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1
1.1
pCNPT[l pSPROK  E. coli DH5a Agrobacterium tumefaciens 1.BA4404
pP2C2S John Inners Center ~ Baulcombe
X PVXHB cDNA pBlueKS +/ - Stratagene
TaKaRa
Vector BSA NBT TMB  BCIP Sigma
1.2 PVX
12 5 1
PVX
PVX
Xba 1 GCG GCG.

h, .
! GCT CTA GAG ATG TCA GCA CCA GCT AGC ACA ACACAGCCC ATA GOG TCA ACT ACC TCA ACT ACCACA 66
M 8§ A P A 5 T T Q P I ¢ 8§ T T 8 T T T

Fictil| Sl
67 AAAACT GCA GGC GCA ACT f"ég 5;:‘:: ACA gii Eilz GGE CTC TTC ACC ATC CCG GAT GGG GAT TTC TTT 132
K T A ¢ A T A T A 8 G L F T 1§ P D G D F F
133 AGT ACA GCC CGT GUC ATA GTA GCOC AGL AAT GUT GTC GCA ACA AAT CGAG GAC CTC AGCAAG ATT GAG 138

$ T A R A I ¥ A& & N A ¥V 4 T N E D L 8 X I E

199 GCT ATT TGG AAG GAC ATG AAG GTG CCC ACA GAC ACT ATG GCA CAG GCT GCT TGG GAC TTA GTC AGA 264
A I W K p M K Vv P T D T M A §© A A W D L V R

265 CAC TGT GUT GAT GTA GGA TCA TCC GOT CAA ACAGAA ATG ATA GAT ACA GGT CCC TAT TCL AACGGC 338

H ¢ & D V G 8 5 A O T E M 1 o T G P Y 8 N G
GCG GG GOG Apal.l
131 &TC AGCAGA GCT AGA CTO GCA GUA GCA ATT AAAGAGGTG TCC ACA CTT AGGCAA TTT TGC ATG AAG 396
I § R 4 R A A A I K B VvV C T L R Q@ F © M K

How 1 ACG ICG CCG CCG GCO E
397 TAT GCT CCA GTG GTA TGG 2aC TGO ATG TTA ACT AAC AAC AGT CCA CCT GCT AACTOGCAA GCACAL 462

Y A P V V W N W M L T N N s P P A B W Q 4 Q

463 GGT TTC AAG CCT GAG CAC AAA TTC GCT GCA TTC GAC TTC TTC AAT GGA GTC ACC AACCCA GCTGCC 528
G F X P E H K ¥F A A F D F F M G V T N P A A

529 ATC ATG CCC 444 GAG DGC CTC AT OGO CCA CCG TCT AL GCT Gad ATG AAT GCT GLC CAL ACT GCT 594
i ¥ P K E G L 1 B P P 8§ E A E M N A A Q T &

595 GUC TTT GTG AAG ATT ACA AAG OUC AGG GCA CAATIC AAC GAC TTT GCC AGC CTA GAT GLA GCT GTC 660
A F ¥V K 1 T K A& R A Q 8§ "N D F A& 85 L D & AV

661 ACT COAGOT CGT ATC ACT OGA ACA ACA ACC GCT GAG GCT GTT GTLC ALT CTA CCA CCACUA TAL LGT 726
T R G R 1 T ¢ T T T A& E A V v T L P P P ¥

Epn t
27T ACC CC

1 PVX
Fig.1 Sequence of PVX coat protein gene primers with mutated nucleotides and positions of mutated nucleotides
Black letters represent mutated nucleotides Arrows indicate positions and directions of primers Shadowed letters represent
restriction endonucleasese and their recognition sequences Nucleotides beside both termini of CP sequences are added restriction
endonucleases and protected nucleotides.

1.3
PVX pSPROK  Xba I ~ Kpn |
pSPRCPM  pSPRCPW EcoR1  Hindlll CaMV35S-CPM-Tnos
CaMV35S-CPW-Tnos pCPNPT [

pCPM2300  pCPW2300
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1.4
15
1.5 PCR
15 DNA DNA
Tag DNA 2ul, ANTP 2.5pmol/L 2pL 5’ 3’ 10pmol
Taqg DNA 1IU  ddH,0 20pL 5’ GCTCTAGAGCATGTCAGCAC
CAG 3’ GGGGTACCCTGGTGGTGGTGGTAGAGTGAC 94°C 5min
94°C 1min 55°C Imin 72°C lmin 30 72°C 10min
1.6 Western blot
SDS- PVDF
AP NBT/BCIP
1.7 Northern blot
RNA " 15pg RNA
Hybond N*  Amersham 8 PVX
18S rDNA Promega
Northern blot
1.8 ELISA
50pL Na, CO; 0.015mol/L. NaHCO; 0.035mol/L
NalN; 0.2% 200pI. 4C PBST KC1 0.2% NaCl 8% KH,PO, 1.5mmol/L
Na, HPO, 0.5mol/L. Tween20 0.15% 3 1% BSA 37C 1h PBST
3 37°C 1h PBST 3 37C 1h PBST 3
NBT 25min 2mmol/L H, SO, Smin OD 5,
2
2.1
tRNA
pP2C2S
pBlueKS +/ -
PVX
PCR PVX
cpm E. coli pBluekKS +/ - Xba 1  Kpn'l
pBCPM 17 15 PVX
1
PVX 1
pCNPTII pCPM2300
pCPW2300 2 DNA
PCR PVX

© PEREREME DN RFATIESMIEE http://journals. im. ac. cn



572 43
1 Nicotiana tabacum X Hpal Apall Stul Pst1 Xbal
Table 1  Some codon usages of tobacco a _CD.
Nicotiana tabacum ™  and PVX LB T-nos npt 11 Pnos T-nos cpm P-35S RB
Frequency Frequency ::’ -
i 1073 of i 1073 of b ‘
Amino Amino
acid Codon  codon usage acid Codon codon usage LBTnos  nptll Pnos T-nos  cpw P-35S RB
T P T P c 33 . - ::]
UCA 17.6 13.4 BT
Uce 10.410.3 GCU 319 29.3 LB Tos  mptll - Pnos RB
UCG 5.2 4.0 GCA 22.83 28.8 2
Ser  UCU 20.2 9.5 Ala GCC 12.7 27.2 i )
Fig.2  Sketch maps of plant expression
AGC 10.0 16.4 GCG 5.8 7.9
ACU 13.1 12.0 vector pCPM2300 and pCPW2300
ACA 17.3 29.6 CCA 204 20.7 a pCPM2300 b pCPW2300 o pCNETIL .
ACC 9.9 20.1 cCC 6.8 11.9 P-nos. Promoter of nopaline synthase gene P-35S. CaMV35S
Thr ACG 4.5 7.0 Pro CCG 4.8 8.6 promoter npt- II . Plant selective marker neomycin phosphotrans-
ACU 21.1 26.2 CCU 18.9 12.0 ferase gene ¢pm and ¢pw. Codon modified and non-modified PVX

“ The codon usage data are from the GenBank database

The usage of triplets in boldface are rare codons in tobacco T

and potato virus X P .

2.2 Western blot

515 24

Western blot
pCPM2300
500p.L

0.2¢g

3-c

PVX

4C

coat protein gene T-nos. Terminator of nopaline synthase gene LB

and RB. Left and right border of T-DNA.

pCPW2300
30 36 44 71 6
50y SDS-PAGE

Imagequant

1 2 3 4 5

3

=R

9

Western blot  Northern blot
Fig.3  Western blot and Northern blot analyses of transgenic tobaccos

a Northern blot results of transformants b 18S rRNA ¢ Western blot results of transformants d Intensities of the specific
bands in Western blot
1.200 ng PVX native CP as a positive control 2.50 pg protein extracted from a pCNPT || transformant as a negative con-

trol 3 ~5.50 pg total protein extracted from leaf tissue of transgenic tobaccos with non-modified CP gene 6 ~9.50 pig protein ex-

tracted from a trangenic tobacco with modified CP gene.
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3-d
5 200ng 30
30ng 2 1/6
2.3 Northern blot
PVX
Northern blot
pCPW2300 PVX
3-a
2.4 ELISA
PVX
pCPW2300 pCPM2300 48 pCNPTII
12 ELISA
5
3
3
v tRNA
tRNA
18 6 19
20 tRNA tRNA
2
tRNA »
tRNA 2
1 PVX
1/3
Kleber-Janke
cDNA AGA/AGG
8% ~10%  Arahl 2 6 AGA/AGG 0.8%  Arah5
AGA/AGG
tRNA  argU ileY  lueW o _ Arahl 2 6 ‘
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100 2 Dieci argU
tRNA
50% * tRNA
24 ~27
tRNA
Northern blot PVX
cpm
tRNA
28
tRNA
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Relativity Betweeen Expression Level of Potato Virus X Coat Protein
and the Codon Usage of Wobble Codon

Feng Dejiang Cai Huaya Liu Xiang Xu Junwang Zhu Zhen"
Institute of Genetics and Developmental Biology —Chinese Academy of Sciences  Beijing 100101  China

Abstract The relationship between the quantities of rare codons and the expression levels of foreign
genes is very important in gene engineering. But up to now there is few experiment on it in multi-
cellular eukaryotes especially in plants. To study the effect of rare codons on the expression level of
potato virus X PVX coat protein CP in transgenic tobacco some preferred codons in PVX coat
protein gene were substituted with synonymous rare codons without changing the encoded amino acid

sequence using site-specific mutation. The modlfled oal nrotein oene and non-madified coat
rJﬂ—;hW‘f—E%ﬁﬂnﬁﬁﬁﬂWHEL\F'% B http://journals. im. ac. cn
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protein gene c¢pw  were inserted into binary vector under the control of CaMV35S promoter and
these two plant expression constructs were transferred into tobacco Nicotiana tabacum cv. Xanthi
genomes via Agrobacterium mediated method and transgenic plants were generated. Western blot and
ELISA of these transgenic tobaccos showed that the expression level of modified CP is about one
third to one sixth of that of non-modified CP. Northern blot analysis of RNAs from some transfor-
mants indicated that the transcriptional levels of cpm are the same as that of cpw  which implicated
that the quantity of rare codons in foreign gene was a possible limited factor in foreign gene expre-
ssion process. Changing the quantity of rare codons maybe an effective method for organism to con-
trol gene expression.

Key words Potato virus X Coat protein  Wobble codon Gene modification Gene expression
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