Claggic Subcloning.

Bagic §‘l‘ep€ for Suboloning_

Subcloning is a basic procedure in molecular biology required to move inserts from one vector to another to gain the
desired functionality to study your insert. Essentially all subcloning reactions proceed the same way as illustrated in
the figure below. You release and purify your insert from the parent vector, ligate this insert into a prepared
destination vector, transform this ligation reaction into competent bacterial cells. Then you screen the transformed
cells for the insert. This Subcloning Notebook will guide you through every step in the process.
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Claggic: Subeloning.

vaoloning_ Sfrai'og,

Before you begin your subcloning, you need to know: The restriction enzyme
(RE) sites available for subcloning in your parent vector multiple cloning
region (or in the insert if you need to digest the insert); the RE sites available
in the destination vector multiple cloning region (MCR); and if these same
sites also occur in your insert. Once you know this information, you can
begin to ask questions about which subcloning strategy to use.

Do the parent &

b _the lparent & destination vectors Re-evaluate strategy
destination vector

have common RE have compatible by using blunt ends

sites in their MCRs? RE sites which (see page 15).
) generate ends?

Proceed with

o _ common or
s onentahgn compatible-end
important? methods

(see page 6 or 7).

Will these RE sites
allow you to keep
orientation of
the insert?

Re-evaluate strategy
using compatible-
end (see page 7)
or blunt ends.

Will at least one
site allow you to
keep orientation?

Do any of these
restriction sites
occur within
the insert?

4498MA

Proceed with
common restriction Consider the
site method “Cut-Blunt-Cut”
(see page 6). procedure
(see page 8)
or use compatible
end or blunt-end
method.

One or both
of the sites?

Consider partial Re-evaluate strategy
restriction digest using compatible
(see page 14) or ends or by using

search for different blunt ends.
compatible ends
or blunting ends.
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Claggic: Svbeloning.

$vbolonin5_ $+ra+6511: Common Restriction Siteg

If your parent and destination vector multiple cloning regions contain common restriction sites and neither of these
restriction sites occur within your insert, you have a very straightforward subcloning process. You digest your parent
and destination vectors with the same two enzymes followed by dephosphorylation of the destination vector. The
insert and the dephosphorylated vector are then separated on an agarose gel and purified using a system such as the
Wizard® SV Gel and PCR Clean-Up System (see page 28) and ligated.

The T4 DNA Ligase will join the DNA through reforming the bond
between the 5'-PO, coming from the insert and the 3'-OH of the
vector. The vector has been dephosphorylated so the second bond
will not be formed in vitro (indicated by the OH). These nicks will
be repaired in the bacteria upon transformation.

Insert in pGEM®-3Zf(+) Vector Multiple cloning region of pGL3-Basic Vector
...<I;A ATTﬁ} AGCT(IZ (i"vGTA(IZ (IZCGG(f GATC(IZ-m-TCTAG zlxci‘.ch A(IZ(IZTG CAcI;clzc ATG(IZAI AGCTT... “.IGGTACCIGAGCTC’IFTIACGCGTIGCTAGCICICGGGICTCGIAGIATCTi}’lI“AAGCTTIGGm
EcoR1 Sacl Kpn | Aval BamH | Xbal Sal | Pst| Sph|  Hind Ill Kpn!l Sacl Miul Nhel Xmal Xho!l Bglll  Hind Il
Sma | Acc | Acc65 | Smal
Hinc Il
Sac |
Sac | .
Hind 11l
Hind 1
CIAP
PO4 C — A GAGCT OH -AGCTT
TCGAG TTCGA PO, C-OH A

T4 DNA Ligase

See paze 18
See pa 75 for information on
for ;”form ” olcphoéphow[!aﬁng_ vectors.
d lon
on 4 See page 23
ouble Sac i for informmficé— on lizatin
GAGCTC A/AGCTT the nsert and vector.
C/TCGAG oo
OH Hind 11l

<
=
>
3
g
¥

Insert transferred from pGEM®-3Zf(+) Vector to pGL3-Basic Vector.
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Suvbcloning. Strate y: Common Restriction
Sites with Frtia Diggdc

Havin R
Y(/q—rioﬁon Ql‘{?’/ N
bo’Hf\ the (V'\VH’IFIG

cloning. re O‘IOV‘ el +
' oeS No
Insert in pGEM®3Zf(+) Vector 'H"(/ |V\§€/Y‘+ e 0 f
Sac @XQIUOIC +h@ VS
(I3A ATTﬁ; AGCT(IT ?GTA(I? (I?CGG(I; GATC(I?-ﬁ-TCTAG AIMI;TCG A(I,‘(I?TG CA(IECI§C ATG(I,‘A? AGCTTI‘... +h’l€ Ql'{—@ OY‘ g l
EcoR1 Sacl Kpnl Aval BamH | Xbal Sall  Pstl  Sphl Hind Il QU b(/lOV\’l V\? A Far‘ha
Small Acc | , h "
Hinc 1l Veghfl(/ 1on olléi§+
Hind 11 eqy can be
(complete digest) €+Ya+ 52] 0[
oN\F|OV]€/ .

| e Hind I

Multiple cloning region of pGL3-Basic Vector

Sac | Com “]GGTACC|GAGCTCI|TT|ACGCGT|GCTAG<|3CiCGGGijTCGﬁG?TCTfTAAGCTTFGm
******** . ~ Kpnl Sacl  Miul Nhel Xmal Xhol Hind 11l
oartial | = (710[ IQOIQ'{'(/ . Aces 1 Ul el e e Bl i
artia
SaC| | p— - the baV\ol Sac |
digest ———Z—ZZ=Z= »]ov want. Hind I
(complete digest
with both enzymes)
CIAP
Sac |
POSC_ ol A GAGCT OH -AGCTT
TCGAG TTCGA PO, C-OoH A

T4 DNA Ligase

Sac | OH
Sac | /
GAGCTC AAGCTT
CTCGAG TTCGAA
/
OH Hind 1l g

Insert transferred from pGEM®-3Zf(+) Vector to pGL3-Basic Vector.
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Claggic: Svbeloning.

Subclonin $+ra+6511: Moving_ Ingerts with Compaﬁble
Restriction Siteg

If you don’t have common restriction sites in the parent and destination vector multiple cloning regions, you may have
compatible restriction sites. Compatible restriction sites have the same overhang sequence and can be ligated together.
In this example, Xba | and Nhe | both produce the same 5’ overhang sequence. Cut sites from these two are exactly
matching and ligate well. However, neither the Xba | or Nhe | sites are regenerated in the ligation. A table of compatible
ends is present on page 61 of this Notebook. Compatible end ligation is straightforward after the enzymes are identified.

Xba | or S{x’/ | ig wmpaﬁble
with the Nhe [ site of the
P@!L§—Ea§ie Vector.

Xba | and Sal | have
better buffer compatibili
for the dovble digest
than Spc | and Sal |.

Insert in pGEM®-9Zf(-) Vector Multiple cloning region of pGL3-Basic Vector
..TAT GCATCACTAG TAAGC TTTGC TCTAG A_GAATT CGTCG ACGAG CTC.. ..GGTACCGAGCTCTTACGCGTGCTAGCCCGGGCTCGAGATCTGTAAGCTTGG...
| | | Il | | | | | || Il ] I Ll Il
Nsi'l Spe | Hind Il Xba | EcoR| Sall Sacl Kpnl Sacl Miul Nhel Xmal Xho!l Bglll  Hind Il
Acc65 | Sma |
Xba | Nhe |
Sall Xho|
Dephosphorylation
Gel Isolation of insert Ge|p|SO|§tiOﬂy
PO, CTAGA — G G OH TCGAG
T CAGCT PO, CGATC OH C

T4 DNA Ligase

See the
Compatible End
Table on pagze 61
of the T"cicnfoaf OH
AP P ,o”fjhx for GCTAGA Groeaa
a ligting of CGATC\T___CAGCTC

oomFaﬁblo ends to
Frorm;ga enzymes.

D> O

Insert transferred from pGEM-9Zf(-) Vector to pGL3-Basic Vector.

4501MA

In this example, none
of the restriction
sites vsed for the
oomPa‘Hblc—-cnd subconin
are regenevated in the
ﬁnal?;aﬁon product.

WWW protfiega com - +coh§orv@{>romc5a.oom




Claggic: Subeloning.

Suboloning_ 5+ra+6511: Mo\/ing_ Ingerts with Onlq One
Common Site

You've looked for common sites or compatible sites and you can find only one match on one side of your insert.
What do you do about the other side of the insert? You can use a method commonly referred to as “cut-blunt-cut”.
Any restriction site can be made blunt through the action of T4 DNA Polymerase. Simply digest the parent vector and
blunt that site with T4 DNA Polymerase (protocols on page 16), run the products on a gel, purify and proceed with
the common or compatible end restriction enzyme digestion. In this example, the destination vector has Sma | site,
which leaves a blunt end. Most vectors have at least one blunt-ended restriction site that can accept the newly created
blunt end from the insert. If you don’t have such a site or the site would not be in the correct orientation, the same
“cut-blunt-cut” strategy may be applied to the destination vector as well.

pALTER®-1
Vector
with Insert

..GA ATTC [N G GATCC TCTAG AGTCG ACCTG CAGGC ATGCA AGCTT..
| |1 Il Il Il Il |

EcoR | BamH 1  Xbal  Sall Pstl Sphl Hind Ill

EcoR |

T4 DNA Polymerase

~ Multiple cloning region of pGL3-Basic Vector
'AATTC

Insert G GATCC TCTAG AGTCG ACCTG CAGGC ATGCA AGCTT.. ...GGTACCGAGCTCTTACGCGTGCTAGCCCGGGCTCGAGATCTGTAAGCTTGG...
TTAAG T T A S A T [ N R R N T |
BamH |1  Xbal  Sall Pstl  Sphl Hind Ill Kpnl Sacl Miul Nhel Xmal Xho!l Bglll  Hind Il
Acc65 | Small
Smal
Hind 11
Hind I
CIAP
Gel Isolation
PO, i\fﬂg—— ?TCGA - cce OH AGCTTGG
E GGG OH ACC
Thig may T4 DNA Ligase
wmmon,q The cvt-blunt—cut d’raf’cgk}
can also be vsed on
be referved s
; " destination vectors ag well.
@ Es e @ o If You don’t have a Vcaol»]—
« ) .
Cut=Blunt-Cut’ / to-use blunt ¢ite, make onel
CCCAATTC A ACGTT

GGGTTAAG TTGCAA

% OH Hind 11

Insert transferred from pALTER®-1 Vector to pGL3-Basic Vector.

4**’3*05”1-

4502MA
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$vbolonin5_ $+ra+6511: Blunt-End Method

You can’t find a single common site or compatible site in the parent or destination vector. What do you do? Many
people resort to amplifying the insert with restriction sites in the primers to provide the compatibility, but this strategy
may cause some problems (i.e., introduction of mutations, difficulty digesting PCR products [see page 40]). Another
method involves straight blunt-end cloning. You cut out your insert with whichever enzymes you desire. Treat with T4
DNA Polymerase to blunt either 5’ or 3' overhangs and ligate into the destination vector opened with a blunt-end
cutter or made blunt by T4 DNA Polymerase. Remember though, this method will not retain orientation of your insert
so you will have to screen for orientation by methods like those outlined on page 50.

pGEM®-T Easy
Vector
with Insert

Multiple cloning site of pGL3 Basic Vector

..GGTACCGAGCTCTTACGCGTGCTAGCCCGGGCTCGAGATCTGTAAGCTTGG. .
| | I 1 | [ I |

Kpnl Sacl Miul Nhel Xmal Xhol Bglll  Hind Il

Acc65 | Small
..TCCC GGCCG CCATG GCGGC CGCGG GAATT CGAT -ATCAC TAGTG AATTC GCGGC CGCCT GCAG..
.AGGG CCGGC GGTAC CGCCG GCGCC CTTAA GCTA TAGTG ATCAC TTAAG CGCCG GCGGA CGTC..
| Y——+ |l | |
BstZ|  Ncol Notl sac|l EcoR| Spel EcoR| Notlggm | pstl
BstZ | Smal
See
0,
for r£§¢ 7 Not| CIAP
/Do/ D/\/ . T4 DNA Polymerase
7/146 4 : Gel Isolation
Face dNTPs
PO, GGCCGC_-_GCGGCC CCC OH GGG
CCGGCG CGCCGG PO, GGG OH CcCcC

T4 DNA Ligase

The blunt—end method

will not mamtain the

@ @ orientation of
OH

CCCGGCCGC GCGGCCGGG Hour tngert.
GGGCCGGCG T (006 GeoC

N

Insert transferred from pGEM-T Easy Vector to pGL3-Basic Vector.

4503MA
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Claggic: Subeloning.

C . . |\ c,o\a'\"o
Recstriction Dlggg‘hon (e it W
ne” Xov
Restriction endonucleases (RE), also referred to as b(/\o‘(\ o v\e,C/O\-
restriction enzymes, are proteins that recognize short, Parent Vector e
specific (often palindromic) DNA sequences. Type || REs '\"(\(/ !

cleave double-stranded DNA (dsDNA) at specific sites

within or adjacent to their recognition sequences. Many
restriction enzymes will not cut DNA that is methylated
on one or both strands of the recognition site, although l Release insert from

some require substrate methylation (see page 62). parent vector with
restriction digests.

Restriction digestion is one of the most common
reactions performed in molecular biology. For a
digestion with a single RE the reaction is very simple:

e e e

Nuclease-Free Water 14yl ===

10X Restriction Buffer 2ul =

Acetylated BSA (1mg/ml) 2yl l Gel-purify
DNA (~1ug) 1l insert.

4504MA

Restriction Enzyme (10u) 1ul

Final Volume 204l V
Mix by pipetting and collect the contents at the bottom of the
tube. Incubate at the appropriate temperature for the enzyme

for 1-4 hours. Add 4pl of 6X Blue/Orange Loading Dye and
analyze digested DNA by gel electrophoresis.

Preparing an insert for transfer from one vector to
another usually requires a double digest (digest with two
different RES). If both restriction enzymes work in the
same restriction enzyme buffer, the reaction is straight-
forward. Simply add 1pl of the second restriction
enzyme and adjust the amount of water used.

Remember, restriction enzymes are commonly stabilized
in 50% glycerol solution. Do not exceed 5% glycerol in
final digest with the two enzymes. Glycerol concentrations
>5% may lead to star activity (see page 63).
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Claggic Subcloning.
o
Recstriction Digggﬁon

What is supplied with Promega Restriction Enzymes? T’/OV 3 me_ VO\/E@VV on

Each RE has specific requirements for optimal activity. Ideal ro .
storage and assay conditions favor the highest activity and restriction OVlzb}ercé See!
highest fidelity in a particular enzyme’s function. Conditions a
such as temperature, pH, enzyme cofactors, salt composition W', llamg KJ C (2005>
and ionic strength affect enzyme activity and stability. K@{?LV/, of/on 5” QIOMU 0/65)§6§.’
Each Promega Restriction Enzyme is supplied with: é/agg/ﬂ&aﬁon, P’”Oﬁé'”ﬁ“ aﬁa/
e The optimal reaction buffer / 4 4
This may be from the 4-CORE® System (Reaction aff//&ml‘/o”g' Mo/ 5/0%6&/’);70/,
Buffers A, B, C, D) or one of the other optimal buffers 231 225‘_—45‘

(Reaction Buffers E-L). This buffer always yields 100%
activity for the enzyme that it accompanies, and serves
as the specific reaction buffer for single digests.

e MULTI-CORE™ Buffer
This is designed for broad compatibility and is
provided with enzymes that have 25% or greater
activity in this buffer. The MULTI-CORE™ Buffer is . . .
useful for multiple digests because it generally yields Easily locate usage and lot information

more activity for more enzyme combinations than any .
of the other buffers, but sometimes using the MULTI- Each enzyme comes with a Promega Product

CORE™ Buffer can compromise enzyme activity. Information Sheet (PPI) that contains details of quality
Multiple digests using REs with significantly different control assays performed, lot-specific information and

buffer requirements may require a sequential reaction : :
with the addition of RE buffer or salt before the second usage information. The sheet also has protocol

enzyme is used. information and references. The lot-specific

« 100X Acetylated BSA mformahop is printed on a removable stlckgr that can
We recommend adding 0.1mg/ml acetylated BSA to be pasted into a notebook or logbook, making your
every reaction. The acetylated BSA improves the record keeping easier.

stability of the enzyme in the reaction.

For more information on the use of acetylated BSA in
restriction digests, see “BSA and Restriction Enzyme
Digestions” in Promega Notes 60 at:

www.promega.com/pnotes/60/

WWW protfiega com - +coh§crv@{>romc5a.oom



Claggic Subcloning.

Restriction Diggg‘ﬁon: Other Considerations

Do both enzymes work at the same temperature?

The majority of restriction enzymes work best at 37°C,
but those isolated from thermophilic bacteria require
higher temperatures for maximal activity (e.g., BstX |
and BstZ | work best at 50°C). Some work below 37°C
like Sma | (25°C) and Csp | (30°C). If you must work
with two enzymes with different optimum temperatures,
you can use the sequential digest method (assemble all
components, perform for the lower-temperature digest
first, then digest at the higher temperature second).
Usually an hour at each temperature will work fine.

When working with an enzyme that requires a
temperature above 37°C, evaporation of the reaction
can lead to increased glycerol concentration, which can
in turn lead to star activity. Evaporation can be avoided
in such reactions by applying a few drops of molecular
biology grade mineral oil above the reaction. Clean up
with the Wizard® SV Gel and PCR Clean-Up System to
remove the mineral oil and recover the pure DNA.

See the tables on pa
S7T—=58 for optimal
veaction fcmpcmﬁ/mg of

Fr oMeza Restriction
Enzqrm’/g.

3 dam o

3 Cﬁ@ck 1L0 Cee ,,
an [gog(’l"iZOM(’/V

M3l not be. cengitiy,
7L
mdM/aﬁon, & e e
i mngfo" m the
OIIaI'VI/de MI’VIU§

lgcd a piccc of DNA
dem Sensitive enzyme ?

plasmi iny
bacteyi [ <trai .

Do my enzymes exhibit methylation sensitivity?

An often overlooked reason for a restriction enzyme
failure is sensitivity to dam and dem methylation. Many
common bacterial strains like JM109, XL1-Blue, and
DH5a™ are positive for these two genes. The dam gene
encodes a DNA adenosine methylase that methylates the
N6 position of the adenine residue in the sequence:
5'...GATC...3', a common sequence within many
restriction sites. The dem gene encodes a DNA cytosine
methylase that methylates the G5 position of the internal
cytosine residue in the sequence: 5'...CCAGG...3'.
Some restriction enzymes are sensitive to these
methylations and will not cut their recognition sequence
if the methylation occurs within the recognition site
(e.g., Bel'l and dam methylation) or overlaps the
recognition site (e.g., the ATCGAT recognition site falling
within the context of ...GATCGAT... or ...ATCGATC...for
dam methylation).

e the bbl&
6(/ 62

.,\la'l"loV\

on pa
or meth
congitivities 3
Fvomégﬁ
Kf?d"/‘(’% 1on
wz.,]moé.

with

]C +I’)C an‘7MC hag
¥V or ”60§chizo ey 6@0
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Douvble Enzb’me PingK

Double Digests with a Common Buffer

In many cases, the enzymes are not supplied with the
same reaction buffer, and another buffer may be
appropriate. In these cases, activities in other buffers
must be assessed by consulting buffer activity charts like
those on pages 57-58. In this chart, all Promega REs are
tested in Buffers A, B, G, D and MULTI-CORE™ Buffers.
Promega Blue/White Cloning-Qualified REs are also
assayed in Buffers E and H. Ideally you want to choose a
buffer in which each enzyme retains at least 75%. For
instance, if you were to perform a double digest with
EcoR | (optimal in Buffer H) and BamH | (optimal in
Buffer E) you would choose in Buffer E because the
BamH | has 100% activity and EcoR | has 75-100%
activity. Both enzymes will maintain acceptable levels of
activity in this buffer. Promega has developed an online
restriction enzyme compatible buffer search engine
available at: www.promega.com/guides/re_guide/ to
assist you in finding the right buffer for double digests
with all Promega Restriction Enzymes.

= o=

WWW protfiega com - +coh§crv@{>romc5a.oom

Double Digests without a Common Buffer

Some enzymes just do not partner well [e.g., double
digest with Pst | (optimal in Buffer H) and Spe | (optimal
in Buffer B)]. A review of the tables on pages 57-58
shows that the best-case scenario is provided by Buffer B.
Spe | of course is optimal in B (100%) but Pst | has only
50-75% activity. Three choices are available.

Sequential Method: Perform sequential digests: First
digest with Spe | in Buffer B, purify DNA, and then
perform the Pst | digest in Buffer H.

Incubate Longer: Assemble the reaction as usual in
Buffer B and incubate 2—4 hours.

Add More Enzyme: Add 1.5-2.0pl of Pst | and incubate
1-2 hours.

All three methods work. The first scenario seems intensive,
but systems like the Wizard® SV Gel and PCR Clean-Up
System make the process very easy (see page 28). The
entire reaction can be cleaned and eluted in 15ul of water,
and the buffer, enzyme and BSA can be added to bring the
reaction to 20ul for the second optimal digest. This is
really your only option if both enzymes have no
compatibility (i.e., activity in buffer less than 25%).

The second and third methods may provide alternatives
to performing sequential digests, depending on the
enzymes involved. The second method simply takes
more time. The activities in the tables on pages 57-58
are based on a 1-hour incubation. Longer incubation can
improve the percent cleavage of the template. This is
useful if the two enzymes have a buffer capable of at
least 50% activity for both enzymes. The third method is
tricky, especially if one of the enzymes is prone to star
activity in higher glycerol concentrations. Remember,
restriction enzymes are usually stabilized by 50%
glycerol so they do not freeze in —20°C storage. Star
activity (see page 63) may occur when the digestion
glycerol concentration in the reaction rises above 5%.
This method is usually only acceptable for two enzymes
that have more than 50% activity in the same buffer.

Compare conditions for
two From RE<
@/ioklv] online. See the
RE vesovrce tools at:

wwmpromoga.com/feohww/fook
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Claggic: Subeloning.

Fartial Reg¢triction Digpgﬁon

Controlling Cut Frequency in Restriction Digestion

The presence of a restriction recognition site in the
insert and the multiple cloning region does not
necessarily preclude use of that restriction site in a
subcloning strategy. Under normal restriction digest
conditions, the enzyme is in excess so that all

recognition sites in the plasmid can be cleaved. You can
manipulate the restriction digest conditions such that
you will digest only a subset of sites. Many strategies
have been employed to do partial digests: Decreasing
reaction temperature, using a non-optimal buffer, and
decreasing units of enzyme. The method presented here

uses dilutions of enzyme in the optimal buffer.

A key to doing partial digests is to have a way in which

you can differentiate partial digests from complete

digests. In other words, you must have a discernable
base pair-size difference on the agarose gel so you can
cut out the band and perform gel isolation to purify the
fragment for ligation into the destination vector. In the
following example, the parent vector is first linearized
and a partial digest performed on the linearized vector.

Parent Vector

. Digest 10pg of parent vector to completion to linearize

(i.e., RE1; 50pl reaction).

. Purify vector with the Wizard® SV Gel and PCR Clean-Up

System directly from the reaction. Elute in 20pl nuclease-
free water.

. On ice, create serial dilutions of RE2 in 1X RE Buffer

containing 0.1mg/ml Acetylated BSA (e.g. to yield 5, 2.5,
1.25, 0.625, 0.313, 0.156, 0.078, 0.039u of RE per 18l
of solution).

. Add 2yl of the purified vector to each tube.
. Incubate all reactions at 37°C for 30-45 minutes.

. Add loading dye to each reaction and analyze digests by

agarose gel electrophoresis.

. ldentify and cut bands from the gel containing the DNA

fragment of interest.

. Purify insert using the Wizard® SV Gel and PCR Clean-

Up System. Elute in 15-20pl nuclease-free water.

. Proceed to ligation reaction.

RE2
REA1
RE2
REA
(full digest)
RIE2
RE2
RE2
(partial digest)
I |
Desired
l Product
I |
| I
Other
Possibilities
| I
RE2 Concentration
Partial
RE2 ————
digest | —_ —Z—ZZ=Z=Z2Z|.
z
A 2
. (&
2 \ \QO\&"'@ th
|

A romeza vao[oniné_ Notebook.
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Creat ng. Blunt Endg

Turning an Overhang into a Blunt End

Occasionally you encounter a subcloning application
where the choice of restriction sites you can use is
limited or where no restriction sites exist in common
between vectors and insert. Blunt-ended ligation is an
option in these situations. Most vectors contain a blunt
cutter like EcoR V or Sma | in the multiple cloning
region, but the parent vector containing your insert
may not contain a blunt-cutter site. A blunting reaction
can come in handy. Two enzymes are commonly used to
generate blunt ends: T4 DNA Polymerase (see page 16)
and the Klenow Fragment of DNA Polymerase | (see
page 17). The T4 DNA Polymerase is useful for
blunting both 5" and 3’ overhangs. Klenow works best
with 5’ overhangs.

WWW protfiega com - +coh§cm/@{>romc§a.oom

Klenow Fragment
or T4 DNA Polymerase

5-A-3 5’-AGCTA-3"
_
3-TCGAT-5 3-TCGAT-5

Mg2+; dNTPs

5" Overhang Fill-In Reaction

T4 DNA Polymerase

5’-CTGCA-3’ 5-C-3
_
3-G-5 3-G-5

Mg2+; dNTPs

3’ Overhang Blunting Reaction

4506MA
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Claggic: Subeloning.

(/Veaﬁng_ Blunt Endg
EIun’ring a s’ O\/erhang.

T4 DNA Polymerase Method

T4 DNA Polymerase has excellent activity in Promega
Restriction Enzyme Buffers B, C, E, and MULTI-CORE™,
displaying more than 70% activity. The protocol below is
for an integrated blunting reaction following the
restriction digestion, and has been tested with the
buffers listed above. The following protocol works from
a 50yl digestion. The 50l digestion is recommended to
reduce the concentration of glycerol coming from both
the restriction enzymes and the T4 DNA Polymerase.
Reducing the glycerol concentration prevents potential
star activity that may be associated with some
restriction enzymes.

1. Digest DNA (0.5-2.0pg) in a 50ul volume.*
2. Add 5u of T4 DNA Polymerase/pg DNA.

3. Add dNTPs to a final concentration of 100uM
(e.g., 0.5ul of NTP Mix [Cat.# U1511]).

4. Incubate at 37°C for 10 minutes.

5. Purify DNA with the Wizard® SV Gel and PCR Clean-
Up System direct purification protocol. If both ends
of the DNA are being blunted in this reaction, use gel

electrophoresis followed by the gel purification
protocol to purify the DNA from the enzymes.

*Restriction digest should contain 0.1pg/ul acetylated BSA.

T# DNA Polymey g,

StE M2 o0,
S—10v/y
Cot# M421s 502‘:,

5"70(// Iq/

See the PVoo/l/af'
/nforma% ion S;,%_f_ ot

W “’.Prom%'a.com/,f.bg

Blunﬁng_ a3 O\/erhang.

T4 DNA Polymerase Method

T4 DNA Polymerase has excellent activity in Promega
Restriction Enzyme Buffers B, C, E, and MULTI-CORE™,
displaying more than 70% activity. The protocol below is
for an integrated blunting reaction following the
restriction digestion and has been tested with the
buffers listed above. The following protocol works from
a 50yl digestion. The 50l digestion is recommended to
reduce the concentration of glycerol coming from both
the restriction enzymes and the T4 DNA Polymerase.
Reducing the glycerol concentration prevents potential
star activity that may be associated with some
restriction enzymes.

1. Digest DNA (0.5-2.0yg) in a 50ul volume.*
2. Add 5u of T4 DNA Polymerase/pg DNA.

3. Add dNTPs to a final concentration of 100uM
(e.g., 0.5ul of ANTP Mix [Cat.# U1511]).

4. Incubate at 37°C for 5 minutes.

5. Purify DNA with the Wizard® SV Gel and PCR Clean-
Up System direct purification protocol. If both ends
of the DNA are being blunted in this reaction, use gel
electrophoresis followed by the gel purification
protocol to purify the DNA from the enzymes.

*Restriction digest should contain 0.1pg/pl acetylated BSA.

FronA(/ga va(/{oning Notebook.
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(/Veaﬁng_ Blunt Endg
5!un’rin5 a s’ O\/erhang.

Klenow Polymerase Method

Following the restriction enzyme digestion that generated
the 5'-protruding ends, purify the DNA from the reaction
with a system like the Wizard® SV Gel and PCR Clean-Up
System (see page 28 for more information).

1. Assemble the following reaction:

DNA template 1-4ug
10X Klenow Buffer 2ul
Acetylated BSA (10ug/ul) 0.2yl
dNTPs (1mM each)* 0.8pl
Klenow Polymerase 1ul
Nuclease-Free Water to 20pl

* A 1:10 dilution of the dNTP Mix (Cat.# U1511) in water.

2. Incubate at ambient room temperature for
10 minutes.

3. Purify the DNA from the reaction using the Wizard®
SV Gel and PCR Clean-Up System with the direct
purification protocol. If both ends of the DNA are
being blunted in this reaction, use gel electrophoresis
followed by the gel purification protocol.

Note: Promega Restriction Enzyme Buffers A, B, C, D, E,
and H may be substituted for the 10X Klenow Buffer, but
polymerase activity is 27-43% of the 10X Klenow Buffer.

Note: This method will not work for 3’ overhangs.

WWW protfiega com - +coh§crv@{>romc5a.oom

DNA %lqmera% | Laygg

Cat# M2201 150y
510/l
Cat# M2206 500y
S—10v/l

See the Froduct
Information Sheet at:
vvwvv.Promaga.oom/‘be
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Pephocphorqlaﬁng_ Vectors to Limit §alf—Li53+ion

Preventing vector self-ligation is critical for reducing
subcloning background. The efficiency of ligating the
plasmid to itself is far better than ligating a separate
piece of DNA into the vector and is the favored reaction.
Removing the 5’ phosphates of the linearized vector will
prevent T4 DNA Ligase from recircularizing the vector.
Calf Intestinal Alkaline Phosphatase is the classic
enzyme for vector dephosphorylation. The enzyme can
be used on 5’ recessed ends (i.e., results from an
enzyme leaving a 3’ overhang), 5’ overhangs and blunt-
ends. After dephosphorylation, the enzyme must be
removed either by direct purification or gel
electrophoresis and gel isolation with DNA purification
systems like the Wizard® SV Gel and PCR Clean-Up
System. Shrimp Alkaline Phosphatase can be used in
place of Calf Intestinal Alkaline Phosphatase and offers
the advantage of simple heat denaturation to inactivate
the enzyme without the need for further purification.

Is it necessary to dephosphorylate linearized vectors
before performing the insert ligation?

If the plasmid vector being used was linearized with
a single restriction enzyme (generating either a blunt
or overhanging end), then dephosphorylation of the
vector is a prerequisite to reduce religated vector
background. However, if the vector was cut with two
different restriction enzymes that leave incompatible
ends (this does not include two different enzymes
that each leave blunt ends), then dephosphorylation
may be omitted. One exception to this is when the
selected restriction sites lie close to one another in
the vector. In this case, it is still advisable to
dephosphorylate the vector, because you cannot be
certain from looking at the digested plasmids on the
gel if both enzymes cut the plasmid to completion.
The presence of a small amount of singly cut
plasmid vector in the subsequent ligation reaction
can dramatically increase background, which could
make it difficult to identify your desired recombinant.

Multiple cloning region of pGL3-Basic Vector

.GGTACCGAGCTCTTACGCGTGCTAGCCCGGGCTCGAGATCTGTAAGCTTGG. .
| 1 |1 1 I I |

Kpnl Sacl Miul Nhel Xmal Xho! Bglll  Hind Il
Acc65 | Small

Hind 111
Dephosphorylation

LA OH -AGCTT...
...TTCGA- OH A...

4507MA

DC/’hogphor :
Ylation ¢,
reduce the chance o:C
vector §c/f—/i53+,’0” 1

\/!IV‘1LV3//7 zeyo,
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D@Phogphorqlaﬁng_ Vectors: 5hrimp Alkaline P ho;Pha‘hge

Streamlined Restriction Digestion,
Dephosphorylation and Ligation Procedure

1. Combine restriction digestion and dephosphorylation

Destination

Vector

Restriction Enzyme

Shrimp Alkaline Phosphatase
1X Restriction Enzyme Buffer
15 minutes; 37°C

i casy vectoy
Prep profocoll
Only 3545
MIlVllnch fyom

Start + /igaﬁon!

Cut and
Dephosphorylated
Vector

Heat-inactivate*
Shrimp Alkaline Phosphatase
Restriction Enzyme

| Insert DNA 15 minutes; 65°C
I LigaFast™
System

[ 5-15 minutes

Vector

with
Insert

l

Transform Competent
E. colicells

4508MA

* Not all restriction enzymes can be heat-inactivated.

WWW protfiega com - +coh§crv@{>romc5a.oom

of DNA vector in 1X restriction enzyme buffer. Use

15 units of restriction enzyme/ug vector and 10 units
Shrimp Alkaline Phosphatase (SAP)/ug vector in a final
volume of 30-50pl. Incubate at 37°C for 15 minutes.
This is a sufficient amount of SAP to completely
dephosphorylate the vector regardless of overhang
type (9', 3, or blunt) in any Promega RE buffer.

. Heat-inactivate both restriction enzyme and SAP

for 15 minutes at 65°C.
Note: Not all restriction enzymes can be heat
inactivated (see pages 57-58).

. Gentrifuge and remove 1-2pl of vector for ligation

with appropriate DNA insert using T4 DNA Ligase
and 2X Rapid Ligation Buffer from LigaFast™ Rapid
DNA Ligation System at 15°C for 5 minutes (3’ or 5’
ends) or 15 minutes for blunt ends in a final reaction
volume of 10-50pl. We recommend starting with a
1:2 molar ratio of vector:insert DNA.

. Transform the ligated material directly into competent

E. coli cells.

If vour vectviction
enzyme cannot be
heat-tnactivated, vée
the Wizard® SV
Gel and FCR
Clean-Up System for
divect Pvrlfloahon.
Al purification in
wst ’l‘l;' rfinv*f’%/ and
J ov can elvte the
IgNA in ag [ittle as

15“' of water.

Blve/White Cloning=
T4 DNA Lizase and 2X
Kapiol Liga‘hon Buffer.

Five-minvte figa’riong for
sticky ends; 15 -minvte
figa)rioné for blunt ends.

Containg the FVOM?&
valifiec
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D@Phocphorqlaﬁng_ Vectors: 5hrimp Alkaline P ho;Pha‘hga

Dephosphorylation of Purified DNA

1. Purify vector from restriction digest using the
Wizard® SV Gel and PCR Clean-Up System.

2. Combine the following:

DNA (1-2ug) Xl
10X SAP Buffer 3-5l
SAP (1u/yl) 1pl/ug DNA

Nuclease-Free Water to 30-50pl

3. Incubate at 37°C for 15 minutes (works for both
5" and 3’ overhangs or blunt ends).

4. Inactivate SAP by heating to 65°C for 15 minutes or
purify with the Wizard® SV Gel and PCR Clean-Up
System. Proceed to ligation.

SAP Activity in Promega RE Buffers

Buffer % Activity of SAP
A 20%
B 20%
C 25%
D 35%
E 20% , , ,
F 60% Thig protocol i desigied fo handle
G 30% most sitvations with 57, 3" and
Ij 2802 blunt ends on the DPNA.
E gg:ﬁ Below are the minimal vnit
MULTI-CORE™ Buffer 10% Vctﬁ/immcnﬁ for the various ends in
1X SAF Buffer:
5’ Overhang. ©015v SAF/pmol ends
UQI'ng_ —/-/,,C e 5 / pmol e
profocol aboye. with Blint Overhang. O3 SAF/pmol ends
/\/]ULTY—COREW 3’ Overhang: Oty SAF/pmol ends
5(/79[6)/ lln ’D/aCC 0
blurt—encled lization

5{637‘_6)’ ‘ann 907 O;C
the m"ngVMan—f-g
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D@Phogphoqlaﬁng_ Vectors: Calf Intestinal Alkaline Phogpha'l'age

Dephosphorylation Inmediately After Restriction

Digestion

1. Add the following components directly to the
digested DNA. The CIAP may be diluted on ice in
1X CIAP Buffer immediately before use. Discard any
unused, diluted enzyme.

CIAP 10X Reaction Buffer 10pl
CIAP (0.01u/pmol of ends™)  1-2ul
Nuclease-Free Water to 100ul

*For pmol of ends, simply multiply the pmol of DNA by 2.
For example, 1ug of a 1kb DNA fragment will convert to
1.52pmol of DNA and converts to 3pmol of ends.

Note: Dilution of the standard CIAP (1u/pl) is not
absolutely necessary, but these are the conditions
under which we test the enzyme.

2. Incubate using one of the following conditions,
depending on the type of ends present:

5 Overhangs: Incubate for 30 minutes at 37°C.

Add another 0.01u CIAP/pmol ends and incubate an
additional 30 minutes at 37°C.

3’ Overhangs or Blunt Ends: Incubate for 15 minutes
at 37°C, then for 15 minutes at 56°C. Add another
0.01u CIAP/pmol ends and repeat incubations at both
temperatures.

3. Purify DNA using the Wizard® SV Gel and PCR
Clean-Up System and proceed to ligation.

Calculating pmol of DNA from micrograms of DNA.

mol 106 1
g DNA x 2t TP 1 mol DNA
660pg 1ug N

N is the number of nucleotides and 660pg/pmol is the
average molecular weight of a nucleotide pair.

WWW protfiega com - +coh§crv@{>romc5a.oom
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D@Phogphorqlaﬁng_ Vectors: Calf Intestinal Alkaline P ho;l)ha‘l'age

Dephosphorylation of Purified DNA

1. Dilute sufficient CIAP for immediate use in CIAP 1X
Reaction Buffer to a final concentration of 0.01u/pl.
Each pmol of DNA ends will require 0.01u CIAP.

2. Assemble the following reaction:
DNA (up to 10pmol of ends) 40ul

CIAP 10X Reaction Buffer 5ul
diluted CIAP (0.01u/ul) up to 5yl
Nuclease-Free Water to 50ul

See previous page for calculation of pmol of ends.

Note: Diluting the standard CIAP (1u/pl) is not
absolutely necessary, but these are the conditions
under which we test the enzyme.

3. Incubate using one of the following conditions,
depending on the type of ends present:

5’ Qverhangs: Incubate for 30 minutes at 37°C, add
another 0.01u/pmol of ends of CIAP and repeat
incubation.

3’ Overhangs or Blunt Ends: Incubate for 15 minutes
at 37°C then for 15 minutes at 56°C. Add another
0.01u CIAP/pmol ends and repeat incubations at both
temperatures.

4. Purify DNA using the Wizard® SV Gel and PCR Clean-
Up System and proceed to ligation.

Calf Intestinal Alealine
F hogplqa‘f‘agc must be
}TCMO\/COI Fw'or 1o the
‘i?aﬁon reaction. The

1zard® SV Cre| and

FCR. (//can—Up §7§+6m

can do the purification

15" minvtes, and the

olcphogphorqlafcol
vector can be elvfed
from the membrane

in 3¢ [ittle ac 15l

of water,
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Ligaﬁon: Ligaﬁng_ Vector and Insert

Molecular biologists have exploited DNA ligases to
insert pieces of DNA into vectors for decades. The
enzyme most commonly used is derived from
bacteriophage T4. T4 DNA Ligase is about 400-fold
more active than E. coli DNA ligase for ligating blunt
ends, and thus is the enzyme of choice for all molecular
biology requirements. Promega offers T4 DNA Ligase in
standard or high-concentrate form (see page 25), with
the standard Ligase Buffer or with the 2X Rapid Ligation
Buffer offered in the LigaFast™ Rapid DNA Ligation
System (see page 24). The LigaFast™ System allows
rapid, 5-minute ligations for 5" or 3’ overhang cohesive
ends or 15-minute ligations for blunt ends.

PO, C A
TCGAG TTCGA PO,
GAGCTC
CTCGAG
/
OH

WWW protfiega com - +coh§crv@{>romc5a.oom

How Does DNA Ligase Work?

DNA ligases are responsible for joining gaps that form in
DNA during replication, DNA repair and recombination (1).
DNA ligases catalyze the formation of a phosphodiester
bond between adjacent nucleotides with the concomitant
hydrolysis of ATP to AMP and inorganic phosphate. DNA
ligases will only form this covalent linkage in a duplex
molecule (e.g., at a nick in dsDNA or when joining
cohesive- or blunt-ended dsDNAs; 2). The ligation
mechanism occurs in three stages. First is the formation of
an enzyme-nucleotide intermediate through transfer of an
adnenylyl group (AMP) from ATP to the e-amine group of a
lysine residue in the enzyme. This results in the release of
pyrophosphate from ATP. Second, the adenylyl group is
transferred from the enzyme to the 5’-phosphate of the
DNA, thereby activating it. Third, a phosphodiester bond is
formed by nucleophilic attack of the 3'-hydroxyl group of
the DNA with concomitant release of AMP.

1. Okazaki, R. et al. (1968) Proc. Natl. Acad. Sci. USA 59, 598.

2. Higgins, N.P. and Cozzarelli, R. (1989) In: Recombinan DNA Methodology

Wu, R., Grossman, L. and Moldave, K., eds. Academic Press, Inc., San Diego,

California.
...GAGCT OH -AGCTT...
...C- OH A

T4 DNA Ligase

OH

/
AAGCTT
TTCGAA

4509MA
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Ligaﬁon

LigaFast™ Rapid DNA Ligation System

We recommend starting with a 1:2 molar ratio of
vector:insert DNA when cloning a fragment into a
plasmid vector. The following example illustrates the
conversion of molar ratios to mass ratios for a 3.0kb
plasmid and a 0.5kb insert DNA fragment

ng of vector x kb size of insert ) insert
x molar ratio of

kb size of vector vector

=ng of insert

Example:

How much 0.5kb insert DNA should be added to a
ligation in which 100ng of 3kb vector will be used?
The desired vector:insert ratio will be 1:2.

100ng vector x 0.5kb insert 2
X

3kb vector 1

=33.3ng insert

The following ligation reaction of a 3kb vector and a
0.5kb insert DNA uses the 1:2 vector:insert ratio. Typical
ligation reactions use 100—-200ng of vector DNA.

1. Assemble the following reaction in a sterile
microcentrifuge tube:

vector DNA 100ng
insert DNA 33ng
2X Rapid Ligation Buffer 5ul
T4 DNA Ligase (3u/pl) 1ul
nuclease-free water to 10ul

2. Incubate the reaction at room temperature for
5 minutes for cohesive-ended ligations, or
15 minutes for blunt-ended ligations.

HETSt™ Rapid DNA Ligation Syctem
Cat# MB221

Cat# M8225

30 reactions
150 veactione

See the B vodvet
Information Sheet -

mepromoga.oom/'l‘bg

4007 I LigaFast™ Rapid DNA

350 Ligation System

300+ M Overnight ligation with

250 standard 10X Ligation Buffer

Number of cfu

200+

150

100

50+

0+ 3
Total Blue White  Pale blue £
cfu cfu cfu cfu 3

Comparison of overnight ligations and the LigaFast™ Rapid DNA Ligation
System using blunt-ended DNA inserts. Experiment performed with blunt-end insert
ligated into an EcoR V-cut, dephosphorylated pGEM® Vector. Ligations were performed
under standard conditions (see pages 24 and 25) using 4°C overnight for the T4 DNA
Ligase (3u with standard 10X Ligation Buffer) or 15 minutes at room temperature for the
LigaFast™ System. Ligated DNA was transformed into High Competency JM109 cellls and
plated on indicator media. White and pale blue colonies were confirmed to contain
recombinant vector by restriction enzyme analysis.

L S,ﬁc@“:”d@/
’g&ﬁon =

5007 B LigaFast™ Rapid DNA
Ligation System
400
- I Overnight ligation with
_; 300 standard 10X Ligation Buffer
>
=
£ 200+
-
=
100~
0 g
Total Blue White  Pale blue =
cfu cfu cfu cfu &

Comparison of overnight ligations and the LigaFast™ Rapid DNA Ligation
System using a DNA insert with 5’ overhangs. Experiment performed with blunt-
end insert ligated into an Sa/ I-cut, dephosphorylated pGEM® Veector. Ligations were
performed under standard conditions using 4°C overnight for the T4 DNA Ligase (3u in
with standard 10X Buffer) or 5 minutes at room temperature for the LigaFast™ System.
Ligated DNA was transformed into High Competency JM109 cells and plated on indicator
media. White and pale blue colonies were confirmed to contain recombinant vector by
restriction enzyme analysis.

From%a vao!owing_ Notebook
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Liga'f‘ ion
. N '

T4 DNA Ligase 4 DNA Lgd (Qua\'\f"’d
We recommend using a 1:1, 1:3 or 3:1 molar ratio of ) (,\o \ 5
vector:insert DNA when cloning a fragment into a F)\ &/VV\(\"\'O /\00\1\
plasmid vector. o [\/\4504 /\/7)\1/ it
The following ligation reaction of a 3.0kb vector and a ot 500V
Q.5kp insert DNA uses the 1:3 vector:insert ratio. Typical ¥ I\Mgo% /\/77“/\“\
ligation reactions use 100-200ng of vector DNA. at 500V
1. Assemble the following reaction in a sterile ,\794 ,\0/20\1/\“\

microcentrifuge tube: ot ¥ I

vector DNA 100ng
insert DNA 50ng
Ligase 10X Buffer Tul
T4 DNA Ligase (3u/pl) 1l
Nuclease-Free Water to 10pl

2. Incubate the reaction:
22-25°C 3 hours Cohesive ends
4°C Overnight ~ Cohesive ends
15°C 4-18 hours Blunt ends

L«'éa‘h'on +cmpcra+vrc

§nd duration vary Wiolclbl
" the <cien '7’-70
[iferatue. These are the
conditions we. uce when
+c§ﬁn§ the enzyme.

Ligagc Buffers
contain ATF o
drive the reaction.
’IT/»} fo avoid mvH’iPlc
freeze—thaw cycles
of the buffer.
Diépcn% the buffer
mto ¢maller volumes
1o minimize the
freeze~thaw a/}ofog

on each al izLuof

WWW protfiega com - +c0h€crx/@FVom053.oom

methods are more for Ving.

toward dilvte PN
concentrations. Vector fnol
incert can make VP 207 of
the f’mal volume.
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Ligaﬁon: Control Reaction

Controls help ensure that everything is functioning
normally in your subcloning reaction. If something does
g0 wrong, you can use your controls to figure out where
a problem might have occurred.

When ligating insert and vector, you can do a control
ligation of vector with no insert. Carry this reaction
through transformation and plating. The number of
colonies you see can be a good indicator of how a
ligation reaction performed and how many background
colonies you will have on your plate.

@vestions on Subcloning?
Call Fromag,a Tcohnioﬁ-
Sevrvices

The Promega Worldwide Technical Service Group, Field
Applications Specialists, and Distributors are committed
to providing you with the highest quality products
available to ensure your success. Each of these
individuals has an extensive background in molecular
biology research, hands-on bench experience with
Promega products, and training in problem solving and
troubleshooting. Additionally, the full resources of our
R&D, Quality Assurance and Production Scientists are
available to help increase your laboratory’s productivity.

Contact Promega Technical Services directly
or through your Branch Office or by email at:
techserv@promega.com

Quick Checks of T4 DNA Ligase

You can always do a quick test of your ligase by simply
taking 1ug of a DNA digest marker (e.g., Lambda DNA
Hind 111 Markers [Cat.# G1711]) and performing a 15- to
30-minute ligation reaction under normal conditions. Run
the ligation reaction on a gel in comparison to the standard
marker. You should see DNA of much higher molecular
weight on the gel in comparison to the marker.

Another quick test is to cut a plasmid with a single
restriction enzyme. Add this vector to a ligation reaction
and transform.

Fronm’/ga vao{oning_ Notebook.
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ﬁ)rifb’ing_ Vector and Insert

Purification of the insert and destination vector are
absolutely critical for success in subcloning
applications. Years ago, each step called for
phenol:chloroform extractions followed by ethanol
precipitation to remove enzymes such as calf intestinal
alkaline phosphatase from enzymatic vector
manipulations. Guanidine-based nucleic acid clean-up
systems greatly simplified the removal of enzymes. Gel
isolation methods further improved the efficiency of
subcloning by segregating the wanted reactants from
the unwanted reactants.

[ e

A

band of interest

Gel-purify
insert

4497MA

WWW protfiega com - +coh§crv@{>romc5a.oom

Purify vector

4497MB

Grel isolation of
vector reduces
ba ound by
%aﬁn 1
vnevt vector

from the
{ig,aﬁon.
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ﬁ)rifb’ing_ Vector and Insert

Wizard® SV Gel and PCR Clean-Up System

The Wizard SV Gel and PCR Clean-Up System is
designed to extract and purify DNA fragments directly
from PCR@ or from agarose gels. Fragments of 100bp
to 10kb can be recovered from standard or low-melt
agarose gels in either Tris acetate (TAE) buffer or Tris
borate buffer (TBE). Up to 95% recovery is achieved,
depending upon the DNA fragment size. This
membrane-based system, which can bind up to 40ug of
DNA, allows recovery of isolated DNA fragments or PCR

products in as little as 15 minutes, depending on the
number of samples processed and the protocol used.
Samples can be eluted in as little as 15l of nuclease-
free water. The purified DNA can be used for automated
fluorescent sequencing, cloning, labeling, restriction
enzyme digestion or in vitro transcription/ translation

without further manipulation.

Frocess up to 10 59!
¢lices (55—5_ total) on a
single column with

Qc@;cnﬁal foaoling

Ca{rh/rc up fo ‘fOfu of
DNA on a éing_(c columnl

From ¢tart to erificol
DNA in 15 minvtes!

Vacuum

Vacuum
Adapter
(Cat.# A1331)

Vac-Man®
Laboratory
Vacuum Manifold
(Cat.# A7231)

Wizard® SV Gel and
FCR. Clean—UP $11§+em

Cat# A9281
Cat# A9282

S50 preps
250 preps

Frotocol available at:
wvwv.Promoga.oom/+b§/+b§08/+b§08.h+ml

Gel Purification

!

Excise gel slice

and add equal

volume of Membrane Direct PCR Product
Binding Solution Purification

! !

50-65°C for 10 Add equal volume
minutes to solubilize of Membrane Binding
gel slice Solution to PCR reaction

N v

Transfer sample to SV Minicolumn

\ Centrifuge

Bind DNA

Wash, removing
solution by
centrifugation
or vacuum

Transfer spin
columnto a 1.5ml
microcentrifuge
tube (not provided)
Centrifuge

Elute DNA fragment
or PCR product

3792MA07_2A

Flow chart of DNA fragment gel purification or direct PCR product purification using the
Wizard SV Gel and PCR Clean-Up System.
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Pvrifb’ing_ Vector and Insert

L
100- tnear DNA a¢

o0 | big_ as 10kb can
80~ Concentrate DNA be er{fie,ol with
704

60- by elvting in a the System with
i p o 95%
little as 15pl.

40
re.
304 00\/61/17.

20+
10+
04

Relative Recovery

10 15 25 ' 50 75
Elution Volume (ul)

—
o
(@]

3972MA02_3A

Elution volume versus recovery for a 700bp PCR product. One hundred percent 100bp 200bp 500bp
is based on recovery with 50yl elution. Adapted from Table 4 in Betz, N. and Strader, T.
(2002) Clean Up with Wizard® SV for Gel and PCR. Promega Notes 82, 2-5.

Uu PPPUPPPUP PP

100bp ~ 500bp  1,000bp  3,199bp

M U P U P U P U P

1,0000p 1,5000p
Uu PP P UFPPFP

3,000bp

1,000bp -

<
S
©
3
o
2
)
>
2
©

3789TA07_2A

Recovery comparison of various sized unpurified (U) and purified (P) PCR
U: Unpurified  P: Purified products directly purified from PCR amplifications.

Recovery of various sized unpurified (U) and purified (P) PCR products.
Purified lanes were extracted from a 1% agarose gel run with TAE buffer.

Wizard sy Crel
and

FER Clean-
System i teste] for
purificatioy from vp 4,

3% dZarose 5§/§_

Gel Percentages and Resolution of Linear DNA on
Agarose Gels.

% Agarose Resolution
0.8 800bp—10kb+
1.0 400bp—8kb+
1.2 300bp-7kb
1.5 200bp—4kb
2.0 100bp-3kb
3.0 100bp-1kb

Adapted from Brown, T.A. (1998) In: Molecular Biology LABFAX II: Gene Analysis.
2nd ed. Academic Press, 90.
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el ﬂao‘l’rophoragig

Agarose Gel Electrophoresis of DNA

Running double-stranded, linear DNA (like plasmid DNA
from restriction enzyme digests) on an agarose gel is a
routine activity in molecular biology laboratories. The
basic method is very straightforward:

1. Set up the minigel apparatus as recommended by the
manufacturer.

2. Weigh the required amount of agarose and add it to
the appropriate amount of TAE or TBE 1X Buffer in a
flask or bottle. For example, to prepare a 1% agarose
gel, add 1.0g of agarose to 100ml of buffer. Note:
The volume of buffer and agarose should not exceed
half the volume of the container.

3. Heat the mixture in @ microwave oven or on a hot
plate for the minimum time required to allow all the
agarose to dissolve. Interrupt the heating at regular
intervals and swirl the container to mix the contents.
Do not allow the solution to boil over.

CAUTION: The container and contents will be hot!
Swirling may also cause solution to boil vigorously.
Use adequate precautions.

4. Cool the solution to 50-60°C and pour the gel. Allow
the gel to form completely (typically, 30 minutes at
room temperature is sufficient). Remove the comb
from the gel, place it in the electrophoresis chamber
and add a sufficient volume of TAE or TBE 1X buffer
to just cover the surface of the gel.

5. Load samples with 1X Blue/Orange Loading Dye into
the wells.

6. Connect the gel apparatus to an electrical power
supply and apply an appropriate voltage to the gel.
For minigels, typical gradients used are between
1-5 volts/cm. Higher voltages and shorter runs will
decrease the resolution of the gel and may also
cause overheating that may melt the agarose.

7. After electrophoresis is complete, remove the gel and
stain it by soaking it in a solution of 0.5ug/ml
ethidium bromide for 30 minutes at room
temperature. Note: Ethidium bromide may also be
incorporated in the gel and electrophoresis buffer, at
a concentration of 0.5ug/ml, during gel preparation.
This eliminates the need for post-electrophoretic
staining but may interfere with accurate size
determination of DNA fragments. CAUTION: Always
wear gloves when working with ethidium bromide.

8. Place the gel on a UV lightbox and photograph the
gel according to the specification recommended for
your camera and film type. CAUTION: Use protective
eyewear when working with a UV light source.

Note: You may wish to destain or rinse the gel in
fresh 1X running buffer prior to viewing it on the
UV lightbox.

Recipes

Nearly all of these reagents can be purchased premade
including the agarose gels. Here are the directions if you
wish to prepare your own reagents.

Blue/Orange Loading Dye, 6X
(available from Promega [Cat.# G1881])

10mM Tris-HCl, pH 7.5
50mM EDTA
15% Ficoll® 400
0.03% bromophenol blue
0.03% xylene cyanol FF
0.4% orange G

One or more dyes can be left out of the recipe to
create a custom loading dye.

TAE 50X Buffer (1L)
(Available in a 10X or 40X solution from Promega
[Cat.# V4271 and V4281, respectively])

Dissolve 242g Tris base and 37.2g disodium EDTA,
dihydrate in 900ml of deionized water. Add 57.1ml
glacial acetic acid and adjust the final volume with
water to 1 liter. Store at room temperature or 4°C.

TBE 10X Buffer (1L)
(Available in a 10X solution from Promega [Cat.# V4251])

Dissolve 108g of Tris base and 55g boric acid in
900ml deionized water. Add 40ml 0.5M EDTA

(pH 8.0) and increase the final volume to 1L. Store
at room temperature or 4°C.

FronA(/ga va(/{oning Notebook.
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DPNA Markers

DNA markers should always be run on agarose gels to
aid in identifying bands of interest. This is especially
true if you are performing applications such as partial
restriction digestion. Promega offers a wide variety of
DNA markers to fit your needs. Below is a sampling of
marker options available from Promega. BenchTop
Markers come premixed with Blue/Orange Loading Dye
ready to load onto the gel. As the name implies, you can
store them on your benchtop, no need to freeze and
thaw every time you need it. Conventional markers are
pure DNA solutions and come with a tube of 6X
Blue/Orange Loading Dye for use with the marker and
your samples.

Each of thece Marke

Vailable in 3 yeqy

BcnohTEP VerSion

rs i¢
‘7—+0—V§c
or In 3

conventiona| Version.

¢X174 DNA/
1kb DNA Ladder pGEM® DNA Markers Hae 11l Markers PCR Markers 100bp DNA Ladder
BenchTop Cat.# G7541 BenchTop Cat.# G7521 BenchTop Cat.# G7511 BenchTop Cat.# G7531 BenchTop Cat.# G8291
Conventional Cat.# G5711 Conventional Cat.# G1741 Conventional Cat.# G1761 Conventional Cat.# G3161 Conventional Cat.# G2101

10,000 2645
8,000
6,000
5,000 - 1,605
4,000
- 1,198
3,000
2,500
2,000
1,500 - 676
-517
1,000 -S4
750 -39
- 350
500 =
250,253 - 222
3 - 179
g - 126
ki L 75/65
0.7% agarose [561,36]

3177TA12_0A

2% agarose
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bp al q bp bp

2% agarose

bp

1,500
1,000

-1353 750 1,000

-1,078 500 288

—g872 300 700
150 600

- 603 50 500

400
-310
281271

- 234
- 194

0094TA05_3A

- 118

_ 70 2% agarose

3176TA12_0A

100

0973TC03_5A

2% agarose
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Clagsic Subcloning: Ordeving. Information

Heat Recognition Size Conc. Heat Recognition Size Conc.
Enzyme Inactivated Buffer Site (u) (u/pl) Cat.# Enzyme Inactivated Buffer Site (u) (u/pl) Cat.#
@ s + J GACGTWC 50 3-5 Res4l @S> Cspas) + B TIWCGAA 2500 10 R6571
250 3-5 R6545 Dde| +- D CWTNAG 200 10 R6291
@ el - G GTW(A/C)T/GAC 100 3-10 Re411 1,000 10  R6295
500 3-10 R6415 Dpn| + B G™AWTC 200 10 R6231
Acel - F TWCCGGA 200 10 R6S81 (Sau3A )

@  cesl D  GWGIACC 1500 10 R6921 Dral * B__TITWAM 2000 10 R627
(Kon ) Ec/HK | + E GACNNNWNNGTC 100 10 R7111
AccBT7 | + E CCANNNNWNTGG 200 10 R7081 O Ecod7ll + D AGCYGCT 50 2-5 R6731
Agel + K AWCCGGT 100 3-10 R7251 @S roos2| + L CVYGGCCG 50 1-5 R6751
Al . B AGVYCT 10 Res o (BstZ )
w1+ C  GICTCIN,Y 100 812 R761 (Eggicl)m + B GAGYCTC %‘m

GTCTEM 200 812 ROTS g EcoR | + H  GVAATIC 5‘000 12 R6011
Alwad | + C  GWIGCAC 1,000 10 R6771 :
@ + A GGGCCWC 5000 10 R6361 15000 12 R6017
25,000 40-80 R4364 25000 4-80 Ra0t4
50,000 40-80 R4017

@ 1l +- B CW(T/C)CG(A/G)G 1?)88 2:15 Ezgg; ® v . T 13332 18 ggz:g
Avall + C  GVGA 100 1-10 R6131 ———
(Sint) e 1082 1—18 RZ1§5 10.000_40-60 R4354

: Fok| + B GGATG(N)9 100 2-10 R6781
Ball + G TGGVYCCA 50 2-10 R6691 GGATG(N)(13)W
250 2-10 R6695 Hae - B (A/G)GCGCW(T/C) 1,000 10  R6661
@  BaHI + E GVGATCC 2,500 10  R6021 Haelll - C GGVYCC 2500 10 Rei71
12,500 10 R6025 10,000 10 R6175
12,500 40-80 R4024 12,500 40-80 R4174
50,000 40-80 R4027 Hhal + C GCGWC 1,000 10  R6441
Ban| - G GWG(T/C)(A/G)CC 200 8-12 R6891 (Cflol)
Banll + E G(A/G)GC(T/C)WC 1,000 8-12 R6561 @ Hncl + B GT(T/C)W(A/G)AC 200 10 R6031
Bbul + A GCATGWC 200 10 R6621 1,000 10  R6035
(Sph) 1,000 40-80 R4624 5000 10 R6037
&> Bl - C  TVWGATCA 1000 10 R6651 1,000 40-80 R4034
5000 40-80 Ragss @ Hindl + E AWAGCTT 5000 10 R6041
& Byl + D GCCNNNNWNGGC 1,000 10 R6071 15000 10 R6045
5000 10 R6077 25000 40-80 R4044
5,000 40-80 R4074 50,000 40-80 R4047
Bl - D AVGATCT 50 10 RG081 Hinf | - B GWANTC 1,000 10 R6201
2500 10 R6085 _5000 10 R6205
10000 10 Re0s? 5,000 40-80 R4204
2500 40-80 RA034 Hpal - J  GITWAAC 100 3-10 R6301
BsaM | - D GAATGCNY 500 10 R699l 500 310 R6305
Bspl2861  + AG(G/ATIGC(C/ATIVC 500 10 Re74l (75;'!) - A CVeGE ;ggg 18 22:;
BsS| - D ACTGGN 500 10 R7241 :
& Bt - TRy 00 10 Regal Hsp92 | + F G(A/G)WCG(T/C)C 500 10 R7151
00 10 Res: Hsp92 II + K CATGY 1,000 10 R7161
Bst98 | — D CVTIAAG 500 8-12 Rr14f l(Irﬁlr]gr:—Encoded+Endonucllgi(e():TCTCTITAPQ)ZIGGTAGC10’0001007200 e
BstEll — D GVGTNACC 2000 10 R6641 @ Kon1® - J GGTACYC 2500 8-12 R6341
BstO | - C  CCWMATGGE 2000 10 R6931 (Acc65 1) 10,000 8-12 R6345
@ Bsixl +- D CCANNNNNWNTGG 250 8-12 R6471 12500 40-80 Rd344
1000 812 R6475 Mol + B GAAGA(N), 100 2-10 R6723
BstZ| - D  CWVGGCCG 500 10 R6881 GAAGA(N)7 o

@ & Bsuss | - E  CCWINAGG 500 10 R6821 My +/— D  AWCGCGT 1,000 10 R6381
Col +- B GCGWC 3000 10 Re41 @S Mspl + B CVvCGG 2,000 10 R6401
(Hhal) (Hpall) 10,000 10 R6405

@ Clal + C ATWCGAT 500 10 R6551 10,000 40-80 R4404

2500 10 R6555 MspA1 | + C C(AMC)GYC(G/MG 1,000 10 R7021

& Cspl + K CGVGATCCG __100 10 R6671 Turbo™ Nae 10 + Turbo™  GCCWGGC 250 4 R7231

500 10 R6675 <™ Indicates Genome Qualified.

@ indicates Blue/White Cloning Qualified.

Vrom%a vaaloning_ Notebook.
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Heat Recognition Size Conc. Heat Recognition Size Conc.
Enzyme Inactivated Buffer Site (u) (u/pl) Cat.# Enzyme Inactivated Buffer Site (u) (u/pl) Cat.#
Nael + A GCCYGGC 250 4 R Sphl + K GCATGVYC 200 10 R6261
(NgoM V) 1,000 4 R7135 (Bbul) 1,000 10 R6265
> Turbo™ Narlo) + Turbo™  GGWCGCC 200 10 R7261 Sspl + E AATWATT 500 10 R6601
&> Narl + G GGVYCGCC 200 10 R6861 2,500 40-80 R4604
Neil + B CCVY(C/G)GG 1,000 10 R7061 Stu | + B AGGYCCT 400 10 R6421
@ ol + D  CWCATGG 200 10 R6513 Sty + F CWC(AM(T/AGG 2,000 10 R6481
1,000 10 R6515 Tag| -S E TVCGA 1,000 10 R6151
Nae| + D CAVWTATG 500 10 R6801 10,000 10 R6155
Ndell + D VGATC 200 10 R7291 5000 40-80 R4154
(Dpn |, Sau3A 1) 1,000 10 R7295 9| - F TWTAA 200 8-12 R7011
NgoM IV + MULTI-CORE™ GWCCGGC 50 10 R7i71 @ Tth11 1 - B GACNWNNGTC 500 8-12 R6841
_ (Nael) > Vspl 4 D ATWTAAT 500 8-12 R6851
o Nnel ¥ B GVCTAGC 250 10 RBS0T @ xpal - D TWCTAGA 2000 812 R6181
_ 1250 10 R6505 10,000 8-12 R6185
1000 10 R6435 Xho! + D CWICGAG 3000 10 R6161
1,000 40-80 R4434 10000 10 R6165
& Nl + TCGWCGA 200 10 R7091 15,000 40-80 R4164
@ il +- ATGCAVT 250 10 R6S3T @  poll + C (A/G)WGATC(T/C) 100 5-10 R6811
@ Pst | +/- H CTGCAVG 3,000 10 R6111 500 5-10 R6815
15000 10 R6115 Xmal + B CWCCGGG 50 1-5  R6491
15,000 40-80 R4114 (Smal) 250 1-5 R6495
50,000 40-80 R4117 Xmn| + B GAANNWNNTTC 500 10 R727d
Pvul - D CGATVYCG 100 2-10 R6321 2,500 10 R7273
500 2-10 R6325 Conc.
Pull + B CAGYWCTG 1,000 8-12 R6331 Product Size (mg/ml)  Cat.#
5000 8-12 R6335 Bga (Bovine Serum Albumin) Acstylated 40041 1 R9461
Rsal + C GTVWAC 1,000 10 R6371 1ml 10 R3961
5000 40-80 R4374  \yLTI-CORE" Buffer Pack 3x 1l — R9991
@ sl + J GAGCTYC 1000 10 R6061 4 .CORE® Bufler Pack (1 each A-D) 4x 1l — RO
(EcolCR 1) 5000 10 R6065
For Laboratory Use.
5,000 40-80 RA0B4 Turbo™ Enzymes are provided with a reaction buffer containing a noncleavable affector
° - Sacl + c CCGCVYGG 500 10 Re21 sequence that facilitates efficient digestion of slow and resistant sites.
@ sall + GVTCGAC 2000 10 R6051 Restriction enzymes are shown to be heat inactivated (+) if they show >95% loss of
10,000 10 R6055 activity after a 15 minute incubation at 65°C.
10,000 40-80 R4054 Enzymes followed by another enzyme name in parentheses indicate that the enzyme
Sau3A | + B VGATC 100 3-10 R6191 s an isoschizomer or neoschizomer of the enzyme in parentheses.
(Dpn |, Ndell) 500 3-10 R6195
Seal N K AGTWACT 1000 8-12 R6211 Restriction Enzyme Buffer Composition (1X).
5000 40-80 R4214 pH Tris-HCI  MgCl, NaCl KCI DTT
@ il + BGGCCNNNNWNGGCC 250 10 Reor  ouiter (at37°C) (mM) (mM) (mM) (mM) (mM)
1,250 40-80 R4394 A r5 6 6 6 - !
S 4~ C GOGATWCGC _ 250 812 R7103 —0 r5 6 6 50 - !
1250 4080 A5104 —° 19 10 10 50 - !
Sinl R A GVGAVTICC _ 200 812 Reldl —2 (i 2 J ) - !
(Avall) 1,000 40-80 R4144 E (e o ) 1) - L
@ smal R J CCCWGEG 1,000 8-12 Ref2l - 0 10 10 ULy - L
(Xmal) 5000 812 R61%5 —0 i 20 3 - - -
5000 4080 R4124 — 1 8 o 10 e - -
SnaB | - B TACWGTA 100 2-10 R6791 J L i f - 20 L
500 2-10 R6795 K it i 10 - L2l -
@ Sl . B AWCTAGT 200 10 Re591 L 90 E 3 i - -
1000 10 R6595 MULTI-CORE™ Buffer (1X): 25mM Tris-Acetate (pH 7.8 @ 25°C), 100mM potassium acetate,

&> Indicates Genome Qualified.
@ indicates Blue/White Cloning Qualified.

WWW protfiega com - 1Lcoh§cm/@{>romc§3.com

10mM magnesium acetate, TmM DTT.
1. For each 10°C rise in temperature between 0°C and 25°C, the pH of Tris buffers decreases 0.31 pH units.
2. For each 10°C rise in temperature between 25°C and 37°C, the pH of Tris buffers decreases 0.25 pH units.



Clagsic Subcloning: Ordeving. Information

Enzymes Size Conc. Cat.#
T4 DNA Polymerase(@ 100u 5—10u/pl M4211
500u 5—10u/pl M4215

DNA Polymerase | Large (Klenow) Fragments 150u 5-10u/pl M2201
500u 5—10u/pl M2206

Shrimp Alkaline Phosphatase 500u Tu/ul M8201
Alkaline Phosphatase, Calf Intestinal 1,000u 1u/l M1821
1,000u 20u/ul M2825

LigaFast™ Rapid DNA Ligation System 30 reactions — M8221
150 reactions — M8225

T4 DNA Ligase 100u 1=3u/l M1801
500u 1=3u/l M1804

500u 10-20u/pl M1794

For Laboratory Use.

Purification Systems Size Cat.#
Wizard® SV Gel and PCR Clean-Up System* 50 preps A9281
(ready for spin protocol) 250 preps A9282
Vac-Man® Laboratory Vacuum Manifold, 20-sample capacity (required for vacuum protocol) 1 A7231
Vacuum Adapters (required for vacuum protocol) 20 A1331

*For Laboratory Use.

Ready-to-Load BenchTop DNA Markers Size Cat.#
BenchTop 100bp DNA Ladder 50 lanes (8291
BenchTop 1kb DNA Ladder 100 lanes G7541
BenchTop PCR Markers 50 lanes G7531
BenchTop pGEM® DNA Markers 50 lanes G7521
BenchTop X174 DNA/Hae Il Markers 50 lanes G751

For Laboratory Use.

Conventional DNA Markers (supplied with 6X Blue/Orange Loading Dye) Size Cat.#
100bp DNA Ladder 50 lanes G2101
1kb DNA Ladder 100 lanes G571
PCR Markers 50 lanes 63161
pGEM® DNA Markers 50 lanes G1741
X174 DNA/Hae Il Markers 50 lanes G1761

For Laboratory Use.

Accessory ltems Size Conc. Cat.#
4-CORE® Buffer Pack* 4x1ml — R9921
MULTI-CORE™ Buffer Pack* 3x 1ml — R9991
Bovine Serum Albumin, Acetylated* 400l 1pg/ul R9461
1,000ul 10mg/ml R3961

T4 DNA Ligase Buffer Pack* 3 x 500yl — (1263
CIAP Buffer Pack* 3 x 500yl — M1833
dNTP Mix* 200yl 10mM U1511
1,000ul 10mM U1515

Agarose, LE, Analytical Grade 100g — V3121
500g — V3125

Blue/Orange Loading Dye, 6X* 3x1ml — (1881
TAE Buffer, 10X 1,000ml 10X V4271
TAE Buffer, 40X 1,000ml 40X V4281
TBE Buffer, 10X 1,000ml 10X V4251
Ethidium Bromide Solution, Molecular Grade 10m| 10mg/ml H5041
Mineral Oil* 12ml — DY1151

*For Laboratory Use.
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