Techniques in Molecular Biology
Cloning — what is it?
Dolly the sheep? Twins? For MoBio we are talking about moving
gene(s) from one source or creating fusions of genes into a plasmid, mg;n;;;;;;;e;;m\

vector or virus. Gene Cloning...
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Traditional Cloning Restriction Enzyme Workflow

DNA Preparation —Mcs — —MCS —

 S—— —— -

Fragment A + Vector B Vector A Vector B
(PCR-amplified or
annealed oligos)
Restriction Resmcuon
Enzymes Enzymee
=
o —— - 2 2
Digeated + Digested Digested + Digested
Fragment A Vector B Vector A Vector B
g, 4 ~

_— T~__ DNAligass _—
X e

L/ Transformation
Assembled
DNA TR
4 -.-5-{?;-

Moving a gene from one plasmid to another is referred to as subcloning

Restriction Enzymes
Review

Type Il RE's
Typically recognize palindromic sites

* Bind and cut as a dimeric protein

* recognition sites range from 4-12 nts long

* cleavage of site typically blocked by methlyatioin
> 3500 knon Type Il RE's with 241 specificities
Isochizomers recognize same site but cut differently

Palendromic Sites:

EcoRIl: 5'- GAATTC - 3

Hindlll: 5'— AAGCTT - 3'

Begl: 5'— CGANNNNNNTGC - 3'
Avall: 5 - GGWCC - 3'

Sau3Al: 5'- GATC - 3

some do not cut within the recognition site

Sfil: 5'—= GGCCNNNNNGGCC -3
5'— GGCCN NNN/NGGCC -3’
3'— CCGGN/NNN NCCGG -5'

5'— GGCCNNNN-3’ NGGCC -3
3'-CCGGN 3'-NNNNCCGG -5'

CspCl: 5'— CAANNNNNGTGG - 3'
5'— /NNNNNNNNNNNCAANNNNNGTGGNNNNNNNNNNNNN/-3'
3'-/NNNNNNNNNNNNNGTTNNNNNCACCNNNNNNNNNNN/ - 5'
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DNA Orientation
Don't forget which strand is where! Ligation

DNA

- HO 3’ Joining DNA fragments (insert to vector) is done by enzymes
called DNA ligases

- P 5 . Normal role of ligases is to repair single strand “nicks”

or breaks in DNA and seal lagging end in replication

restriction
enzyme

¥

“stickyend” /" _
producad by (]
EcoRl digest \

“Sticky end”
produced by

EcoRl digest
Overlapping sticky =
ends form hydrogen | \
bonds between P P
complementary bases G=c—~—> e=c~—> .
P fip B=C >
T=A T_A T=A P
HO O H O T=A ﬁ o
70 Jo—am e 0"
< < =
A=T~0 A=T e,, (¢} o
T=A—
T=A T=A—> R
P \
DNA Ligase covalently 5 Q R
binds the
phosphate/sugar
backbones of the two .
fragments togather ATP (in T4 and
eukaryotes)
NAD* (in E cob)
¥
AMP —HN

Using DNA Ligase to Splice Together Sticky-Ended DNA Fragments

PP, (in T4 and eukaryotes)
Nicotinamide
mononucleotide (in £ col)

Reaction Requires ATP and 5’-phosphate and 3° OH
Ligase reaction

. ATP, 3’-OH, 5’ phosphate

. Reaction forms a covalent bond with lysine side change

. ATP -> AMP-DNA bond at 5’ phosphate

. 3’OH attacks the AMP-DNA adduct to seal the sugar phosphate backbone

- E. Coli DNA ligase can not ligate blunt fragments
- Bacteriophage T4 DNA ligase (T4 ligase) can



Standard Reaction:

. 25 ng Vector

. 75 ng insert

. Ligase buffer with ATP

. 0.5 -1 ul T4 DNA Ligase
. QS water to 10 ul

Ligate for 2 hrs at room temp or 160C overnight.
Use 1-5 ul of ligation mixture for transformation

Controls:

Uncut vector (no ligase) check for cell competence and vector resistance and quality

Cut vector (no ligase) Should not get transformants due to uncut vector

Cut vector (with ligase) Transformant colonies are due to re-circularization — may need to CIP or SAP
Insert or water (with ligase no vector) Positive colonies indicate contamination of plasmid or other
issues

Optimizing ligation

Presence on contaminant or DNA can inhibit reaction

Loss of 5’-phosphate is possible
Work for intermolecular ligation
. 3:1 insert to vector ratio is typical

. Need to be high conc of DNA — low leads to side reactions (inframolecular reaction)
Total DNA less than 10 ng/ul
. May need to range ratio from 1:1 to 1:10
These are molar ratio not mass (ng)
A general conversion is (DNA ng)/size of DNA
NOT true molar but used to give relative mass to size ratios used for ligating and many molec bio
techniques

Low conc ligation

Possible outcomes (Fig in book)

Plasmid & Vectors

Double stranded DNA, exists naturally in bacteria

. labeled pXXX lower case p for plasmid

. Range from a few kbp to >100 kpb

. Possess their own ori site (origen of replication) and replicate under stringent or relaxed control
. High or low copy

. First artificial was designed in UC system pUC19

(2675) Eco01091

(2621) Aatll
(2619) Zral

(2503) Sspl

Pfol (46)
Ndel (:84)
BStAPI (185)
Kas (235)
NarI (236)
Sfol (237)
PIuTI (239)
Apol - EcoRI (396)

(2298) XmnI

Aval - BsoBI - Kpnl - TspMI - Xmal (412)
BmeT1101 (413)
Smal (414)
BamHI (417)
Xbal (423)
Sall (429)
Acel (430)
HincII (431)
PStI - Sbfl (439)
BfuAl - BspMI (442)
SphI (445)
HindIII (447)

(2179) Seal

(2098) Tsol

BspQI - SapI (690)

ASITII - Peil (806)
(1847) NmeATIT

(1779) BsrFI
(1769) BpmI
(1760) Bsal
(1699) AhdI

BseYI (1110)
PSpFI (1114)

AIWNT (1222)

Modern plasmids have many features including MCS with multiple reading frames

NgoMIV (132)
| Nael (134)

BtgZI (232)
BsaAl (237)
o DrallI (240)

(2645) Xmn)

(2583) BsaHI Psil (365)
(2526) Scal N
(2524) Tatl (MI3fwe)

EcoS3KI (655)

)
TspMI - Xmal (695)
(697)

(2104) NmeAITII —

(2116) BpmI
(2107) Bsal

AbsI - PaeR7I - PspXI - TI - Xhol (740)

Ec001091 - PSpOMI (749)

(2046) AhdI

Acc65I (755)
| KpnI (759)
T3 promoter

BspQI - Sapl (1037)

AfIIII - Peil (1153)
NspI (1157)

(1569) AIWNI



Your turn Reading in Frame

You have a sequence of a portion of a protein you wish to clone into a fusion protein called Glutathione S
Transferase (GST) using a fictional GST plasmid.

Which of the pGSTplasmids do you use? a, b or c?

You are going to cut in with BamHI and EcoRI.

Ensure you have the right reading frame for start and a stop at the end of the inserted sequence.
Remember that GST is 5’ to your insert. That is where the “#1 bp” is located

Google search for “Restriction Sequence Translator” to find a program to map for where the RE
cuts sites are

Sequence
GGATCCTGTAGATCTGCTGGCAGTTAAGAAGAAGCAGGAAACCAAACGTAGCATCAATGAGGA
GATTCATACCCAGTTCCTGGATCATCTGCTGACTGGCATCGAGGACATCTGCGGTCACTATGG
TCACCATCACGAATTC

VDLLAVKKKQ ETKRSINEEI HTQFLDHLLT GIEDICGHYG HHH

Find the map and defend your choice!

Where is GST and The insert in terms of N to C terminus?

Use the DNA to amino acid translator to find the coded amino acid sequence in the DNA sequence.

- Where is the first coding base pair? Is it the same as the first bp in the DNA sequence?
- What is the reading frame for the DNA sequence?

Use an amino acid to DNA translator to find the DNA sequence and double check your work.

- You may want to use the codon table to double check yourself

Look up the restriction site sequence AND find where they cut the DNA sequence for BOTH the insert
AND the vector.

- DON’T just rely on a program that gives the bp number, convince yourself by looking for the
sequence to confirm things...

pGST-Xa

Thrombin

|
Leu Val Pro Arg‘l'GIy Ser Pro Glu Phe Pro Gly Arg Leu Glu Arg Pro His Arg Asp
CTG GTT CCG CGT ?GA TC(‘Z CCG lGAA TI'(lZlCCG (lSG'!' CGAICITC GA§ EZGG CCG C/\T CGT GACTGA

BamHI EcoRl  smal. 2L xho Not!, Stop codons

Thrombin

Leu Val Pro ArgJ'GIy Arg lle Pro Glu Phe Pro Gly Arg Leu Glu Arg Pro His Arg Asp
CTG GTT CCG CGT GGA CGG ATC CCG GAA T CCG GGT CGA (TC GAG CGG CCG CAT CGT GAC TGA

BamHI EcoRl  Smal Sall " Xho! Notl Stop codons

pGST-Xc

Thrombin

L .
Leu Val Pro Arg Gly Thr Asp Pro Pro Glu Phe Pro Gly Arg Leu Glu Arg Pro His Arg Asp
CTG GTT CCG CGT GGA ACG GAT CCG CCG GAA TTC CCG GGT CGA CTC GAG CGG CCG CAT CGT GAC TGA
1

J 1 | (| +J L J
BamH| EcoRl — smal  Sall Not! Stop codons




How to add RE sites
You may need to add restriction enzyme sites
DNA and Linkers/Adaptors

. Bothe are short oligonucleotides, custom synthesized that contain a RE site.
. Use blunt end ligation to add to insert or vector DNA
. Using large amounts of linker in ligation increases likelihood of product (remember blunt end

ligations are not efficient)

. Linkers — Blunt end ligation to generate new site

. Adaptors — oligos with partial complementation: one side matches vector/insert, second side of
adaptor has new RE sequence

PCR extension is more common to add sites.

Single Cut and Blunt Cut
vs multi RE cut DNA
Cutting plasmid and insert with same vector can lead to self annealing / circularization
. Removing 5’ phosphate from either vector or insert Complete ligation will take place during
replication after transformation
Alkaline Phosphatase
Unwanted ligation (most commonly from single enzyme digests) is prevented by alkaline phosphatase (AP)
treatment
* Removal of 5’ phosphate blocks ligase function
*  Alkaline phosphatase (AP) or calf intestinal phosphatase (CIP) and Shrimp AP (SAP) function at
higher pH
*  Must be removed before continuing work. Done by phenol extraction or mini-spin column or gel
extraction
*  Only insert or vector are CIP treated
* Results in one backbone sealed, the other remains nicked until after replication

Gel Purification
Separate ligation products by size and purify from contaminates (salts, primers CIP, AP).
« Tricky and often do not work unless
close attention is paid to details Spin-

celumn

* Lower % gel (0.7% or so) 5 paSice
+ Select the right buffer and low melt & 3 3
agarose (see agarose handout) . - » . »
* Visualize after UV light, cut agarose ™ ot sice
around band. (minimize exposure to containing DNA
limit dimerization and free-radical
damage to DNA) dissonod in bufer ’"W'T'w’ o 0% sthanl Maorte
«  Three common methods are: S
« to place gel slice in semi-
permeable membrane (dialysis tubing) and subject to electrophoresis to migrate DNA into solution
- Melt gel at low temps (~50°C) then recover DNA by spin column
« Freeze to fracture gel and centrifuge to recover DNA

Overview of spin-column based DNA extraction from agarose gel



Ten Tips for Better Gel Purif
* Trim the gel slice as much as possible for better yield
* Minimize UV light exposure — work quickly
* If using phenol — remove all by evaporation or ethanol will not ppt
+ Select high grade, low melt agarose
* Melting steps include chaotropic salts that alter downstream use — renature DNA by warming to 950C
then slowly cool
* Wash step with ethanol to remove residual salts
» If using silica to purify melted DNA, remove ethanol from wash steps. Spin sample without top to
remove last bit of ethanol (PS if your DNA floats out of well, you have ethanol contamination)
» Elute DNA from slica column or membrane with hot buffer (700C). Incubating for 5 min before elution
helps too.
3 o BT

PCR aka TA Cloning
PCR cloning: Taq polymerase adds an A to 3’ ends of \
amplicon resulting in a “tiny single bp overhang”. The
polymerase used must not have proofreading ability or a blunt
end amplification will result.

£ E1 EcoR V
— -
TA Cloning
1) E1 Digset ate Forward
2) Alksline :nmaf Polynucleotide
Phoephatase inase

1) E3 Digest
2) ‘I;d DNA Polymerase,

NTP
3) Alkaline Phosphatase
E2 Digest

The benefits to TA cloning are quick and
efficient cloning. Using fast ligase reactions
the whole process can be done in under 20
min.

* Some companies will sell TA prepared
and cut vectors.

* May need to purify PCR product

* Non-directional so 50% of the product will
be in the wrong direction.

Directional TA cloning is performed by
modifying one end of both the insert and the
vector (hemi-phosphorylation)

- Phosphorylating PCR primer using a
T4 DNA Ligass DNA kinase creates hemi-P PCR insert.

v - Vector is digested with one enzyme then

CIP followed by a second cut
@ — Transform host cells

AN 1) TQT
Chdd 2) T4 Ligasse and purification




Topoisomerase
] a
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Topocloning - -
Topo-TA Cloning uses an enzyme (DNA %—ﬁ ﬂ— S
topoisomerase | from Vaccinia virus), (= =
involved in controlling supercoiling.
. Topo enzyme takes place of ligase
. Enzyme binds and cuts double
stranded DNA and remaines
covalently bonded to P on DNA

JNAGGG

PCR Product mTCCC

Kits provide vectors cut and bound to
Topo
Only need two components, prepared

pCR'8/GW/TOPO’

-
Topoisomerase

vector and TA PCR

72817 hn

product

. Much faster than traditional ligase reactions Plasmid PCR

Ligation Independent Cloning (LIC) T C
Alternative to traditional cloning using 3’ -> 5’ exo
activity of T4 DNA Polymerase to create complementary

—~

12 bp overhangs between vector and insert \ T4DNAPolmersse (Fexa)
* No RE or ligases are used
+  Use a single (often dGTP) nucleotide rest are NTP F’—_ j_’ -
* Exonuclease will digest one strand up to dG / C pair.
* Resulting long overlap must be planned with vector
and insert or multiple sequences. J o Amel |
* Much more specific (longer complementation) than -
RE
+ Nicks sealed by replication by transformation (DNA F: T‘ T Trrm
ligase)
Linearized destination vector PCR product
Sequence and LIC (SLIC) T4 DNA polymerase
SLIC uses homologous recombination to repair l 3" Exo activity (no dNTPs) l
gaps produced by the procedure after
transformation

al
T4 DNA polymerase (+ dCTP)

Anneal (~25 bp overlaps)

+ PCR adds 5’ and 3’ homology regions and
amplifies the fragment.

* Fragment and linearized plasmid are partially
digested by T4 polymerase without dNTP to
get exonuclease activity ssDNA gap l

« dNTP stops exonuclease reaction r - L

* Overlaps can be pretreated with RecA to [ ]
begin repair process before transformation l Transformation

* Can be used to create multiple genes or
“paste” pieces of genes together to make a
new or fusion gene

[L p— i ) ]

DNA Preparation

From: o (B b -
. . «PCR Linear (——
. _Gibson Cloning _ + Restriction enzyme vector + e
Originally described by Daniel Gibson of Craig dgeston | DNA insots wit 163000
* oynthetic overiaj pln enas -ampline
Venter Inst. Three enzymes and exonuclease (©.9. gBlocks) PP
activity in isothermal conditions after PCR/digest \ /
. . NEBuilder HiFi DNA
creates seamless cloning or scarless cloning. SRR B
¢ One tUbe Rxn Single-tube reaction —' A//\\N\C\
. Combine several fragments  Exonuclease chews ) \
. back 5 ends to create d Assembled
. Similar but not same as GGA single-stranded 3’ overhangs // DNA
+ DNA polymerase fills in gaps <

within each annealed fragment
+» DNA ligase seals nicks
in the assembled DNA

Incubate at 50°C
for 15-60 minutes



Gibson Cloning Procedure

. Design four PCR primers with overlap between insert/insert or insert/vector
. Adjacent segments should have identical sequences (A and B)
. PCR primers should contain 5’ end that is the same as adjacent sequence and contains the 3’
complementary ends
. Gel purification may not be needed
. Mix in equimolar concentration
. Three main components
v TS5 Exonuclease - creates single-strand DNA 3’ overhangs by chewing back from the DNA 5’

end. Complementary DNA fragments can subsequently anneal to each other.
v Phusion DNA Polymerase - incorporates nucleotides to “fill in” the gaps in the annealed DNA

fragments.
v Taq DNA Ligase - covalently joins the annealed complementary DNA fragments, removing any
nicks and creating a contiguous DNA fragment.
. Incubate for 1 hour at 500C
to complete formation of new
fragment
4 Primers for PCR

W

A-vector A
\ A

"\, 8
Insert

\lB - vector
B- insen\ B

Overlap
-3 <3
¥ 5
5 3
< o - 4
Chew-back at 50 “C with TS exonuclease
g ot *3_ Phusion polymerase
¥ ¥ Taqligase
o = o
Anneal at 50 °C Phusion polymerase
* T5 eMase Tagligase
45" =3 & atd
Repair at 50 “C with Phusion polymerase and Taq ligase




