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Xa/LIC Cloning Kits
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About the Kits

PET-30 Xa/LIC Vector Kit 70073-3
pPET-32 Xa/LIC Vector Kit 70072-3
Description

Novagef? ligation-independent cloning (LIC) vectors provide rapid cloning and gene expressiorEincoli. The LIC
method facilitates the directional cloning of PORducts without restriction enzyme digestion oatign reactions

(1, 2). The Xa/LIC vectors are engineered to expeehision protein containing a Factor Xa cleasitgepositioned so
that all vector encoded sequences can be cleavetdtfre target protein by Factor Xa digestion ofgihéfied fusion
protein. Both Xa/LIC vectors possess the same Xa#loning site so that a Xa/LIC-prepared targe¢ihsan be
annealed with either of the Xa/LIC vectors in a Bume reaction. Xa/LIC vector DNA is supplied aadg-to-use linear
double-stranded DNA with single stranded overhdagannealing to target DNA.

The LIC method uses the-35' exonuclease activity of T4 DNA Polymerase tatgespecific 12- or 15-base
single-stranded overhangs in the target DNA. P@&Ryrcts with ends complementary to the vector LUhiag sites are
created by including appropriate 5' sequencesdiptimers (see below). The purified PCR produtitgated with T4
DNA Polymerase in the presence of dGTP to genéhatspecific vector- compatible overhangs. Clonigery

efficient because the desired product is the préaami molecule formed by annealing. The annealéetliXavector plus
insert is transformed into competdhtcoli cells. Covalent bond formation at the vector-ibgerctions occurs within the
cell to yield circular plasmid. DNA is isolated atige plasmid construct is verified for structuned dhen transformed
into appropriatée. coli hosts for protein expression.
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Figure 1. Diagram of the Xa/LIC strategy.

After amplification with primers that include thedicated 5' Xa/LIC extensions, the PCR insertdated
with LIC-qualified T4 DNA Polymerase (+dGTP) andhaaled to the Xa/LIC vector. The resultant nicked,
circular plasmid DNA is transformed into competEntoli.
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Components

1ug pET Xa/LIC Vector

8 ul Xa/LIC 3-Gal Control Insert

25U T4 DNA Polymerase (LIC-qualified)
50 pl 10X T4 DNA Polymerase Buffer
100 pl 100 mM DTT

40 pl 25 mM dGTP

50 pl 25 mM EDTA

1.5ml Nuclease-free Water

22 x50 pl NovaBlue GigaSingles™ Competent Cells
0.2 ml BL21(DE3) Competent Cells

0.2 ml BL21(DE3)pLysS Competent Cells
5x2ml SOC medium

2ng Test Plasmid, 0.2 ng/ul (Afp
Storage

Store Competent Cells, SOC Medium, and Test Plaatid@0°C. Store pET Xa/LIC Vector at —20°C or -Z0Store all
other components at —20°C.

Xa/LIC Vectors

The pET Xa/LIC Vectors combine the advantages efstinong T7 promoter and expression control elesngfthe pET
vector series with the convenience of LIC cloningectors feature a Tac promoter and a choice of fusion tags
(diagramed below). These vectors have a ColE1-éénigplicon. pET-30 Xa/LIC has a kanamycin resistamarker.
PET-32 Xa/LIC has an ampicillin/carbenicillin resiace marker.

Figure 2.
LIC Vector Options
E. coli Expression Xa/LIC Vectors

thrombin ~ Xa/LIC site
PET-30 Xa/LIC

T7 promoter o ‘Hisﬂag’i{ SeTag |i{ NS [HiseTag |

thrombin ~ Xa/LIC site

pET-32 Xa/LIC ¢ ¢
M»‘ TrxeTag H Hise Tag ‘—1 SeTag H MGS | HiseTag ‘
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Insert Preparation

Production and Purification of Target Insert

When PCR-amplifying inserts, we strongly recommasithg KOD DNA Polymerase or KOD Hot Start DNA
Polymerase (see User Protocol TB320 or TB341, rtisedy). These polymerases have robust elongatites and very
low mutation frequencies, resulting in high yieldsd few errors (3).

When starting template is limiting (such as in reegranscription reactions from total RNA or mRMNA&,cDNA library
templates), high fidelity is especially importaint.addition to using a high-fidelity DNA polymerasich as KOD or
KOD Hot Start, the likelihood of PCR-generated rtiotas can be further reduced by creating a sequeeriied
plasmid clone to serve as a template in subsegumeplifications. Fewer cycles are needed to geaanaficient
material for LIC cloning when a high amount of Vied template (50-250 ng plasmid) is used for PORly 0.02 pmol
target (13 ng of a 1,000 bp insert) is requiredlp€rreaction. Therefore, as little as 1 pg ametiftarget is sufficient to
perform >75 LIC reactions.

Note: Use HPLC-purified primers for optimal PCR results and to greatly decrease the possibility of
primer-derived mutations.

1. Amplify the desired insert sequence using approgsialesigned PCR primers. Because the systematdin
independent, 5’ phosphorylation of the primersdsmecessary. Primer 5'-ends must incorporateottening
sequences (see page 2):

sense primer:5' GGT ATT GAG GGT CGC - insert-specific sequence 3'
antisense prime&' AGA GGA GAG TTA GAG CCX *—insert-specific sequence 3'

*|f a C-terminal tag is not desired, include arfiame stop codon in the insert-specific sequersae page 2). If
C-terminal tags are desired, design the insertifi{psequence so as to maintain the reading frardiated in the
antisense primer.

2. The PCR product must be purified to remove dNT®®adctivate the polymerase, and to remove contatinig
DNA. If extraneous products are present in the P&iRtion or if the template plasmid and the Xa/kEetor have
the same antibiotic resistance marker, run the PORuct on an agarose gel. Then, excise and extratarget
band using a SpinPrep™ Gel Kit (see User ProtoB@8E), D-Tube™ Dialyzer with Electroelution AssessKit
(see User Protocol TB422), or a similar method.

If spurious products are not present, the agarespugification step is unnecessary. In this case, of the
following methods can be used to remove dNTPs asidual enzyme:

e Purify the PCR product on a spin column or othéidsupport (e.g., SpinPrep™ PCR Clean-Up Kit, Cat.
No. 70976).

« Inactivate the enzyme and remove dNTPs by CIAAa=tion and isopropanol precipitation. Extract the
reaction with 1 volume CIAA [chloroform:isoamyl aleol (24:1)]. Vortex for 1 min and spin at 12,00@ for
1 min. Remove and save agqueous phase. Add 0.1 ed@uvhsodium acetate, pH 5.2 and 1 volume
isopropanol. Vortex. Incubate at room temperataréfmin. Centrifuge at 14,000g<for 5 min. Remove
supernatant and rinse pellet with 70% ethanol.vhlellet to air-dry. Resuspend purified PCR prodnct
TlowE buffer (10 mM Tris-HCI, 0.1 mM EDTA, pH 8.0).
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T4 DNA Polymerase treatment of target insert

Generate compatible overhangs on the insert(s)eying purified PCR product with T4 DNA Polymera$e verify
system performance, include a positive controltieaavith the supplied positive control insert. Alsiclude a negative
control, omitting insert.

The Xa/LICB-gal Control Insert is included with the vectorskind requires treatment with T4 DNA Polymerase to
generate compatible overhangs. It is 3085 bp l@ngg{pmol). For each treatment, use 4 ul of theri@| solution

provided.
1. Assemble the following components in a sterile hl5nicrocentrifuge tube kept on ice:

X ul 0.2 pmol purified PCR product in up to 14.6TIdwE buffer(10 mM Tris HCI, 0.1 mM EDTA,
pH 8.0). (Note: number bp in inser650 = pg/pmol)

2 ul 10X T4 DNA Polymerase Buffer
2 ul 25 mM dGTP

1 ul 100 mM DTT

y ul Nuclease-free Water

0.4ul 2.5 U/ul T4 DNA Polymerase (LIC-qualified5Qunit per 0.1 pmol PCR product)
20 pl Total volume (Final concentration of insar0i01 pmol/ul)
2. Start reaction by adding enzyme. Stir with thpeptip to mix. Incubate at 22°C for 30 min.
Inactivate enzyme by incubating at 75°C for 20 min.
4. Prepared insert can be annealed to any of the Ka/kttors. Store the prepared Xa/LIC insert at €2Wiserts
have been stored for several months and used sfaltg$or cloning.

Note: The T4 DNA Polymerase in Novagen Xa/LIC kits is specifically qualified for ligation-independent
cloning. The use of unqualified T4 DNA Polymerase may cause variability in cloning efficiency.

w

Annealing the Vector and Xa/LIC Insert

Use the following protocol to anneal an insert iatoXa/LIC Vector. Perform a negative control (lackinsert) and a
positive control (Control Insert after T4 DNA polgnase treatment, as above).

1. For each insert, assemble the following componienassterile 1.5 ml microcentrifuge tube:
1 pl XalLIC Vector
2 ul T4 DNA Polymerase treated Xa/LIC insert (Opdgol)
2. Incubate at 22°C for 5 min, then add:
1 ul 25 mM EDTA
4 ul Total volume

3. Mix by stirring with pipet tip and incubate at 22fa 5 min.

Note: Greater volumes of treated insert may be used; however, vector concentration will be decreased.
Compensate by using a larger volume of annealing reaction for transformation (see page 6).

Annealing is complete within 5 min of incubation. Reactions can be incubated up to 1 h with no negative

effects.
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Transformation

NovaBlue GigaSingles™ Competent Cells (Cat. No27) &re provided in Xa/LIC Vector Kits and shoulelused for
initial cloning with Xa/LIC Vectors. NovaBlue is@nvenient host for initial cloning of target DNA&dause it has high
transformation efficiency and gives high yieldeatellent quality plasmid DNA. The Xa/LIC VectortKicontain
NovaBlue GigaSingles™ Competent Cells in 50 pllginge aliquots and expression host strains irdstaihn 0.2 ml
aliquots. The following protocol is for transfornmats of NovaBlue GigaSingles™ Competent Cells \ilithA from
annealing reactions or transformation of expreshimst with plasmid DNA of the isolated recombineonstructs of
Xal/LIC vectors.

Note: Upon receipt of competent cells, verify that cells are frozen and dry ice is present in the shipping
container. Immediately store competent cells at —=70<C or below. Do not allow cells to thaw prior to us e. To
prevent cells from warming, handle only the very top of the tube and the tube cap. Keep cells on ice while in
use unless otherwise noted.

1. Remove appropriate number of competent cell tutms freezer. (Include an extra sample for TestrRids
positive control to determine transformation e#fiety.) Immediately place tubes on ice, immersihguat the cap.
Allow cells to thaw on ice for 2-5 min.

2. Visually examine cells for thawing and gently fliskbe 1-2 times to resuspend cells evenly. Nevaexo
competent cells.
3. GigaSingles™ Kits: Standard Kits:
Proceed to Step 3. For each transformation, pre-chill 1.5 ml
snap-cap polypropylene tube on ice. Pipet 20 pl

thawed competent cells into each pre-chilled
tube.

4. Add DNA
1 pl annealing reaction directly to NovaBlue &ingles™ cells.
or 1 ul(1-10 ng) purified recombinant plasmicimression host competent cells
or 1 ul(0.2ng) Test Plasmid to tube of competetisc

5.  Stir gently to mix. Return to ice.
6. Incubate on ice for 5 min.
7. Heat tubes for exactly 30 s in a 42°C water bathnbt shake.
8. Place tubes on ice for 2 min.
9. GigaSingls™ Kits: Standard Kits:
Add 250 plroom temperature SOC medium to egchadd 80 pl room temperature SOC medium to each
tube. Keep tubes on ice while handling. tube. Keep tubes on ice while handling.

10. Incubate at 37°C with shaking ( 250 rpm) for 60 mpiiior to plating on selective medium.

11. To select transformants, plate a portion of thegf@armation on medium containing antibiotic for the
plasmid-encoded drug resistance. Also includeaaldjtional antibiotics necessary to maintain hpstesfic
features. Use 50 pg/ml carbenicillin or ampicifiam Amp resistance marker or 30 pg/ml kanamycinkan
resistance marker. BL21(DE3)pLysS requires 34 ughtioramphenicol to maintain the plysS plasmid.
Appropriate plating volume depends on annealingteantsformation efficiencies (see Certificate ofadysis for
competent cell transformation efficiency). For NBlwe expect 18-10 transformants per pig annealed vector
DNA. For Test Plasmid, plate[8 NovaBlue transformation mix, For transformatiminexpression host with a
purified recombinant plasmid, plate 5-20 pl. Wipdating less than 25 pl, first pipet a pool ofS@nto the plate,
and then pipet the transformation into the SOCe&ghr

12. Set plates on the bench for several minutes tavadlacess liquid to be absorbed. Invert plates aodhate
overnight at 37°C.
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Colony Screening

Many more colonies in transformation with annealiegctions (vector plus insert) than with the nisgatontrol (vector
alone) usually indicates successful cloning. Casrmian be screened for inserts by colony PCR wsicipr-specific
primers, followed by agarose gel electrophoresiaBise Xa/LIC is directional, vector-specific priean be used at
both ends. Alternatively, a vector-specific princan be used in combination with an appropriaterirsggecific primer.

Appropriate primers for colony PCR of clones in ¥egLIC vectors followed by in vitro transcriptidranslation are the
pET Upstream Primer (Cat. No. 69214-3) and the &fminator Primer (Cat. No. 69337-3).

For colony PCR (not followed by in vitro transcigt/translation) use either the T7 Promoter Pri(@at. No. 69348-3)
or the pET Upstream Primer and the T7 Terminatonér:

Colony PCR

1.

o0k wDn

Pick a colony from an agar plate using a 200 pefiip or sterile toothpick. Choose colonies thatat least 1 mm
in diameter and try to collect as many cells asiids. If a copy of the colony is desired, touch flipet tip to a
plate before transferring the bulk of the colonytte tube in the next step.

Transfer the bacteria to a 0.5 ml tube containidgiBsterile water. Vortex to disperse the cells.
Place the tube in boiling water or a heat bloc®®(C for 5 min to lyse the cells and denature DNase
Spin at 12,000 g for 1 min to remove cell debris.

Transfer 10 pl of the supernatant to a fresh 0.fub# for PCR. Place on ice until use.

Make a master reaction mix on ice using the folf@y@mounts per reaction. To account for pipettisgés, it is
convenient to multiply the amounts by X.5, wherésXhe number of reactions.

Per reaction:

31.5ul PCR-grade Water

1ul dNTPs (10 mM each dATP, dCTP, dGTP, and gTTP

1ul upstream primer, 5 pmol/ul

1ul downstream primer, 5 pmol/ul

5 ul 10X Novd@ag™ Buffer with MgCh

0.25 ul  Novd@ag™ DNA Polymerase(1.25 U)

40 pl total volume

Note: If using the NovaTaq™ Buffer without MgCl,, add MgCl, to a final concentration of 1.5-2.5 mM,
decreasing the volume of water.

Mix gently and centrifuge briefly. Add 40 pl niesmix to each tube of lysed cell sample and neimtly. Cap tubes
and place samples in a thermal cycler.

Note: As an optional step, a hot start procedure can be used in which the samples are warmed to 80C
before the addition of the master mix. Alternatively, use NovaTag™ Hot Start DNA Polymerase. For
greater accuracy, specificity, and yield of long complex targets use KOD, KOD Hot Start, or KOD XL DNA
Polymerases, respectively.

Process in the thermal cycler for 35 cycles, ds\id:

Denature 1 min at 94°C
Anneal 1 min at the proper annealing temperatusadlly 55°C for vector primers)
Extend 2 min at 72°C

Repeat for 35 cycles, and conduct final extensiwrbfmin at 72°C.

Remove 10-25 pl, add 1/10 volume 10X loading dged,laad on a 1% agarose gel containing 0.5 pg/midietm
bromide. Include at least one lane of Perfect DNN®&tkers as a size standard. A strong band shoujadsent,
with size corresponding to the distance betweed {@aciuding) the primers.

Note: The expected size of PCR product produced from the Xa/LIC Sgal Control Insert is ~ 3 kbp. The
specific size depends on the vector and primer combination.
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Plasmid purification

Atfter identifying colonies containing positive cles isolate plasmid DNA for restriction mappingjsence analysis,
and transformation into expression hosts. PlasnNé Bf candidate recombinants may also be evaluasatyin vitro
transcription/translation analysis. It is critithht template fom vitro transcription and translation be RNase-free.

When isolating pET plasmids, use a method for laywycnumber plasmids. Isolated plasmid DNA may regjan
additional phenol:CIAA extraction to eliminate RiasTo do this, add TE to a final volume of 10@Gpd then extract
successively with 1 vol TE-buffered phenol, 1 vbepol:CIAA (1:1; CIAA is chloroform:isoamyl alcohd?4:1), and

1 vol CIAA. Transfer final aqueous phase to a frede and add 0.1 vol 3 M sodium acetate pH 5.22aval 100%
ethanol. Mix and place at —20°C for 30 min. Cengé for 5 min at 12,000 ¢ remove supernatant, and rinse pellet with
70% ethanol. Dry and resuspend DNA in 30 ul TEesired, 2 pl Pellet Pafhor Pellet Pairft NF Co-precipitant can

be added with the TE buffer before extraction tilitate DNA recovery. (The —20°C incubation candbieninated if

using Pellet PaifftCo-Precipitant).
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Protein Expression, Detection, Purification, andatification

After a recombinant plasmid has been isolated fRmvaBlue and its structure verified, use the DNArtmsform an
expression host. BL21(DE3) or BL21(DE3)pLysS cotapecells (provided in the pET Xa/LIC Vector Kits)e both
lysogenic for bacteriophageéDE3. The DE3 strains possess a chromosomal cothedf7 RNA polymerase gene under
the control of théacUV5 promoter. After plasmids are established XD&3 lysogen, expression of the target ORF can
be induced by growing cultures in Overnight Expfés&utoinduction Medium, or by adding IPTG to cuksrin
conventional medium. Overnight Express Autoinductitedium directs high-density cell growth in thesabce of
induction followed by autoinduction and continuedl growth during an overnight incubation (See UBeatocol

TB383.)

For induction of protein expression in conventioma&dium, add IPTG to final concentration of 0.4 mthen the
bacterial cell culture reaches an £§of 0.6. Continue incubation for 3 hr before hatirgscells for protein analysis.
For information regarding induction optimizatiompfein detection, and quantification, or for celtract preparation
refer to the pET System Manual (See User ProtoBoI5b).

Detailed protocols for protein purification, andagification are found in other Novagen Technicall&ins. All
Technical Bulletins are availabitp://www.merck4biosciences.com

In addition to the expression strains providechim¥ector kits, EMD Chemicals Inc. offers an extemselection of
otherADE3 lysogenic hosts for expression. These incluai# strains that enhance disulfide bonds formadimh strains
that supplement tRNAs for codons rarely useB.igoli. See User Protocol TB009 for more information loa t
competent cells available.

Alternatively, the T7 promoter-based pET plasmids/roe induced for protein expression in non-DE3dgns by
infection with Bacteriophage CE6. See User Prota&#07.
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Bacterial Strain Non-distribution Agreement

By purchase of the Origami™ 2, Origami™ B, Rosett@MRosettaBlue™, Rosetta-gami™, Rosetta-Gami®t 2,

Rosetta-Gami™ B host strains and acceptance dbtlosving terms, Novagen grants a limited licensaise the Origami 2,

Origami B, Rosetta 2, RosettaBlue, Rosetta-Garar Rosetta-Gami B host strains for the cloning expression of genes. The

intent of this license is not to limit the reseaus® of these materials, but to protect againsttimaized commercial distribution

of the strains by third parties.

1. The Origami 2, Origami B, Rosetta 2, RosettaBluesd®ta-Gami 2, or Rosetta-Gami B host strains grdanivative
therefrom is not to be offered for resale or disitéd outside your laboratory.

2. Gene clones and libraries in the Origami 2, OrigBiriRosetta 2, RosettaBlue, Rosetta-Gami 2, or fRe§€ami B host
strains may be distributed for research purposBs provided that the recipient acknowledge thefming condition.

3. Commercial customers must obtain a research licagigment from Brookhaven Science Associates defarchasing and
using DES3 lysogens of host strains Origami 2, QrigB, Rosetta 2, RosettaBlue, Rosetta-Gami 2, aeRa-Gami B.

The initial purchaser may refuse to accept the almownditions by returning the kit unopened andethelosed materials unused.
By accepting or using the kit or the enclosed ni@tgryou agree to be bound by the foregoing caomst
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