Laboratory Class 2
LIGATION OF AMPLICONS INTO DESTINATION PLASMID VECTOR
OVERVIEW
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The primers used last week to amplify the insert coding for T7 RNA polymerase had been engineered with a recognition sequence at their 5’ ends. This week, you`ll use the appropriate restriction enzymes, EcoRI and XhoI, to digest your amplicon as well as the destination plasmid vector, pTrcHisB. This digest will generate compatible sticky ends between pTrcHisB and your T7 RNA polymerase insert to form a recombinant plasmid, pTrcHisB/T7. The last step will be to seal the nicks by forming phosphodiester bonds using T4 DNA ligase.
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BACKGROUND
A.  Cloning strategies
Most plasmid vectors have a multiple cloning site that contains several unique restriction sites for insertion of DNA fragments with compatible termini.  Restriction endonucleases producing “sticky” overhangs or termini are preferably chosen for preparing DNA fragments to be ligated, though enzymes producing “blunt” ends can also be used.  Blunt-end ligations are less efficient than cohesive-end ligations and require higher concentrations of both DNA ligase and DNA.

a. Restriction Enzymes:
Restriction endonucleases are enzymes, isolated primarily from prokaryotes, that recognize and cleave double-stranded DNA within specific recognition sequences. During restriction, an endonuclease cuts each of the two strands to generate a double-strand cut. Cleavage is the result of hydrolysis, a reaction in which water is added across a bond, thereby breaking it.  In this case, water is added across the phosphodiester bond, cleaving the two adjacent nucleotides. The cleavage mediated by restriction enzymes yields 5’-phosphate and 3’- hydroxyl termini.  By contrast, nucleotides are joined by condensation reactions, in which phosphodiester bonds are formed by splitting out a water molecule. DNA and RNA polymerases and DNA ligases are enzymes that function via condensation.
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b. Ligation Principle
Double-stranded DNA fragments with compatible cohesive termini or blunt ends can be covalently joined (ligated) in an ATP-dependent reaction that involves

the formation of phosphodiester bonds between 5'-phosphate residues and 3'- hydroxyl residues. A common enzyme used in molecular biology laboratories for the ligation of DNA fragments (for example, the insertion of a DNA fragment into a linearized plasmid vector) is bacteriophage  T4 DNA ligase.  In ligation reactions, the optimal ratio of vector to insert DNA depends on the vector (lambda, cosmid, plasmid, or M13 phage), the size of the DNA fragments, and the nature of the DNA termini (complementary vs blunt ends). A good compromise for ligation is an insert:vector molar ratio of 7:1 with 20-75 ng of vector DNA in a reaction volume of 40ul. The amount of ligase needed, the temperature of the reaction and the incubation time can vary considerably depending upon the type of ligation that is being carried out (“sticky” end or “blunt” end).  Once ligated, DNA can then be introduced into prokaryotic cells through transformation (to be done next week).
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c. Ligation Strategies
There are two basic strategies for ligating DNA fragments into plasmid vectors depending on the kind of termini in the insert and vector:
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1)  Directional ligation
This is when two different enzymes are used to produce noncomplementary (noncohesive) protruding DNA termini. This prevents recircularization of the vector and ensures that the insert is oriented in a specific direction.
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2)  Non-directional ligation
Non-directional ligation occurs when only one enzyme is used to produce either blunt or protruding ends. This strategy can result in the formation of undesirable, recircularized plasmid molecules without any insert.
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In this lab, you will be using a directional ligation strategy making use of the restriction enzymes EcoRI and XhoI to insert the PCR fragment containing T7

RNA polymerase into pTrcHisB.  The resulting product, a recombinant plasmid, is to be called pTrcHisB/T7.

44
[image: image5.png]BamH |
Xho /Ava |
Bl

Pstl

Kpn

EcoR |
BstB |
Hind

o
lhe |

/7\ =2 2 ~
[ [TTe) s (e PEDRERY: i sATG 6xHis ey EK MCS

Sph1

Comments for pTreHis B:
4404 nucleotides

tre promoter: bases 191-221

lac operator: bases 228-248

B anti-termination sequences: bases 264-333

T7 gene 10 translational enhancer: bases 346-354
Ribosome binding site: bases 370-374

Mini-cistron: bases 383-409

Polyhistidine and enterokinase cleavage site: bases 425-504
Xpress™ epitope: bases 482-505

Multiple cloning site: bases 515-554

rmB transcriptional termination sequence: bases 637-794
Ampicillin resistance ORF: bases 1074-1934

PBR322 origin: bases 2079-2752

lac ¥ ORF: bases 34064365





[image: image6.png]361 AARATTARAG AGGTATATAT TA

413

461

509

557

ATG
Met.

GGT
Gly

Multiple Cloning Site of pTrcHis B

pTrcHis forward primer

[ RBS

GGG GGT TCT
Gly Gly Ser

GGA CAG CAA
Gly Gln Gln

Xho1Sac1 Bgl 11
(0 i

AGC TCG AGA

o

cTG
Leu

er Ser Arg

TTT TGG CGG
Phe Trp Arg

| Minicistron

r +
ATG TAT CGA TTA AAT AAG GAG GAA TAA ACC

Met Tyr Arg Leu Asn Lys Glu Glu ***
Polyhistidine (6xHis) region

S ———
CAT CAT CAT CAT CAT CAT GGT ATG GCT AGC ATG ACT
His His His His His His Gly Met Ala Ser Met Thr

ATG
Met

TCT
Ser

ATG
Met

Xpress™ Epitope

EK recognition sequence

Bam HI

r
GGT CGG
Gly Arg

Pst1
|

GCA GCT
Ala Ala

AGA GAA
Arg Glu

GAT
Asp

GGT
Gly

GAT
Asp

CTG TAC GAC GAT
Leu Tyr Asp Asp

Kpn1 EcoR1

ACC ATA TGG GAA
Thr Ile Trp Glu

TTT CAG CCT GAT
Phe Gly Pro Asp

GAC GAT AAG GAT
Asp Asp Lys, Asp

BB 1 Hind 111

TTC GAA
Phe Glu

ACA GAT
Thr Asp

GCT
Ala

TAA

EK cleavage site

TGG
Trp

arc




Summary features of the plasmid vector pTrcHisB (top) and the sequence details of its multiple cloning site (bottom).  http://tools.invitrogen.com/content/sfs/manuals/ptrchis_man.pdf
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B.  Control Treatments for Ligation
The following controls are usually recommended for ligation:
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   Positive control: usually a plasmid vector that has been digested with only ONE enzyme.  In the presence of T4 ligase, the open plasmid should be recircularized.
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   Negative control: a doubly digested plasmid with non compatible termini.  In this lab, you will pre-digest pTrcHisB with both EcoRI and XhoI to generate incompatible overhangs so that ligation cannot occur. Notice that a partial

digest for which the plasmid is cut with only one of the two restriction enzymes would result in compatible termini that might be ligated.

Notice that these are controls ONLY for the ligation portion of the experiment (that will verify that your ligase enzyme is functioning properly, and that your restriction enzymes cut appropriately).  These controls are in ADDITION to the controls that will be included for the bacterial transformation portion of the lab next week.
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PROCEDURES
EXPERIMENT A: Digest, purification, and electrophoresis of plasmid vector and
PCR amplicon
In this experiment, you will use the restriction enzymes XhoI and EcoRI to digest both the purified PCR amplicon and pTrcHisB.  Both digests will be further purified using the QIAQuick spin column for removing any contaminants (buffer salts, cofactors, …) that might interfere and lower the activity of T4 ligase, which is the enzyme to be used for ligation.

Digest and purification of PCR amplicon and pTrcHisB
1.
You will be provided with 1.5ug/15ul of the plasmid vector pTrcHisB. Prepare the restriction digest of your PCR amplicon and pTrcHisB as described in the table below.  Use the remaining fraction of the undigested pTrcHisB for preparing:
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   An undigested control containing 0.1ug of pTrcHisB in a final volume of 9ul to be electrophoresed at steps 6-7 (sample 1).
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   An aliquot containing 40ng in a final volume of 40ul.  This latter aliquot (40ng/40ul) of the undigested pTrcHisB is to be handed in to your TA for storage at -70°C.  This undigested aliquot is to be used as a positive control for the transformation protocol to be completed next week.
	SAMPLE
	Sample volume (  l)
	H2O (  l)
	10X Buffer React 2 (  l)
	XhoI (10U@10U/ l)
	EcoRI (10U@10U/ l)
	Final volume (  l)

	PCR Amplicon
	40
	
	
	1
	1
	50

	pTrcHis B (1ug)
	10
	
	
	1
	1
	50


2.
Digest your two samples for 1 hour at 37°C.

3.
While waiting for your digests, prepare the agarose gel you will require at step 6 (4-5 groups can share one gel).

4.
Clean up your doubly digested PCR amplicon and pTrcHisB samples using the

QIAQuick spin column as described in Appendix I.

5.
Transfer 2ul of your doubly digested and purified pTrcHisB in a tube already containing 38ul of water.  This aliquot is to be used as a negative control for the transformation next week and it has to be handed in to your TA for storage at -
70°C.
Your purified pTrcHisB and amplicon samples will be required for ligation in step 8. But before proceeding with ligation, you need to estimate their concentration by
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agarose gel electrophoresis to figure out the appropriate volumes to be used for ligation.
6.
Cast a 1% agarose gel as described in Appendix III (4-5 groups can share one gel) and prepare your DNA aliquots to be electrophoresed as explained in the figure below.  Notice that only 5ul of the Alpha Quant DNA ladder are to be loaded onto the gel.
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1) Undigested pTrcHisB 10ul total (9ul + 1ul 10X loading buffer)
2) Digested, purified pTrcHis B 10ul total (5ul + 4ul H20 + 1ul 10X loading buffer)
3) Digested, purified T7 RNA polymerase amplicon: 10ul total (5ul + 4ul H20 + 1ul 10X loading buffer)




7.
Proceed with electrophoresis at 100 V for about 40 min and take a picture of your gel using the Gel Documentation System.  Request a print out of your gel picture to be inserted into your laboratory notebook.

EXPERIMENT B:  Ligation of T7 RNA polymerase amplicon into doubly digested pTrcHisB
Before you proceed with ligation, you have to estimate the concentrations of your PCR amplicon and pTrcHisB samples. This can be done by comparing intensities of the DNA bands of your samples to those of the DNA markers (see Appendix II).

Sometimes the amplicon and pTrcHisB bands are hardly visible on agarose gel due to technical difficulties during the purification with the QIAQuick spin column. If this is your case, first consult your TA to discuss whether you should use your
samples for ligation or borrow someone else`s samples (ligation in presence of low concentrations of DNA is rarely successful).
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8.
Refer to your agarose gel results to estimate the concentrations of your T7 RNA polymerase amplicon and pTrcHisB samples.  Use your estimated concentrations to fill the table below assuming an insert:vector molar ratio of 7:1 and 40ng plasmid.
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1 Ask your TA for the ligase once all other components have been added into the reaction tubes.
2 You will be provided with an aliquot of pTrcHisB that had already been digested with XhoI (20ng/ul).
Hand in the leftover of your pTrcHisB and amplicon samples to your TA.
9.
Prepare your ligation reactions as described in the table above.  First, add all components except the T4 ligase, mix thoroughly, and quick spin all your tubes. Your TA will add the T4 ligase, then mix and quick spin all your tubes again.

10.
Incubate the ligations overnight in a thermocycler pre-set to 16oC. Tomorrow the Technical Staff will store your samples at -70°C.  Next week, you will require these ligation products for the transformation protocol.

ALL LIGATION TUBES SHOULD BE CLEARLY LABELED!!!
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TIMELINE
EXPERIMENT A: Digest and preparation of plasmid vector and PCR amplicon
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   Restriction digest with XhoI and EcoRI

o 60 min (75 min)

Casting agarose gel


Pre-assigned teaching
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   Purification of PCR product and pTrcHisB with QIAQuick spin column

o 20 min (95 min)

Casting agarose gel


Pre-assigned teaching
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   Agarose gel electrophoresis and gel picture

o 60 min (155 min)

Pre-assigned teaching
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   Quantitative analysis of gel picture results

o 20 min (175 min)
EXPERIMENT B: Ligation of PCR amplicon into pTrcHisB
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   Ligation

o 40 min (215 min)
IN LAB PERFORMANCE ASSESSMENT TO BE DISCUSSED WITH YOUR TA ( /10 marks)
[image: image19.png]


   Digest: should be complete (supercoiled conformation should be predominant in the undigested sample, but negligible after digest)

Electrophoresis on agarose gel: resolution of the markers and DNA bands

Purification yield with QIAQuick spin column should be 90-95% Calculation details for cloning insert:vector ratio
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Analysis of results
2.
Restriction digest of pTrcHisB Refer to your agarose gel picture to discuss whether your destination plasmid vector, pTrcHisB, had been properly digested? Do you get any hints suggesting that your plasmid vector was partially digested? (1MARK)

3.
Purification of doubly digested pTrcHisB  What was the recovery yield for the purification of your doubly digested (1) pTrcHisB plasmid vector and (2) amplicon with the Quick Spin column?  How do your recovery yields relate with the one indicated by the manufacturer, that is 90-95%? (1MARK)

4.
Lengths of doubly digested and purified pTrcHisB and PCR amplicon  Refer to your agarose gel picture to plot the log of the length of the DNA markers (on the Y axis) vs the mobility as measured by the distance traveled on the agarose gel (on the X axis; see also Appendix II for an example). (3MARKS)

a.  What is the exact expected length for (1) your PCR amplicon and (2) pTrcHisB plasmid vector after the digest with EcoRI and XhoI?  For this question, you should be as specific as possible and provide the exact number of base pairs for each of the two samples.  Explain your reasoning. (1MARK)

b.  What was the experimental length you obtained by comparison to the DNA markers for (1) your PCR amplicon and (2) pTrcHisB?  Are the expected lengths for the amplicon and pTrcHisB plasmid comparable with the ones measured from the agarose gel? (1MARK)

c.  Is agarose gel electrophoresis sensitive enough to discriminate between your doubly digested and undigested PCR amplicon?  Can you estimate the accuracy of agarose gel electrophoresis in estimating the lengths of DNA fragments?  If so, express it in %. (1MARK)
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TREATMENT�






LIGATION REACTION�






H2O (  l)�



pTrcHisB digested with XhoI (ul)�



Doubly digested pTrcHisB


40ng


(  l)�
Doubly digested T7 RNA


polymerase


amplicon


(  l)�



Ligation buffer


5X


(  l)�






1


Ligase


(1U/  l)�






Total volume (  l)�
�



I PCR


amplicon�
Doubly digested and purified pTcrHisB + doubly digested and purified PCR amplicon�
�



0�
�
�
�



2�



40�
�



II Negative control�
Doubly digested and


purified pTrcHisB without any insert DNA�
�



0�
�
�
�



2�



40�
�



III Positive control�
pTrcHisB digested with XhoI only and purified2�
�



2


2�



0�
�
�



2�



40�
�
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