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Oppgave 1

a) DNA-sekvensen vist under er del av sense-traden til et protein-kodende gen.
Translater sekvensen i de tre mulige leserammer (bruk den genetiske kode i vedlegg
1). Hvilke(n) av disse leserammene er apne (uten stopp-kodoner)?

5% GGCAGGTAATGTGATTCA 3*

b) Noen DNA-polymeraser som brukes til PCR har sakalt"proofreading"-aktivitet.
Hva betyr dette, og hvorfor kan dette vaere en nyttig egenskap?

c) Gel-elektroforese er mye brukt til & separere DNA-molekyler basert pa starrelse. |
hvilken retning vandrer et DNA-fragment i gelen; fra "minus"- til "pluss"-elektroden,
eller fra "pluss” til "minus"? Hvorfor?

d) Hvilket (i, ii, eller iii) av forslagene for & lage 1 I av en 5 M lgsning av NaCl (MW
= 58,4) er korrekt? Forklar hvorfor.

i) Bland 292 g NaCl med 11 H,0, og las opp.

i) Tilsett 292 g NaCl til en malekolbe (eller liknende), tilsett sa H.0 til et totalvolum
pa 11, og lgs opp.

i) Tilsett 292 g NaCl til en malekolbe (eller liknende), tilsett H0 til et totalvolum pa
ca. 0,9 1, og lgs opp. Tilsett sa H,0 til et totalvolum pé 1 |, og bland.

e) Noen restriksjonesenzymer med ulike gjenkjenningssekvenser gir fragmenter som
lett kan ligeres sammen; pga. dannelsen av sakalte "kompatible kohesive ender".
Nedenfor er det vist gjenkjennelsessekvenser, kutteseter (pil) og navn for seks par av
restriksjonsenzymer som alle gjenkjenner klassiske palindromiske sekvenser. Indiker
hvilke par som vil danne kompatible kohesive ender, og indiker hvorfor.

i) Acll AA*CGTT and Narl GG%GCC
ii) Mfel C*O\ATTG and ATl C{fTAAG
iii) Nsil ATGCA{r and Pstl CTGCA*G
iv) Narl GéCGCC and Bbel GGCGéC
v) Sall G&I'CGAC and Xhol C‘fCGAG

vi) Stul AGéCCT and Smal CCéGGG



Problem 1

a) The DNA sequence shown below is part of the sense strand of a protein-coding
gene. Translate the sequence in the three possible reading frames (use the genetic
code in appendix 1). Which of the reading frames are open (without stop codons)?
5% GGCAGGTAATGTGATTCA 3"

b) Some DNA polymerases used for PCR have a so-called "proof-reading™ activity.
What does this mean, and why can this propertiy be useful?

c) Gel electrophoresis is commonly used to separate DNA molecules according to
size. In what direction does a DNA fragment migrate in the gel; from the "minus” to
the "plus" electrode, or from "plus” to "minus™? Why?

d) Which (i, i1, or iii) of the suggestions for preparing 1 | of a 5 M solution of NaCl
(MW = 58.4) are correct? Explain why.

i) Mix 292 g NaCl with 1 | of H,0, and dissolve.

i) Add 292 g NaCl to a volumetric flask (or similar), add H,0 to a total volume of 1 |,
and dissolve.

iii) Add 292 g NaCl to a volumetric flask (or similar), add H0 to a total volume of ca.
0.9 I water, and dissolve. Then add H0 to a total volume of 1 liter, and mix.

e) Some restriction enzymes that have different recognition sequences generate
fragments that can be easily ligated together, due to the formation of so-called
"compatible cohesive ends". Below are shown the recognition sequences, cleavage
sites (arrow) and names of six pairs restriction enzymes that all recognize classic,
palindromic sequences. Indicate which pairs that will form compatible cohesive ends,
and indicate why.

i y

i) Acll AACGTT and Narl GGCGCC
ii) Mfel C*AATTG and ATl C{fTAAG
i1i1) Nsil ATGCA{I' and Pstl CTGCA*G
iv) Narl GéCGCC and Bbel GGCGéC
V) Sall G&FCGAC and Xhol C*rCGAG

vi) Stul AGéCCT and Smal CCéGGG



Oppgave 2

a) Forklar kort prinsippene for Gateway-teknologien, og nevn hvilke fordeler denne
kloningsmetoden har sammenliknet med klassisk (restriksjonsenzym-basert) kloning.

b) Du skal studere den subcellulzre lokaliseringen til SET-domene-proteinet SUVR4
fra Arabidopsis ved a bruke Grgnt Fluoriserende Protein (GFP) som reporter. For
dette formalet skal du klone cDNAet som koder for proteinet inn i en
destinasjonsvektor ved a bruke Gateway-teknologien. Lag en skjematisk tegning av
kloningsstrategien du vil bruke, og beskriv hva som skjer i hvert trinn. Husk a ta med
hvilken seleksjonsmarkgr du trenger pa LB-skalene du bruker, og indiker hvilke
plasmider som vil gi opphav til overlevende kolonier pa de respektive plater, og
hvorfor. Du skal bruke komponentene vist under.

M13 (-40) forward primer
// M13 (-20) forward primer

< attP1

, v
€0 |
z (R)’fj pDONR/Zeo attBl SUVR4CDNA

4291bp

attB2

M13 reverse primer /,%\\
#7

attP2

(Cm(R) is the gene that gives resistance to chloramphenicol)

attR2

\ i / ccdB

LB

Sm'SpR__

pKTWGF2,0
11876 bp

p3as

c) Du er interessert i & finne ut hvilken role SUVR4 har i utviklingen av Arabidopsis.
Som en farste tilneerming vil du, ved hjelp av RT-PCR, undersgke i hvilke vev dette
genet er uttrykt. Gi en kort beskrivelse av hvordan du vil ga fram, og hvordan du vil
designe primerne dersom genet har introns, slik at du kan skille mellom cDNA og
kontaminering fra genomisk DNA.




Problem 2

a) Briefly explain the principles of the Gateway-technology, and mention which
advantages this cloning method has compared to classic (restriction-enzyme based)
cloning.

b) You are going to study the subcellular localization of the Arabidopsis SET domain
protein SUVR4 by using the Green Fluorescent Protein (GFP) as a reporter. For this
purpose you need to clone the cDNA encoding this protein into a destination vector
using the Gateway technology. Make a schematic drawing of the cloning strategy you
will use, and describe what is occurring in each step. Remember to include what kind
of selection you need on your LB plates, and indicate which plasmids that will give
rise to surviving clones on the respective plates, and why. You should use the
components shown below.

M13 (-40) forward primer

/‘MB (-20) forward primer
2\ attPL

%
Zeomuj SDONR/Zeo attBl___ SUVRACDNA

4291bp

attB2

e \ y/\
M13reverse primer N
N y N
attP2 y ccdB

(Cm(R) is the gene that gives resistance to chloramphenicol)

attR2

\ e / cedB

LB

Sm/SpR_

pKTWGF2,0
11876 bp

p35S

¢) You are then interested in finding out what role SUVR4 has during development of
Arabidopsis. As a first approach you decide to study, by RT-PCR, in which tissues
this gene is expressed. Give a brief description of how you would proceed and how
you would design your primers if the gene has introns, to be able to distinguish
between cDNA and contamination from genomic DNA.




Oppgave 3
| vedlegg 2 finner du DNA og proteinsekvensen til AlkB from Agrobacterium
tumefaciens (AtAIKB). I vedlegg 3 finner du kart over vektoren pET-45b(+).

a) Design PCR primere for & klone AtAlkB-genet mellom Ncol- (CCATGG) og
Xhol- (CTCGAG) setene i pET-45b(+), for dermed & lage et plasmid som du kaller
PET-45b-AtAlkB. Design forward primer slik at initiator ATG (koder for Metl)
svarer til den ATG som finnes i Ncol-setet (CCATGG), and design reverse primer
slik at en S-tag blir skjgtet pa (i riktig leseramme) proteinets C-terminale ende.
Primerne skal inneholde 20 nukleotider med sekvens som baseparrer med AtAlkB-
genet. Siden noen restriksjonsenzymer kutter darlig ved enden av DNA-fragmenter,
fay sekvensen TAAAAT til 5'-enden til primerne.

b) Under finner du deler av en sekvens-sammenstilling av AlkB-proteiner fra ulike
bakterier (Escherichia coli, Mycobacterium tuberculosis, Xanthomonas campestris,
and Agrobacterium tumefaciens). Du gnsker, ved & bruke QuikChange-metoden pa
PET-45b-AtAIkB, & mutere en konservert His residu i AtAIKkB til Trp. Denne residuen
finnes som del av et konservert HXD-motiv, og svarer til Hisl31 i AlkB fra
Escherichia coli. Du vil ogsa introdusere en "stille" tilleggsmutasjon i narheten, slik
at et kuttesete for enzymet Eco47111 (AGCGCT) blir introdusert. Du skal bruke PCR-
primere som inneholder 12 nukleotider med ikke-mutert sekvens pa hver side av de
muterte nukleotidene. Skriv sekvensen pa forward primeren du vil bruke, og indiker
hvilke nukleotider som har blitt mutert. Plasmidet som er resultat av mutagenesen
kaller du pET-45b-AtAlkB-mut.

* 0 * 100 * 120 *
Escherichia/1-216  : THevARTHCEE- - --GuTTHROGELY S PIoEQTHEER P- AlEQSF HNBCORAAT Eoroel : 115
Mycobacterium/1-205 : QUi DY BRI ———— ——— wEJHDLTIEDEEH-——[E-—— QMARMRERRINDIY GGELEES-——FT : 107
¥anthomonas/1-201  : RUFGENVSS s SWIGDADASHRNSCTQRAED - |=HLEAMOPVRTRIQD -~ ~ETles|d-—EY : 99
Agrobacterium/1-195 : ———REMOHFG-————————— ¥ REDYE VR AVTED - —— ANLGEMEPN LGLE AERLVAD—[@YCRTVEN : 51
140 * 160 * 180 *
Escherichia/1-216  : ACHIURMACEA- kSRR DEEDL- - RAERE LeATEoEccLEEND olgR Ll FefEl : 176
Mycobacterium/1-205 : TAGHCYMRDES DSHANECET I GRGSTEDTM o TRVIIALE PRGIGE il - Wpialennd 170
¥anthomonas/1-201  : & RMR S EADANCTIESD - EEELGAQE AARE HR-HD oTWERGED ;162
Agrobacterium/1-195 : Q ELLED- Cals c—VjEcF -~ DD TRV pRERR L. S ACEM VDL - e Pcags viBH PREE- ) @ 149

c) Beregn stgrelsen pa fragmentene som blir resultatet av fglgende kuttereaksjoner
med restriksjonsenzymer.

i) pET-45b(+) kuttet med Ncol and Xhol.

i) pET-45b-AtAlkB kuttet med Ncol and Xhol.

iii) pET-45b-AtAlkB kuttet med Ncol and Eco471Il.

Iv) pET-45b-AtAlkB-mut kuttet med Ncol and Eco47Il1.

* Anta at det kun er ett enkelt kuttesete for Ncol and Xhol in pET-45b(+), og at det
ikke er noen kutteseter for Eco47111, Ncol eller Xhol i AtAlkB-genet. Du kan utfare
beregningene som om alle restriksjonsenzymer kutter midt i sin
gjenkjennelsessekvens.



Problem 3
In appendix 2 you will find the DNA and protein sequence of AIkB from
Agrobacterium tumefaciens (AtAIKB). In appendix 3 you will find a map of the vector
PET-45b(+).

a) Design PCR primers for cloning the AtAIkB gene between the Ncol (CCATGG)
and Xhol (CTCGAG) sites in pET-45b(+), to thereby obtain a plasmid you denote
PET-45b-AtAlkB. Design the forward primer so that the initiator ATG (encoding
Metl) corresponds to the ATG present in the Ncol site (CCATGG), and design the
reverse primer so that an in-frame S-tag is fused to the C-terminus of the encoded
protein. The primers should contain 20 nucleotides of sequence annealing to the
AtAIKkB gene, and, since some restriction enzymes tend to cleave poorly when present
at end of DNA fragments, add the sequence TAAAAT to the 5' end of the primers.

b) Below you find part of an alignment of AlkB-proteins from various bacteria
(Escherichia coli, Mycobacterium tuberculosis, Xanthomonas campestris, and
Agrobacterium tumefaciens). You would like, by the using the QuikChange-method
on pET-45b-AtAIkB, to mutate a conserved His residue in AtAIkB to Trp. This
conserved His residue is found as part of a conserved HXD motif, and corresponds to
His131 in AlIkB from Escherichia coli. You will also introduce an additional, silent
mutation in the close vicinity, leading to the introduction of recognition site for the
restriction enzyme Eco4711l (AGCGCT). You should use PCR-primers that contain
12 residues of non-mutated sequence flanking the mutated nucleotides. Write the
sequence of the forward primer that you will use, indicating the mutated nukleotides.
The plasmid resulting from the mutagenesis will be denoted pET-45b-AtAlkB-mut.

&3 80 & 100 &3 120 &
Escherichia/1-216 : TllavalTEcEEl-- - - GuT THROGHLY 8 PT Do THKED P- AQlE0s F HNIcoRAAT Horoefd @ 115
Mycobacterium/1-205 : QU DEWSV B —————— VeEHDLTIEDPjEH - —— - —— QWARMRRRUNDIYGGELER)E-——FT : 107
Xanthomonas/1-201 T RIUE GRS P SSWIGDADASRSGTQE‘ 0- — - ELEAMO EPVRTRIQD-~—-ET S———E‘ : 99
Agrobacterium/1-195 : ---RINOHFG-————---—— YRYDEVRAVTED - - ANLG PP PWLGLF AERLVAD-[EYCRTVEE : 91

14 i3 1a0 &3 130 &

0
Escherichia/1-216 o AC FjgA PlEA— FIRE L) KDEDL——RAE‘ EEINE T PATIHOR S GLEEN D FIRAR LIk — 0 (e kgl
Mycobacterium/1-205 : TAGHCYpEDESDIEAN TICRGETEDTHM) ATR L PRGEGE 51— — M EiEA L|
Xanthomonas/1-201 5 FpdF 5 EA D ARG D—‘IEZ'EELGAQP LARE HE-HD QT IRE 5
=]

8 5
Agrobacterium/1-195 : o EpLLEQ— C— CE‘**DDTLSACEM DL*GP SWVIEHERC[E——f

c) Calculate the size of the DNA fragments resulting from the following restriction
enzyme cleavage reactions*.

1) pET-45b(+) cut with Ncol and Xhol.

ii) pET-45b-AtAlkB cut with Ncol and Xhol.

1ii) pET-45b-AtAlkB cut with Ncol and Eco47111.

iv) pET-45b-AtAlkB-mut cut with Ncol and Eco47I11.

* Assume that there is only a single site for Ncol and Xhol in pET-45b(+), and that
there are no sites for Eco47111, Ncol nor Xhol in the AtAIKB gene. You may perform
these calculations as if all restriction enzymes cleave in the middle of their recogntion
sequence.



Vedlegg 1/ Appendix 1

First letter

The genetic code

Second letter

T C A G
TTT Phe TCT Ser TAT Tyr TGT Cys
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
CTC Leu CCC Pro CAC His CGC Arg
CTA Leu CCA Pro CAA GIn CGA Arg
CTG Leu CCG Pro CAG GIn CGG Arg
ATT e ACT Thr AAT Asn AGT Ser
ATC Ile 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
GTC Val GCC Ala GAC Asp GGC Gly
GTA Val GCA Ala GAA Glu GGA Gly
GTG Val GCG Ala GAG Glu GGG  Gly

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 |
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 Y

®>»04H > 04 > 04

® >0

Jam8| pAyL



Vedlegg 2 / Appendix 2

21

61

41
121

61
181

81
241
101
301
121
361
141
421
161
481
181
541

AtAIkB

Mm b CV ANWPTLLPHD I MY F D G F
ATGGATTGCGTCGCTAATCCAACTCTTCTACCGCACGACATCATGTATTTTGATGGCTTT
L S S EDEAFV A DI RLUDAGEWS T
CTCTCTTCAGAGGACGAGGCCTTCGTTGCGGACAGATTGGATGCTGGCGAGTGGAGCACG
E L KRRV QHFGY R Y DY K VR AV
GAGCTGAAGCGTCGTGTGCAGCATTTCGGTTATCGTTATGACTATAAAGTGCGCGCTGTT
T P DAY L GP L P P WL G L F A E R L
ACGCCAGATGCCTATCTCGGGCCTTTGCCGCCCTGGCTGGGCTTGTTCGCCGAACGATTA
vV A DGY CWRTVPDQV I A NIEY L L
GTGGCGGATGGCTACTGCCGGACAGTGCCGGATCAAGTTATTGCGAACGAGTATCTTCTG
G Q 61 S AAHV DO CVZPCZFUDT DT I V S
GGGCAGGGGATCAGCGCGCATGTCGATTGTGTCCCCTGTTTTGACGATACGATCGTATCG
I s L L S ACEMVFRDILRGWPG I R
ATAAGCCTTTTATCCGCATGCGAGATGGTTTTCCGCGATTTGCGCGGACCGGGCATACGC
S vL HPRSGVLLRGS SR Y DWT
AGCGTTCTGCATCCTCGTTCAGGCGTACTGCTCAGGGGCTCCAGCCGCTACGATTGGACT
H E I P AR K SD I VNGV K TAWR SR
CATGAAATCCCGGCTCGCAAATCAGATATTGTTAACGGGGTAAAGACCGCCCGAAGCAGA
R 1§ L T FRK VL G L K R P -
AGGATTTCCCTCACGTTCCGCAAGGTCCTGGGTTTGAAACGGCCCTGA



Vedlegg 3/ Appendix 3

pET-45h(+) Vector

TB296 0003

Cat. No. The pET45b(+) vector carries an N-terminal HiseTag® coding sequence followed by an enteraki-
PET-45b(+) DNA T1327-3 nase cleavage site and an optional C-terminal S¢Tag™ sequence. Unique sites are shown on the eirele
"EHHH’{*' sequence landmarks _ map. Note that the sequence is numbered by the pBR322 convention, so the T7 expression region is re-
g'ﬁ pmmc't.ert. gzj"—agl versed on the vector map. The f1 origin is orlented so that infection with helper phage will produce viri-
{ transcriptlon start T
HiseTag® coding sequence 281208 ons containing single-stranded DNA that c:oriesponds to the codirg strand. :I‘herefore, single-stranded
Multiple cloning sites sequencing should be performed using the T7 Terminator Primer (Cat. No. 60337-3).
(Nea I-Awvr 1T 97306
SeTag™ coding sequence  125-169
T7 terminator 26-73
lacl coding sequence TH2-1861
pBR322 origin 3058
bla (Ap®) coding sequence 38194676
fl origin 48015248
Dra Il (5018) . Avr Il ¢
! Blp | (80} vr Il 97)
Alo | 4984) = Xba | (340) Pac | (107
~ Il:'5| I (4880) \ Cla | (409) S+Tag
Ssp | 810y 5248 SgiA | (451) Ava [ (178)
Ahd | (4506) gt ed! : Sph | (807 e LK,
Bsa | (4540) ad lac aperator Ecol | (667) Eag | (180
Bgl | (4488) T7 promoter Mot 1 (184)
’ BstAP | (515) Hind 1l ¢191)
Fsp | (4383) ’ Sal | (197)
Pst | (207
Sbt | (zon
Pvu | (4237) Asc | 209
- . BspM I (210
Sca | (4123) E‘D gﬂcI:Lllll[%LSEE}, BSIG 1 217)
2 gcolllt‘.{ ?213;2261
- ac
pET-45b(+) di || =BstE 11 (1313) | mte 1231
(5260 bp) & || [<PspOM 1 (1339) | BamH | 237
o] Apalasd) PshA | (248)
X Bae | (264)
BsiB | (265
Age | 269)
Hpa | (1638) AccBS | 272
Kpn | 276)
Pml | 280
AlwN 1 (3412) His+Tag
Of."{_? Nco | 301
5 Ppul | (2002)
. Bpuid I {2102)
Pci | (2996)
Sap | (2880)
BstZ17 | (2767)
Tthi11 | {2741}
T7 Prometer Primar
#00348-3
Sgril Cial T7 promoter lac operator
TGECaCCaaTEATGLCGECCACGATECGTCC GE GTAGAGEAT CoAGATCGATCTCGATCCCOCGARATTAATACGACTCACTATAGGRSAATTGTGAG
Ags |
Hon |
Bse |
lac operator Xba | rbe: Nee | Hiz"Tag Fmil AccB51 Bel|

CGGATAACAATTCCCCTCTAGARATAATTTTGT TTAAC TTTAAGAAGGAGATATACCATGGCACATCACCACCACCATCACGTGGETACCGGTTCGAAT

HetAlaHisHisHisHisHisHisValGlyThrilySerbsn

BspM |
EcolGR ledl Esgl  xho
Pehéil  BamHl Mfel Sscl  Barcl A%l sper IS pindm wotd Ava l S+Tag

GATGACGACGACAAGAGTCCGGATCCCAATTGEEAGE TCGTGTACACGGCGCGCCTGLAGGTCGACAAGLTTGLGGCCGCACTCGAGTETGGTARAGAA
AspAzpAspAsplysSerProfspProdsnTrpGluleuVal TyrThraladrgleuGlnVal AsplysLeuAlaAlaAlaleuGluSeralylysalu

snterokinass

S-Tag FPac | Avr |l Elp TT terminator

ACCGCTECTECEAAATTTGAACGCCAGCACATGEACTCGTCTACTAGCGCAGCTTAATTARCCTAGGCTGCTGCCACCGLTGAGCAATAACTAGCATAA
ThralaAlaAlalysPheGlusrgslrHisMetdspSerSerThrierdladlaEnd

-—
AS 5-Tag 18mar Primar
#71262-3

#7112

PET-45h(+) cloning/expression region




