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Day1

« Competent cell A=
e Transformation




Competent Cell (Comp. Cell)

M AR Ol bacteria cellOf| 0|24t 22| &, 3laHE 2|2 810 Q52| DNAZI & S0{Z 4= Q&
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Day 1. Competent cell M= & transformation

1. Competent cell &
- DH5a
- LB
- Inoue transformation buffer
(MnClI2, CaCl2, KCI, PIPES(0.5M pH 6.7), H20)
- DMSO

2. Transformation

- competent cell

- Plasmid DNA (pEGFP-C1 & pET-21a)
- Antibiotics (Kanamycin & Ampicillin)
- LB plate

- LB broth



Day 1. Competent cell H|= & transformation

* Competent cell X =
1. Antibiotics 8l= LB plate0fl DH5a streaking & 37°C incubation, 18hr

2. Inoculation (4ml LB brothO] single colony2 pickdtd € 0{& F 37°C shaking incubation, overnight)
3. Inoculation (125ml LBO|| & inoculation @t LB broth & 1ml& E0|& & 37°C shaking incubation, overnight)
4. 10min ice incubation

5. Centrifugation (2,500g, 10min, 4°C)

6. Supernatant M7 F paper tower /0 F & A 2min incubation

7. Inoue transformation buffer(ice-cold incubation El) 40mI2 &1 resuspension

8.  Centrifugation (2,500g, 10min, 4°C)

9. Supernatant A|A (6t A1 5 )

10. Inoue transformation buffer(ice-cold incubation El) 10ml &1 resuspension

11. DMSO 7502 E @1 mix & 10min ice incubation

12. 50u@* EP tubeOl] 71 = UK EA0| E=Ct (Working quickly)

13. -70°C &2



Day 1. Competent cell H|= & transformation

* Transformation

Competent cell(DH5a)0f| plasmid DNA 5p¢ '@ 11 tapping
IceO| 10min incubation

Heat shock(42°C), 40sec incubation & Ice0|| 1Tmin incubation
MH| LB 1ml €10 37°C 1h incubation (recovery stage)
Recovery 0|2 100p0E rA| 11 H| LB plate0 spreading
PlateE 5l & 0{ A 37°C incubation, 18h

9/5 colony confirmation

N o A W=



Day2

e Plasmid miniprep (pEGFP-C1 & pET-21a)
« RE digestion
« competent cell yield 573




Recombinant DNA technology : Overview

Foreign DNA
f interest
gene for _ TEgion o
anfibictic — Plasmid | EcoRI
resistance EcoRI

EcaRI

| Ecora | Beors 1. Insert preparation
m Sicky en d;"’\ (geng of mterest)
\ 2. Plasmid isolation
S ONA oo 3. Plasmid/insert digestion

(transduction, conjugation)

Recomhbinant | I
Sy 4. Ligation
5. Transformation
DNﬁi‘MEV

Bacteria EBacterial Bactena platted on medium . .
chromosorne + antibiotic | 6. Transformant isolation
| & & I
Only bacteria containing

recombinant DA grow

s

DNA
puriﬁ-:jEun gg
Cloning into a plasmid



GenBank Accession # U55763 Catalog #6084-1

SnaB |

34) Nhe | (592)
Ecod7 Il (5a97)
Agel (501)

Eco0109 |
(3854)

BsrG | (1323)

MCS
(1330-1417)
Miu | 1642)
Dra lll 1872)
Stu |
(2577)
EgEp 1390 1340 1350 1360 1370 1380 1290 1400 fIE!!‘j
TAC AAG TCC GGA CTC AGA TCT CGA GCT CAA GCT TCG AAT TCT GCA GTC GAC GET ACC GCG GGC CCG GGA TCC ACC GGATCT AGA TAA CTG ATC A
BspE | Bg/ll Xhol o HindWl EcoRl Pstl Sall Kpml | Apal . Bamhl Xbal* Bell*
ac Accl Aspmigl_/ Bspiz0l Xmal

Echiell Sacll Smal




PET-21a(+) sequence landmarks

T7 promoter anazr
T7 transcription start 310
T7+Tag coding sequence 207-239
Multiple cloning sites

(BamH I - XhoT) 158-203
His*Tag coding sequence  140-157
TT terminator 26-72

facl coding sequence 714-1793
pBR32Z origin 32T

bia coding sequence J088-4845
f1 origin 4977-5432

The maps for pET-21b(+). pET-21c(+) and
pET-21d(+) are the same as pET-2la(+)
(shown) with the following exceptions:
pET-21b(+) is a 5442bp plasmid; subtract
Ibp from each site beyond BamH 1 at 198,
pET-21c(+) is a 5441bp plasmid; subtract
2bp from each site beyond BamH I at 198.
pET-21d(+) is a 5440bp plasmid; the BamH I
site is in the same reading frame as in pET-
2lci(+). An Neo [ site is substituted for the
Nde 1 site with a net 1bp deletion at position
238 of pET-21c(+). As a result, NeoI cuts
pET21d(+) at 234, and Nhe I cuts at 229. For
the rest of the sites, subtract 3bp from each
site beyond position 239 in pET-21a(+).

Nde I does not cut pET-21d(+). Note also
that Sty is not unique in pET-21d(+).

Dra llliszo01)

Sea lgsse)

Pyl lj4428)

AlWN li3sa1)

BspLU11 liz185)
Sap liaoag)

Bst1107 li2a38)

Tth111 lize10)

e

Sty lis7)
||Bpu11n2 120}

Pst ljaz03)
2
a
| <
Bsa l(4118)- |
, ET-21a(+
Eam11£]5||_4058:|—[ p [5443bp]( )

pG lj2601)

Hind lll{173)
Sal lj179)
Sac l(130)
EcoR lp13z)
BamH l(13g)

Miu lj1084)
Bcl li1o7s)

BstE llj1245)
| Bmg l{1273)
| Apa lj1275)
|
|

|| BssHIlj1475)
coR V{1514)
Hpa lj1570)

PshA lj1o000)

PpuM li2171
P%E Ilfzm)}
Bpul lizz71)

TT promater

TT promoter primer #39348-3

lac operator Xbal

T7 terminator primer #39337-2

pET-21a-d(+) cloning/expression region




Day 2. Competent cell yield 5% ( Calculate Transformation Efficiency )

,\S' Transformation of competent
,\5' E. coli with gene of interest

O Selection and expansion of
positive clones

Isolation of plasmid/expression
vector

|ﬂ &% |O @ ||g e | Scale-up of transformants;
isolation of protein of interest
O |o |5 &




Day 2. Competent cell yield 5% ( Calculate Transformation Efficiency )

1. Required information
- Number of CFU
- Volume of bacterial culture plated
- Fraction of overall final transformation volume (i.e. dilution)

- Mass of the DNA used in the transformation

Example: 50 ng of plasmid DNA is transformed into a final transformation volume of 500 pl, and 10 pl of this volume is
spread onto a plate. Assume 60 CFU are observed on the plate.

1. Count colonies to determine CFU  CFU =60
DNA spread Volume spread (pl) X DNA transformation (pg)

2. Determine amount of plasmid DNA (in pg) spread  on the plate

Total volume of transformation (pul)
on the plate.

10 pl X 0.05 pg
500 wl

= 0.001 pl
3. Divide the number of colonies on the plate (in

CFU) by the amount of DNA (in pg) spread on the
plate. 60 CFU

0.001 pg

= 60 X10* CFU/pg




Day 2. mini prep & RE digestion

1. Miniprep
- Miniprep2 DNAE 4% FE0HC= X2 =, plasmid DNA FE0| 21 5 X 0|Ct. Competent2| membraneE 711 chromosomal DNA
ot plasmid DNAS &30 £2| 3t Chromosomal DNAE plasmid DNAO H|SH sizeZ} 37| 20 0|2{3t §EE 0|83l0 22/

% Qlet.

2. Boiling method

- Plasmid& X| &l bacteria= lysozyme, Triton, @X 2| S22 A £ =0, chromosomal DNAE M Z 20| ZetEl AEfZ HOrQUA
E0 HAHEL2M BT AA 2E = A2H plasmid DNAE &SH0| N isopropanol2 AT AlA 22| & = US.

- Boiling miniprep2 2 22| plasmidE =22 If 20[= HEO|X|2F Z2[El plasmid DNA= Alkaline lysis miniprep 2 Ct quality 7}
|I‘|O-|I|

= .

3. Alkaline lysis method

-7ty gEH o2 MO[= 2| HE

- Plasmid DNAE PlasmidS X|L|2 Q& bacteriadl Al M2 ol H{Fo =2 22|& = U=, Bacteria= sodium dodecyl sulfate (SDS),
NaOHZ $Qst= 2oz X210 8¢ £|0f FIC}

- Potassium acetateE H 71510 2l S S8t Al7[=0 O] =S covalently closed plasmid DNAE W2 reanneal A|ZIC},

- Chromosomal DNA2} bacterial proteinsQ| CHEE2 ANMEH AHE22 AMEL2A HAHZ 5= QUL

- Plasmid DNA= &S0 HOFQJUA E|20 ethanol precipitation2 2 &ESA|Z 7+ QUCH



Day 2. mini prep & RE digestion

CEE H-In“lﬂ 1 ng

Eoz 27 & 2lasa
i{—\:
4T, i
(€223

13,000 rpmE=
10224 SHalg2a| =5 = 8E

ENSCEIE

A= dY

AEoUS T AT A
e
[—]

Soll 200 pl E37}E

vortex= FEr

o

] I:DI-I

|||"|
L

. '.'i & ;‘j
I'I éx - - -
'_:l '-'
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1022 flaEa)

M| BIEfol
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>
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7O% OofEtE

500 mL &=}

TO0% HEEES
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kel eHE |

Eotn|E
D, =0k



Day 2. mini prep & RE digestion
= Restriction Enzymes

» Three types of Restriction Endonucleases

Type Il enzymes

* They recognize a specific nucleotide sequence but

differ from the type | enzymes in that they do not : IEEET IEENEE
require cofactors and they cleave specifically IT ¢t II' c' III c II 111
within or close to the recognition sequence, thus —— =
generating a specific set of fragments. " B
« Recognition site: Palindromic sequence. 1 l
ex) EcoRl :5'-GAATTC-3'

« It is this exquisite specificity which has made these II III —r _Im
enzymes of great importance in DNA research, l. .I.“._I. I ER RN
especially in the production of recombinant DNA:s. — 4| L J

— Molecular cloning become feasible. Complememaw e

Overhangs {Mo Overhangs)



Day 2. mini prep & RE digestion

1. Mini prep
- E. coli (pEGFP-C1, pET-21a)
- Sol I, SolII, Sollll, Wash buffer, DW
- Spin column, collection tube, EP tube

- Centrifuge

2. RE digestion & gel electrophoresis
- plasmid DNA(pEGFP-C1, pET-21a)
- RE enzyme (Nde I, XhoI)
- Heat block
- 0.8% agarose gel



Day 2. Plasmid DNA prep & Confirmation of plasmid by RE digestion

(inoculationZtX| &1 FH|)
1. Single colony& [tA] LB broth 4ml0f| inoculation (37°C shacking incubation, 14hr)
Centrifugation (12,000rpm, Tmin, room temperature)
Supernatant K| & S1 buffer 250ul '€ 11 vortexing
S2 buffer 250ul ‘@2 = inverting
G3 buffer 350ul €2 ¥ inverting

Centrifugation (12,000rpm, 10min, room temperature)

N o vk WD

Supernatant 800ul= Spin columnOf| &7l 2
Centrifugation (12,000rpm, Tmin, room temperature)
8. Collection tubed| J+&= Sup XA = PW buffer 750ul'€
Centrifugation (12,000rpm, Tmin, room temperature)
9. Collection tube0f| = Sup MAH =
Z7} Centrifugation (12,000rpm , 3min, room temperature)
10. Spin column@t Ml EP tubeO 7! & DW 50ul ‘@11 5min incubation
11. Centrifugation (12,000rpm, Tmin, room temperature)

12. Nano drop



Day 2. RE digestion & gel electrophoresis

pPEGFP-C1 pET-21a
DNA 5u 5ue

1. Enzyme digestion mixture X|Z= 10x buffer | 1.5 1.5u0
2. 37°C incubation, 30min Nhe I O.out
: o : Xho I 0.5u2
3. 6x loading dye 42 2 geld| loading 0 -

. . Nde I 0.5u0

4.  Gel electrophoresis (100V, 40min) EcORV 0500

DW 7.5u0 7.5u0

total 15u0 15u0




Day3

* Insert prep (EGFP)
» Plasmid
« RE digestion




Day3. Plasmid DNA

Plasmid Zt?

. BEAD|E Plasmid)ys MZo HEHO| ZH 50 SHHOR A
5 ol @4 O|2/ol DNA EXHE UHE

- 7 422 0|89 Mot Ll SErA0[ES ME Sto= WiLiD Hota 22 A=
Tl 22 ot gALSE R0 O|F ALl Mlat0| 20f Hiots wH AL A=
g 7lss A8

Bacterial DMNA Plasmid DMNA




Day3. Plasmid DNA

Plasmid Vector?| £E%l

BsmBE ] 51
Drd 191

EsmE | 268
Ecol} 10 1 2674

Aac Il 2617 Nee 1 183

Nar l/Kas I 235

Ssp 1 2501 Bel 1245
i
Eco5T 12381 Pou T 306 Polylinker
. . . . . cloning sites
Xmn 1 2294
1. Origin of replication (ori) 396-454
Beg 12215

Pvu 1 2066
. . . Ava 1l 2069 puC19 o i
2. Multiple Cloning Sites 2 2686 bp oy aas

(MCS) BsiD 1 1935

Fspl 1919 TA 1781
Al I BOG
“alin:
) ;:fm”md ' Drd 1 908
y (4
3. Circular form DNA b b b

Bsr¥1 175

Ahd T 1694

AlWN 11217
° ° ° ° Ecohi | 1333
4. Antibiotic resistance
polylinker region
400 gan 11 Ava l 420 440 460
o 4o . Ecl136 Il Xmal Sse8387 1
5. Restriction enzyme site _ _Sacl Smal =~ Xbal DT B I
aglgaattCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGegtaatcatgg
EccR 1 KEpnl BamH I Sal I Sphl
Apo 1 AccB5 1 Hinc II

Acc 1
BspM 1



Day3. Plasmid DNA

Plasmid Vectorl| &4

PLASMID SUPERCOILING

I 1

RELAXED SUPERCOILED



Day3. Plasmid DNA

Plasmid Vector?| size H| 11

Nicked

Linear

Supercoiled

Circular, single-stranded




Day3. PCR amplification of gene of interest

GenBank Accession #: U55763 Catalog #6084-1

Apal |

(4360) ~
puc PCMV IE
ori

poly A

Ecol7 Il (5a7)
Agel (601)

Eco01091
13854)

pEGFP-C1

47Kb BsrG 1 (1323)

svVao

MCS
(1330-1417)

Miul 1642)

Dra lll 1872)

Stu |
(2577)

Sty lism)

‘ ‘Epu1102 I(s0)
Sac l(1s0)
~EcoR li192)
- BamH I1s8)

- Bal li;

— SgrA Iasz)
_——Sph li538)

- EcoN Ii5e2)

~ P1IM lig48)

— Apaé I(7a8)
Sca las3g) / @
Pl lia428) ".-,,-/ ® W\ M oess
Pst 14303) .‘,f:;":f'&q’: 3, \\ &~Bd lore
i

3,

} | VBSIE ll(1245)
B | 11-Bmg li1273)
Bsa |[4'|G’- |

=
s
2 1] MApa lizzs)
i ET-21a(+ g
Eam1105h4ﬂ\a_\—|_|J P [5443IJD)( ) =

Ap ¢

{ ”BssHIL 1475)
\ | [EcoR V(1514
\ /+Hpa l(1570)
\ /
\
N,
AlwN li3s81)

o,
4
3
|-997)
BspLU11 liz185) -7\,7"\-,_?7 _—
Sap liao4g) / [ -r—
Bst1107 Iizsas) / | BspG Iizsa1)
Tth111 lzegy !

- PpuM liz171)
Psp5 lii2171)
\Bpu10 liz271)

>pEGFP-C1+

TAGTTATTAS TAGTAATCAL TTACGGGGTC ATTAGTTCAT AGCCCATATA TGGAGTTCCG
COTTACATAS CTTACGGTAA ATGGUCOGCC TGGCTGACCG CCCAACGACT CCCGCCCATT.
GACGTCAATA ATGACGTATG TTCCCATAGT AACGCCAATA GGGACTTTOC ATTGACGTCA
ATGGGTGGAG TATTTACGGT AAACTGCCCA CTTGGUAGTA CATCAAGTGT ATCATATGCC.
AEGTACGOCE COTATTGACG TCAATGACGG TAAATGGOCC GOUTGGCATT ATGOCCAGLT A
CATGACCTTA TGGGACTTTC CTACTTGGCA GTACATCTAC GTATTAGTCA TCGCTATTAC
CATGGTGATG CGGTTTTGGC AGTACATCAA TGGGOGTGGA TAGCGGTTTG ACTCACGGGG
ATTTCCAAGT CTCCACCCCA TTGACGTCAA TGGGAGTTTG TTTTGGCACT AAAATCAACG.
GGACTTTCCA AAATGTCGTA ACAACTCCGC CCCATTGACG CAAATGGGOG GTAGGCGTGT.
ACGGTGGGAG GTCTATATAL GUAGAGCTGG TTTAGTGAAC CGTCAGATCC GCTAGCGCTAe
COGETCHCCA CCATGGTGAG CAAGGGLGAG GAGCTGTTCA COGGGGTGGT GCCCATCCTG
GTCGAGCTGG ACGGCGACGT AAACGGOCAC AAGTTCAGCG TGTCCGGOGA GGGCGAGGGC
GATGCCACCT ACGGCAAGCT GACCCTGAAG TTCATCTGCA CCACCGGCAS GCTGCCCGTG
CCCTGGCCCA CCCTCGTGAC CACCCTGACC TACGGLGTGC AGTGCTTCAG CCGCTACCCC.
GACCACATGA AGCAGCACGA CTTCTTCAAG TCCGOCATGC CCGAAGGCTA CGTCCAGGAG
CGCACCATCT TCTTCAAGGA CGACGGCAAC TACAAGACCC GCGCCGAGGT GAAGTTCGAG.
GGCGACACCC TGGTGAACCG CATCGAGCTG AAGGGCATCG ACTTCAAGGA GGACGGCAAC
ATCCTGGGGE ACAAGCTGGA GTACAACTAC AACAGUCACA ACGTCTATAT CATGGCCGAC
AAGCAGAAGS ACGGCATCAL GGTGAACTTC AAGATCCGCC ACAACATCGA GGACGGCAGC
GTGCAGCTCG CCGACCACTA CCAGUAGAAC ACCCOCATCG GCGACGGCCC CGTGCTGCTG
COCGACAACC ACTACCTGAG CACCCAGTCC GCCCTGAGCA AAGACCCCAS CGAGAAGCGC
GATCACATGG TCCTGCTGGA GTTCGTGACC GCCGOCGGGA TCACTCTCGG CATGGACGAG.
CTGTACAAGT COGGACTCAG ATCTCGAGCT CAAGCTTCGA ATTCTGCAGT CGACGGTACC
GOGGGCCCGG GATCCACCGG ATCTAGATAA CTGATCATAA TCAGCCATAC CACATTTGTA

TT7 promoter primer #39348-3

T7 promoter |ac operator .

pET-21a-d(+) cloning/expression region




Day3. PCR amplification of gene of interest

<PCR primer design for GFP cds amplification from pEGFP-C1>

X GFP cloning plan (pEGFP-C1 - pET21-a)

| 5”-CAT ATG GTG AGC AAG GGC GAG----- ATG GAC GAG CTG TAC AAG TGA CTC GAG-3~
37-CTG CTC GAC ATG TTC ACT GAG CTC GG-5~

57-GG CAT ATG GTG AGC AAG GGC-3~
3”-GTA TAC CAC TCG TTC CCG CTC———--- TAC CTG CTC GAC ATG TTC ACT GAG CTC-5~

Forward primer
57-GG CAT ATG GTG AGC AAG GGC-3~”

Reverse primer
57-GG CTC GAG TCA CTT GTA CAG CTC GTC-3~

Ndel Xhol
5”-CATATG-3” 5”-CTCGAG-3”
3”-GTATAC-5" 3”-GAGCTC-5"




Day3. PCR amplification of gene of interest

PCR

PCR(polymerase chain reaction)#= DNA E= R

= Al Lo CHE S 2 S=5t= i. KSR 7|%O|Ef.
PCREZ2E0 &= O|X = 2222+ @ 4 HHAS| HIS2
ot A2t @ cycless, @ HtSH X 3(—’?% NA, dNTPS =, Mg2+
Sk &), @ primer 27, ® A& DNA polymerase 0| AL}
Denaturation, Annealing, Extension 3THA|E 7 &ICt.



Day3. PCR amplification of gene of interest

PCR 1}’H
/TDELOVODGDE/
MWMMM%WWMWU{

E'Wmmmmﬂwmm“m" 3
3 3' L0t AL s

u‘lUJ.lllJuml = f &
% i M g M s

5|

BI
gl N | . "'l 3 MULLULLLLLL 5

S e -—

| RN &
“ ¥ '
Vo Cotel N O
]

e

1] -

X = : - |
L N LR,
A g g it

2 Denaturation

2 Annealing

2 Extension



Day3. PCR amplification of gene of interest
PCR 1}7d

Denaturation
752l DNAS 9 94°COIM 15~3027F M 2|5t 242} SH7HE 2] DNAR =2

M7= DHEOICH 2 HE FO0|AL HE A7 H2|S5tH LHE - DNA

0

polymerase2td St = activityE SLOIHZ[EE F2|5H0{OF BiCt,

Annealing
Gx2[= SO0 T ssDNALF primerZt /= HEI0M 228 30 257
(Forward,Reverse)2| primer= ZfZf2| complementary ssDNA TemplateO|

annealing®'Ct. Annealingdl| M2tst 2 =9 A|ZH2 primer®| sequence®t 11 Z

Ofoj et 28 =Lt

Extension
/2| 7|Z(dNTP)O| &= JEH0| A, DNA polymeraseS & A7 primer

0|2 9| sequenceE polymerization 2Lt E-& extensionl| A|Zt2 1Kb/m 22

oFOf 7| LhotLt.,



Day 3. PCR amplification of gene of interest
(Maxime PCR premix At-E)
1. Mixture A=
template DNA : 1ul
primer(10pmol) : F/R Zt 3ul
DW : 13ul
2. PCR %I (5 35cycle)
Denaturation : 95°C, 30sec
Annealing : 55°C, 30sec

Extension : 72°C, Tmin



Day 3. Gel electrophoresis and elution / Preparation of insert and plasmid by RE digestion

Gel electrophoresis (100V, 40min)

Gel cutting (gel 100mg & GE buffer 300ul)
50°C incubation (10minS 9t XIgH)

Room tempOi| A 10min cooling

—

Collection tube®} spin column 2% & =9l gel& ©F column0f 27|

Collection tube0f = sup TF XA = Wash buffer 750ul & 7|

Centrifugation (12,000rpm, Tmin, room temp)

—e

Sup Ml = =7} Centrifugation (12,000rpm, 3min, room temp)

0. Spin column= M EP tubed &<l & DW 40ul &1 Smin incubation

1
2
3
4
5
6. Centrifugation (12,000rpm, Tmin, room temp)
7
8
9
1
1

Centrifugation (12,000rpm, Tmin, room temp)



Day 3. Gel electrophoresis and elution / Preparation of insert and plasmid by RE digestion

1. Enzyme digestion mixture X =

2. 37°C incubation, overnight

PCR product | pET-21a

DNA 43ul 43ul
10x buffer | 5ul Sul
Nde I Tul Tul

XhoI Tul Tul




Day4

» Electrophoresis
« Band elution
» DNA ligation




Day 4. Gel electrophoresis and elution / Preparation of insert and plasmid by RE digestion

PCR product | pET-21a
Enzyme digestion mixture X% DNA 434l 434l
37°C incubation, overnight 10x buffer | 5ul Sul
Gel electrophoresis (100V, 40min) Nde I Tl 1l
XhoI Tul Tul

Gel cutting (gel 100mg & GE buffer 300ul)
50°C incubation (10min& @t Tlat)
Room tempOf|A{ 10min cooling

Collection tube2} spin column 28 & 59l gel& T& column0f &E7|

© N o v bk W N =

Centrifugation (12,000rpm, Tmin, room temp)

9. Collection tube0f| U= sup TF MAH = Wash buffer 750ul & 7|

10. Centrifugation (12,000rpm, Tmin, room temp)

11. Sup M = F7} Centrifugation (12,000rpm, 3min, room temp)

12. Spin column= A EP tubel 7! & DW 40ul 211 5min incubation

13. Centrifugation (12,000rpm, Tmin, room temp)



Day 4. DNA ligation
1. DNA ligation

Volume
Insert DNA 4ul
Vecor DNA 3ul

10X buffer 2ul

T4 ligase 0.1ul
DW 0.9ul
total 10ul

2. Mixture §|Z= 2 room tempO|A 1h 30 min incubation

3.  4°CO|M overnight incubation



Day 4. DNA ligation

DNA structure

o
| 5
HO— P —O=—CH,
[ ¥
O
Phosphate group
OH H
sugar

Base
(A, T,G,C)

Nucleotide



Day 4. DNA ligation

DNA structure

’ Sugar-phosphate
5 hackbone Bases

Phospho-diester-bond

Cytosine (C)

—0—CHz ‘\J -
. \>\i
Phosphate H » DNA nucleotide

—™H
= i

3 ’ Sugar {deoxyrribuse} N -—H
H

Guanine (G)
Copyright © Pearson Education, Inc., publishing as Benjamin Cummings.



Day 4. DNA ligation

Enzymel| 28 &5l nucleotide?t 2¢

Molecular cloning®| 2% QI =X}

Q& DNA fragment (insert)E plasmid (vector)O|| insertionA| At&

5'-phosphate group + 3'-hydroxyl group(-OH) AFO|O| A phosphodiester bondE O| &

complementary joins backbone
‘sticky ends’ (sugar-phosphate)
s & . f—_\
Insert
DNA Ligase

Plasmid '



Day 4. DNA ligation

Ligase

« T4 DNA ligase : Cofactor= ATP ArE&
« E.coli DNA ligase: Cofactor2 NAD+ AME

T4 DNA ligase= E.coli DNA ligase®| H|3l blunt endd| = £&0| E0|5}7|M{Z0f| T4
DNA ligase”| & EO| ArEE



Day 4. DNA ligation

» Annealing complementary extensions after staggered cleavage with same endonuclease.

> Nick: a break in the phosphodiester bond in one strand of duplex DNA.

» With protruding ends, the reaction is often carried out at low temperature for long periods to ensure that the
extensions remain base paired

» Blunt-end ligations require 10 to 100 times more T4 DNA ligase than do ligations of DNA molecules with extensions
— conducted at RT

Peshaction enywe A.
: AATTC
GAATTC —_ FL___ 6.
CTTAAG CTTAA
wevtts have
Eﬂ%\"m m"\"s DNP\ é\v‘%l&—m Mw@ Vector

F DNAigpe- 5

IAATTC GAATTC
CTTAAG CTTAAG

Anti

Frogments with motdning overhonas
bose-pair ond s¥ickh e DNA ligpse sed\s the gaps




Day 4. DNA ligation

EcoRl

pcDNA3.1
5428

5'-Phosphate group

3’-Hydroxyl group(-OH)

5® G A-A-T-T-C — ¥ 3
3™ C-T-T-A-A G ®5
EcoRI ends ‘
(Digestion)
G A-AT-T-6 w3
C-T-T-A-A G Qs
/\- nick
Ligation
(by ligase)
, G-A-A-T-T-C ,
5 : IR :3
3 C-T-T-A-AG- 5

Phospho-diester-bond



Day5

e Transformation into DH5a




Recombinant DNA technology

= Transformation and selection

» Transformation
* Nextstep @ uptake by E.coli of the cloned DNA.
» Transformation: the process of introducing purified DNA into a bacterial

Ce“ Free DNA
o Competent a cell that is capable of taking up DNA. _
» Competence occurs naturally in many bacteria. Cell wall
Cytoplasmic .

membrane

@ Natural transformation process

- Binding of double-stranded DNA to components of the cell wall. -

- Entry of the DNA into an inner compartment where it is protected from b
enzymes that degrade nucleic acids. ;..

- Transmission of one strand into the cytoplasm while the other one is
degraded.

- Linear DNA: may integrate into the host chromosome. @)
Plasmid: maintained in the cytoplasm after a second strand is
synthesized.

" DNA-binding
?. complex
)
'{-‘ , Nucleolide
<8
/ DNA-degrading
\ enzyme
Transformed Translerred
bacterium DNA

(b)



Recombinant DNA technology

= Transformation and selection

@ Induction of competence in E.coli by various special treatments
- Enhance the acquisition of DNA by the cell.

|. Heat-shock method:
a. Preparation of competent cell :
v" Native E. coli cell cannot uptake the foreign DNA.

— ice-cold CaCl. treatment — change the cell wall structure, B oo

Chemically

b. Mix DNA and competent cells on ice.

— DNA binds to cell wall. Inio)
c. Heat shock at 42.C for 2 min. & ’/ = @ =
— DNA is transferred into bacterial cell. S

d. Spread on selection agar plate.
— Only transformants can survive on selection agar plate which contains antibiotics.

% Transformation efficiency is not high.107 ~108 transformants per ug of intact plasmid DNA




Recombinant DNA technology

= Transformation and selection

[11. Other Methods of Transformation
a. Conjugation (mating)
— Transfer DNA into bacterial cells by cell-to-cell interaction.

b. Transduction
— Transfer DNA into bacterial cells by bacteriophage.

c. Transfection
— Transfer DNA into mammalian/insect cells.

Lytic Cycle
ylicCycle 7. 2, 3.
T\ ) ) ey
- N7 —\\ /7 N\ Y
| S T 2 6 8 6 ;
N ZEAN\ ZEAN\ 2
Lysogenic Cycle
ysogenicLycle, 5. 6
a"ﬁ[.“\ -’)ac‘-\
— '. N7 — - ’/’f\‘
N N ZAN - S
=~ S — B Bacterial DNA B Viral DNA
Old donor New donor
Transduction Transfection

Conjugation



Recombinant DNA technology

= Transformation and selection

» Selection

o Selection : Identify colonies of bacteria containing the recombinant
DNA with gene of interest.

» Possible bacterial clone products
a. Bacteria without vector.
b. Bacteria with vector without the gene.
c. Bacteria with vector with the gene of interest.

» Plating : taking a sample of the bacteria and growing them on plates.

» Plates have a medium containing O Antibiotics and ) X-gal.

@ Antibiotic Resistance
- Vector confers antibiotic resistant to bacteria because the vector
contains an antibiotic resistant gene.
- Only bacterial cells that properly transformed the vector will live and
grow on the plate.

uspension of
acterial cells petri plate
Incubate

Single cells
(not visible to naked eye)

Control Condition

@@Q

N 0 ampici H Has ampicil i,' N o ampicillin

from 1 o 2 da
gl ®
Petri plate L ]
with agar gel :2 - |
L]
s ©°

Ry
lV' 4

Vi

e on
with agar gel

-



Recombinant DNA technology

= Transformation and selection

» Asummary of the common selectable marker genes and their respective antibiotics and target organisms

Selectable Marker (Gene) Selection Selection Type Target Organisms
AmpR Ampicillin Positive Bacteria
MeoR Kanamycin and Geneticin (G418) Positive Bacteria, Mammalian and Fungi
mFabl Triclosan (antibiotic free) Positive E. Coli
ZeoR Zeocin Positive All, especially yeasts
NAT Mourseothricin [NTC) Positive Every organism
HygR Hygromycin Positive Eukaryotes
Spch (AadA) Streptomycin and Spectinomycin Positive Bacteria
Pac Puromycin Positive Bacteria, yeast and virus
Ura2 5-FOA MNegative Yeast
Ura3 Uracil deficient media Positive Yeast
His3 Histidine deficient media Fositive Yeast
Leu2 Leucine- deficient media Positive Yeast

Trpl Tryptophan- deficient media Positive Yeast



Day 5. Transformation into DH5«

© o N o v bk W N o=

Competent cell(DH5a)9 ligationE plasmid 10ul &1 tapping
lceO]l 10min incubation

Heat shock(42°C), 40sec incubation & Iced| 1min incubation
MH| LB 1ml €12 37°C 1h incubation (recovery stage)
Centrifugation (4,000rpm, 3min, room temp)

Sup dilution & resuspension

KX LB plateO| spreading

PlateE 5| ZE 0| Al 37°C incubation, 18h

9/12 colony confirmation (1A| O| %)



Day6

« Plasmid DNA prep
« Conformation of cloned plasmid by RE digestion

e Transformation into BL21




Day 6. Plasmid DNA prep & Confirmation of plasmid by RE digestion

(inoculationZtX| &1 FH|)
1. Single colony& [tA] LB broth 4ml0f| inoculation (37°C shacking incubation, 14hr)
Centrifugation (12,000rpm, Tmin, room temperature)
Supernatant K| & S1 buffer 250ul '€ 11 vortexing
S2 buffer 250ul ‘@2 = inverting
G3 buffer 350ul €2 ¥ inverting

Centrifugation (12,000rpm, 10min, room temperature)

N o vk WD

Supernatant 800ul= Spin columnOf| &7l 2
Centrifugation (12,000rpm, Tmin, room temperature)
8. Collection tubed| J+&= Sup XA = PW buffer 750ul'€
Centrifugation (12,000rpm, Tmin, room temperature)
9. Collection tube0f| = Sup MAH =
Z7} Centrifugation (12,000rpm , 3min, room temperature)
10. Spin column@t Ml EP tubeO 7! & DW 50ul ‘@11 5min incubation
11. Centrifugation (12,000rpm, Tmin, room temperature)

12. Nano drop



Day 6. Plasmid DNA prep & Confirmation of plasmid by RE digestion

Plasmid DNA
1. Enzyme digestion mixture X = DNA 5.0
2. 37°C incubation, Overnight 10x buffer | 1.5u
3.  6x loading dye 412 = gel0| loading Nde I 0.5ue
X ) Xho I 0.5u¢
4. Gel electrophoresis (100V, 40min)
DW 7.5u8
total 1510




Day 6. Transformation into BL21

N o bk W=

Competent cell(BL21)0f| plasmid DNA 10ul &1 tapping

lceOll 10min incubation

Heat shock(42°C), 40sec incubation & Iced| 1min incubation
MH LB 1ml 2O dilution

Dilution® competent cell 100u@ A 1IX| LB plate0i| spreading
PlateE 5| ZE O{ Al 37°C incubation, 18h

9/15 colony confirmation (1A| 0| )
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Part 2

- Measurement of gene expression -



Day/

» Preparation of reagent and buffers
« Day 80f AFEE A|2F & sample AFH F=H| EHA




Day 7. IPTG induction

» What IPTG?

« IPTG (Isopropyl B-D-1-thiogalactopyranoside (IPTG))2 2X} ME% A
oM ALBSt= Al T SILIO|CE.

« O] 3}SHE 2 allolactosel} EXE O 2 G AISIHH, lactose metabolite 2 A
lac operon8| ™ALS 7H A|SHCY.
o X7t lac operon SH| SHof| U= U THHE Sl ZF FE5H=0| 201C},

* IPTGE lac repressor0fl Zelst £ lac operator0f| A allostericst $EHO2
Ao AH|H|E £H|BI0] lac operon L geneQl transcriptions 755t
Al St



Day 7. RNA extraction

=« Why RNA?

« DNAE 8t 7ML L] 2= M| =0
7HsSict o] A& oA RNASE O
Ml =ZoOiCH Teik|= XL 0| Ct= 2

of &7H #0{5l= mRNAE A EMN ST Lol
=

- RNA extract(mRNA, ribosomal RNA... etc) ->
RT-Reaction (cDNAEE) -> qPCR(EE)



Day 7. RNA extraction

e 80~85% is ribosomal RNA
e 15~20% is small RNA (tRNA, small nuclear RNA)

e About 1~5% i1s mRNA
- unstable
- CtY ot size
- 3'04| poly(A) tail XY



Day 7. RNA extraction

Reagent
= Trizol

» Chloroform
= [sopropanol
= /5% EtOH

= DEPC water



Day 7. RNA extraction

v Tri-RNA Reagent (Trizol)

— Combines phenol and guanidine thiocyanate in a mono-phase solution to
facilitate the immediate and most effective inhibition of RNase.

— guanidinium isothiocyanate (powerful protein denaturant)
: inactivation of RNases

— acidic phenol/chloroform
. partitioning of RNA into aqueous supernatant for separation



Day 7. RNA extraction

Phase Separation
» Aqueous phase
« RNA
* Interphase
queous phase . DNA
Interphase
Organicphase  * ©Organic phase(red

color)
e Protein




Day 7. RNA extraction

Phase separation Isopropanol precipitation

~—a

Aqueous phase

Interphase

Organic phase
RNA pellet




Day8

e Induction
e RNA extraction
» (DNA synthesis




Day 8. IPTG induction

» What IPTG?

« IPTG (Isopropyl B-D-1-thiogalactopyranoside (IPTG))2 2X} ME% A
oM ALBSt= Al T SILIO|CE.

« O] 3}SHE 2 allolactosel} EXE O 2 G AISIHH, lactose metabolite 2 A
lac operon8| ™ALS 7H A|SHCY.
o X7t lac operon SH| SHof| U= U THHE Sl ZF FE5H=0| 201C},

* IPTGE lac repressor0fl Zelst £ lac operator0f| A allostericst $EHO2
Ao AH|H|E £H|BI0] lac operon L geneQl transcriptions 755t
Al St



Day 8. RNA extraction

=« Why RNA?

« DNAE 8t 7ML L] 2= M| =0
7HsSict o] A& oA RNASE O
Ml =ZoOiCH Teik|= XL 0| Ct= 2

of &7H #0{5l= mRNAE A EMN ST Lol
=

- RNA extract(mRNA, ribosomal RNA... etc) ->
RT-Reaction (cDNAEE) -> qPCR(EE)



Day 8. RNA extraction

e 80~85% is ribosomal RNA
e 15~20% is small RNA (tRNA, small nuclear RNA)

e About 1~5% i1s mRNA
- unstable
- CtY ot size
- 3'04| poly(A) tail XY



Day 8. RNA extraction

Reagent
= Trizol

» Chloroform
= [sopropanol
= /5% EtOH

= DEPC water



Day 8. RNA extraction

v Tri-RNA Reagent (Trizol)

— Combines phenol and guanidine thiocyanate in a mono-phase solution to
facilitate the immediate and most effective inhibition of RNase.

— guanidinium isothiocyanate (powerful protein denaturant)
: inactivation of RNases

— acidic phenol/chloroform
. partitioning of RNA into aqueous supernatant for separation



Day 8. RNA extraction

Phase Separation
» Aqueous phase
« RNA
* Interphase
queous phase . DNA
Interphase
Organicphase  * ©Organic phase(red

color)
e Protein




Day 8. RNA extraction

Phase separation Isopropanol precipitation

~—a

Aqueous phase

Interphase

Organic phase
RNA pellet




Day 8. cDNA synthesis

e PCR (Polymerase Chain Reaction, PCR)

« ST A AMHLS (Polymerase Chain Reaction, PCR)2 £E7d DNA E2/IE &
O|Ho 2 Hi= oHddto] Al 0| 2St= DNA 22X S3A7|= 2HE

« RT - PCR ( Reverse Trascriptase Polymerase Chain Reaction )

‘d F%12] RNAZ template2 510 O|0f && St= ¢cDNAE TS0 = 7|

E
=
A
=



Day 8. cDNA synthesis

o« AUHM Ol pCRI RT2| X0
v Template : DNA vs RNA
vCycle = : O{2{ H vs o H
v'Product : dsDNA vs DNA&RNA hybrid or ssDNA
v'Polymerase :
DNA dependent DNA polymerase

VS
RNA dependent DNA polymerase



Day 8. cDNA synthesis

MRNA

YA VA VA VAN

\,
7,
7,
| %
Reverse Transcriptase

l

cDNA




Day 8. cDNA synthesis

° RT-PCR_Q_l J_I_l'jé| 0}_ﬂ_ C;i;g;nggrimens
— leme
- | J_l_l-_lx_o-l 3 2HI_-lmH J__||-Io-|77|-xl euu.mlu.uu.mm.uuuuummu aaaaaa Ma.;.ﬁ.urTr_ [é]-:?:ii!:i;1
I_|- II_ %Ij cDNA strand
- Product= RNA&DNA Y Wl
hybrl d7|_ ED_l ALLLLLU B L LR LI rrer U;Sgglp;i?
. displaces mRNA
- RNaseH activityE 7FX| 1 s
212 Al RNA&DNA hybrid wonss
= —
S RNAE X-llj-l T T T T T T T T T T T Double
e L sirand
cONA

Conversion of mRNA to cDNA by Reverse Transcription



Day 8. IPTG induction

1. Inoculation — transformantZ LB 4ml0|| &1 37°C shacking incubation

* transformant 27l inoculation

2. Seed culture — |22 A LB 4mld| antibiotics 4uf, Inoculation St Zd 1ml 21 3hr incubation
3. IPTG (100mM) 40p¢ ‘21 3hr incubation

* & & OfLIEF induction

4. Centrifugation (4000rpm, 5min, 4°C)

5. UVE CHE g Q2 gol



Day 8. RNA isolation from cells

—_—

. PBS wash — PBS 1ml &2 = resuspension 2 EP tubelf &7 & 7|
Centrifugation (12,000rpm, 1min 40sec, 4°C) & sup XA
1~2H 1 otH O

Trizol Tml X 2| 2 resuspension

Chroloform 200u@* (2 tube &) €2 = shacking
Centrifugation (12,000rpm, 10min, 4°C)

Aqueous phase 4008 M tubeZ &7|7|

Isopropanol 400u@® & 11 ice incubation, 5min
Centrifugation (12,000rpm, 15min, 4°C)

10. Pellet Q! 2 sup XA

11. 75% EtOH(with DEPC) 500u2 &1 washing

12. Inverting

13. Centrifugation (12,000rpm, 10min, 4°C)

14. Sup M = dry

15. DEPC 40u0 'E 11 resuspension

© © N oo vk~ W N

16. Nanodrop



Day 8. Reverse Transcription ( cDNA synthesis )

1. Mixture M| =

* Maxime RT premix kit At&

volume
Template 0.1 ~ 1ug
DEPC Up to 20u@
Total volume 20u0

2. 45°C 1hr
3. 95°C 5min



Day9

« Measurement of gene expression by gPCR




Day 9. Measurement of gene expression by qPCR

PCR

PCR(polymerase chain reaction)'®= D RNAS| 58 F

oL
= Al Lo CHEfe =2 XiOF —.Ol_ 7|=0|LCt.
PCREZ2E0 &S O[X|= EE O 4 HAL EHE2E
ot M2 @ cycles, @ S xé(?% NA, dNTPS =, Mg2+
Sk 3), @ primer 27, ® A& DNA polymerase 50| UL}
Denaturation, Annealing, Extension 3THAE AHXICH

2l7 |
oloZ



Day 9. Measurement of gene expression by qPCR

PCR 1}H

Denaturation
S7tEfO| DNAE <F 94°COf| A 15~3027F M2|5H0] ZH2t SHILENS| DNAR &2
Al7|& 13 0|t %E% T =O0|HLt L F A7 HE2[5HH LHE A DNA
polymerase2til St & activityE S0{H 2|2 = 32|50 OF otLt.

Annealing
X222 THS0{ Tl ssDNALL primer?t = MEfOM 228 R0 287
(Forward,Reverse)2| primer= ZfZf 2| complementary ssDNA Template|

annealing2tCt. Annealing®| Hgfet 2= A[ZF2 primer2| sequence?t 1 &
ofof et 2 &L,

Extension
72| 7| 2(dNTP)0| SEot= SEfO|A], DNA polymeraseS 2-E A7 primer
0|2 9| sequenceE polymerization $tCt E-E extension®| A|ZH2 1Kb/m 22

opO] Al aretrt,



Day 9. Measurement of gene expression by qPCR

gPCR (quantitative PCR)

€ End-point PCR

v OrX| g M4=02 H7| G -S(Electrophoresis)E &6t H|WSH= end-point PCR2 HE 20| H|ggt & PCRO| =7t

—

Do [EHPREA
---------------- i ! Tl
warm | Endpot PLR S ¢

s fleahie PCA 34




Day 9. Measurement of gene expression by qPCR
gPCR (quantitative PCR)

‘ PCRO| 2
SR} U o)A
- SNP typin
- B #TALS| copys S

& gPCR= 0|20t HE | &
-PCROﬂH 1 cyc cleDfT rDNA7r2HHM' KI %‘#&*BE 57
-> 27 0| 42| cycleO| X|LITH DNAY 2 plat =
-> S=0t& DNA°| o *'M’*OE BLHE

oY HBE

- qPCROJAIS PCR B2 M2 HBZZOf J8f ZE.
- Intercalator or @& =



Day 9. Measurement of gene expression by qPCR

gPCR (quantitative PCR)

e Fluorescence Detection
DMA Concentration

71719)
Aol N
Y I A A S— PCRY=S FE=ES

0| 8310 dA|Zte=z
BLESD 5
1 Baseline

Cycle

« SYBR Green : double stranded DNAO|| Z&ts}0] 2= LIEFH
« TaqMan probe : exonuclease& Z1l Q= polymerase(j 2|5 2= =2 2= LIEHH
« Cycling probe : RNAE Z7H0| 211 90 RNase HoOj| 2|8l 25Elc =2 S22 LIEHH
- Specificity
: SYBR Green < TagMan probe < Cycling probe



Day 9. Measurement of gene expression by qPCR

SYBR Green
: =
1) Denaturation F F Fluorescent dye *SYBR Greengl :%DI
fmer T £ ¢ 87 : SYBRE dsDNAO Ze3Hs SO| 210 S} Target
bl Ll LUl LI Ll sequence’/ 9101 AgIStEE E7 target sampleO| Oftl
252 9|0 sampled] 8% &= Q="EXO| Qlrt Lt
2) Primeranneiing F F %%Fgl ZOQ_HH Oljck)I' %%{EB_J_ L —E—Oﬂ AHE _‘gio_l El% DN %I: |
TIT  Qoymersse . Elﬁlom JEe| 0| S=otH 7140| MEFsIt= 80| A
SLLLLLLLE LN Rl '
3) Extension F v EFE : Primer dimerlt primer2| H| £0[|X 0l ZAgtof o[k At
F =0| Ciot J&= Hixg HEo| glea=z o Fetot 21
£ 7|7 o ELt.

BGH A A HA A AT



Day 9. Measurement of gene expression by qPCR

Cross Point A=

& Ctaf(Threshold Cycle)

=IZ HIeS
T O/ o=

Lo7|= XA AI7HThreshold)2f 5= MO W XA

¥ signal

Ct

Threshold cycle
Threshold ( cycle)

Baseline

Cycle =

¥ signal

Threshold

18

24



Day 9. Measurement of gene expression by qPCR

Melting Curve £

& Melting curve(&dl|=M)
- PCR O|—.—PCR mixturel| 2= & A AMS| 22, SYBR Greenol =y S|gnal BLHE
- PCR Z1=0| double strandO|7| [ Z0] A& signal= EOIXI 2h @™ 220 0|2 single strandZ2 2| &

0] SYBR Green2| ¥& signal0| 43| 4 ZEA
o] o] £ E gEjezat it

EH K RN R
i
3
5




Day 9. Measurement of gene expression by qPCR

€ Housekeeping gene

- Housekeeping GeneO|Zt M|& =0 E=Z71E8%F RHXIE

Of
2A B0l B= MEO|M oba TRkl Mo 4F 23
8 1=

- £% N =0 A of BNl 752 S8t QERLY)
S, YHUHO|LL DNA EH, MEE &, oI CfAl, BHCHAF SOI 2015t REXIS0] 0] &3

- housekeeping gene control2M target genel| 52 H|WS|7| QI8 ALE

*O| K A O A 2| housekeeping gene= 16s rRNAE AtE

Houekeeping Genes

We are always actively working to '
maintain the basic functions of our
house-the cell.



Day 9. Measurement of gene expression by qPCR

1. gPCR mixture X|=

Volume
cDNA 2 1@
Primer F/R Zf 2u0
SYBR Green 10u0
DEPC 40
total 20u0

2. qPCR running



Day10
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