Blgzl 100

Afel 144
Ndel 208
Nrul 226

BsaXl 2541

Cunﬂ$

Promoter

Sapl 2526

Peil - Afllll 2409

Cloning strategies

BseYl 2105

— TA cloning

- using the property of Tag DNA polymerase to add A to
the 3' end

- pMiniT 2.0 (toxic mini-genes) (NEB) S T

Bagll 1403

- pGEM-Teasy (blue-white selection) (Promega) o 1573

Features within Sequence Flanking the Toxic Minigene/Cloning Site

Sites
Flanking

Toxic Minigene
Cloning Site

pMiniT 2.0
2,588 bp

Sspl 716

Xmnl 921
Begl 1017
Scal -Rsal 1040
Pwul 1152

Fspl 1298

Cl o)
-Galaclosidase N Br § Gl o o Pl —
¥-Gal — 5° ACC TGC CAA CCA AAG CGA GAA CAA AAC ATA ACA TCA AAC GAA TCG ACC GAT TGT TAG 6TA ATC GTC ACC TGC AGG AAG GIT
+H0 i — 37 T66 ACG GTT GGT TTC GCT CTT GIT TT6 TAT TGT AGT TTG CTT AGC T6G CTA ACA ATC CAT TAG CAG TGG ACG TCC TTC CAA
Br N Br $P6 Promote et
Tom r
OHqy HO al H 4 Pmel| ——— 3| PepXU/Xhol | BamHi | EcoRl
o | 5° TAAACG CATUTTALGEI GACIACTUATALGAA GTG TGT ATC GET CGA GGG ATC CGA ATT CAG GAG 6TA AAA ACC
HO OH 37 ATLIGC GTA AAT CCA CTG TGA TAT CTT CAC ACA TAG CGA GLT CCC TAG GCT TAA GTC CTC CAT TTT 766
Xmnl 2009
2
i2d o o e gy ey b de
Scal 1890 Nael 2707 1 start r - 4
T € T6A TAA TAA...
N a
= s | 2 | ,
BstZl | 31
Ncol 37 Two Amino Acid Toxic Minigene with Cloning Site Shown
Ampr EISOtI]Z] Zg I (As diagrammed, minigene inactivated if insert cloned into site) I
pGEM®-T Easy lacZ 7 Sacll | 49 b s e o e e e e Dt 5
Vector EcoRl | 52
(3015bp) Pacl  [ZalAatll  EcoRUXhol | NotUEagl BsmBI
Spel 64 S° TTA ATT AAG ACG TCA GAA TTC TCE AGG (GG CCG CAT 616 CGI CTC CCT ATA 6TG AGT CGT ATT AAT TTC GC6 6GC
EcoRl 70 3° AAT_TAA TTC TGC AGY CYT AAG AGE TCC GEC GGC GTA CAC GCA GAG GRANTATSCACIICATGCATTARNITA AAG CGC CCG
Notl 77 R
BstZI 77
T7 Promaoter
Pstl 88
ori Sall 90 §° GGA ACC CCT ATT TGT TTA TTT TTC TAA ATA CAT TCA AAT ATG TAT CCG CTC ATG AGA CAA TAA CCC TGA 3
Ndel 97 37 CCT TGG GGA TAA ACA AAT AAA AAG ATT TAT GTA AGT TTA TAC ATA GBE GAG TAC TCT GIT ATT GGG ACT 5
Sacl 109 -—
BstXI 118 g Cloning Anadysis Reverse Primer
Nsil 127 g
1 141 % L]
SP6 S —
- -_— LABORATORY
-_—_—
- OF MOLECULAR

PATHOLOGY
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Cloning strategies

— GATEWAY cloning vectors (Invitrogen-Thermo)
- use of phage lambda integrase and excisionase enzymes
- use of ENTRY and DESTINATION vectors

- the BP reaction removes the gene of interest from attR sites and inserts it
Into attL sites.

- the LR reaction removes the gene of interest from attL sites and inserts it

into attR sites
Step 1: BP Reaction

ey,

L:g;:a Fragment Donor Entry
—— =} vector — clone -+

E. coli genome .
A I Step 2: LR Reaction
ccdB \NSERT
Excision ' ’ Integration & LN & Q)
Entry Destination Expression

at clone + vector - clone +

C7876
https://www.youtube.com/watch?v=e_ShyrRrufM

Byproduct

Byproduct

Nsp V

MULTIPLE CLONING SITE

- - >
-t 1 - e 522 8
EoES =909
RS GG NeBN §S <G

BT ay,
g
GATEWAY®
CLONING

ENTRY VECTOR &
S

2
>
% 0\,;

Clark and Pazdernik, 2016



Cloning strategies

B
A
+
DNA inserts with 15-20 bp
overlapping ends (PCR-amplified)

Linear
vector
(REase-
digested)

— In 2009 Dr. Daniel Gibson and colleagues at the J.
Craig Venter Institute developed a new method to
easily assemble multiple linear DNA fragments

— Advantages l
|. There is no need for specific restriction sites. Single-tube reaction
. * Gibson Assembly Master Mix
lI. Join any fragments regardless of order. - 5' exonuclease
: : -~ DNA polymerase
lll. The reaction takes place in one tube. 3 _ DNAligase

Incubate at 50°C
for 15-60 minutes

— Gibson's Mix consists of three different enzymes

|.  T5 Exonuclease \.
II. Phusion DNA Polymerase Assembled
lll. Tag DNA ligase

DNA

Transformation
and plating

https://www.youtube.com/watch?v=tlVbf5fXhp4

3 C7876



Cloning strategies

— Golden Gate assembly achieves hierarchical assembly of DNA parts by utilizing Type IS

restriction enzymes to produce user-specified sticky ends on cut DNA fragments

C7876

promoter part CDS part terminator part

() () @

All part vectors have complementary
inward sites for the same
endonuclease (e.g. Bsal)

Bsal outward sites
A

BsmBl inward sites

The destination vectors have outward sites

(«») and inward sites (> <) for two different

endonucleases. The outward sites are the
same, but the inward sites differ.

-

\\ ’
< .
BsmBl inward sites

BsmBI outward sites

N

The intermediate products are also

G

part vectors: they lost the outward
Bsal inward sites

sites, but kept the inward sites.

A new destination vector can accept the
intermediate products (now part vectors) N
in a subsequent assembly round

-
-

Bsal inward sites

Again, the final product is also a part
vector, and the process can be
further repeated as required.

Rule 1: Recognition sites facing the right direction

GGTCTCN NGAGACC NGAGACC GGTCTCN
OOVOVON NOL10199 NOLO199 OOVOVON

Part Vectors have inward-facing sites

i Destination Vectors have outward-facing
the cargo is used, the backbone is lost ites:

sites: the backbone is used, the cargo is lost

Rule 2: Restriction sites with complementary sequences
Type IIS restriction sites flanks each part

AATGNGAGACC
OOVOVONDOOLD NOLO199

GGTCTCN D GCTTNGAGACC
OOVOVON LIVO 09VVNOLOLOD

Restriction sites in parts to combine are complementary

Result: Many parts combine in a new construct;
fusion sites remain but recognition sequences are lost

\I—’

y

D T i

https://www.neb.com/en/tools-and-resources/video-library/golden-gate-assembly-workflow?autoplay=1



Bacterial Expression Vectors

— Special plasmids (expression vectors) are used to increase proteins

expression
- strong promoter, adequate ori site, selection marker for antibiotic

— Expression of eukaryotic proteins is more problematic
- promoter modification, absence of splicing, low rate of translation
- weak interaction of the ribosome with the RBS site, mRNA instability,

limited amount of tRNA
— The necessity of using specially modified vectors

5 C7876

Eukaryotic DNA

DNA  Promoter Exon Intron Exon Intron Exon
TRANSCRIPTION

Primary
Intron ' Exon Intron Exon

transcript (RNA) | Exon

SPLICING

Messenger RNA

REVERSE TRANSCRIPTASE

cDNA
(coding sequence)

Plasmid

INSERT INTO PLASMID Q0
Strong f

terminator Bacterial
> promoter
= Multiple
cloning site
(MCS)

.“aﬂscrip”o/)

/o
>
£/
o

TRANSFORM INTO BACTERIAL CELL
AND EXPRESS

Clark and Pazdernik, 2016



Translational Expression Vectors

Consensus Start Strong

— Designed for protein expression RS o

- maximum translation initialization — CCRTEG e
Vector Promoter RBS GIG TAGC
_ G GIAG —
- consensus RBS site [8bp | e
. . Nco |
- ATG codon at an optimal distance of 8 bases from the RBS cut site
- cloning site directly in the ATG codon (Nco 1) CUT VECTOR WITH Neo |
Start
— The possibility of further complications in protein folding =
g'g é{‘%g Cloned gene
T7 promoter primer #69348-3 CUT .
pET upstream primer #69214-3 T7 promoter  _ > lac operator ) e WITH Nco |
A Z?% CCATCCCGCCAAATTAATACGACTCACTA TT’GGG GAATTGTGA 32 GGATAACAATTCCCC T)C(f.-'\ ;I‘.-'\.-'\ ATAATTTTETTTAACTTTAAGAAGGAGA INSERT CLONED GENE
Ncol His-Tag _Ndel Nhel T7+Tag INTO VECTOR Nco | SITE

TATACCATGGGCAGCAGCCATCATCATCATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAGCCATATGGCTAGCATGACTGGTGGACAGCAA

MetGlySerSerHisHisHisHisHisHisSerSerGl yLeuValProArgGlySerHisMetAlaSerMetThrGlyGlyGInGIn

Eagl 'thrombin
BamH | EcoR | Sac| Sall Hindlll __Notl  Xhol His-Tag . TCTTATTeG T—
ATGGGTCGCGBATCCBAATTCGAGC TCCGTCGACAAGCTT GCGGCCELACT CBAGCACCACCACCACCACCAC TGAGATCCGBC TEGCTAACAAAGCCE  pET-28a(+) Vector  Promoter _RB;S_ GiCaACA —

MetGlyArgGlySerGluPheGluLeuArgArgGIinAlaCysGlyArgThrArghlaProProProProProleulArgSerGlyCysEnd

Clark and Pazdernik, 2016

6 C7876
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Translational Expression Vectorsm

PET, prSET E. coli T7 expression vectors
- expression in BL21(DE3)pLysS cells

PMAL expression vectors

- carry maltose-binding protein (MBP)

/ Nsp V(268)
Msc I(351)

Sca I(4995)
Pyu I(4885)
Pst |(4760)

Bsa I(4576)
Eam1105 (4357,

pliggg)gg(ﬂ

BStE 11(1702)
Bmg (1730)
Apa |(1732)

AWN I(4038)
BssH 1I(1932)

BspLU11 1(3522)
p 1(3506)

BSM 107 1(3393)

Tth111 1(3367)

BspG I(3148)

C7876

Mscl 6679
\ o PAMI 7

PO 8T Miul 431
\ L _BStENl 612

/___Apal - PspOMI 638

__EcoRV 879

¢~ Hpal 935

Kasl - Narl - Sfol 1070

PAIFL - Tth1111 5901
BSIZI7I 5877 \
Sapl 5766\, of
Pcil 5648 . "

_Acc651 - Kpnl 1560

“' § pIli leader
| ™ pagl 1580

‘ pMAL-plll
6706 bp

Nael - NgoMIV 4763 \ Bsiwl 1878

Dralll 4657 &'& “Bglll 1047

BmgBl 2131

Swal 4434~ P ; //\\ Bsml 2202
Andi 42607 S %on 4 Blpl 2373

——— Imes

Scal 3782

\s\‘“g\g\ﬁ\m

TRANSCRIPTION & TRANSLATION

s

Binds to 6His Antibody
A or binds to a nickel column

MYC OR FLAG TAG

ed geng ~cloned geng -
- \“0
6\0\0‘ ¥ % 6‘0\0‘ 3
O O
R

TRANSCRIPTION & TRANSLATION TRANSCRIPTION & TRANSLATION

Antibody to FLAG used to detect

Antibody to Myc used to detect
expressed protein

B expressed protein
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Codons Effect

— Protein expression in other organisms (eukaryotic in bacteria)
— Different organisms prefer different codons for a given AA

- optimization of the codons used in gene synthesis

- up to a 10-fold increase in production

- delivery of tRNA carrying rare codons to the organism

- E. coli ROSETTA — seven tRNAs for rare codons
(AGA, AGG, AUA, CUA, GGA, CCC, and CGG)

C7876

Ribosome

mRNA
1Ko

7 1811 19

| LW fg\
Amino acids —>» -
(5h)
8
Vacant site Y
waiting for Charged
rare tRNA tRNA

Clark and Pazdernik, 2016

argN5 tRNA Cam
argX tRNA

prol tRNA
leuW tRNA
metT tRNA
argW tRNA \

thrT tRNA ]§

glyT tRNA
glyT tRNA

pRARE2

4965 bp

pLysSRARE2

7667 bp

argU tRNA
thrl tRNA argU
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