁﬂ&ﬂﬂiﬂ&ﬂﬂ'@ﬁw ANIAAUIN

B. Gel electrophoresis of pET-23

waoa luTasiatl 1dn 10x Toading dye $1uan 12 pi waru1Fidiu

Y
2. IeSvunaoansas il

a. Lambda HindIIl marker 300 ng _ul
b. pET-23, cut 100 ng _ pl+ 1-2 pl dye
c. pET-23, uncut 100 ng _ p+ 1-2 pl dye

3. mldSumsgaioliifu 10 w @m0 8-well comb 130 5-8 pul #1131 12-well comb
vl usnfinnusafng 100 Volts $113a19Un 1 Bromophenol blue 341 % o4
spEN9voaa Faazldioa 20-30 1if

4. 1dnaitedony AupntandonnABaNII9190Y UV transiluminator L&AA0UDIADDN AW
UV —protective goggle (111197 Safety glasses) asavguaanslduas UV awamuazila UV
transilluminator

5. SiABuielinisda Tavauysal (Complete digestion) F9MInenUIMsATnsAaaIE I
'lﬁ'ﬂ'mnﬂﬁumﬂuﬁsﬂuﬁ‘nmLiqmiﬁ'ﬂTﬂmau'lcﬁﬁguﬁﬁﬂg:uuﬁwﬁsﬁmﬂ 328 1 4oy
WA 3.6 kb drda Tajeruysel (Incomplete digestion) MineAI RS
g lunsumndumisfisrannsedadTaoeu lanhiug uovddued 1des v
MW gand (Beqilft 52) GmnfimsenTiauyselifaiuldsenuensddeenn i

)
WIHAN)
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3UN 52 wadeduvesnaidiia pET-23 ¥997 1 uaz 6 10 Lambda HindIll marker, 5897 2 fi®

uncut pET-23, %990 3 Ao pET-23,cut

= <
HanInaasg t’f';;‘ilsmx V1T

VIIMIYNIN

g3uni Yazlomnung. 2545. ﬁ'uq%mnwmﬁmﬁu.ﬁuﬁﬂ%ﬁ 2. finfuuvnInenae
INHAIAIAAT NTUNNY

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

" TN, Healensle Bieseun Diego, California. USA.
Sambrook, J., Fritsch, E.F., and Maniatis, T. 1989. Melecular Cloning: A laborato;'y manual. 2 nd

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

5x TBE 1 Liter

Tris base 54g
Boric acid 275¢g
EDTAO0.5M 20 ml

10x loading dye lﬁuﬁqmnqﬁ 4°C
glycerol, 25%
EDTA, 0.1M

Bromophenol blue 0.25%
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unliAnisn 6 msuansuiid uesenaInioa (DNA isolation from gel)

¢
nszadn

1. 1iWouYN egfp fragment nouvziih i¥oureiunaes pET-23

N
A e - Y w ad .
MILYNTFUAIUADUIDDDNIININAILINVIVDATUNISUYNADUID 1A Gel electrophoresis N3
o dad ad = BB ames ; AY o Ao w o A -y
AnanlFuARwRYIIANABIMSIAYMsusnAB DR INeE Biliond g Rgane 10 1dFu
o 1 r : H
Alouefidesnsfie punmvesezmIsa mwizezn lsanuangainiy (High quality agarose) 7
o P = = aw 9 = a0 PO
asinlFlunsuensudiouie szm lsaiivienwusina e dvaonsa Inawui luiims
4 A u’: o a1 .:iy d't o ay a g q'
Yuillouve Nuclease azardudamaiinuvoaen ladaeg uennnilidodesmsuonFudiduen
v - v W ) o g Y2 ad a9y a g o
ADIMms mMdonaNuITNIUYeIzm 15a ivunzauiazi IHsuAoueNdoImsuonnAdueh
"y ad - a a ay ad Ay oo Vv @ o S a
liifieams M3 Recovery woadDwIzi)sz@niamananueGuduiinududuge iuAdodl
a = 4 o a g A AL,
UTAioue 200-500 ng WeARLDUADUODDNININATL EtBr VY Transiliminator A2 14178117
o = & o oW W = b P = ey a d
weengaMieaamMsduiaiuLad UV nazidumagenliuviniga Inaeds lumsionaoueeon
z& v Sl st oo ] ") aowa d, Yt d‘ =
nnezm lsa Fauaazdsslszaninmuanannu Tuumliiansiez1433msnesuelae
T T i " o - Z
VSENARangalindanmsasil fie msviiliozm Tsaazawlaoldnudouiiguugil s0-65°C 91miu
U = o o 1 ” a0 aa P 1
YaoaldanweduAvIHNLNLIURI9INFEM (Silica membrane) A1910192M 158 LAZINADAIN9)
Y o Y ad ] w: P o 1 o ) =
200 HaIMIrEaNARUesanIALHLLTH TavlnhmTetiMess M Thumao
- a d P o o [ & = P £ a
FudruALUoNITIReIMI V1A 770 bp UauaIUH VeI egfp Fanounthil
» ] . > - ¥
Fudmvesou egh gnInauaslunnmes lanwaaiialminiived pEGFP-NI Aaviums 19 14%uA
=1 4 Y ° a o dau o
IPUIBYUIA 770 bp AdmanIstidenimataiin pEGFP-N1 1Andloiewu laidndunie Nod uag EcoRl
= ! Q 1) o @ o » £§ o L
watalia pET-23 idumdamsdadiiou lsidasume Nod uag EcoRI ot nazniladumus ms
é’ =1 ad H : A
HENFUADUID IABIT Gel electrophoresis NUUIA 770 bp ABa 1dezm TIsantanududu 1.2% 1o
-y a o da . o ar Ada d ) o k'
uenFuALueNNNIA Tumnam nasnndauouaninoweNAvIns 1Audns19 14 Gel /PCR
) = o ] s a o
Clean-up system 91AUTEN (BIORAD)  (MBL@1AI0HIDNABINITOBNIINDEM 58 UAIMUIUNT

- efid ¢
AMUANTUVDITUADUID 770-bp fragment 1 1AV3T Gel electrophoresis
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Yaq gunseinazarsndl
Restriction enzymes and buffer: Notl, EcoR1
Agarose
5x TBE buffer
Gel/PCR Clean-up system ( )
Water bath at 50-65°C
Razor blade

Clean petri dishés

MINAAD
1 1 aaa o =3 o o
A. Restriction digest Y94 pEGFP-N1 THudazngum3onlfnseimsnanouedinaemaandsil

1. MM3sAna pEGEP-N1 Auon loal Nord 182 EcoRI

P o = 5 =] Y o s o Y o L4
waeadl 1 11 Double digestion Tavidon lHivios niuzaudmiumsiamvouou lanl

¥
wdndueu lsiisaoiinluvaoafenu

pEGFP-N1 DNA (10 pg) oo
Sterile water S Ll
Not 1 "
EcoR1 ool
10x buffer 10 pl
Total 50 ud

udiud 37°C Wuran 12-16 v,

vasai 2 Mimsuensane e Taslfiou lsifazaus uarneu lsdfnauluives 714

3.y L Y a o = o ™) P v u
ANUVUIHIDIUNDDATINT llﬁﬁlﬂlllau'l“]ﬁl’ﬂ'J'YlﬁEN'VWI1@’]1!111‘1]'?“71?35“VlﬂJﬂTFllHlll’HU‘Uﬂ\?

Indega
'pEGFP-N1 DNA (10pg) oo
Sterile water _ul
Enzyme 1 _u
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10x buffer 10 pl
Total 50 ul

v 3 '
ud2iuM 37°C Wwan 12-16 sy, vimiuAueu ! Enyme 1 $1174 5 U meuudniud

qungil 37°C iWlunaetiaion 2 .

waouozm Isa 19 laanududu 1.2% lu 0.5x TBE
W lasiia 4 wells dhdomuitelfdeanatinnalngiu
mozmTsaanununa solfufeia udrdinlaasdad

a. MW maker

b. pAD1/NotI+EcoRI (positive control)

c. Your pEGFP-N1/ Not I+EcoRI

a g - 4 o ™ g
nonAlduefinuA1dAd 100 Volts 1Hu1I@1 1 9. #599UN5211 Bromophenol blue DY
= 5 s ' o P
falawga asnaeuUNadIY UV transiluminator 1838100719 (A90 197 6.1)
1n303 Heat block NN 55 °C
AN UUYIINAAANE1719¢ U UV transiluminator 793 UV-protective goggle 19 Iin

2 o = 4 =] L] i v = 2
o (Razor blade) ApLaUADLIBNADINS BURadIUN lilAwweoeanMindedsuhge

ot L - ‘;
szivetn1nliaTnuTau UV transiluminator (317 6.2)

» ' - ’
ovumeuen ldldaslunasa lulasnai ¥aihminiuinma
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] ar 1 a * 1 ; & " -
U7 6.1 wasednvemmaiiafidue pEGFP-N1 fivadaooula Noi uag Ecor1 FaogTiidoad 2,

T i — v - " s
#7900 1 71D molecular weight maker, ¥047 3 fio positive control (pADI ARNAIY Not I+EcoR1)

¥ ¥
ANATFAUMUITUTIUVDL egfp YUIA 770 bp

U1 6.2 MsAatoufidueNApIN1a8n9119a (Robertson et al., 1997)
3 :
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d
B. Ms1En@admeaanaal#iinuu3gns (Gel/PCR Clean-up system, GENEAID)

(#alaozunsulugii 6.3)

{AUAI3AZA10 DE buffer 117U 500 pl AB9AN1MIN 300 mg MimsnauTaolfindosnaums
(Vortex) liagiiufigaivigii 50-60 °C aunsziisnazaionua Tasvhmsndunasaiilunds
AN

91 DF column 8311%a0a 2 ml Collection tube

AAEISAZAIANINT0 1 USual 800 ul a3lunaoa DF column

sl fumdsaRnnudasew 13,000 pm ﬁqquﬁﬁmﬁ]unm 30 511# 714 Flow through
ud 1 DF column TdaelyTumann Collection tube 81udn drasazawdunie Thhah
AT Wash buffer (ifuosuoanda) s 600 pl il dumivsfinaéasey
13,000 rpm ﬁqmwgﬁﬁm:ﬂunm 30 Fun#t 713 flow through 1&111 DF column T/ ldaslu
MaoA Collection tube SuiAy 11 Tl fumAssiinni 150 13,000 pm fgmngideaiiuna
3 uiite 1dneanifids

g DF column pandaunnuszinsz s udrldaslunaeamuaiiisena 1.5 m igzen
{Aua3aza1w Elution buffer $119u 15-50 pl asluvana DF column uagiinfigunnives
Huna 2 wit udni liumdesiianm$asen 13,000 pm figumgiveailunm 2 i
fuensazanediouie 18 uazmSiafiewn 10035 Gel electrophoresis TLAinHAN3

nAnDI
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PCR Product
Gel Shice .6
55T
10 mins l

o ke 2 ag
U7 6.3 Taezunsuuanaduneumsuensufiouesaninezn 15ai9a (www.geneaid.com)

C. MSWIANMAINTUVITUAS WD egfp 770 bp 1ALAT Gel electrophoresis
1. vaswozm lsald laanuidudu 1.2% 1 0.5x TBE
. >
2. mezmIsaasuueia soliuded udlaaisdadl

a. Lambda DNA HindIIl maker

b. egfp770 bp (control) 50 ng
c. your efgp 1.0 ul
d. your egfp 2.0 ul
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< = v o @ A
3. uonAldueAnUA1aEng 100 Volts 1Wuaa1 1 9. N599UNT2NI Bromophenol blue INADY
faauga A319AOVIRARIY UV transiluminator UAIT UMM

° ] ar =3
4. sumanududuves eghp Tuntin ng/pl TRoNDADADUID egfp (control)

D. Mm3nnumlszansnnms Recovery

L anududuaeegfp = ng/pl
a 0‘/’ o o i
2.5 egfp Manuan 14 = anududu ng/ul x Ysasawmenazarsluaisazaw TE  (ul)

& A a A a a o8 - fd o u’ ar
3. FuRBUID egfp 770 bp ARMEURUNATAAB D PEGFP-NT Tunlesidud (Tastihmiin) = (770
bp/ 4700 bp) x 100% = 1638 % t’fﬁuﬁnéum egfp M3 Recovery 100 % WURMIOAIINT

il wanerila pEGFP-N1 100 pg 9218 egfp = 1638 ng

€

& & 0 : s ¢
aiuszangnmlums Recovery 104 egfp ithuofiaus

= (U513t egfp (ng) x 100}/1638 ng = %

HAMINABe a3Uuaz3onsel

1 anududuvossufdue egfp770 bp = ..ooo... oo grs e AD rrses ng/pl

2. fwramsednsnmlunsg Recovery iunlosisun

3. msfaduesususFueFondnmsla nazmsszimABuosenINEFueIondnmsla

VIIUNYNTH

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, MA., and Wortman, A.T. 1997. Unraveling DNA: Molecular Biology for the

Laboratory. Prenticc-Hall, Inc., New Jersey. USA.
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umlUAnsN 7 MaveuneTuAS U (DNA ligation)

<
pailszasn
A o y: d.l L= -
1. WDIUUIVUADUNISITOUADALIDULD
4 ) ' = o o | 1 o ' o or o
2. lﬁﬂﬂ'luaﬂlﬂ']ﬂﬁi']ﬁ';luﬂlﬂlngﬁllﬁ'lﬁSUﬂ'ﬁ1%aﬁﬂﬂﬁlaulﬂl53ﬂ'.]']ql?ﬂlﬂﬂsnualﬂulﬂ

ithwute

uni

DNA Ligation ilumsifeudediSuomealuanadhdaodiu Taoow'lsi DNA Ligase
fothary WeuremB ez e iazAd e muie eyl DNA Ligase vzadioiuse
o T lasemanssznhamjromlaiitais s vosRidumoisniazmy lensondaiivaw 3 veed

< A -
wuemwnTed (311 7.1)

()
P
basew. base (MAD") ¥
o ) AP

e 0
0 3
g | N A~
e T 0/\\,,,}
{

A N

L3A gase

Ui 7.1 malamsadoiuszdea W laeminessznamy leasendauasvajomma Taomsiam

vpatou 1) DNA Ligase (Bergetal., 2002)

4" 1 A" = IS
M3tFonALTUAS MBI 3 VY
A y a2 d - e o Y Lo o a oo @
1. msiwendeAulmumiinininainmsgnaadlsiou laldasumizyia@odnn
A v oar v 4 & o> o
WonaoiuaInen 1wl Ligase 1wy o ldoulani’ EcoRl Aanannimesiazdvuoiiimue o214
a = = v or o A T e v ] o A: - u’l’ & VW
Yarsidhnlaromiinliwagauiu hunveudesulddw wetlosduiudidueiug iweureiues
a ' i ' = 5 o H y oo o
foufaemyrleawlaiiogiars s senantmsvesddueivimihidunnnesneuiiszihm

& "
Iyouaanl
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= o . 1 . "
froueith o Tasnsiamvouenluy Alkaline phosphatase 14 Shrimp alkaline phosphatase
(SAP)
A v 4o o 1 o a v o o v = =
2. msieudeAdueRiawmiliiianinmsgadadiseu laiaadums A iauad
i 1 5 Vo 1 o ar 4 o <
YaroifiagauunFouaniu (Force cloning) 194 1INNBIQNARHIY Nofl 1F0URLADWID
= vy ddy 19 o o ' n:i - o
ithnuefignandle EcoRl lunsiil ludsamsidanyreamaniae 5 veannmes Wedhnnnes
= 4 Ve bz @ o a o o = o o
wazAnwehmsu oo nuudnz lirsogndndioen lsdidumsizdwuauinuie
ol
3 Y s d 1A ar @ o a v
3. MsieuAeARUBa1wY IAvInMsAadloey lsddasumiehIila1oy (Blunt end
I = ' A 3 s A 1 0:” o aa ldyd o a s T
ligation) 15 i 1910w 1] EcoRV misiiousssudnwenilaeyiiilsz@nimwiniing
A v oad = o 9 5 '4 L o LT ' 3 o a g
woureAwelmamile nazdesldou sl Ligase Mianududunnniuaslslsmanoue
1 3 ' =3 T & Y oo v ' i =
nnni mseusenwuodatyiinadeiidwmiveueulallimnzeay udmuisomiy
a A n ¥ o s? = g s 1 A T oo s 2 =Y = o u’: o =
Uszdnsnmld TaomsihiuRlduefifilaejuuiendofy Linker Fuihuiiing To Indaoduiil
o w o dar o g W =) ' o . ,-:;4:! o. Qs o
dauiegnIns 1 laoeu lrdaad uwzh idaemiion mu 1 Linker NS Muagnand ag
Y o 1A a ! ¢:’!' o :
wou'lanl EcoRI @afunnmes udninanmes 1mui landndae EcoRI (317 7.3) vz TdAdwoni
Varomilvnnaiu
o . Acto 1 s o M - . . A o Y P
ulwsi Ligase NS M0Tid09linfe T4 DNA ligase a2 E. coli DNA ligase 9w
o i @ .
MiToURULA T4 DNA ligase #9903 ATP 11U Cofactor Yaiziou 9l E.coli DNA ligase AD4M3
) ar 4 4 =3 1 5 .
NAD 1iJU Cofactor #1nSumsienaodidmotarwyjiion]¥ T4 DNA ligase WIANT
g v =4 i e o it v v
MITOURDARUOIEHINTY egfp fragment (0.77 kb) NUNININDINLVLIA IMAYNTT 5 111
@ o 3 ¥ :{\ ¥ o 3 n‘: [~ 2
(3.66 kb) HannamEas IUMsIFoUAOARUBIUAUTINIY THBNA ANNIIIVDITURAIDUBLAS ANY
A ' o @ =3 i " &
Rigidity vaaFudmmoue nglasiall fe Tdaouenianuidudussndng 10-100 ng/pl 39
' o Y a a aaa 1 v o g A o 2 ¥ 1
doudna ldmad lunsiimlfisoseninTuane AniudnweninnldlumsiFeudessninluana
=t v ' R o A Y ad - a
asinnududusendne 0.1-1.0 pgpl Asuiezihumiimsitess SaweRenanu lums

o
= =1 a a
Recirculation dzinavuuazawwodudunu l1azina Contatemer
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DNA fragment of vector

s ®
3' HO

3 o xy o - » o y v n
Uit 7.2 madh IdBuRidweniivauiiiluraromiios Taumsiih Linker uuFouAs (Adipted from

Berg et al., 2002)

= 1 ' =1 ‘3 e
JUN 7.3A naaInImMsI¥ouADAI0 MoV pET-23 18z egfp Ya1uue9 egfp Tndnuieg

' " " d'l (=] A :: o 9 d’ = = A 1
WINATMA 1na1na1eve pET-23 usatiea91n eghp il or Aimthnlu £ coli miniinsioudo
. ) a2 =i y ' a e $ . ]
FudmiuoIve egfp sudun latszmio ) iannsamvdwaulu £ coti 317 738 uamliimu
= ¥ o o & 148 a = - '
feanududuimuzaundnalumsiFounofioue nsiAY Polyethylene glycol %30 Ficol 92370

aaa 4 A dé‘ Q‘ o
Wffsnmagenaedsu Tnaiulszdniamanududuven)as

A B o

\ LAY
A AN 4 T

; e - A o ol
UM 7.3 Vector DNA 1182 Insert DNA fifivunauana1any A) aAnududuiisuiunasilinsg

Ligation 11/s2@n5n 1 B) avndudunmunzdmsuns Ligation
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@ sl ' A v oad A w ' oo o g
'ﬂ?ﬂﬂ'ﬂl’ﬁﬁﬂﬂﬂ'ﬁlsﬂauﬂaﬂlﬂulﬂ o f]ﬂ'j'lﬁ’Ju‘UﬂJﬂﬁ'lﬂﬂlau!amﬂ\?ﬂlaulﬂlﬂ'l1’71]']31!?13

»
=1

nNRBs A59g32HIN 1-3 Suauvenlawannsadwa ldas

DNA ends (pmol) = (2x 106! X
Microgram double-stranded DNA 660 X number of bases X 2

¥
Wimin Twianaves 1 bp = 660 Da UAZIINMIAIUINAIINYNABIVINHANYDI Avogado’s number 11
ol 50 2 n o B o ' 4
Wldaumsthauy udnhungudsasanzFufidueliaenlats Aniu d 1wy pET-23 Faiivina

v g

3666 bp ANUTNTUYRIAIY = 0.22 pM/pig tazaNuNTuve M wHmTuAB ueithuue (770 bp)
4 o v o o o o
= 1.08 pM/pg M0 I8R5 1IdMvRIININD S IndiRsanuAdweithnuie Wufedsa ldnines Alowe
" o o 4 o a L) &
s mvesdmeithnnaie 1 1davdwnlndifesdu Saiionilafie a single vector DNA Tuda 5
M1 UD3 a single insert DNA
[ " = L7 o " ° [ | - -
agnlsPmuanso 1Faumsdeanlumsdunamsasdimvesaeimuzanlums

A " ad - v o a o o A
l’ﬁ't']llﬂ@ﬂl’ﬂutﬂ'jgﬂ?'l\'ll'lﬂmi)ﬁuﬁgﬂlﬂuL'%]I.ﬁ']'lf‘i1J'IEJ A3

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

size of vector (kb)

A " A o v o o 1 o s ad
19 molar ratio ﬂf]ﬂﬂ')"lff’)‘uﬂﬁ'lﬂﬂlﬂuLﬂS3?1’)'1~1nﬂlﬂﬁﬂlf’l$ﬂlﬂuml‘]’jT‘Hil‘]il
s é =t
Yo aunsalnazansnil
T4 DNA ligase
10x ligation buffer
pET-23, Notl/EcoRI-cut only
egfp

Sterile-deionized water
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5nsnaasd
A. Widoan pET-23 M ldanuidudu 200 ng/ut nazldgasdrauulumsimamsui

aowethvwe Tusnsidau 1:1 uag 1:3 molar ratio

= ana [ ] £ T ar A v A ad a = ' ana o
B. s sugnsedane i dmsumsisensesufduenivmomilviannsatuljnsei
a < o a
gungifeaiiunat 4 ¥, n59219un Heat block TnuditunazySugungiilila 12 -16 °c Wunm

12-16 TU.

waoAaN 1 1:1 molar ratio

pET-23, Notl/EcoRI-cut 200 ng 1 pl

egfp _oul
sterile, deionized water _ul
10x ligase buffer _ ol
ligase _ul
total volume 10 ul

#aoAN 2 1:3 molar ratio

pET-23, Notl/EcoRI-cut 200 ng 1l

egfp a R
sterile, deionized water i
10x ligase buffer i
ligase _-ul
total volume 10 pd

° . . . i ' o [~
C. N1 Gel electrophoresis U904 Ligation product IHensve 't)‘lJ’.l'Il’JﬂlﬂﬂSllﬁ:ﬁl‘amﬂlﬂmI.I'ItJﬁﬂ'li

Wourarunsall Tasmstilaansdsne lUiudniluonTae Gel electrophoresis

lane 1 = pET-23, uncut 100 ng
lane 2 = pET-23, Notl/EcoRI cut 100 ng
lane 3= 1:1 molar ratio pET-23, Notl/EcoRI + egfp 5ul
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lane 4 = 1:3 molar ratio pEt-23, Notl/EcoRI + egfp 5l
lane 5= egfp 50 ng
lane 6 = molecular weight maker 300 ng

4 @ 1 A ) d a A a oa ° a
g‘ﬂ‘n 7.4 ﬂ'J'fJﬂNﬁl’m]7ﬂﬂ'f‘§L‘H@MﬂﬂﬂlﬂutmﬂﬂﬂﬂﬁﬂﬂﬂSﬁﬁﬂﬁﬂ mmﬁmammmmu‘lmn T4 DNA
ligase $09M 1 7D pET-23, uncut; ¥0IN 2 A0 pET-23, Nofl/EcoR]I -cut , no ligase; $9490 3 fio pET-23,

Notl/EcoRI -cut, with ligase; *0IN 4 fio molecular weight makers

pamsnanes agduaziaisel

T N WY SO -~ 0 W Wt & e e R T A A S st B emcac Do e AT T e e Fler S s W e

UITYATY

qiunf Duzlaaninng. 2545. ﬁ’uqﬁmnﬁmﬁmﬁu.ﬁuﬁﬂ%ﬁ 2. AR INeNde
INBATAIART NN

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

¢d. Cold Spring Harbor Press, New York. USA.

HA.AT: 'mél,ﬁﬂu Weuau 53 Suranaree University of Technology



1N 8 54

a s A a ¢ v o a A g ¥ v ¢
‘ll‘ﬂ‘ll{]'ﬂﬂﬂ"l'i‘l"l 8 Mgy aalRIUIviasNTHINGIgUaAld HvIgivaa
{Competent cells preparation and transformation of Eschericia coli with plasmid DNA)
Jnguszaen
A& A 9 = ' ad 3/ =1
1. WBISeU3NI3IA581 Competent cells INFAT E. coli 1a8I5M3 19e3i1all

) Yac 1 a 49 LT o o A e
2. INDISUUSID ﬂ'l‘i's’f@ﬂ']ﬂ?‘lﬁ’]ﬁuﬂﬂlﬂulﬂl‘lﬂ’gﬂ“h’ﬁﬂll'ﬂﬂ'ﬂliEJTWEJTE Heat Shock

unih
l =1 < & & do o A o oo
Tunszuaums 1aaudu (Gene cloning) nialudunauidinyne msihaoueaoNa

(Recombinant DNA) 11 19910015 Aanetu lunasanaaoudngiraaiingiu (Host) nienisoni

3 o

. & ot o a g . < Y j s =t o A ad
Transformation FuFadNMISUDIABUDIINUBNIIATIT Tuwad udrlimsAaden Inaunifoue
a9 Y A g Y o o q 9 ol ¥ o A da :
monauideIns waddiuaiduedonhurh fidusadiiaundeulumssu uSefisund
) 2dq » P aa o Py A A N
Competent cells foY 1wadh o uraduuaiise wadtas wan¥es wasisnsowaddad 1u
AU Cloning Wi low 19 iwadidrihu Ao £ coli K12 nazeyiuives K12 dlmsaauasli
AaauiARIMINZauMUNADING 15U E. coli HB600, E. coli IM109, E. coli DHS iiludu Tauiialy

udnaadidrthuihmn ldmadumeiuin lidmsadrsoulaifad e (Restriction enzymes) 1a9)

"
o

A w - 4 a w a ad A g Y ¥ <Yy %
wuietostuanuidomeiazitatunaraianeuensenoweaerauiiuddaadidu waa
P o wady 1 o g ¥ a ’ . . . & o -
dihunaslguanddfi amnsaififia Homology based recombination Fuilumssaudavedd
=3 v a9 L %
L R U ST T TGRGRTG Tl Db TR
a o My oct addg Ve A ] -~

MSIATON Competent cells asnsi1 lana1v3s I lanuuuudens1dasiall :1nms
Funan ca” uazloosuuInoua 1w Mg >, Rb", Co ™, K 11a¥ Dimethyl sulfoxide (DMSO)

. ) s )
amnsovldizad £ coli naeiu Competent cells 14 Tashiteruiraduna £ coli vsvanld CI
' m o ¥ 4y = -y 4 o2 - o = A
A Tugeu i ca” Fn vizh 1 idgirad Tuanaveahneeimssauiy luaganiidszyiieg

d Y ) :’ I & o 3} 4 1 ' a o g
sounomwad dwwa 1ims Inavesiudhdiwad i liiaduin deaemsfivsSvAouennaouen
i ) = ¥ . oW § =
(717 8.1) udodhalsAimu na lniuguvea Transformation wuufids iduiid la luswaziBoamn
o ac o ° 4 ’ L
1in 1735 A0 M3 Electroporation 1iums i Iimadnatuniiu Competent cells Taoms 1ot
1 S o mde o e % P s g a

pszua Iihgalugranardu vldidagSanmiarad lunaeaiussyrad Aweuaswaalafinau
v v ' aad. s a ' ) _ & 1
fueg Fawudasiiyseanimwaoudnege uavedeald Iihuaznarmunzay Midnszua’lnih

a =] = ° v o w Ao
gansenamiu 1l E coli azme1d vunavesidwefivsindigivad hidiamilonds
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Transformation UV 1¥a131A3) M3 Transformation Taoms 1dnszua’ldlih 1se@nsamaani
Taoia 11 1020 wiwesTansiadl (gaila 10 *° colonies/iig of pUC 18) udeena Tsfiau Uss@nTam
b d
TumM3 Transformation Vufunateade ivu anudvvesawu i szeznawenszuea i ms
a Y Y 5 o . Y @ oo ¥ a ¥ P
IA3UMAAAITIUE MU Electroporation AR18AUISMS 19esinll snduumunesiimsazarusradlu
» v d :0 &
arsaza1end leeeu nlnazatwluiiharein ¥5e 10 mM N-2-hydroxyethylpiperazine-N, N’-2-
¥ > T oo
ethanesulfonic acid (HEPES) 1aania3oud 11351 Electroporation 111 1 Inuifivaisadiiuniiis o8a Mid-
° a < : ; : 4 o
log phase Wuwad i 1Hou Tumdn udrdedeillidesnlianuduveandeidonaiioaadSum
s o 2 & - y oy 10 o
Tosouluesazaruizas nmiuazaorad 11 10% Glycerol AANUTUI 3 x 10” cells/ml 1AM
=1 - uy =1 ' 1 e a
TudalaglFihudanda (Dry ice) azifiun —70°C wadn ldamnmaas o TaeTs ndoa 19y
¥ v y » ’
Electroporator Winiu duiaou 11140035 19e5ali1u18 imadneaoswiian ldanms 1dasiaiiuas
o uJ e =4 4 ) ' Y o '
138UdM3Y Electroporation 113 0iAufl ~70°C 11 15% glycerol tazimadmarfiamisnii
e & w qumy Py &
azavvivad 14 ldunethation 6 1fou
=t = s 9/ L v o .z:f acar ¥ 1 . .
wenniMsnssuaadnmldewd e sodonnusInms A1 19U Gibeo BRL, Bio-
& A . o 3 . . ) - P @ dq YA '
Rad F3URUNNA (10 colonies/pig of supercoiled plasmid DNA) uaznﬂmum&wuﬂﬁmn A3

' ¥ 24 n 1o 9 o o < o o, sa & g
feudrauns Feo1e lududu sndudwirnudums Tnausaddnd isadiy $adeams Competent

cells ﬁﬁﬁgﬂlﬁ n'ﬁ'ﬁqﬂu mstleaniu Rearrangement recombination Error!

T

AR

gﬂﬁ 8.1 na'lﬂm'i'sumaummwaﬂhu Competent cells (Potrykus and Spangenberg, 1995)
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o A o L2 ) =v="1
mshadueringiwndlagds Heat Shock 1Az Electroshock

Sy 1

° ' =y o Ao ) z
Wuaadsunegluamminnieuazsufidueninnieusn (Competent cells) fi lda1nms 14
=1 ar a - dg - a 0 = o - =Y
amall raus A URmadafowe igungll 0°C Auennmaraiavziaiiuaslsznoy
o ) s o P .Y R oa ¢ a A
IFeFounnuaoou 1] DNase Nrluradued £ coli udrvvihlddunauvousaduazwaiaingi
1 = o .o ] ¥ : ] =
1/aougungiodasImsa (Heat Shock) Taeth lluglugaihgugungi 37 °C wie 42°C Munm
: = d a o a ¥
duq grstsenouBadeuvesdwueazidn lnolusad 1sdnsn1mms Transformation 1no35
3 Vo Y ¥ ] [ =S a add o
wuegiviladenaveia imusilsanazyuiaveanaaila szezmsiay Tnvousad uais i
'3 a Ao 1 b YY) =
isaaI N Competent cells ifludu wanadantizyHailnaumaaedauaziuiuiunden
(Supercoil) dziduarad lAanhmaadafituaionse (Linear) W3o19nauniiveauila (Opened circular)

= =] g (=1 { o (] At ol © o
wanddavinadnitngwad Ianmaraiavuialng uazszozhangalumsiuer £ coli viuiu

Competent ﬁawaﬁﬁm?tg'luswz Log phase

Hodeniinanesz@n5mMWMS3 Transformation
a a & A a o u,: :} a
Lamwuign Bmstuileuvesmsinddld uivived saufenanmaeniilflums
IASUNEITAZAY
2. 520zu0amsAY Inveuwad
A o a o @ A ' 2 to q W
3.ANUAzeIRvBIATEINIasNa T an MsNrEnenuTeynaundesgilian

1se@nFnINM5 Transformation

o < F=1
Yag gUnsamazmsiail
E. coli XL2-blue #50 DH5 UH®81115 LB agar
’ 1l »
vaoailumIsavia 50 ml Uasaiye

Supercoiled plasmid pUCI8 10 ng/pil

LB/Amp plates $1149U 10 MUABNGY
TE 10ml Jaonido
LB bloth 100 ml ﬂaamﬁ'{a
CaCl2 0.1M 150 ml Jaoaide
CaCl2 0.1M+15% glycerol 50 ml ﬂaﬂﬂl‘ﬁﬂ
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NMInNaasd
= v =i . . at
A. M3 Competent cells Taeldarsind (Preparation of chemically competent cells) Aatitladain

Cohen et al. (1972) Ua% Sambrook et al. (1989)

= = 6’)‘1 o i Aﬂl. +
Fomsdiie 92 litins Iduml§Fue lusunounisi Competent cells o nwad E. coli 1147143

(=1 =1 J E) L] = H -3 g
waaia M lEnadindasaouaznilsvasauddsmhinldlaonse

4 = 1:; B L] g
1. IWZI883 E. coli XL-Blue W30 DHS 910 1a laliiRenuneiu LB agar ¥ 11i5ualu LB broth 5
4 ] ' ' =4 1 =
mi Taoldinseaiunuue Tavldanwsasew 120 rpm 91 37 °C Whian 12-16 s,
o A A - . o Ao '
2. WuFeN1AnInde 1 11 0.4 ml (1:250 dilution) 1ANA111UYIA Erlenmeyer flask 7i%i LB bloth 0y
o :3’ 9/ A ] = = a o =)
100 ml 1h TwzdoalagldiaSesunuuuwe MnusI50V 120 rpm 7 37°C Whia 2.5-4
B, N3DIUNTENUFAAINIGI202 Mid-log phase (OD 600 = 0.3-0.5)
a & = & Y o
3. ldimniindasaeuazitlavuin 10 ml Mlasairegaradiiveian 0D600 Tauld
Spectrophotometer (Spectronic-20 ﬂ%’mﬁﬂmm)
o g P pu 9t (=1 1 : & o = 5 v P '
4. iugehiim oD600 Arvanzaundrundulusrnhuduiiung 5 win udunayadn 14l
Ay z y 2 2 ' e
naoatumIssfdaoa®ouiia 50 ml $1u2% 2 vaea Tanaoanaaes lvauga uyludud

- A o o o ' 2 =
Miilunm 15 il :ntiae hidesh Iwadiduaasanal Tashwhldivasgunsana 13

ay
DUUNUN DI

'
a o

o 5 4 A a o g o & a
5. iwaraa lWiumlsafiguunagl 4 °C A7WI59591 5,000 rpm Agumgil 4°C 1lunar 10 wri
Pyl & ' A r 4 2 \l
aoainle msenlumisndunivey
v a2 ¥4 PR v o 0 ¥ g v A d
6. mawhiuveunainalumauzimson 3N inuwadluerniuds gauorduiiu
Yo1A200n 1HMUARIY Pasteur pipette N30 1-ml micropipettor AZAWAZNOUILI AIY 1/10
1, A 1.g X
M15UIN5 VD9 100 mM CaCl, Tutou Inomsgaauau
o 5 3 3 a g3 { a
7. vhwad lfumBsefigamai 4 °C a1miEaseu 2,500 rpm Nigamgil 4°C Wlunan 10 wii
, ' 2 ' < v ¥ 4 y i
8. mamiiluvoanarinalumsuziwon 1317 inuad lusraiud qauordmiiiiu
YoUNAI00n IANUAAIY Pasteur pipette #30 1-ml micropipettor A2A1UALNOUIVIG A2 1/100
1 A 1 g 2 - ¥
M15uIMs¥99100 mM CaCl, fngmdu Taomsgavuaue uminia’l3

¥ a ¢ 4
9. uynasalulasiiillushuds
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Y a o

= ' ' = i v a =1
10. geuaadi 1a 100 pl 861952052 1) ldnaea lulasiliunbu wadmariionsa 118

- = 3’ < H =
39 1AY 30% glycerol Nlapaio W IAanududugamo 15% uduiv Freeze iguugii -

. ¥
70°C vt 14 lunsaae 11 ua luifu 6 1o

v a ad v 1 ‘v v Y o
B. MIganIunanaduafloungiraain1liualeds Heat Shock

1.

TAuAaznguIiTouFos M5 waBUANI 19 AMUUUVDINADANDI5Y Competent cells

Saste 1l

a. TE 10 pl
b. Supercoiled pUC18 10 ng 1 pl

c. A 1:1 ratio of pET-23 to egfp Sl
d. A 1:3 ratio of pET-23 to egfp 5pul

o . [ 2 [ H 4 c::? '
1% Micropipettor ju P20 aaaowe 1d lunasamuindouyo 13 Iomlomezinng wieive
g & o TR T .
w19 1 Aldueag Competent cells N3zNoM3INY tazuy lusrahudailunal 30 win @114
o= d v o ¥ ' o o 2 = =] a o d < .
waanny1d -70°c Wseauniusadezazarwuninds feuivziimsAudidue) i

5 b F P A ¥ A a o o .
Ligation mixture fmde Hiens a1z launsm Gel electrophoresis

' ’ E3
Note: ligation mixture naooaanu1smnui -20°cuazin1dTumsdeswasue ldonnsa

' ' ? A @ a : a 4

Y1 Heat shock Tasmsviwaoaas s lugiahin 14U5ugang 13 42°c w2 it iifo

Y q 3 ¥ 3 d v oa =
asunawd i viemasasenuduylusrniudaiui funm 2 i
. . ' (L ={
19 Micropipettor 3% P1000 gae1m151Ma7 Tineziilu 2 xYT wse LB USum 900 pi aalyTu
¥ o 4 1 & ¥ v o = o

viaoalude 2 ndunasa lwunqieray naztunasaluas ssiunuuivangumal 37°C
£ Xy oy ; ;

AMIGI5OY 120 pm 1Wluna 1 vy, (Vuseuiidwmnziiumsdosliduidunm

U§Fziimsudaenn)

1 : e g = 2 2 a
Tumdssmasaduq s Suniiem fsaduuaiiioanaznou gaio1veauraIng ntiwdy
911smad LB a4 1 Imisau 100 p
19 Micropipettor §1 P200 gaiad 10 pl 93040 5 noauunueMIsTIMiunsfaEen

o & B
LB/Amp uazitioi¥e Iiradnszaronifmihuesniuems 1aold Glass hockey stick taz i
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AAIFATIIUIU 90 il nnvasairaIuuIeMsS Tnluazdu e Iisadnszaioi
Y9099 U0 Y muidont 37°C Huan 16-24 B,

yusanTaTaflves Transformants fileSayuueImsAa@on uazme cfa
Tunnanamsnaasslumsiavessnsamuramsnaassiioun @Wssinimmmsdeoistu
Taert2 Td M3y Supercoiled pUC 111D 1-4 X 10° cf/ug)

Hunuemshil Tnlaflvoaudeuvanis e 4°c e ldde luumlfiiamseae T

C. MM Replica plates

i 4

o o 4:5 o lw o - o ar o
119110115 LB/Amp 31U HHInUF 11U Mini-preps 8n91udmiuii PCR
THIUDIMIIIIEBINUg UM NG 27

i e =) a o =1 a
wmuemshi InTatlveewaaiia pET-23 uazeueimisny Inlaslveawaaiia pADI

» » Ed 3 v
o1911415]u Negative control 11ag Positive control mudiay vniuld 1 uiulaeadeoiio

£ . . »
150101 In Tathiaernneuiil Ia Tativeanaraiia pET-23 udjanlmlareves lauduuns

E . = >
vuemsamuusn laoi Iidumnssanuean “—« §1M5Y Negative control 1a2 14 155 uu
v ' 2 ¥ 3

swdu ldupzvuanermsfaoandumdaderiu 1915 udvsu Inilaoagei ludnue

1] = s '-N ddﬁ‘ 9 = £ l';’ o o
wudgItuuan Tnlaif ldvinwaiaiia papt Tnsanlfiduniomuouan “+ d1msu
Positivé control

» 4 I3

15 183uAulaea¥odu Imidmiunsag 1a latives Transformants 71 141059
Transformation (8B ) 9)
uAnznguasimetinies 20 TnTafinsewiniganin lanin1d TaTadidesnd

° ) ' Y .3 a < a4
homems hhivludrumizideigungdl 37°C 1Wunan 16-18 su. ududunuemisi 4

L) «u

nnmsun13n 4°¢ Taoldurumsiiuduseuausuningldluunlfidnmsas T
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37 8.2 NSAd M UM Replica plating
TuNHamINAaDa
@ o ! a PRT) P A
1. WudmauInladived Transformants 7l A9 1IN IMRSAFOA1I

¥
2. FI4IUNIA Transformation Efficiency Y84 Competent cells AU msthaanail

Transformation Efficiency = 3112 In laiaswyu LB/Amp

a a adg
USinaveanaainfioue (ue)
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Treatments

#colony

Transformation Efficiency

TE, 10 ul

pUC18, 10 ng supercoil

A 1:1 ratio of pET-23 to egfp

A 1:3 ratio of pET-23 to egfp

= d
agiuaziansl

Aoumeaun

1. g ladeaiin1s 1% TE Tumsi Transformation

A o " : P a A a ® 2 o »
2. 1J9HUN®1 Transformation mixture NWLﬂﬁUﬁQ‘U1-.1i]'Iuﬂ'l“ﬂ"lilﬁﬂﬂl‘ﬁﬂ‘ﬂuﬂc!ﬂllﬁxﬂ'lvluﬂﬁﬂ8Q1‘581ﬂ13

d A o &
QUAFDTUAUU
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2xYT (100 ml)
Tryptone l6g
Yeast extract 01lg
NaCl 05g

Deionized water
w = " " o - 4 9 A & 1
150 pH T4 7.0 A96 NaOH 1fi Deionized water TH 18 100 ml ¥inlUasaiie Tnonslasinde i

4°cC

TE buffer
Tris (pH 8.0) 100 mM
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 (vol/vol )
50 mM MgCl, "3 0.1 g(MgCl, H20)
U5y pa WA 6.5 wdudmhasy 10 ml l¥lasaide Tasmsiheindoniomsnso iy

arsazvaren 4°C luiny 2 dlan

IEmsiasen competent cells
1. NSRBI E coli IM109 W30 DHS 11nTaTafiifsiuney LB agar 16910 LB broth 5 ml
Taol#inseatiununivgh mmi§asew 120 mpm # 37 °C a1 12-16 .
2. 1idef 189104 111 0.4 ml (1:250 dilution) 1fuaYlUYIA Erlenmeyer flask 713 LB bloth oY
100 ml v limzidos TaolFindoaiumnivd anuidasou 120 pm 1 37 °C iWunan 2.5-4

. wipaunseiuvadifiigszes Mid-log phase (OD 600 = 0.3-0.5)
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Tamatinlasareuazlaving 10 mi idasaifogairadiiie

o ¥

1AM OD600 Tae 1y
Spectrophotometer (spectronic-20 niofouIn)

o ; s — K- ' : [~ ﬂ = 3t 1 P v
HNFDNUNT OD600 'Yll?i1]151?\'1!lLé")l.l'l!.i‘]ﬂElurluﬂ'NU'lll"lNl UM 5 UIMN llﬁ']&l‘ijs‘!lf-}fﬂaﬂq'ﬁﬂﬁ

0 ' 23 » 5 & z " :
raeallumIssnlasaeunia 50 ml $1WU 2 Moo Fanasansaoa Wauga uylumiuda

e 15 i niiseWdswinliisadiunasanm funhliisaddunone13a
QUNNIH D

ﬂ1lmaﬁ"_lﬂi"]um%mﬁqmugﬁ 4°C AMUIEI50Y 5,000 rpm Tgangdl 4°C Hunm 5 il dea
e infealumisadumiven

mdiifiureanaiia uaravaomadlumsazato TSS Ry 109w 1 ml adi 165 Ao
Competent cells ﬁ'ﬂ% UTIMIVMS Transformation

9 100 11 499 competent cells T/ 1dlumanalu Tnsiaduwa 1.5 ml Akumsusiduuy
yhuSadrds ildiradmeviiausaiumad 37 4°c 18 0Ru 6 v, Taoligado
mmans0lums Transformation W3eIRuH -70°C 14181 6 ou

(Competent cells A5 U52ANT NN 961931981 1x10° transformants per /g of plasmid DNA)

Transforming the cells

1.

wuddue (oond1 20 pi) aah)lunasaiingsy 100 pi competent cells 58 Ifazadning
' L~
VINFOULBLUTY
' . = r &
vunaeauwimds Wwnm 30 wii wduilunfansn
] o . =] - a o = °y d o a v
vhnaena 1ims Heat shock igungll 42 °Ciilunm 2 il namasauwhudaiuiinazus
=3
w2 Wi
1AU 0.9 ml LB broth
o 1 i A v [} =
vihwaoa lluiinsesiumdigungil 37°C iflunal 60 wai
[ » ¥ ' .
gamsazaiomod 100 pl aa WunemsidoudeniarsigFmeimnzay uazindo i
1BAINTZ1Y

Uy mIsHguygi 37 °C ilunan 12-16 v,

HA.AT. vng,tﬁau \Hasuau 64 Suranaree University of Technology



UNh 9 65

a oy - -~ 9 < ¥ v P g éy
ﬂﬂﬂgﬂﬂﬂﬁﬂ 9 MsaemiusaalUNNEUNABINS (Selection and screening for

desired transformants)

<
gatlszasn
A A 9 = Qs a a4 P= =1 L) (=4
1. meisoujimatiamsadanmaianidueoennnuuaiitelSadoonazsiabi

a ¢ = d e ¢y g w9 o
2. mmmmamms1:H‘nmmummﬂmau‘ﬂnmu‘luwaammuiﬂﬂmsmmmau%u

ARV AN

umi
a ¢ = d et I o ¥ e D22 e
ﬂ'lﬁﬂj'Jaﬂjlﬂﬁ-lg'ﬂﬁ1ﬂ1€|ul’f]fnﬂHﬁilY]Uﬂ'lﬂcluFﬁ'ﬂaﬁ]nJ’]ufﬁll']'iﬁﬂ'lllﬂﬂﬁ-lﬂjﬁﬂqu'ﬂUﬂU
a1 L] =1 4 4 A g
ﬂﬁ]ﬂﬂﬂ—]ﬁ"] FBH FURAVBIUINIFDT mu’]ﬂ‘ﬂ@Qnﬂw—lﬂﬁLlﬁgﬁlu']ﬂm@Qﬂl'ﬂULQKﬂ']ﬁn']U 1’T1ﬂ1“§ pUClg

=1 o = 9 =] . . 1 =
Wunnwedlunis Tnautu anseldnisasingoudunuy Blue/white screening laowualaaun

A a g Y L A A o 3 M A Y o % e
1 avwedhvuees 14 Ia Taliduradioviiaeduuniiis on 1891071591 Transformation B UABILY
9115 NUITVNTUTTIMSHOURTAUNAL IPTG/X-gal uaz1i I TaiidihiuTnauh lidadwe
ah " ] =1 ] 9 ::sx’ ar e Ao g S &
ghyue uaseelsnaw luawsaldmsasnaeviinunnmes pET-23 Niawueidhming &
9 Yam voA Hew ° 2w a A e vt
Ape 19I5 MI0E190U wenINldIauTInITAT MWaeULL LTI manaiaminlFivina
& 1o A o A d ) Aa L] o 9 a 4 = ', ' P oa -
wnumihwennvaueil mueitvnalug ilinaraian lalmiivualvainiu@y e
° . [ ¥ 2 ' 1 o Aa 1A
Wnuen 1Ay Gel electrophoresis Y1 1HIHUATIMLANANYDIVIIATSH NINAaTaN ez LA
< 1 A mad . v A d | x : o
TGV RTRE “IN’J]iuﬂ'lllmﬂtlﬂ'liﬁﬂﬂ‘r‘lLﬂulﬂ'ﬂi’)ﬂ%’lﬂmJﬂmiUuU‘.UﬂmU"] (Laenmli mini-preps)
=1 3 = = N o a g o 3 .
Avwen ldvzlinnuidgnidoouin udnhaidued latuuen 1y Gel electrophoresis 1u
annz lull EBr msizdsamsanuindiluiEosvesunna namndondin EBr findauda
ATIVAOVYY UV transiluminator naraiahtimowedhmneziivinalvanimaraian i 1
da A nYy 1 aad = A o o Y 2 o A
A3 lasnn FBlansminnasivaeulaladismumnlunasiasa udRsradonlnau
= 1 aad by p ¥ o A ' a v a £ 1
amaniianweithnnonasideudnasilasisouq iwu usnwaralalilianuus gnimniu
Y o o g o o
udrinnaasloeou lainasume
acdg = an e A o [=F=] °
i nna laolidss@ninmganazannsoasien Ialafiswauinnfdemsyh Colony
o s o o &M o A o . a y X
hybridization #an15¥17A® 11 1A 1aiiN 1891AM 591 Transfomation IAEIULIILDIHITEUTD
v ¥ = rer 1 ' o £l o
udade Talatimartin ey sy iy Tuaeumuiusy (Nylon membrane) 1 18a0d
8 o Y o a ' ¥ i s
nuaisounnudhlvaLuedsaniwdeas Tastduemegiznmoitlumodoudunmedo
i 9 2 ag Y 1 1 ° 3 a
uransu 1A Assae e IMeguuuriumsu Taosmni leviiguvgl 80°C aneld

A = [~ o =] o s
AUIAIANIY 2 N.H58919 U UV crosslinker 1Tuamn 20 Funfi udi1an Hybridize 71 Probe

=4
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Yot o A d o St o w o 0 @ 1 2 & a5 o a9
Tavldaduensonrsivweniidwumilugaunuauniliaulavossufiduendoams
. 13 t 4
A529EDU &3 Probe N1l ldMmsaaRaIndssnuiuan s sdnioasilaoased udnily
° ' e @ v o 4 o Py 9 3 a g/
ATIVAOUH IR N UINTNITTUAIIZNIN Probe NUAIDUIONABING TIRARAIN probe AV
@ e o ad o o = ° e ar T -
Auiuannsa@nir v Autoradiograph vziimilugadmnssaaiitimsiugusoina Hybridization
° o o - ° " e X .3 = a4 1 a > 9 HAq ¥
idundy lieudumisnuamdoudoRuuazion In Talinegiusnaniuesnut 1 Probe 114
a kY [ @ A ac 4 3 Yya A X A
AAnaINALE15UasanuAN NS G oA SIANNATEBUAENIMN IRINAT (Colormetric) H3 0
lgnsonliinamsuasues (Chemiluminescent) ummwﬁauummﬂmaaﬂmmuﬂawn
a1 leouaadsnan %”Lnﬂigﬂﬁmvuuwu%mmvmmnvmsm Autoradlograph A15%11 Colony
hybridization s uluf Inaudandndesfimsueasonn (U 9.1) 3ﬁuamﬂszﬁmmwga
2 . e o o
nniuuenIaTadin ldravanuniimsins 2@ 19U Restriction enzyme digestion %38 PCR
° S . . g a o v 3 a a
1um3931 Restriction enzyme digestion HUABIMINAATAADUID ANTUMSHOAWAIATAR
o a A A o o 9 [ = =2 9 ¥
wuesINNNAdLUANEuNaNUEIAYYIN TuUAMWITUEIAINI SuIEEMIsAnEIA A1 Ty
- o o a '3
Fanuszan Tuena msuonwaraiaAn UeeNINFARILATI 015U IMIN (Large-scale
a ea - < v o O °
plasmid purification) MnUMIHIAMsH 4 TMBFmadiouomaualdnannuuazsuiudsaih
a A d 4 o = £ 5 1 & - = o
wanasamoue lAuh s gnide miu Taomstlumivsmomsazaoddounan l5a niold
= & 3 a ad et o £ v < Y A A o
Affinity column 1o 1/ ldnwanaiiafidueiinnuui gngs oo lstamaudmuiainosyay
' 10 & 3 o 4 = & ] s o
Tuanauiedie ludithundesldmaraianiinnuus gnige wu msdemiluTaTafidmaunn
~ Adaa Ay &2 a9 o4 = )
wen Ialatinloundens AnsfiasIn1snINs a7 lumsusnwaaalSnmiios A
- X (] F=1 ¥ a3 = [ = - a " 4 =Y =1
U35 lwn Anhes@enmnumsessunaalanianuus gnige msuonwaraliandule
31 mrion (Rapid small-scale plasmid isolation) 34 15 umswamuaz l¥eg1anavaa iesnn
¥
IS5 masaduuniBolinaiesiasananmsnaraiadiuiaios 393 snnszUIUNISHN mini-
& a =y (=1 '
preps Failndvz lanaraliafiouesznin 1-5 g
I NHUNTA0975 AO Alkaline lysis (Bimboim and Doly, 1979) 1Az Rapid boiling (Holmes
5 [ -4 w ° o =
and Quigley, 1981) Niga93sinanmsiuguaswnune mimavsaduaz Tdsiuanaznou way
a o d ar 1 ) a
nonwaaiafRue lasodea N anImumenmlumsuen  waraiaeenain
o d aa D 2q v a ad =) ac i e
Tns Ty Tenfwwe F5nsaeatl 19 1-2 wu. waradafwuwen lannIsmariianua=e1auIn
o o ° o o o ° S .
wodmivih lUdadoeulmidasume M3¥i1 Transformation LIAZMS Sequencing
ar 2 ° o =yl a Jd 9y v - 5 o
nanmMsfo wadnuaiBouaneznouluvasa luTasildremsiumIos 9niuiih
= = o d o or e 9 & or el = -:;
aznouvenuaisomazaeluiiies dm5u3T Alkaline lysis (Ad1w0AV35 luuml§iiansh 3)
o e Aa [~ ¥ 5 o
aasui I uanduasazatenil SDS 1ag NaOH iudauray s SDS tiag NaOH vevhld
y ¥ =) Ao = i o o o ¥
daudsznoudie Tuaadidoanmuas luan1zil pH gesslinaliersiouegniaiodae

Hw o Yt S = ° o = o
wenvntigahldadwedsanmiasih i luenawsnitumedvaimsiziusz Talasiougn
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] r:i Fo =1 - 12 1 \ [~ Qy Py =1 2 P=1
Wae 119910 Ins Tulsudwwelivuia Inadstwaomsuani udug anzinmaiadiouedd
=] v ar 2 a A e 9 Ha o s "

YUIANNNUINGINIAN NI DUAY Laziiioy IR sazaetlan T uNa19870 potassium
9 ar @ M s oA g a [ [l = (=4 ]
acetate M3A3 AU lalasimusznduniu waradiadwuell Temanduganiwan IaEnnlu
3 =1 a = X
vz 1ns Ty TsuAdumeszanaznousuiy SDS uas Tsau wazmusouonaznouilonn lay
X - 1 a A ) Y. s
mMsum S daunargiaaeuedinsazatwluaIsazals NAUUINESaZa0IANALNBNDN
d w < w 7
AsIN LT IURANAIRTMIRZNOUADUIEAInHINeS TE
a g = LI ' 4 © 9 g e b4 5 =
AN MINWAAIATUAY uAraagnyi 1Huan 1aons 19 Lysozyme AMu30UL0Z Non-ionic
detergent (1% Triton X-100) Marhaduuaiisouih lifealusisnmidug anudouszinlia
g a 1 =1 v q-'---' a = ' 4 o
oMW IRANsTINNguYes sy uanaraladdivuiamn lignnsznuun waziiion
[~ =Y w1 a 1 P - ar = or 1 1 o
TWasazmotuas wanadnvznduganimdy daulas luTsudidweny TUsAusungus iy
uazihuenesn lasmstumIss aaunaraiiaog lumsazaonazihvanagneun U IUeA
ar o
wazazawmoivives TE
a an v o . a1 d < U 3 & Jd g 9y ora '
WA 1A913F mini-preps VoS BuUOADUTIUIN F015oUe BiliHanems
. 1 w2 adg et =3 1 =Sy a d
Transformation UABIIVALIFUADUONLVUIAEANN 2 kb N IADINMSHENAID M 1Ay
_ _— o ar =1 - 0 4
Gel electrophoresis muumsfmmm%’mumaanmﬂwmﬁuﬂiﬂa'l%’ 191 las] RNase
r:'l poe e d't s oy =¥ @ =2 Y o
iesnnanuinaisownwazsudszna luunlfianmsibinfnuee lavinsuon
a a3 & . - 4
NAAUAADUIDUVY Leamni mini-preps, 111 Alkaline lysis mini-preps UDEN1TATIVADVHUYAD

g g Aoad = o 9 dao o
ﬁl'lll’luﬂl]ﬂiﬂ”kﬂﬁ?ﬂﬂﬁl!ﬂﬂﬂQﬂﬁTﬂﬂﬂ'l'iﬂﬂﬂ?ﬂlﬂuul"]ﬂ.lﬂﬂﬂ']w\l'w
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Replica plate onto
nitrocellulose disk
placed on agar in dish

Transtormant colonies

;

Nitroceliulose growing cn agar surface
disk removed Retain
l master

:

plate
Reference set of colonies
(Note: red colony has DNA

complementary to the probe)

Break open bacteria

with NaOH, neutralize,
treat with protease,

wash, bake at 80 C

to immobilize DNA on disk

l

Hybridize with
radioactive probe,
autoradiography

DNA print of colonies X-ray film
gﬂ'ﬁ 9.1 Colony hybridization (http://oregonstate.edu/instruction/bb492/figletters/FigF9.html)

Yaq gulnsaiuazansindi
émcking buffer
Solution 1
Solution II
Solution III
Agarose gel
EcoRI and buffer (option: flanking enzymes)
Notl and buffer

10 x loading dye
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DNA marker
Isopropanol
RNAse

TE buffer

N3NAADY
(Nature 227:680, 1970)
y 2 4 T 2
1. ¥ hivwhnlasadoiio TnTaflves Transformant aslunaoaoddofiusigomisiae
0 LB $1171 3mi wagHANIS UM Ampicillin vuFelunteniumuei
QMg 37 °C ANWIE2501 120 rpm e 12-18 yu. THidenun nauay 20 TnTadl uaz
i InTativos pAD1 (Positive control) uaz In Tatlvog pET-23 (Negative control) A
2. Sudediay 1.0 ml aslunaen luTnssuasHaduna 1.5 ml inmsaaamn'l3 i
wavaduganudnrasagidesthiminimitusewmih lufumdss Wiumivayadi
AMUEITOV 13,000 rpm 1Tuaan 2 Wi figumgiivos
3. 5U Supemnate Aalumauzdmiuniavoudoiaanani “LB waste” iAunasond ioa
Weuuafiuinds aaveamarfimaesenlinua
4. 1ANE150A10 Cracking buffer $1149w 25 W1 A yunzneu Yadwi IdisadunnTaoms
in30ameaes 114 Larminar flow hood) agaamiimnsuaisiy (Mask)
Note: ,B-mercapthoethanol ﬂﬂﬁ: UIUHGI Tiasonars 11 Fume hood ttagaay Mask
5. halhgamgiirely Larminar flow hood {34128 20 177
6. vazisolistomoanududu 0.7% Taolaiin EBr asluna
% ﬁumsa:msw_aﬁ'mm’fa 5 finwiEaseu 13,000 pm Ha1 10 wAf
8. gAMIazaIVINTULUTIAY 10 | wazih luonTaodssidnTas T SaTau iy
EtBr luvauazivles
9. vhmsouvaildluriidesis Edr ardudy 1.0 lg/mt Wuna 10 wi
10. Tuiinna lasmsoomwuaznSoumouvavenmaiamdueinialalives
Transformants AUYMIAYBINAIANAREUIS pAD] aY pET-23 wanadafiilaoute

4 P ' s Y V==~
dhvneasimdoui lumadiniwaraian luiawuedhving
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B. 35113MAa83 Alkaline Lysis miniprep

X

2,

10.

11.

12.

nnpaMsnAned 10A TAudaznguidien Positive transformants 11 5 TaTatidongu
= g = I3 = o a ¥ o by
319 1.5 ml asluvaea lulassuasiiduuia 1.5 ml Anisaenain’ld vilivasa

v - &L g oa¥ @ A 1w ¥ o Y A o & = ot e
quganvanrassdIdestiiminimisuneui ldTumies Tihuwdoasadnanusa
= a A = g o 4 . 1

13,000 rpm 11union 1 Wi Ngunguvies vashse Iierarsazare Solution 11 191y

°y =1 ny P

e 13

v £ . '

34 Superate MIuMyUzdMTUNIVOUTINAARAINT “LB waste” 1AuAa0onFiioan
A A A w A & o

WwouuaNiseNnal gausavarnmtessn livua

iAmsaza1e 191191 200 W asliluupznou nazilash

= o =y =3 o o 5 d' g
wuasazaw 11 9119w 200 W dadh wainnaoanaulinduun 5 asuieliarisazaw

3 o =3 4 = = 1 = =]
WIAUMAZINU DU 5 WAue T3ifu10 w1

= ) . ad o Py = [ ) 5 2 L
wuMsazatw 1 Moy 311491 200 W Yarh wanvasanay ldnduan 5 asaielv

) o/ =] g =1 =3

I5ATAOITINUIALN VDU 15 WIN

o ¥ P o =1 a A

i ldiumAeed 13,000 rpm it 1000% A4 °C

- - LI ) ¥ 1 C?

aamsazaelaeuadinouas i Tunasalni duaznouguialing
IAUTUUATII UAZIAY 0.7 WA Tsopropanol (M3 2.5 (MUSU1ATUBY 95% Ethanol)

4 ‘o < = w N (=4 =1 i

e lvaueanazneu naulasniswaniasanay lndum Wumewe' 13 —20 °C

H 9 o A 9 =1
DYNUBY 30 WINHIDVIWAY

TumIpei 13,000 rpm 1101981 10 w1H Agangii 4 °c

2 ' kY = o ¥ o1y o £

14 Supernate 94913 ANASNOUALTUIDAIY 100 ml VB4 70% ethanol A 11Aoa¥1 19

asneURABUIDazA1Y gaLeesIUeAREN T IHAzneu sfigamg i oaszu 5-10

WIN BEAWALNBUAIY TE $11U9U 20 LU 171 RNase (20 mg/ml stock) o411 1An73
L) LY A o w

[WUIUFANIY 10 [lg/ml (ADM9A RNA

Mnsnaaes 10C av i omu13n —20°C

o a A g -4 v o
i ﬂ'l‘SﬂGl’ﬂﬂﬁﬂlﬂﬂ!@“&ﬁﬂ?ﬂ!ﬂ“ﬂ?ﬁﬂﬂﬂ%?n"l']:

1.

wisonlnsoinsaadasonlmisasumeiionsanaouii lnauladi 1dsnnsih

Transformation iAo W wHay Tnsimaradadidue 14 10B 1vhmsSmszide

001814 dumisves Mo Tunts TnauFudnvos egtp avlunines pET-23 St
£1diou lanfil lumsandesdiduedhmne TS eualgnsmnisdadmoionu lasida

T3V 6 YR58 Avd 15U 5 Transformants LA 1 Positive control (pAD1)
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o 3 Yy ‘o o o ar tay I = =
nN1saanIoie ]‘Hﬂﬂﬁmtﬂ‘l:’ﬁ"lﬂ‘iﬂ miniprep DNA sﬂumszmu/ammn WAITUNTT
o < =2 o o ' s o o 1 < ]
mmm57ﬂmmsau.7°ﬂmmzmaaw'In:: Y?fﬂﬂ?dﬂiﬁﬂﬂﬂﬂ@'ﬂ (EcoRI gNna1 Xmal 039 801M)

é o 3/ o
#9v11 14 Taen15911 master mixes

m‘ilﬂ?iﬂ‘u Master mix

o - J o o g o [ v A o

1. mMvualSunavesasiaiine: ¥ e land iiles 1) dmsumsaadduedlroon e
o @ & aoa ar - [ :? Y ° a9y a
dwmsunilal §iser aemsei 6 udagulsasiiaioiuiuvemanaidoinsiaziiy
= é 4 g as o = o a A
anniluennugndeslumsgams s tWivles nasidueu lsiiludgaiiolunily

4 o 2 o

WaeA Master mix HaudITaza1w luvasauazNUUNILTS

2. AAAITAZAYNIN Master mix 11 15 LUl a3lunana v AnnainvaeaunaziAy miniprep

DNA (#1490 108 de 12) §19u 5 U

13137 9.1 A29019MIAIUINTINS U Master mix

‘M'aster mix for:
Component 1 tube 13 tubes 7 tubes
Enzyme 0.5 LU 6.5 L
Buffer B 2 26 LI
DNA 5 pi* \
Deionized water 12.5 L1 162.5 L1
Total Volume 20 U 195 QU

aa o & t & =
Miniprep DNA 5 LU fu1l5anat 200-600 ng #33iu 1 U voaou lai Taona lSaifivane

o o 21 e & e 1 ] a' rF-%
@ w3y miniprep DNA Tunilalfiion Tuunasasdinleodiunm 1 v.u. figungi 37°C
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9 e a ad g/ 's
3 11’7WﬂWﬁWﬂﬂJﬂﬂLﬂumﬂ?Ulﬂu'l’ﬁﬁ EcoRI1/Noil

Plasmid DNA 5 Ll
Sterile deionized water _
10x buffer 2
EcoR1 |
Not 1 _ Ml
Total volume 20 pu

VoA = o
vuhgumnil 37°C Wuran 1 9.
. 2
4. azawoym IsaAnanIudy 0.8% tazimasuuna 1uIvua s-well comb Maliie
=

audIA7
5. 1@ 10x loading dye adlunasah lasumsandoou ol mauuazii liuonlao Gel

electrophoresis

L
=

" a o [ 1 Aan d ) - - =T~ 9| =
6. MunmalazAnITHHa N Inay laniawwod e uazdl Taewoithwinehdu

317 9.2 nsAanmaiia@iduie pADI, pET23-egfp Aaoton laidasum
Lane 1 = 1-kb DNA ladder
Lane 2 = pADI cut with Nofl+ EcoRI

Lane 3-7 = pET-23+egfp cut with Notl+ EcoRI
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Bimboim, 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 Boilipg 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 Bacteriopﬁage 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. Prenticc-Hall, Inc., New Jersey. USA.

http://oregonstate.edu/instruction/bb492/figletters/FigF9.html

HIAHUIN

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

30wl Fume hood eraugationasnihmnsuesiy
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unlfuamsn 10 msasreae v uemananlaamaiin Polymerase chain reaction

(PCR)

d
mlszaan
A A sluy; °
1. WRIToUIVUABUMSYI PCR

4 < =) =
2. NBATVADUABUDMUHTNNILNANYNADIANM ORF Taumaiin PCR

PN
= < a - o A a d & & =
maia PCR iWumatiamihun s lumsmvdsuudsue uazawisoiunladusnds
2 Ao =1 ’ v YA 9/ P s
HHaNUAIUs 52 1UNIA5I980UI Transformant N lanasweoihnneimiauls nanlums
s Ny 6 ar & A s o a 2 ad ‘e i Yo d o
1 PCR 0 AB4nsWa1wuiing 1 Inavastunsosudidueiaulanou 019 lusuiudsensiy
3’; ¥ o a " = = a o ek U o . & e
NIMUA LA HINTTUNTIZN 108 Intiand 1o Inadaus aoavia Sonan mswos (Primer) Faiiwd
=4 1 ar =1 P A o & o ‘
Wluganivadueidesmsszmuline Taewald Inswestinnuomlszane 18-35 wa udh
o I o et 1 @ o d ) = a ad 2 - - A
i lwswes s ldswnuanuedseailunaraiiafidue yuaiuvesdy niolaladives

bl = =)

P = P s ¥ Y w
sl UVIMWE‘]’Iﬁuﬂ-Liﬁgu’Jﬂﬁi'ﬂqﬂﬂNﬁlJL‘ll’lﬂ'JUﬂu
o

b4
Junou1uN1391 PCR Ua119UAYH A0 Denaturing, Annealing 1482 Extending

=4 a < ' = Z e
Denaturing 11umsIsgunadgalunmsuonfowemeg IHilluafon viniuyh 1
a ' g A SR A ' o5 - 4oy 3 v My
gumgilnaasetesaiue 1l Inswessadlwagauivdimevewuiidosmsiduniug 1a
' ¥ A 2 o f & g P aq 9 w o
DUNYNAD FUNTUABUUI Annealing NNHUYIMTILAsUgaMgl IRmINzauiumsMaIuves
=] o 2 o a =Y A et v v ad 9 1 8}
191 99 DNA polymerase 1921111903 lo InAniwagaunudueadunuumndo W ldane
a o da o 2 L a = oy '
9717 INAMITAATIZHADUID 5oNTUABUININ Extending NisiiudSuia lnumaiia PCR dnuid
BNy 1 Tuana dieruseud 1 udezdl 2 Tuiana nazlSumdueildee = 2 e o
B A o ana & = 4 o d -t
Aosmausouhlgnse Tavna ldes1d 30-40 sevlulfisemilen siunfiovziiTuanaves
ad =TI ) 2 ) o ) ) ) & =
awaudiug Tuana Sluudazseuves PCR Mzriunssuiumssmiunouiiues (i

11.1)

3 o ar s/ a M 1 o ar a 3y 3 A o 3 ¥
Fo911A 143 IHmaiia PCR Aendduiavestunaesmsihimusiuiudesuay
3 a A o L adg et = ' o S ag ~
gnded tazansaNIzmuiIuFuAoweRUANEIN 5 kb 1A liominuaFufiduene
1 1 ° @ oo .g o ) o o e [~ e
agugu Hvina 40 kb andeshinisaaulanl§isnldidesue et lsiamuFuiouenil

' & ] = S & = o :
A1UBIUINNIT 100 kb uﬂ"lNﬁTiﬂ'ﬁﬂi%’!ﬂﬂuﬂﬁ uﬂﬂﬁ]qﬂulﬂu‘lﬂfﬂﬂsl‘ﬂuﬂﬁﬂ'l PCR ﬁﬂ\?‘ﬂuﬂ@

P=1 =
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= ° - é c;
gaungigaazannsoihauldlugungiigs Fueulsni DNA polymerase fuon'lduvaiie

] I3 4 3 o :,’ '
s3sum liamsai 14 desldvneu lsinnuuaiFenduTalumimion Thermostable DNA
4 = = o aa o
polymerase of T. aquaticus 8974 13na mafia PCR Idgminn1dnnuiolumsitisioaau
- a = o A1 gya ¥ : ¢ o Aqua g L o9 oy
AalnAvestu Taumwizdunnelvine Isndonssrenyud uazmatinil 1¥aueiEuduiovun
2 o 9 o - ad 1 I~ 1 (=] s oo
sohnldlsz TewilunsiteisTunensuwnd wu msasieaeunisidunewi faytuiim
¥
A o 2 o o =] 1 o =1 =
Tumsnaaed lnsweinldgnesnuuuIdiidwuumihigauivdvuevosnmaia

" aa g '
pET-23 Niiawwedhvinonieli

T7 terminal Primer 1 =

T7 Xpress fwd Primer 2 = 5

¢ Pag ) 49 Yo : ¢
"lwsmaﬁﬂmUﬂqnmﬂmuzmﬂmmu HAZINIADS AUV Annealing temperature V09 IN51103

b4
Taoldaums Melting temperature (Tm, C) = 2(A+T) + 4 (G+C) U
Primier 1= asmemsume

Primer 2=......... —
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Cycle 2

Cycle 3

Cycle 4

"

Region to be amplified
0 f(—)|

NS

N

b

-

76

3
5,} Target DNA

Add excess primers 1and 2, dNTPs,
and Taq polymerase

Heat to 85 to melt strands

Cool to 60° to anneal primers

5
3
Primer 1

DD

g . EL
3!

3
—"""g.—- Primer 2

J’Primers extended by Taqg polymerase at 60°

5' 7 A— 3
— NS o
3! 5‘

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

A e

B rrem A A s G

l?rimers extended by Tag polymerase at 60°

B A AAA e 5}
—— e

R T T T T
e T T L S i

Heat to 95° 10 melt strands
Cool to 80° 10 anneal primers

et

Pl il e

!'Primurs extended by Tag polymarase at 60°

——N NN,
B T e Y

—NS NS D
P W

Heat to 85° to melt strands
Cool to 60° to annesl primers

And so on

g‘i]ﬁ 10.1 Polymerase Chain Reaction (Lodish et al., 2000)
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aq gUnsaluaz sl

10 x loading dye
DNA marker

Primer

Tag DNA polymerase
10x PCR buffer
dNTPs

25 mM MgCI2

Colonies of recombinant DNA

Agarose gel 1.2%

N1INAaBY

A. mim%u master mix

Stock Final concentration
10x PCR buffer 1x

MgCl,, 25 mM 1.75 mM

dATP, dCTP, dTTP, dGTP (100 mM each) 0.2 mM each
Primer 1 (17.5 ng/pl) 1.75 ng/pl

Primer 2 (17.5 ng/pl) 1.75 ng/pl

Tag DNA polymerase (10 U/ul) 0.075 U/pl

uanznguaz 1451 Master mix Nguazvao
B. U4AdUNI591 PCR

1. Wgamsazatu Master mix $119u 25 pi ldaslunasaving 0.6-ml $1u2u 7 vaen
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= é‘l‘ - .g 1 4 - " P= = =
2. ldnlamdesasaye Woiwew 1 Inlatinoniavana (Ialatinamaneziabue

b - ]
ithvuio) s2unslaTaiives pADI (Positive control) HU1UME Y10 PCR thermocycler 133

heatpad 14 Mineral oil $11734 50-100 )
o :’l oo @ c{
3. Mmsaslfnseasil
Step 1: 95°C, 3 min
Step 2: 95°C, 1 min
Step 3:42 °C, 1 min 30 591
Step 4: 72 °C, 1 min
Step 5: 72° C, 5 min to extend all unfinished products

ASIVTADUAA 1AUNI5M Gel electrophoresis ANMTHIUVBUIA 1.2% N Inaulanll egfp
g ad o g o o a P 4 o
Wudwwethnine nazfouiousain ldanmsy PCR Mimsanizaloen lsian

TumizNUMIGURnITh 9

= <
Han1INAag ﬁ?ﬂllﬁz V1T

UFIBYNTY

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 R;acombinant
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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BHUNARUEVBINA1adia pUC 18 1ag pUCI9

3|95 puUC1s 455

GMTTCGAGCTCGGTACCCGGEGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGC

i Sacl E Smal Xbal ok Pstl S Hind 1l
ac ma a Accl S n
Kpn | Xmal BamH | Hinc It

pucis
GCCMGCTTGCATGCCTGCAGGTCGACITCTAGAIGGATCIC[CCGIGG;TACCIGAGCTC]GAATTC

Hind Il L Sac!

Bl O g WM e R EcoR|
p'l a am pn [elo]
Acc! Smal

Nar B

|
Hae Il (235)

Nde [ {183)
Hae Il {680)"

EcoO109 1 (2674}
~ Al 11} (806)

Aatll (2617)

Ssp | (2501)

pUC18/19
2686 bp

— Hae Il (1050)

AN (1217}
Xmn | (2294)

Scal (2177)

*Site not unique CIr10 1 {1779)

Copyright (c) 2003 Amersham Biosciences K.K. All Rights R&served.

A http://www.jp-amershambioscience.com



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 lacZDM]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
lacZ are replaced by MCS) inactivates the N-terminal fragment of
beta-galactosidase and abolishes alfa-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 (compl. 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) and
proceeds in indicated direction. Plasmids carrying the pMB1 and
ColE1 replicons are incompatible, but they are fully compatible
with those carrying the pl15A replicon (pACYC177, pACYC184).
pMB1-derived plasmids can be amplified using chloramphenicol.
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1 kb DNA Ladder (http:/www.promega.com)

1kb DNA Ladder:

Parl No. Size
GS71A 500p!

Description: The 1kb DNA Ladder is ideal for determining the size of 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, 4,000, 5,000, 6,000, 8,000 and 10,000 base pairs. The 1,000 and 3,000bp Iragments have increased intensity
relative to the other bands on ethidium bromide-slained agarose gels and serve as reference indicators. All other [ragmenls
appear with equal intensity on the gel. All fragmenls are dephospharylaled by CIAP treatment. However, they are nol intended
lor use in quantitative analysis. Recommended loading volume is Spl/lane.

Storage Buller: The 1kb DNA Ladder is supplied in 10mM Tris-HCI (pH 7.4), 1mM EDTA.
Concentration: The concentration of Ihe 1kb DNA Ladder is 100pg/ml.

Storage Conditions: Store al ~20°C. Avoid multiple freeze-thaw cycles and exposure lo frequenl lemperalure changes.
See the expiration dale on the product fabel.

Usage Nole: Concemtration gradients may form in frozen products and should be dispersed upon thawing. Mix well prior
lo use

Blue/Orange 6X Lbading Dye (G190A): The Blue/Orange 6X Loading Dye supplied with these markers has a composition
ol 15% Ficoll® 400,.03% bromopheno! blue, 0.03% xylene cyanol FF, 0.4% orange G, 10mM Tris-HCI (pH 7.5) and
50mM EDTA. This dye is used for loading DNA samples inlo gel electrophoresis wells and tracking migration during elec-
trophoresis. Recommended usage is one parl loading dye lor every live parls DNA solulion, The xylene cyanol FF migrates at
approximalely 4kb, bromophenol blue at approximalely 300bp and orange G at approximately 50bp in 0.5% to 1.4% agarose
gels in 0.5X TBE (1).

L

o — 250/253

0.7% agarose

Quality Control Assays. ==

Accurate Sizing: Five microliters (500ng) of the 1kb DNA Ladder are mixed with 1! of Blue/Orange 6X Loading Dye and

subjecled lo eleclrophoresis in a single lane on a 1.2% agarose gel wilh TAE 1X buifer. The markers must show the expecled
pallern when compared with Lambda DNA/Hind lll Markers (Cat.# G1711) and X174 DNA/Hae lll Markers (Cal.# G1761).

Note: In a2% gel, the 250bp fragment may appear as a doublet of 253 and 250bp, respectively.

Nuclease Assay: To test for nuclease contaminalion, Syl of the 1kb DNA Ladder are incubated in restriction enzyme buffer
overnight at 37°C. Following incubalion, Ihe ladder is subjecled lo electrophoresis and visualized on an ethidium bromide-
slained agarose gel lo verily the absence of visible degradation.

5’ End-Labeling: Five microliters of the 1kb ONA Ladder are added to a labeling reaclion containing 1yl of T4
Polynucleotide Kinase 10X Buller, 1 of [y-32P]ATP (3,000Ci/mmol @ 10pCi/pl), 1pl of T4 Polynucleolide Kinase and 2yl of
deionized waler. This reaction is incubated at 37°C lor 10 minutes, then slopped by the addition of 1pl of 0.5M EDTA. Do
notl heal-inactivate the reaction. Do not heat the marker before loading. After labeling, the 1kb DNA Ladder is
separated ona 1.2% agarose gel. After the gel is processed, he labeled markers must be easily visible after overnight expo-
sure to X-ray film without an intensilying screen, 3l room lemperalure.

1. Sambrook, J., Frilsch, E.F. and Maniatis, T. (i989) Molecular Cloning: A Laboratory Manual, Cold Spring Harbor -
Laboratory, Cold Spring Harbor, NY.
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Lambda DNA/HindIIl Markers (http://www.promega.com)

Lambda DNA/Hind 11l Markers:

Part No. Size
G171A 100pg

Description: Lambda DNA/Hind 11l Markers are prepared by digesling Lambda DNA to completion with Hind Il followed by
heal-inaclivation of the enzyme. The DNA fragments are then ethanol-precipitaled and resuspended in sltorage buffer. The
eight DNA fragments range in size from 125 to 23,130 base pairs.

Concentration: 0.5mg/ml.
Slorage Buffer: Lambda DNA/Hird 11l Markers are supplied in 10mM Tris-HCI (pH 7.5), 10mM NaCl and 1mM EDTA.

Storage Conditions: Store al —20°C. Avoid multiple fregzé-Ihaw cycles and exposure to frequenl lemperalure changes.
See the expiration date on the product label.

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

2. Duelo Ine reannealmg ol cohesive ends an extra band may appear above the 23,130bp fragment while
the 4,361bp band disappears. To avoid Ihis annealing, heat the Marker al 65°C for 10 minutes in the
presence of 1X restriction enzyme buffer, and then immedialely chill on ice for 5 minutes before loading
onlo a gel.

Blue/Orange 6X Loading Dye (G190A): 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 G, 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-
lrophoresis. Recommended usage is one part loading dye for five parts DNA solution. The Xylene Cyanol FF migrales at
approximately 4kb, Bromophenol Blue al approximalely 300bp and Orange G al approximately 50bp in 0.5% 1o 1.4%
agarose gels in 0.5X TBE buffer (1).

[564, 125

233l 0.7% agarose

e
Accurale Sizing: One microgram of the Lambda DNA/Hind Il Marker is mixed with 1X restriction enzyme buffer-and
Blue/Orange 6X Loading Dye and subjecled to electrophoresis in a single lane on a 0.7% agarose gel with TAE 1X buffer. The
Lambda ONA/Hind 11l Marker must show the expecled patlern when compared with a previous lot.
Nuclease Assay: To lest for nuclease contamination, one microgram of the Lambda DNA/Hind Il Marker is incubaled in 50ul
of 1X restriction enzyme buffer for 16 hours at 37°C. Following incubalion, the Marker is subjected to electrophoresis and visu-
alized on an ethidium bromide-slained agarose gel lo conlirm the absence of visible degradation,

1. Sambrook, J., Fritsch, E.F. and Manialis, T. (1989) Molecular Cloning: A Laboralory Manual, Cold Spring Harbor
Labaratory, Cold Spring Harbor, NY.
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EcoRV

Product

EcoR V
{GPR]

EcoR V (HC) GPR]

For Laboratory Use.

Component Listing
Description

Features

Protocol
Storage Conditions
Storage Buffer

Source

Incubation Conditions
Percent Activity in
4-CORE® Buffer System

Frequency of Cutting

(http://www.promega.com)

Cat.# Size Conc. Unit
R6351 2,000u 10u/pl

R6355 10,000u 10u/pl

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

CTA,TAG

» Blue/White Cloning Qualified: Promega's blue/white cloning
‘assay 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.

Restriction Enzyme Usage Information.
Store at —20°C.
10mM Tris-HCl (pH 7.4), 50mM NacCl, 0.1mM EDTA, 1mM DTT, 0.5mg/ml
BSA, 50% glycerol.
Escherichia coli 162 pLG74.
Buffer D. 37°C.

A B & D MULTI-CORE™
10-25% 25-50% 50-75% 100% 100%
A Ad-2 OX174 puCis M13mpl18 pBR322
21 9 0 0 0 L
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HindIIl (http://www.promega.com)

Product Cat.# Size Conc. Unit
Hind 111 GPR R6041 5,000u 10u/pl
[GPR] R6045 15,000u 10u/pl
Hind III (HC) GER R4044 25,000u 40-80u/pl
[GER| R4047 50,000u 40-80u/pl
For Laboratory Use.
Component Listing
Description AYAGCTT
T TCGA,A
. Features e Blue/White Cloning Qualified: Promega's blue/white cloning
assay provides a higher level of quality control for enzymes used
in cloning applications.

s Available at High Concentration: Cat.# R4044 and R4047
contain 25,000 and 50,000 units of Hind 111, respectively, at a
concentration of 40-80u/pl.

« Available in Custom and Bualk Configurations: Learn more
about our custom options for this product at:
wWww.promega.com/myway/

Protocol Restriction Enzyme Usage Information.
Storage Conditions Store at -20°C.
Storage Buffer, 10mM Tris-HClI (pH 7.4), 250mM NacCl, 0.1mM EDTA, 1mM DTT,
0.5mg/ml BSA, 50% glycerol.
Source Haemophilus influenzae Rd.
Incubation Conditions Buffer E. 37°C.
Percent Activity in A B C D E MULTI-CORE™
. ®
4-CORE™Buffer System . 500, 100% 75-100%. 10-25% 100% 50-75%
Frequency of Cutting A Ad-2 X174 puCis M13mp18 pBR322
Z 12 0 1 1 1
Notes Star activity may be observed in the presence of Mn2*
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Xhol (http://www.promega.com)

Product Cat.# Size Conc. Unit
Xho 1 |GPR| R6161 3,000u 10u/pl

IGPR| R6165 10,000u 10u/pl
Xho 1 (HC) IGPR| R4164 15,000u 40-80u/pl

For Laboratory Use.
Component Listing

Description cYTceAa G
G AGCT,C
Features e Blue/White Cloning Quaﬁffed: Promega's blue/white cloning

assay provides a higher level of 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/ml BSA, 50% glycerol.

Source Xanthomonas holcicola.

Incubation Conditions Buffer D, 37°C.

Percent Activity in A B c D MULTI-CORE™
= ® 3

4-CORE™Buffer System 55 5oo,  75-100%  75-100%  100% 10-25%

Frequency of Cutting A Ad-2 OX174 puC18 M13mp18 pBR322

- § 6 1 0 0 0
Notes Ends generated with Xho I can be directly ligated to ends generated by

Sal 1. Neither recognition site is regenerated in the ligation product.
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T4 DNA ligase (http://www.promega.com)

Product Cat.# Size Conc. Unit Price

T4 DNA Ligase [EZ3 M1801 100u (Weiss units) 1-3u/pl Please Enquire
EZ M1804 500u (Weiss units) 1-3u/pl Please Enquire

T4 DNA Ligase (HC) 3 M1794 500u (Weiss units) 10-20u/pl Please Enquire

Available Separately

T4 DNA Ligase Buffer Pack EER Cc1263  1.5ml (3 x 500pl) Please Enquire

For Laboratory Use. Units listed are Welss units.

Component Listing
Description

Features

Applications
Protocol

Storage Conditions
Storage Buffer

Unit Definition

Quality Control Tests

Source
References

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).
e Available at High Concentration: Cat.# M1794 contains 500 units
of T4 DNA Ligase at 10-20u/pl.

e Flexible: Use with 5°, 3" or blunt-ended DNA inserts.

e Provided with 10X Reaction Buffer: 300mM Tris-HCI (pH 7.8 at
25°C), 100mM MgCl,, 100mM DTT and 10mM ATP.

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

e Available in Custom and Bulk Configurations: Learn more about
our custom options for this product at: www.promega.com/myway/
e Joining double-stranded DNA molecules with cohesive or blunt ends.
r Pr #9P1
Store at —20°C.
10mM Tris-HCl (pH 7.0 at 25°C), 50mM KCI, 1mM DTT, 0.1mM EDTA and
50% glycerol.
0.01 Weiss unit of T4 DNA Ligase is the amount of enzyme required to
catalyze the ligation of greater than 95% of 1pg of A/Hind 111 fragments at
16°C in 20 minutes.
Activity, SDS-PAGE/purity, DNase, endonucleasg/nickase, RNase, blue/white
cloning assay.
Recombinant E. coli strain.
1. Engler, M.J. and Richardson, C.C. (1982) In: The 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 Em  mM8201 500u

For Laboratory Use.

Component Listing

Description Shrimp Alkaline Phosphatase (SAP) catalyzes the dephosphorylation 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 [32pjaTP
and T4 Polynucleotide Kinase. SAP is active on 5~ overhangs, 57 recessed
and blunt ends (1).

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

e Flexible: Active in most 1X 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. G

e Provided with 10X Reaction Buffer: 0.5M Tris-HCI (pH 9.0),
100mM MgCl,.
Applications e Preventing religation of linearized cloning vehicle DNA by removing
phosphate groups from both 5° termini (1).

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

Protocol Promega Product Information #9PIM820.

Storage Conditions  Store at —20°C. See the expiration date on the label.

Storage Buffer 25mM Tris-HCl (pH 7.6 at 4°C), 1mM MgCl,, 0.1mM ZnCl, and 50% (v/v)
glycerol.

Unit Definition One unit issdefined as the amount of enzyme required to catalyze the

hydrolysis of 1pmol 4-nitrophenyl phosphate per minute at 37°C in 1M
diethanolamine, 10.9mM para-nitrophenyl phosphate, 0.5mM MgCl,, (pH

9.8). :
Quality Control Tests Activity, SDS-PAGE/purity, endonuclease/mckase, DNase, RNase, blue/white
cloning assay.
Source Pandalis borealis.
References 1. Sambrook, J. et al. (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 Buffer A:
. Part No. Size (units)
M186A 100
M186E. { T ke 600,
M186B 2,500

Note: Cat.# M1861, M1865 and M1868 are supplied with Thermophilic DNA Polymerase 10X Buffer and a separate tube
containing MgCl,. Cal.# M2861, M2865 and M2868 are supplied with Tag DNA Polymerase 10X Buffer which contains
15mM MgCl,

Important! Tag DNA Polymerase in Storage Buffer A must be used with the Reaction Buffer provided. If another reaclion
buffer is used, Triton®X-100 must be added to a final concentration of 0.1% to ensure enzyme aclwriy |

Tag DNA Polymerase in Storage Buffer B:

Part No. Size (units)
M166A 100
M1668 500
M166F 2,500.

Note: Cat.# M1661, M1665 and M1668 are supplied with Thermophilic DNA Polymerase 10X Buffer and a separate lube
ol MgCl,. Cal.# M2661, M2665 and M2668 are supplied with T2g DNA Polymerase 10X Bufler which contains 15mM
MgCl,.
| Tag DNA Polymerase in Storage Butfer B is fully compalible with other reaclion buffers. |
Description: 7ag DNA Polymerase is a thermostable enzyme that replicates DNA at 74°C and exhil;ils a half-life of 40 min-
utes at 85°C (1,2). Taqcalalyzes the polymerization of nucleatides 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 exhibils §'—3°
exonuclease activity. Tagis recommended for use in PCRT and primer extension reactions at elevated temperalures.

Enzyme Storage Buffer A: The composition of Storage Buffer A is 50mM Tris-HCI (pH 8.0 at 25°C), 100mM NaCl, 0.1mM
EDTA, TmM DTT, 50% glycerol and 1% Triton® X-100.

Enzyme Storage Buffer B: The composition of Slorage Bulfer B is 20mM Tris-HCI (pH 8.0 at 25°C), 100mM KCI, 0.1mM
EDTA, 1mM DTT, 50% glycerol, 0.5% Tween® 20 and 0.5% Nonidet®-P40.

Source: Thermus aquaticus strain YT1 (1),

Unit Definition: One unit is defined as the amount of enzyme required to calalyze the incorporation of 10 nanomoles of
dNTPs into acid insoluble material in 30 minutes at 74°C (2). The reaction conditions are specmed below, under Standard
DNA Polymerase Assay Conditions.

Thermophilic DNA Polymerase 10X Bufier, Magnesium Free (Part No. M190A and M190G): When the 10X
Buffer supplied with this enzyme is diluted 1:10 il has a compasition of 10mM Tris-HCI (pH 9.0 at 25°C), 50mM KCl and 0.1%
Triton® X-100. This buffer is optimized for use with 200.M each of INTPs. Sufficient 25mM MgCl, is provided, separately, to
allow oplimization of enzyme performance under a variety of conditions. The Triton® X-100 in the Buffer is compatible with
the detergents in the Storage Bufier of the enzyme for all applications.

Tag DNA Polymerase 10X Buffer containing 15mM MgCl, (Part No. M1BBA-and M188J): This buffer, which has a
composition of 50mM KCI, 10mM Tris-HCI (pH 9.0 at 25°C), 1.5mM MgCl, and 0.1% Tntun’@X 100 when diluted 1:10, is
supplied with Cat.# M2661, M2665, M2668 and M26861, 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 MqCl, thoroughly
after thawing and prior to use, to disperse the MgCl, throughout the tube.

Storage Temperature: Store at ~20°C. Avoid exposure to frequent temperature changes. See the expiration date on the
Product Information Label.
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Heat Inactivation of Restriction Endonucleases

H&_il inactivalion is a convenient method far stopping a restriction endontclasse reaction. incubation al 65°C lor 20 imisules inactivales the majority of resiriction
“endonucleases that have an cplimal incubation lemperature of 37°C. Enzymes thal cannot be inactivaied al 65°C can clien be inaclivated by incubalion at 80°C for 22
minutes. The lable below ingicates whether or not an enzyme can be heal inactivaled and the tempesmiura nzeded to do <o,

Heal inaclivation was-performed as follows to approximate a typical experiment. A 50 pl rezction mixture conlaining the appronriate NEButler, 0.5 Po of calf thymus
DNA, and 5 or 10 pl of reslriction endonuclease (at seliing concenlration) vias incubated at 37°C for 80 minules and then at 65°C o 80°C for 20 minutes. 0.5 pg !
substrale DNA (usually lambda) was added to the reaction mixjureand incubated at the optimal reaction lemperature of the enzyme lor 60 minules. Any digestion
(complete or partial) of the substrate DNA after the second incubation, s seen by ayarose gel eleciraphoresis, wes interpreted as incomplets heat inaclivation.
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Restriction endonucieases vary with respect Lo their ability lo maintain aclivity in a reaclion over an extended perrod of time.

1.0, 0.50, 0.25, and 0.13 units of restriclion endonuclease were added lo 50 i reaction mixlures containing 1 pg of unit-assay substrata DNA (defined for each
enzyme in the Restriction Endonuclease section of this calalog). The reaction mixiures were incubated for 16 hours at 37°C (or as notea). The minimmum number ¢t
units [hat resulled in somplete digestion of 1 pg of substrale DNA in 16 hours was delermined by agarose gel efecirophoresis

Enzymes thet require less than 1 unit fo digest 1 pg of DNA lo completion in 16 hours can be used al fower cancergrations for exiénded incubation pericds,

DHA slubslrales\are digested ai varying rates, the aclual number of units required for a compleie digeslion in 16 teours will change from substrate to substrate.
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Survival of Restriction Endonucleases in a Reaction
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