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pUC19 sequence 2686 bps
2686 bp




s-

37

gcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatg
' + I ' " ' " T I I '

t t t t t t t t t t t
cgcgggttatgcgtttggcggagaggggcgcgcaaccggctaagtaattacgtcgaccgtgctgtccaaagggctgacctttcgcccgtcactcgcgttgecgttaattac

I
CAP binding site

tgagttagctcactcattaggcaccccaggctttacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgac
N i ' " ' N N A t A T

+ + t + 1 + + + + + +
actcaatcgagtgagtaatccgtggggtccgaaatgtgaaatacgaaggccgagcatacaacacaccttaacactcgcctattgttaaagtgtgtcctttgtcgatactg

1
Met  Thr

CAP binding site =57 [—3ic

lac promoter

catgattacgccaagcttgcatgcctgcaggtcgactctagaggatccccgggtaccgagctcgaattcactggccgtcgttttacaacgtcgtgactgggaaaaccctg
i T i 1 : e 1 i F i e

t + i + 1 + 1 t + t +
gtactaatgcggttcgaacgtacggacgtccagctgagatctcctaggggcccatggctcgagcttaagtgaccggcagcaaaatgttgcagcactgacccttttgggac

s 10 is 20 2s 30 3s
Met Ile Thr Pro Ser Leu His Ala Cys Arg Ser Thr Leu Glu Asp Pro Arg Val Pro Ser Ser Asn Ser Leu Ala Val Val Leu Gin Arg Arg Asp Trp  Glu Asn  Pro

[ MCS N Mi3o~d

gcgttacccaacttaatcgccttgcagcacatccccctttcgccagctggcgtaatagcgaagaggcccgcaccgatcgcccttcccaacagttgcgcagcctgaatggcoe

cgcaatgggttgaattagcggaacgtcgtgtagggggaaagcggtcgaccgcattatcgcttctccgggcgtggctagcgggaagggttgtcaacgcgtcggacttaccg
ao as so ss s0 s zo zs
Siy Val Thr Gin Leu Asn _Arg Leu Ala _Ala  His Pro  Pro Phe Ala  Ser Tro _Arg Asn _Ser  Glu _ _Glu _Ala _Arg Thr _Asp Arg Pro  Ser  _Gin _ _Gin _Leu Arg  Ser _Leu Asn _ Gly

1 - = =

gaatggcgcctgatgcggtattttctccttacgcatctgtgcggtatttcacaccgcatatggtgcactctcagtacaatctgctctgatgccgcatagttaagccagccoc

t t + + + + + + + + +

cttaccgcggactacgccataaaagaggaatgcgtagacacgccataaagtgtggcgtataccacgtgagagtcatgttagacgagactacggcgtatcaattcggtcgg
80 8s so os 100 10s

Giz _Tro _Arg Leu Met _Arg  Tyr Phe Leu lLeu Thr His Leu Cys Giy Jle  Ser His _Arg lle  Tro Cys Thr Leu Ser Thr Tle Cys Ser _Asp __Ala __Ala __E3

ccgacacccgccaacacccgctgacgcgccctgacgggcttgtctgoctcccggcatccgcttacagacaagctgtgaccgtctccgggagctgcatgtgtcagaggtttt

ggctgtgggcggttgtgggcgactgcgcgggactgcccgaacagacgagggccgtaggcgaatgtctgttcgacactggcagaggccctcgacgtacacagtctccaaaa

caccgtcatcaccgaaacgcgcgagacgaaagggcctcgtgatacgcctatttttataggttaatgtcatgataataatggtttcttagacgtcaggtggcacttttcgg

gtggcagtagtggctttgcgcgctctgctttcccggagcactatgcggataaaaatatccaattacagtactattattaccaaagaatctgcagtccaccgtgaaaagcc

ggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaa
: 1 : Y : 1 ; 1 . 1 : 1 : ' : : N : . 1

i t t 1 t t i t t
cctttacacgcgccttggggataaacaaataaaaagatttatgtaagtttatacataggcgagtactctgttattgggactatttacgaagttattataactttttcctt
[ AmMpR promoter =

gagtatgagtattcaacatttccgtgtcgcccttattcccttttttgcggcattttgeccttcctgtttttgectcacccagaaacgctggtgaaagtaaaagatgctgaag
: ' . N : Y : 1 : Y : N M ' : Y : N M 1 : Y

i t t i t t i t t i t
ctcatactcataagttgtaaaggcacagcgggaataagggaaaaaacgccgtaaaacggaaggacaaaaacgagtgggtctttgcgaccactttcattttctacgacttc
1 s 10 is 20 25 30 35
Met Ser Ile Gin His Phe Arg Val Ala Leu Ile Pro Phe Phe Ala Ala Phe Cys Leu Pro Val Phe Ala _ His Pro Glu Thr Leu Val Lys Val Lys Asp Ala Glu
[ signal sequence T =
AmMpR promoter AMpPR

atcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagtt

tagtcaacccacgtgctcacccaatgtagcttgacctagagttgtcgccattctaggaactctcaaaagcggggcttcttgcaaaaggttactactcgtgaaaatttcaa

L s ' s 40 " s s ' 45 1 ' s f L s s s 55 ' ' . 60 a s s s 65 " . . . 70 L '
Asp GIn Leu Gly Ala Arg Val Gly Tyr Ile Glu Leu Asp Leu Asrl Ser Gly Lys Ile Leu Glu Ser Phe Arg Pro Glu Glu Arg Phe Pro Met Met Ser Thr Phe Lys Val

AmpR

ctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaa

gacgatacaccgcgccataatagggcataactgcggcccgttcoctcgttgagccagcggcgtatgtgataagagtcttactgaaccaactcatgagtggtcagtgtotttt

z 80 8s 20 = 100 10
Leu Leu Cys Gly Ala val Leu Ser Arg lle Asp Ala Gly Gin _ Glu Gin Leu Gly Arg Arg Tle His Tyr Ser Gin Asn Asp leu Val Glu Tyr Ser Pro Val Thr Glu Lys

=

AmMmpR

gcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagc
s I n I I n s I I I I

cgtagaatgcctaccgtactgtcattctcttaatacgtcacgacggtattggtactcactattgtgacgccggttgaatgaagactgttgoctagcctcctggocttecctag

110 11s 120 12s 130 13s 140 1as
His Leu Thr Asp Gly Met Thr “al Arg Giu Leu Cys Ser Ala  Ala  Ile  Thr Met Ser Asp Asn _Thr Ala _Ala Asn Leu Leu Leu Thr Thr Ile  Gly Gly Pro Lys Gilu

AMPR

taaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgta

attggcgaaaaaacgtgttgtaccccctagtacattgagcggaactagcaacccttggcctcgacttacttcggtatggtttgoctgoctcgcactgtggtgctacggacat

150 1ss 160 165 170 17s 180
Lec Thr Als Phe lLeu His Asn Met Gly Asp His Val Thr Arg lLeu Asp Arg Trp  Glu Pro  Glu Leu Asn  Glu _Ala _ lle  Pro  Asn _ Asp Glu _Arg Asp Thr Thr Met Pro  val

AMPR

880

990

1100

1210

1320

1430



gcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttct
; 1 + Y : 1 + Y ; y ; ¥ + 1 : y ' y ; Y + y

+ + + + + + t + t + t + 1 + t + t + t + T
cgttaccgttgttgcaacgcgtttgataattgaccgcttgatgaatgagatcgaagggccgttgttaattatctgacctacctccgcctatttcaacgtcctggtgaaga

205

185 190 195
Ala Met Ala Thr Thr Leu Arg Lys Leu Leu Thr Gly Glu Leu Leu Thr Leu

200
Ala  Ser

R
Arg  Gin

Gin

Leu

Ile Asp Trp Met

210
Glu Ala Asp Lys

val

215
Ala_ Gly Pro Leu Leu

AmpR

gcgctcggcccttccggctggctggtttattgctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagccctcccgta
1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1
cgcgagccgggaaggccgaccgaccaaataacgactatttagacctcggccactcgcacccagagcgccatagtaacgtcgtgaccccggtctaccattc
240

220 " n 1 " 225 " 1 " 230 L

245

1
cat

gag
" 2SS

N s .
Arg Ser Ala Leu Pro Ala Gly Trp Phe Ile Ala Asp Lys Ser Gly Ala

. .
Gly Glu

N .
Arg Gly Ser

. N
Arg Gly Tle

Tle

Ala

Ala Leu

Gly Pro

s N N
Asp Gly Lys Pro Ser Arg

AMpPR

tcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagtt

agcaccaatagatgtgctgcccctcagtccgttgatacctacttgctttatctgtctagcgactctatccacggagtgactaattcgtaaccattgacagtctggttcaa

260

285

Ille Val Val Ile Tyr Thr Thr Gly Ser Gln Ala Thr Met Asp Glu Arg  Asn

Arg  Gin

275
Ile

Ala

Glu

Ile

Gly Am

Ser

Leu

Ile Lys

His

T B

AmpR

tactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttc

+ i +
atgagtatatatgaaatctaactaaattttgaagtaaaaattaaattttcctagatccacttctaggaaaaactattagagtactggttttagggaattgcactcaaaag

gttccact agc.tcagaccccgtagaaaa.atcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagc
1 + " + 1 + " : 1

t t t t t t t
caaggtgactcgcagtctggggcatcttttctagtttcctagaagaactctaggaaaaaaagacgcgcattagacgacgaacgtttgtttttttggtggcgatggtcgcc

ori

tggtttgtttgccggatcaagagctaccaactctttttccgaaggtaact
" 1 1 ' f

ggcttcagcagagcgcagataccaaatactgttcttctagtgtagccgtagttaggccac
1 " 1 F : 1

1 1 y 1 i t
accaaacaaacggcctagttctcgatggttgagaaaaaggcttccattgaccgaagtcgtctcgcgtctatggtttatgacaagaagatcacatcggcatcaatccggtg

ori

cacttcaa aactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagt gcgataagtcgt tcttaccg
+ 1 + 1 + 1

ttg.actcaagac.

+ + + + +

1
T

T

gtgaagttcttgagacatcgtggcggatgtatggagcgagacgattaggacaatggtcaccgacgacggtcaccgctattcagcacagaatggcccaacctgagttctgc

ori

atagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctat
1 1 1 1 ' 1 1 1 1 1

+ + 1 i
tatcaatggcctattccgcgtcgccagcccgacttgccccccaagcacgtgtgtcgggtcgaacctcgcttgctggatgt

i y t
ggcttgactctatggatgtcgcactcgata

ori

atagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctat
y + F + y + 1 + Y + Y + "

+ + t + t + +
tatcaatggcctattccgcgtcgccagcccgacttgccccccaagcacgtgtgtcgggtcgaacctcgcttgctggatgt

+ } + t + t
ggcttgactctatggatgtcgcactcgata

ori

gagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtat
1 1 1 1 1 1 1 1 1 1 1

t t t t t t t
ctctttcgcggtgcgaagggcttccctctttccgcctgtccataggccattcgccgtcccagccttgtcctctcgecgtgectccctcgaaggtccccctttgeggaccata

ori

ctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcctttttacg
1 ' 1 ' 1 1 1 1 1 1 1

1 y 1 y 1 t 1 t 1 t 1
gaaatatcaggacagcccaaagcggtggagactgaactcgcagctaaaaacactacgagcagtccccccgcctcggatacctttttgcggtcgttgcgccggaaaaatgc

ori

gttcctggccttttgctggccttttgctcacatgttctttcctgcgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgca
1 ' 1 f 1 Y 1 1 1 Y 1
1

y 1 y 1 t 1 t 1 t 1
caaggaccggaaaacgaccggaaaacgagtgtacaagaaaggacgcaataggggactaagacacctattggcataatggcggaaactcactcgactatggcgagcggcgt

gccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaaga
1 ' 1 '

1 y 1 y
cggcttgctggctcgcgtcgctcagtcactcgctccttcgccttct
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- The useful properties of pBR322

EcoRl  Hindlll

Figure 6.1

A map of pBR322 showing the positions of the
ampicillin resistance (amp") and tetracycline
resistance (tet?) genes, the origin of replication
(on) and some of the most important restriction
sites.



ilucose absent, lactose present:

cAMP

Promoter

CAP

?AP site

Operator

lacs

facyY
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RNA Polymerase ,_:

Repressor

Allolactose



- pUCS8- alac selection plasmid

(a) pUCB (b) Restriction sites in pUCB (c) Restriction sites in pUC18
A| - Hindil
- Sphl
- Pstl
1 |-Hindill s ;
-~ W_ P::, J - Sall, Accl, Hincll
= | Saf, Accl, Hincl / B
. - BamHI - BamHI
™. | -Smal, Xmal 5, - Smal, Xmal
2. ' ™ ~ Kpnl
L Eeor s | fSacl
| - EcoRl
(d) Shuttling 2 DNA fragment from pUC8 to M13mp8
Recombinant | o mHi
puGCs i
Nawv DNA - Restriction
EcoRl e sites
h Restrict with
Restrict EcoRl BamHI and EcoRl
with BamHI Ligate
and EcoRl
Recombinant
M‘:Smp':" BamHl
/ New DNA
EcoRl
Figure 6.3

The pUC plasmids. (a) The structure of pUCB. (b) The restriction site cluster in the acZ’ gene of pUCB. (c) The restriction
site cluster in pUC18. (d) Shuttiing a DNA fragment from pUC8 to M13mp8.



- Blue-white screen




Lysogenic Cvycle of Lambda (A) Phage

4. Escape of phage progeny
(burst size = 100)

1. Adsorption to tarqet cell \{
/DNA

lambda ? ? 3(
phage C ' @ .
Bacterium (target cell) 3. Host cell lysis
2. Injection of lambda DNA : ) ( * )

2 Assemblv of phage

3. Lambda DNA circularises ﬁf l

= A\
A DNA/@O ) CO\ 3,,!0)
‘I Synthesis of phaqe

4. Integration of . DNA Prophage J, ~
Lvtic Cycle

Binary fission
COX & ( O ) — G vatchTto lytic growth?




(@) Construction of a A insertion vector Figure 6.12

Normal 4 DNA A insertion vector ), insertion vectors. P = polylinker in the /acZ’ gene

| (49 kb) | __Cleave ligate | (35-40kb) ~ of AZAPII, containing unique restriction sites for
[ewanl | Sacl, Notl, Xbal, Spel, EcoRl, and Xhol.
Non-essential
region
(b) Agtio (c) AZAPII
EcoRl P

| £a l40kb | }:j - | 41 kb

A |
Deletion cl lacZ’ Deletion



(a) Cloning with a A replacement vector

Restrict, ligate
———
T ﬁ ”

H_I I
Stuffer / apenloich
fragment

(b) AEMBL4
EcoRl, BamHI, Sall
or a combination
New DNA, up
en e to23 kb
| R=EcoRl B=BamHl S-=S8all '
Figure 6HIS

A replacement vectors. (a) Cloning with a A replacement vector. (b) Cloning with AEMBLA.



- Cosmid

(a) A typical cosmid

(b) Cloning with pJB8
BamHlI

In vitro package
l Colonies containing circular
recombinant pJBS8 molecules
Recombinant
cosmid DNA ??? Infect E. coli .
A particlas Ampicillin medium

Figure 6.15
A typical cosmid and the way it is used to clone long fragments of DNA.



