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Big picture.
Gene cloning

e From Gene to Protein

e Generally use bacteria as
the “factory”
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What we have
done so far?
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Decide which gene to clone

Designing primers

PCR amplification (xx billions copies)
Gel electrophoresis

Cutting our gene from gel
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What is next 4 -
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« Move my gene to the bacteria to purify
protein as a final product.

Problem Gene by itself does not go inside

bacteria, it needs a carrier (vector or plasmid)
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Cloning Tools

Restriction endonucleases

Ligase

Vectors
Host
Methods for introducing DNA into a host cell
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Restriction endonucleases
eNnzymes

& 4 (I
N
/ 3 Immune

£ system of

Bacterial Host

host cell DNA Bacteria

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 16.1 Bacteria Fight Invading Viruses wit

N
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Haemophilus influenzae

To date well over 3000
diff REs to choose from,
which were found

from screening >10000 Hamilton Smith
. 1973 Nobel Prize
bacteria
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— sticky ends Restriction site
— blunt ends i
ona 5 IENG AAT TCHENN 3
3| CTTAAG 15'

e Nomenclature

— Lokl Restriction enzyme cuts
the sugar-phosphate

— I- genus (ESCh@F]Ch]d) backbones at each arrow.

— co- species (coll)

— R = strain & v RETT
— 1-# of enzyme gﬁ'—riﬂ Tﬁ%
Sticky end

:
e
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Some restriction enzymes
wbies IEERINEIACLCIC « 100's of restriction

Enzyme Bacterial Source Restriction Site* R E,
BamHl Bacillus amyloliquefaciens H GYGATCC enzymes ( S) are
CCTAGG . .
fR Eowoelvs G commercially available
CTTAAG
okl E coli RS e  Artificial RE sites can be
1
Hindll Haemophilus influenzae R ?Eﬁppﬁé inserted at ends of any
in . influenzae .
Hindll H. infl Rd ?TCA(EE:; gene
inf . influenzae Rf G'ANTC .
e e A * RE’s and ligase allow
Hpal H. parainfluenzae GTT'AAC . .
CAATTG precise cutting and
Mspl Moraxella sp. deicc .
G61CC pasting of any DNA
Smal Serratia marcescens CCC'GGG
666,CCC sequences

*Arrows indicate sites of cleavage; Py = pyrimidine (either T or C); Pu = purine (either A
or G); N = any nucleotide (A, T, G, or C).

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.
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Which enzymes I should use

Pubmed
http.//www.ncbi.nlm.nih.gov

Omp25 Brucella

ORIGIN

£

atgocgeoacte
gocttttgotg
ccoccagtata
gccaagacca
ggctggaact
tgggoccaaga
goccocgegtog
tcgocagatca
gotggtgoeg
tacacccagt
gacacgcagg

1..642

Sgene="omp25"

1..642

Sgene="omp25"
fcodon_start=1

Sproduct="outer membrane

protein

fprotein id="CAQEE393.1"
fdb xref="GL:20659&6726"
fdb_xref="GDﬁ:3536Yj"
fdb_xref="lnterPrD:ZPRDLLEED"
fdb_xref="UniPrDtKEITrEHEL:EEUEYD”

ag5m

Stranslation="MRTLESLVIVSAALLLPFSATAFARADATQEQPPVEAPVEVAPQYS
WA GGY IGLY LY GWNE AR T STVGS IKFDDWFAGAFAGNNFOQODOIVYGVEGDAGY SWA
FESKDGLEVEQGFEGSLEARVGYDLNPVHPY LTAGTAGSQIKLNNGLDDESEFRVGHT
AGAGLEAK L TDNILGRVEYRY TQYGHNENYDLAGTNVRENELDTQDIRVGEIGYEE™

ttaagtotet
cocgacgocat
gotgggotgg
gocaccgttgg
tccagocagga
agtccaagga
gotacgacct
agocttaacaa
gtoctogaago
acggocaacaa
atatcogogt

cgtaatcgte
ccaggaacag
tggctatace
cagcatcaag
ccagatcgta
cggococtggaa
gaaccocggtt
cggocttggac
caagctgacg
gaactacgat
cggcatcggo

tcggotgege
cctococggtto
ggtectttace
cctgacgatt
tatggtgttg
gtcaagcagg
atgcococgtace
gacgaaagca
gacaacatcc
ctggoocggta
tacaagttct

tgotgeocgtt
cggoctococggt
tcggotacgg
goaaggctog
aaggtgatgcoc
goctttgaagg
tcacggotgg
agttcocgoegt
tcggoogegt
cgaatgtocg
aa

ctotgogaco
tgaagtagct
ctggaacaag
cogocttttoget
aggttattococ
ctogotgogt
tattgooggt
goottggacy
tgagtaccgt
caacaagctg
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NEB homepage]

This tool will take a DNA sequence and find the large, non-overlapping open reading frames using the E. coli genetic code and the sites for all Type Il and commercially available Tvp
restriction enzymes that cut the sequence just once. By default, only enzvmes available from NEB are used, but other sets may be chosen. Just enter vour sequence and "submit". Furl

Ine.

NEBcutter V2.0

options will appear with the output. The maximum size of the mput file is 1 MByte, and the maximum sequence length is 300 KBases.
What's pew in V2.0 Citing NEBcutter

Local sequence file: Standard sequences:

GenBank mumber: [Browse GenBank] # Plasmid vectors

or paste in your DNA sequence: (plain or FASTA format) #Viral + phage ~

|
@ NEB enzymes
" All commercially available specificities

@ Linear 0 All specfficities
= = Enzymes t S
" Circular = foThe " All + defined oligonucleotide sequences
' Only defined oligonucleotide sequences
[define oligos]
Minimum ORF length to display: 100 aa

The sequence is:
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Copy and paste sequence

fdb_ _xref="GORA:BSU&YO0™

Fdb xref="InterPro:IPFR011250™

Fdb xref="UniProtHEB/TrEMEBL:ESUSYO™
Seranslation="MRTLESLVIVSALALLPFSATAFALADATQOEQPPVEPAPVEVAPQYS
WAGEY TG LY LY GWHNE AN T STWVES IKPDDWHAGAFAGWN FQODOIT VY EWVESFDAGY SWA
HESHDGLEVHOGFEGSLRARVGY D LNPVHMPY LTAGTAGSOQIKLNNGLDDE SKEFRVGWT

COpy

ORIGIN

atgocgcactc
gottttgotg
cooccagtata
gccaagacca
ggctggaact
Togggoccaaga

gcococgocgtog
Tcogocagatca
goctggtgcog
Ttacacccagt
gacacgcocagg

ACGLGLE AN L. TDN I LGRVEYRY ITQYCGHNEN Y DLAGTNVENELDIQDIRVELEYEE™

ttaagtctct
cogacgocat
goctgggctag
gcacocgttog
Toccagcagga
agtccaagga
gctacgacct
agcttaacaa
gtcoctocgaagc
acggcaacaa
atatccgogt

cgtaatcgtc
ccaggaacag
tcggcoctatacoc
cagcatcaag
ccagatcgta
cggcocctggaa
gaaccocggtt
cggcttggac
caagctgacg
gaactacgat
cggcatcggc

tocggctgocgc
coctocoggtto
ggtoctttacoc
cctgacgatt
tatggtgttg
gtcaagcagg
atgcoccgtacc
gacgaaagca
gacaacatcc
ctggcocggta
tcacaagttct

Tgotbgoogtt
cggot ooggt
Ttoggoctacgg
ggaaggoctgg
aaggtgatgc
gotttgaagg
tCcacggctag
agttcococgocgt
tocggcococgogt
cgaatgtococg

ctcoctgocgacc
tgaagtagct
ctoggaacaadg

gggttcggacdg

cCcaacaagoctg

NEWERGLAAD
Sk NEBcutter V2.0 Pﬂﬁ @
NEE homepage

Ths tool will take a DNA sequence and find the large, non-overlapping open reading frames using the E.coli genetic code and the sites for all Type I and commercially available Type II1
restriction enzymes that cut the sequence just once. By default. only enzymes available from NEB are used, but other sets may be chosen. Just enter your sequence and "submit". Further
options will appear with the output. The maximum size of the input file is 1 MByte, and the maximum sequence length is 300 KBases.

What's new in V2.0 Citing NEBcutter
Local sequence file: Browse_ Standard sequences:
GenBank number: owse GenBank #Plasmid vectors -

ot paste in your DNA sequence: (plain or FASTA format) #Viral + phage ~

el

421 tcgocagatca agcttaacaa cggottggac gacgaaagea agttcogegt
-g9acy

481 gotggtgocyg gtctcgaagc caagctgacg gacaacatcc toggcogogh
acoar

paste

541 tacacccagt acggcaacaa gaactacgat ctggcoccggta cgaatgtccg
2agetg
601 gacacgcagg atatccgcgt COgcatcoggc Tacaagiich aa
=
@ NEB enzymes
1 All commercially available specificities
@ Linear ' All specificities

Esmnre ke T DA ded Erek ik
I_' Only defined oligomcleotide sequences

i
Minimum ORF length to display: 100 aa.
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Noncutters: Aarl, Aatll, Absl, Accl, Acll, AfIlIT, Al, AT, Alo[, AwNI, Apal, Apall, Apol, Arsl, Ascl, Asull, Aval, Awll, Ball, BamHI, Barl, BovCI, Begl, BaiVI, Bell, Bdal, Bgll, Bglll, Bpll,
Bpul(L, BsaAl, BsaBl, BsaXl, BseMII, BsePI, BseRI, Bsgl, Bsml, Bsp14071, BspHI, BstBI, BstDI, BstEIl, BstX[, BtgZI, Btrl, Btsl, Clal, CspClI, Drall, Dralll, Drdl, Eam1 1031, Ecil, Eco471IL,
FcoS 71, EcoSTMI, EcoNI. EcoRI, Fsel, Gsul, HaelV, Hind, HindIl, Hpal, Kpnl, MauBI, Mboll, Mfel, Mhul, Msll, Nael, Narl, Ncol, Ndel, Nhel, Notl, Nrul, Nspl, OHl, Pacl, Pasl, PIMI, Plel.
PmaCl, Pmel, Ppil, PpuMI, PshAl Psil, PI-Pspl, Pstl, Pvul, Pvull, RsrIl, Sacl, Sacll, Sall, SanDI, Sapl, Scal, PI-Scel, SexAl SAI. Sgfl, SerAlL SerDI. Smal, SnaBI, Spel, Sphl, Stfl, Sse83871, Sspl
Stul, Swal, Taqll, Tatl, ThI, Tsp43L, TspDTL TspRI, Tth1111, Vspl, Xbal, Xhol, Xholl, Xmnl
Name Sequence Site Overhang |Frequency Cut Positions
q Length g |Frequency
EcoRV GATATC b bl 1 612
FspAl RTGCGCAY R bhmt 1 4
Acyl GRCGYC b five prime 1 74
Afll] CTTAAG b five prime 1 10
Agel ACCGGT b five prime 1 148
Avall GGWCC 5 five_prime 1 258
Becl CCATC 5 five prime 1 85
BseVl CCCAGC b five prime 1 131
BspMI ACCTGC b five prime 1 280
Eco3ll GGTCTC b five prime 1 496
Esp3l CGICTC b five prime 1 33
Faul CCCGC 5 five prime 1 370
| | | | |
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Claeawage site
Foraigm Crbda,

ial l Cleavage by Scor T RN T T TN NN TN NN NN

aendonuclaease

-
haiea
mlll

Claeavagae sites

! Cleavaages by EcoR|
arvdan

) ucl=ass
: =
s, AATT AATT A48T T
T A A T TAA T TAA

=}

Sticky ends
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GGATCC ATGCGCACTCTTAAGTCTCTOGTAATCGTCTOGGCTGCGCTGCTGCOGTCCAGCACCGTTACAAGTTCTAAGGATCC
TACGCGTGAGAATTCAGAGAGCATTAGCAGAGCCGACGCGACGACGGCAGGTCGTGGCAATGTTCAAGATICCTAGG

Put sequence of Non
cutting enzymes at both
ends of the gene

How? PCR and Primers
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Gene

Adding sequence to the ends by PCR

linkers

Vector
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Pasting DNA

G o
DNA fragment from another I m—tﬁﬂﬁ

source is added. Base pairing
of slicky ends produces
various combinations.

Fragment from ditferent
DNA molecule cul by the
same restriction enzyme

Y

| G/AATT CIENG/AATT C |
[ CTTAAGERNC TTAAGE

One possible combination

DNA ligase
seals the strands.

| e |
= [E— =
Recombinant DNA molecule

Complementary ends
(sticky ends) H-bond

Ligase forms
phosphodiester bond to
seal strands together.
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How to chose your enzymes

*Non cutting enzymes

Enzymes on Vector

Enzymes that work together (Double
digest)

*Price

«Company (I highly recommend
Promega) Don’t waste clean thinking on dirty enzymes

Efraim Racker, Cornell University
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How use your enzymes

o]Ce
Enzyme
eNO Vortex and
buffer

Set up reaction of 10 ul at least
o1 pl (10 units) enzyme 1 ul 10xbuffer and
8 ul DNA(you need 1 unit to cut 1 ug of
DNA)

eIncubate (usually 37 °C for at least 1 hour)
Clean your DNA after cutting
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Jommg DNA

Ligase enzyme

anneal two pieces of -
compatible ends of
DNA together

Repair Mechanism
in biological system
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How to join DNA

Get rid of restriction enzymes

I ul (3 units) enzyme » N
1 ul 10xbuffer |
4 ul gene =
4 ul vector (plasmid) » KT 1
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Incubation ligation reaction

4 °C over night or 16 °C over night

«25°C 3 hours

*TCL (temperature cycle ligations) Lund et al., 1996

99 cycles (1 min 30 °C 1 min 10°C) 4 fold increase ligation
5 minutes ligation buffer (Polyethylene glycol PEG 6000)
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How to check for successful
ligation reaction

I ransformation and count number of good colonies
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Alkaline phosphatase
dephosphorylation

Removing phosphate
group to prevent self
ligation of the vector

Add it only to the vector



Questionsli

Suddenly, Bobby felt very alone in the world.



