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The Changes of Rare Codon and mRNA Structure
Accelerate Expression of ga-3 in Escherichia coli

1 1 2 1 *

LIU Li-Bing' LIU Yun' HE Hua-Qing® LI Yong-Hui' and XU Qi-Shou' *

1 100850

2 330047

| Institute of Radiation Medicine ~Academy of Military Medical Science Beijing 100850 ~ China
2 College of Life Science Nanchang University ~Nanchang 330047 China

ga-3 qa-3 27 Arg R
8 Gly G 9 AGG AGA R
GGG G qa-3 mRNA 5 3
mRNA -374.3 kJ/mol - 80.5 kJ/mol mRNA
R G 53 mRNA
qa-3
ga-3 mRNA
Q786 A 1000-3061 2006 02-0198-06

Abstract  The key and crucial step of metabolic engineering during quinic acid biosynthesize using shikimic acid pathway is
high expression of quinate 5-dehydrogenase. The gene ga-3 which code quinate 5-dehydrogenase from Neurospora crassa doesn’t
express in Escherichia coli . By contrast with codon usage in Escherichia coli there are 27 rare codons in ga-3 including eight
AGG/AGA Arg and nine GGG Gly . Two AGG are joined together called box R and some GGG codons are relative
concentrate called box G . Along with the secondary structure of mRNA analysed in computer the free energy of mRNA
changes a lot from -374.3 kJ/mol to least —80.5 kJ/mol when some bases in the end of ga-3 were transformed and moreover

the change of free energy is quite small when only some bases in the box G and box R transformed. After the change of rare
codon and optimization of some bases in the end ¢a-3 was expression in E. coli and also the enzyme activity of quinate 5-
dehydrogenase can be surveyed accurately. All the work above benefit the further research on producing quinic acid engineering

bacterium.

Key words ga-3 rare codon secondary structure of mRNA quinate 5-dehydrogenase
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The nucleotide sequence of ga-3gene

The under line show rare codons
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the codons in box are going to be mutated.

1.2
T4 DNA Ex-Taq DNA
TaKaRa KOD-Plus DNA
TOYOBO DH5a DNA
DNA Marker

1.3 DNA
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1.4 30C 1%
6 qa-3 SmlL LB 30°C 2 ~3h
qa-3 OD 0.5~0.6 42°C 5h
6 9 690 696 702 749 753 754 ImL SDS-PAGE 15%
756 757 759 803 951 954
TCG TCT
ACA ACC GGG GGT GGG GGT  ATA ATC 1.6
TIG CTG GTG GIT AGG CGT AGG CGT DH5a LB
ATT ATC GGA GGT GGA GGT qa-3 30C 1%
P1 P2 R Rl R2G 50mL LB 250mL.
Gl G2 P3 P4 1 30C ODgy, 0.6 42°C
1 PCR 5h 4°C 0.1mol/L. pH 7.5
Table 1 Primer sequence used for the PCR amplification Tris-HCI 2 lg Sml.
Code Primer sequence 0. 1mol/L Tris-HCl 0.05mol/L NaCl
P1 5'-GGGGAATTCATGTCGACAGCAACCACCACAACAT-3'
P2 5'-GGGGGATCCTCAGTTGAGTTGTCCTCCACAGT-3’ 0.2% B -
Rl 5'-CTGGTTCGTCGTATCGTCGAGACGTTC-3' 200W 2s 2s 60 4%C
R2  5'-GATACGACGAACCAGCATCTCCTTCTC-3' 12000r/min 10min
Gl 5'-GGTCCGGGTGCGATCGTCGCTTGCATTCC 3
G2 5'-GATCGCACCCGGACCCTCCAGGCCTTCA-3’ 1.7
P3  5'-GGGAATTCATGACGACAGCAACCACCACAA-3’
P4 5'-GGGGATCCTCAGTTGAGTTGACCACCACAGTACAA-3'
10 (QDHase
DNA P1 QA to DHQ 0. 1mol/L pH
P2 qa-3 pBV220 9.8 ImL 2mmol/L. NAD
pBVqa3 1.4mmol/L B- 20mmol/L. QA 100p:L
pBVqa3 R1 P2 30°C 10min Smin 12000r/min
215bp R2 Pl 763bp 1 ~ 2min 340nm
dNTP KOD-Plus buffer ~ 97°C BCA Pierce
Imin 5 95°C30s
50°C30s 72°C2min 5
Pl P2 30 2
PCR qa3R pBVqa3 2.1 gqa-3
Gl P2 278bp G2 Pl 703bp DNA
DNA P1 P2 qa-3
PCR qa3G PCR Fig.2 986bp EcoR1
pBV220 pBVqa3R BamH [ pBV220
pBVqa3G pBVqa3  q¢a-3
pBVqa3R pBVqa3G Gl P2 GenBank 99.3%
278bp G2 Pl 703bp
PCR qa3RG 2.2 gqa-3
pBVqa3RG pBVqa3RG P3 pBVqa3 RI P2 215bp
P4 PCR qa3RG" pBV220 R2 Pl 763bp Fig. 3
pBVga3RG" dNTP KOD-Plus KOD-Plus
1.5 ¢a-3 qa-3 buffer ~ 97°C Imin 5
DH5« LB o 4 mE# 955G 308750 30 2726 2min, ./ Sournals. im. ac. on



qa-3 mRNA

201

M qa-3

b

2000 —— ——

TO00 —— S— —

THI——  —
S0 —
23—
|0 —
2 ga3

Fig.2  Amplification of ga-3 gene
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Fig.3 Big fragment and small fragment of mutating ga-3 gene
Rl small fragment of mutating box R R2 big fragment of mutating box
R Gl small fragment of mutating box G G2 big fragment of mutating
box G M DNA Marker D2000.
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Fig.5 15% SDS-PAGE analysis of total cell proteins
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First: primers designed by ga-3" sequence and mutational location
(Fig.1,Fig.2).

Second: the primer R2(G2) and P1 amplified big fragment; the primer
R1(G2) and P2 amplified small fragment (Fig.3).

Third: big and small fragment mixed together.

Fourth: mixture included ga-3™ templates after 5 cycles' denaturation,
annealing and extending.

Fifth: the primer P3 and P4 amplified ga-3"

Fig.6 Strategy of mutation of ga-3 gene

2
Table 2 Analysis quinate 5-dehydrogenase activity

Extract Specific activity Relative activity
pBV220/DH5a 6.1 1.0
DHS5a 5.5 0.9
pBVqa3/DH5« 7.3 1.2
pBVqa3RG"/DH5a 445 7.3
3
qa-3
! pBV220 pET22b + pBVtac pTrc99a
mRNA
12
13 14
AGG
AGA AGA
P qa-3 322

27 Arg R

8 Gly G 9 Pro P
AGG AGA
R GGG G
AGG
qa-3 qa-3
GIT GGT ATC CTG CGT ATC AGG ATA
TTG ATT GGG GTG
50
3/
Gly
mRNA
mRNA 5'
mRNA ga-3 mRNA
- 374.3 kJ/mol
- 80.5 kJ/mol
qa-3
qa-3
mRNAS" 3’
E . coli (QDHase
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