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Problem 1

A wide range of cellular proteins are methylated by lysine (K) specific
methyltransferases (MTSs), and a one such human enzyme, VCP-KMT, methylates
VCP, an essential and highly abundant protein. For expression of recombinant protein
in E. coli, you want to clone the gene encoding VCP-KMT into the plasmid pET-
33b(+), which can be used for expressing proteins with N-terminal and/or C-terminal
His-tag. For this purpose you will amplify the VCP-KMT gene from human cDNA
by polymerase chain reaction (PCR). You will use PCR-primers that have non-
annealing extensions that contain restriction sites which enable cloning of the VCP-
KMT encoding gene into the plasmid pET-33b(+).

In Appendix 1 you find the DNA and protein sequence of VCP-KMT (229 amino
acids; 690 nucleotides including stop codon), and in Appendix 2 you find a map of
PET-33b(+).

a)You want to generate a construct encoding VCP-KMT with a His-tag added to the
C-terminus, and you want to minimize the inclusion of non-relevant sequence. You
may assume that the VCP-KMT gene is not cleaved by any of the enzymes that cleave
the pET-33b(+) cloning/expression region. Which restriction enzymes is it then
preferable to use for the cloning? (Explain)

b) Design a pair of primers for performing the cloning outlined in a).To ensure
efficient cleavage of the PCR-product by the restriction enzymes, the hexanuclotide
ATATAT should be included at the 5* end of the primers. The part of the primer that
anneals to the VCP-KMT sequence should be 18 nucleotides long.

¢) You also want to make a pET-33b(+) based plasmid for the expression of VCP-
KMT with an N-terminal His-tag. You should use the same criteria as in a and b, but
in this case only the following restriction enzymes are available to you: Ncol, Ndel ,
Nhel and Xhol. Design a primer pair for performing this cloning.

d) To investigate whether you have been successful in generating the two constructs
described in a),b), and c), you will cleave plasmid isolated from candidate clones with
the restriction enzymes Ncol and Xhol. Calculate the size of the fragments obtained in
the case of the two constructs.

e) Below is shown a part of a sequence alignment of VCP-KMT orthologues from
various organisms. Here you will find a conserved conserved tyrosine residue, which
you want to mutate into tryptophane. Design a pair of primers for performing this
mutagenesis using the QuikChange method. In the primers, the mutated region should
be flanked by 12 nucleotides of non-mutated sequence on each side. Indicate the
mutations that have been introduced. In appendix 3 you find the genetic code and a
list of amino acid abbreviations.

Homo_sapiens’{-229 143 ABRE |MYEESLEPL 155

Arabidopsis_thalianas1-315 150 TRWYWRSEQLLEPL 182

Chlamydomonas_reinkardti/1-274 146 ARG IFIHEGL TEDF 158

Acyrthosiphon_pisums1-212 120 ABE | Y PEVWVEEIL 142
|

Caenorkabditis_elegana’1-206 127 CWiYNSTIDPL 139
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Problem 2

You want to investigate whether there are two alternatively spliced MRNAs from a
given gene in a given cell type in your model organism. You make a cDNA library
from that tissue and get the following result after using primers designed to be
specific for your gene and for an ACTIN gene in a PCR with genomic DNA and
cDNA as templates. The primers used for you gene anneal to exon sequences flanking
very short introns and the alternative splicing sites. The primers for ACTIN also
anneal to exons flanking a short intron

Explain what has gone wrong or whether you have been successful in you experiment
if:

a) you get a PCR product with both primer sets on genomic DNA, but no bands for
the cDNA

b) you get PCR products of the expected sizes with the ACTIN primers on cDNA and
on genomic DNA, but no PCR products on either template with you gene-specific
primers

c) you get PCR products of the expected sizes with the ACTIN primers on both
cDNA and genomic DNA, but only on the genomic DNA with your gene-specific
primer set

d) you get PCR products of equal size with the ACTIN primers on both cDNA and
genomic DNA, and with the gene-specific primers you get one band for genomic
DNA, and two bands on the cDNA whereof one is of the same size as the genomic
band and the other shorter than the genomic band

e) you get PCR products of the expected sizes with the ACTIN primers on both cDNA
and genomic DNA, and with the gene-specific primers you get one band for genomic
DNA, and two bands on the cDNA shorter than the genomic band

f) Still with the goal of investigating alternative splicing, explain shortly which of the
following set ups you would chose for your next experiment in situations a) to e):

1) I will repeat the whole experiment, and make sure that | improve/change (fill in
here)

2) | will repeat the PCR, but change (fill in here)

3) I will investigate the PCR product(s) with the (fill in here) method to be sure that
(fill in here)
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Problem 3

Answer briefly (2-3 sentences maximum) to the following questions.

a) Briefly describe the basic principles of real-time PCR.

b) Why is "codon usage™ a concern when expressing a human protein in E. coli?
c¢) Explain the terms “Forward Genetics” and “Reverse Genetics”.

d) Describe/outline how TALE nucleases can be engineered to recognize specific
DNA sequences.

e) What are isoschizomers?
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Appendix 1
Protein and DNA sequence of VCP-KMT(229 amino acids; 690 nucleotides incl. stop codon).

1 M A DTLE S S L EDUPLR S F V R V L
1 ATGGCGGATACGCTGGAGTCCTCGCTGGAGGACCCACTGCGGAGCTTTGTGCGAGTTTTG

21 E K R DGTV L RL Q QY S S G GV G C
61 GAGAAGCGGGATGGTACAGTGCTACGACTACAGCAGTATAGCTCCGGTGGCGTGGGTTGC

41 Vv VvV W D A A 1 V L S K Y L E TP E F S G
121 GTTGTGTGGGACGCTGCCATTGTCCTTTCTAAATACCTGGAAACGCCCGAGTTTTCTGGC

61 b G AHAL SRWRSVLEULGSSGTG A
181 GACGGGGCCCACGCGCTGAGCCGGCGGTCGGTGCTGGAGCTGGGTTCGGGCACCGGGGCC

88 vV 6 L M AATL GADV V V T DL E E L
241 GTGGGGCTCATGGCTGCTACCCTCGGGGCTGATGTTGTAGTCACCGATCTTGAGGAATTG

101 Q bL L K MNITNWMNIKMHLV TG S V Q
301 CAAGACTTGCTGAAGATGAATATTAATATGAACAAGCATCTTGTCACTGGTTCTGTTCAA

121 A K V L K W G E E I E G F P S P P D F 1
361 GCCAAGGTACTGAAATGGGGGGAAGAAATAGAAGGCTTTCCTTCTCCACCCGACTTCATA

141 L Mm ADTC1 Y Y EE S L EWPULL K T L K
421 CTGATGGCCGACTGCATATACTATGAAGAGTCTTTGGAGCCATTGCTGAAAACTCTAAAA

161 b1 s 6 F ETTC1T 1 CZCYEQRTMGK
481 GATATCAGCGGATTTGAAACTTGTATTATATGTTGTTATGAACAACGAACAATGGGGAAA

181 NP E I E K K Y F EL L QL DF D F E K
541 AATCCAGAAATTGAGAAAAAATATTTTGAGCTCCTTCAGCTAGATTTTGACTTTGAAAAA

201 Il P L E K HDEEY R S EDI1T HT 1 Y I
601 ATTCCTTTGGAAAAACATGATGAAGAGTATCGAAGTGAAGATATTCATATTATATACATC

221 R K K K § K F P § -
661 AGAAAGAAAAAATCGAAATTTCCATCGTGA



Appendix 2
Map of the vector pET-33b(+)

pET-33b(+) Vector RS
The pET-33b(+) vector (Cat. No. 69054-3) is derived from pET-28b(+) and carries a 15bp
sequence encoding the protein kinase A (PKA) site RRASV, located between the thrombin
cleavage and Ndel sites (1). Proteins expressed in pET-33b(+) can be easily purified by metal
chelation chromatography (via either N- or C-terminal His*Tag” sequences) and efficiently
labeled with *P- or #*P-yATP and the catalytic subunit of cAMP-dependent protein kinase from
heart muscle. Labeled proteins can be used as direct probes in protein-protein interaction
studies. Unique sites are shown on the circle map. Note that the sequence is numbered by the
pBR322 convention, so the T7 expression region is reversed on the circle map. The cloning/
expression region of the coding strand transcribed by T7 RNA polymerase is shown below.
The f1 origin is oriented so that infection with helper phage will produce virions containing
single-stranded DNA that corresponds to the coding strand. Therefore, single-stranded
sequencing should be performed using the T7 terminator primer (Cat. No. 69337-3).

PET-33b(+) sequence landmarks

1. de Arruda, M. and Burgess, R.R. (1995) inNevations 4, 7-8.

T7 promoter 384-400 Xho I(158)
. Eag l(166)
T7 transcription start 383 Not I{166)
His*Tag coding sequence  284-301 'é'"?? 1(173)
PKA site coding sequence  242-256 S:c 5317:3)
T7+Tag” coding sequence  206-238 Boul102 I EcoR l{192)
Multiple cloning sites |‘II P 9 ﬁ;:.:-(lzg;; 8)
(BamH 1 - Xhol) 158-203 Dra a1 I Nde l{2a7)
His*Tag coding sequence  140-157 e o Neo 1(310)
. Xba 1(349)
T7 terminator 26-72 — Byl 1l{415)
lacI coding sequence T87-1866 T 5372) — SgrA l(456)
pBR322 origin 3300
Kan coding sequence 4009-4821 Anab |
f1 origin 4917-5372 pab le2t)
Pvu I(4440)
Sgf 1(4440)
o
Sma 1(4314) &
N Miu 1(1137)
I~ Bel I(1151)
N

Clal@131) | |
Nru I(4097)

'\ (5383bp)

Eco57 1(3786)

AlwN 1(3654)

Bsi I(3411)

BspLU11 I3238) <
Sap 1(3122) ~ ~

Bst1107 1(3009) T
Tth111 I(2983)
BspG 1(2764)

T7 promoter primer #69348-3

|
L pET-33b(+)

Bmg 1(1246)

\
AN BstE 1l(1318)
| I‘ I’/\Apa I{1348)
|
|

(99g1-781) &

Y

BssH Il(1548)

EcoR V(1587)
Hpa 1(1643)

PshA 1(1982)
PA1108 1(2024)
Bal I(2201)

Fsp 1(2219)

Psp5 ll(2244)

PET y| ST.reBaﬂlprlmer#G!}zM—a T7 promoter lac operator Xbal rbs

AGATCTCGATCCCGCGAAATTAATACGAC TCAC TATAGGGGAATT GTGAGCGGATAACAAT TCCCCTCTAGAAATAATTTTGTTTAACT TTAAGAAGGAGA

Neol His+Tag kinase site _Ndel Nhel T7+Tag
TATACCATGGGCAGCAGCCATCATCATCATCATCACAGCAGCGGLCTGETGCCGCGLGGCAGCCGTCGTGCATCTGTTCATATGGCTAGCATGACTGGTGGACAGCAA

MetGlySerSerHisHisHisHi sHisHisSerSerGlylLeuValProArgGlySerArgArghAloSerValHisMetA laSerMetThrGlyGlyGIinGin

Eag| " thrombin A
BamH| EcoR| Sacl _ Sall HindIll _ Notl  Xnol His-Tag
ATGGGETCGGGATCCGAATTCGAGCTCCGTCGACAAGC TTGCGGCC GCACTCGAGCACCACCACCACCACCACTGAGATCCGGCTGCTAACAAAGCCC
MetGlyArghspP roAsnBSerSerSerVolAsplysleudlchAloAlcleuGluHisHisH isHisHisHisEnd
Bput1021 T7 terminator

GAAAGGAAGCTGAGTTGGCTGCTGCCACCGOTGAGCAATAACTAGCATAACCCCTTGGEGLCTCT AMACGGGETCTTGAGGGGTTTTITG

7 !;rminator primer #69337-3

PET-33b(+) cloning/expression region



Appendix 3

The genetic code

Second letter

o >04H

®>04H

Jam3)| paIyL

>0+

T C A G
TTT Phe TCT Ser TAT Tyr TGT Cys
T TTC Phe TCC Ser TAC Tyr TGC Cys
TTA Leu TCA Ser TAA Stop TGA Stop
TTG Leu TCG Ser TAG Stop TGG Trp
CTT Leu CCT Pro CAT His CGT Arg
o C CTC Leu CCC Pro CAC His CGC Arg
_8 CTA Leu CCA Pro CAA  GlIn CGA Arg
E CTG Leu CCG Pro CAG GlIn CGG Arg
=
g ATT lle ACT Thr AAT Asn AGT Ser
L A ATC lle ACC Thr AAC Asn AGC Ser
ATA lle ACA Thr AAA Lys AGA Arg
ATG Met ACG Thr AAG Lys AGG Arg
GTT Val GCT Ala GAT Asp GGT Gly
G GTC Val GCC Ala GAC Asp GGC Gly
GTA Val GCA Ala GAA Glu GGA Gly
GTG Val GCG Ala GAG Glu GGG Gly

o >»04

Abbreviation Abbreviation

Amino acid (three letters) (one letter)
Alanine Ala A
Cysteine Cys C
Aspartate Asp D
Glutamate Glu E
Phenylalanine Phe F
Glycine Gly G
Histidine His H
Isoleucine lle I
Lysine Lys K
Leucine Leu L
Methionine Met M
Asparagine Asn N
Proline Pro P
Glutamine GIn Q
Arginine Arg R
Serine Ser S
Threonine Thr T
Valine Val \
Tryptophane Trp w
Tyrosine Tyr %
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