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Improving Escherichia coli prokaryotic expression system with
low virulence and high efficiency by recombination technology
HUANG Yuxin LI Penghao WANG Mengyue WU Peng LIU Peng

PANG Wengiang' TIAN Kegong
National Research Center for Veterinary Medicine, Luoyang, Henan 471000, China

Abstract: [Background] As a common host used in prokaryotic expression system, Escherichia coli
owned many advantages like low cultivation cost, short growth period and strong operability while also
shared some deficiencies isochronally. [Objective] To decrease the endotoxin biosynthesis and virulence
of E. coli and improve its exogenous proteins soluble expression ability synchronously. [Methods] /pxM
gene in lipopolysaccharide biosynthesis pathway of E. coli was primarily deleted by CRISPR-Cas
technology for lipid A side chain structure modification. Then tig gene was integrated expressed in genome
of E. coli BL21(DE3) AlpxM to provide chaperon factor for exogenous proteins. Besides, the recombinant

Foundation items: Zheng Luoxin National Independent Innovation Demonstration Zone First Batch Innovation Leading
Industrial Cluster Special Project (181200211700); Luoyang Heluo Talent Program
*Corresponding authors: E-mail: PANG Wengiang: pangwq123@hotmail.com; TIAN Kegong: vetvac@126.com
Received: 18-02-2020; Accepted: 09-05-2020; Published online: 12-08-2020
EEWH: AHEZRH EOUH/R XK E AT | SR I AR L 35(181200211700) ;¥ BH &3 A 14
*@I51EE: E-mail: %358 pangwql23@hotmail.com; M FEA%: vetvac@126.com
Wi EEA: 2020-02-18; #EF HHEA: 2020-05-09; MLEE % HHEA: 2020-08-12



R RAR: BT E A SR MREE ) R ORI A R 5 AR R R G G S 687

plasmid pET-28a-Rcodon was constructed to supply the rare codon relevant tRNA for protein expression.
[Results] Bacterial somatic endotoxin level obtained a 90% reduction compared to the original strain after
IpxM deletion. By utilizing the recombinant host strain and plasmid, expression level of the infectious
bursal disease virus (IBDV) VP2 protein was observably enhanced. Clinical safety evaluation results
indicated that the endotoxin virulence of E. coli BL21(DE3) AlpxM::tig was apparently lower than the
original strain and the relevant immunity group showed no clinical symptoms. [Conclusion] E. coli
prokaryotic expression system was remolded by recombinant technologies for low virulence and high
soluble expression of the exogenous proteins, which laid a certain foundation for the relevant subunit

vaccines investigation.

Keywords: Escherichia coli, lipopolysaccharide, endotoxin, soluble expression, clinical safety
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A ffi hTNFR1 & 47E E. coli BL21(DE3) Ay Al 1%
PER IR A 2R 5 . LA, s BTt 2 i 24
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PRIJERIZ] DNA PRl B2 00) 6 40086 RNA PR
R &, AT AEY TR R BT R ;
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P, TR CHIRBHL A ig b= Py B PR vE BT
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GE AKTA Pure U2 Hralifb 25¢, A=
SRR ARl 2ETR s mRINL, ATS T RGH
FRAH],
1.2 A&
1.2.1  IpxM IR S rig RIZEWHES

# pCas #ilkhh A E. coli BL21(DE3) k145
SN P pTargetF #R4AHEN, 4351061
sgRNA1-F/sgRNA-R Fl sgRNA-2-F/sgRNA-R 5|¥12H
P47 PCR 418", PCR ¥ Spe 1 MEVITH LIS 2F

*1 31957
Table 1 Primers sequence
Primers Sequence (5'—3") Size (bp)
sgRNA-1-F ATATATACTAGTGGGACGTTTTGCCGGACGACGTTTTAGAGCTAGAAATAGC 52
sgRNA-2-F ATATATACTAGTGATGGATGATCTGTTAGAGGGTTTTAGAGCTAGAAATAGC 52
sgRNA-R ATATATACTAGTATTATACCTAGGACTGAGCTAG 34
IpxM-L-F TGCACTATGAAGTATGGATA 20
IpxM-L-R CCGCGCAATCGTATGATCATAACGTCCCAGCCGTGCCAGA 40
IpxM-L-Rt ATTTCGCGGGATCGAGATCTAACGTCCCAGCCGTGCCAGA 40
IpxM-R-F TCTGGCACGGCTGGGACGTTATGATCATACGATTGCGCGG 40
IpxM-R-Ft CTGAAAGGAGGAACTATATCATGATCATACGATTGCGCGG 40
IpxM-R-R TAATGACGGCGTAGCAGCTG 20
IpxM-RT-F GGCAAGGGCTGGAGATCATC 20
IpxM-RT-R GTACCGACTGGATGAATGGT 20
rpoB-RT-F AGACCGTTTCACCACCATCC 20
rpoB-RT-R CGAAGATCGCACGCAGCAGT 20
tig-cassette-F TCTGGCACGGCTGGGACGTTAGATCTCGATCCCGCGAAAT 40
tig-cassette-R CCGCGCAATCGTATGATCATGATATAGTTCCTCCTTTCAG 40
tig-RT-F GAAGCTGAAGACCGTGTT 18
tig-RT-R TTAAGATTCTTCCGGCTG 18
VP2-F GGGAATTCCATATGATGACAAACCTGCAAGATCA 34
VP2-R CCGCTCGAGTTACCTTAGGGCCCGGATTA 29
Rcodon-F TAAGGCAGTTATTGGTGCCCTTAAACGCCT 30
Rcodon-R ATCATCTTATTAATCAGATAAAATATTTCT 30
pETbone-F AGAAATATTTTATCTGATTAATAAGATGATCAGCTTGTCTGTAAGCGGAT 50
pETbone-R AGGCGTTTAAGGGCACCAATAACTGCCTTATCAAGGGCATCGGTCGAGAT 50
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IpxM 1 1 Rz R SRR rig-cassette
FKiRGHWEGG, SEAFIR pTargetF-sgRNAT Fll
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HEFTIERR , IR MO pCas ZhAKT 42 °C 4%F MR
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(. RNA, DIREUA B RNA MEEHR,
TransScript” One-Step RT-PCR SuperMix L % i
RNA R4 B WIEH rpoB 1E A NS IE K PEAT I
5& PCR., PCR JZMWAZ (20 pL): 2xTS One-Step
Reaction Mix 10 uL, Trans Script® One-Step Enzyme
Mix 0.4 pL, b, FUHE54¥(10 pmol/L)# 0.4 uL,
RNA #i#z 1 ug, RNase-Free Water #ME £ 20 pL,
PCR J W &514: 45 °C 30 min; 94 °C 5 min; 94 °C
305,55°C305s,72°C 30s,30 Mg ; 72 °C 5 min,
FRVEE A E L 1% BB e VKA A I
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LY EH 0.6 mmol/L ¥ IPTG T 20 °C 44 TS
12 h Z5 91595 0 8 000 r/min 250> 10 min WA AL
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Tris, pH 7.0)#% 1:20 AR L UEF THA&:, w5 RIS
B 800 bar Z&F M ilHE 5 MEFF)S, 4 °C. 13 500 r/min
B0 30 min 438 BiE . UIE, FF SDS-PAGE i
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G FIR2130 s 4. B 0.1 mL #iRea I8 FITR
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0.25 EU/mL N2 ARE R VI ; B —Fi B B 11
KbE s EA A 4 %, o 2 85I A 0.1 mL 407 N7
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PRIR 60+2 min, [ AR AERE IR E 4 e [ K] E
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FREC 1%A9308 8, A 0.01 moL/L /¥ PBS 2%
MO, KB BRI S EACEILN, JREE 2-3 mm,
HARRH . EHFTILARATH 7 A HHSR A AEfL, Pk
HALNEE, e MG BRI LU FLE i Zk itk
TrE AT, #8000 r/min B0 10 min YCHE TS B 1A
Yiif, ) PBS & npig i BRI LL 1:10 A, &
JEX AL 800 bar 554F M REHE 5 MEE, 4 °C.
13 500 r/min 5.0 30 min 43 FEFUIHE. B s
IR ASNEMAEL R, I, S EFL
A IBDV FHYEIIE , Rarikkfe) ™4 <. LA PBS 4%
IR BTEAE BT IR, BRPEXT BEBE ] IBDV
YA, P RIFL S A E L2 ] BT e 2R
i R — R EE
127 REEH S REZEHETEN

Rk 25 H 21 Hil® SPF A9, 434 5 4,
21 5 H51-2 4453 HIE 35 000 EU/mL F140 000 EU/mL
WER T RIS T, % E. coli BL21(DE3)/
pET-28a::VP2 Ml E. coli BL21(DE3) AlpxM/pET-28a::
VP2 FIkMPLRE A 34 I FESHUR SR
4, Z391%9% E. coli BL21(DE3)/pET-28a::VP2 FI
E. coli BL21(DE3) AlpxM::tig/pET-28a-Rcodon:: VP2
FIRMPURE R 5 A fEEat PBS 1ENBIPEXS
W PR R R AT R AT el e
KA S =, RN 0.25 mL/PMy;
P2 I e FE RS T S P I S OO, 7 B
JRERFEIAL K RELESIRFE A B R, DL
XS AT R R E AL W R | RGP 2R BE | B ROBGR
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2.1 E. coli BL21(DE3) AlpxM REHBIHES
D

IpxM & TUFFIEE %45, 5 pTargetF-
sgRNA1 Fl pTargetF-sgRNA2 #{k— R i1k E.
coli BL21(DE3)/pCas /&2 8400, Il PCR 9
BT RAL TR . S5 RAM 1 SHE IR
DNA Ry 3 (%) 253 KNk 950 bp A4, #K
PHAEXS B/ 640 bp 2247, ZMFIRIE IpxM Bk %,
1, RT-PCR Z5RAE S H R IEH#) E. coli BL21(DE3)
AlpxM RAZFR(FE 1A). R ZE KM, E. coli
BL21(DE3) AlpxM 7B R T A A 1< R Ay A
AU E. coli BL2ZI(DE3)®, &2V HIG IR HETT
%5 (K 1B), E. coli BL2I(DE3)E A E. coli
BL21(DE3) AlpxM Z&75KG AlEAAEE, 37 °C.
220 t/min IR WGKE RGN, 2 1:40 B1k
FCH B S 70 2 FIERI N R &, 4591 E.
coli BL21(DE3) AlpxM RS FRBE R _E i N 2K
# E. coli BL21(DE3)FHKIEIL 90% A4, —H N
ZIK43 512 5x10* EU/mL #15%10° EU/mL (&1 1C).,
2.2 tig ¥ E. coli BL21(DE3) AlpxM £ F4H L8y
BEKRIX

IpxM & T URIRIIEE % 4E R tig-cassette Bt
%tiJ5 , 5 pTargetF::sgRNAI1 F1 pTargetF::sgRNA2 %,
h—E 4k E. coli BL21(DE3) AlpxM/pCas J&%
AN, JfE PCR 9 B T AL FfiE . 25K
P 3 SEAELTINY] DNA AR 16 H 8 A
BRI 2750 bp ey, # E. coli BL21(DE3) 41
255K 1200 bp /247, %2 E. coli BL21(DE3) AlpxM
RASRRY A4 K 1 800 bp 24y, ZMFIHALE tig
C A % E. coli BL21(DE3) AlpxM KK 4H , RT-PCR
LEWAESE E. coli BL21(DE3) AlpxM::tig 575 kb
W 2A). E. coli BL21(DE3) AlpxM::tig 5875k
PRI A A R R, R IR AN A e il
B HEARE, KK 55kD A4 (E 2B).
P tig it = i) B s TR HRP ARIC A EhT R
L T Western Blot 43#r, A% HAK/NA 55 kD 42
FRZRA (K 2C), R tig RIVEERIE
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A bp MNP 1 2 bp B Growth for 6 h C
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5 :

BL21(DE3)  /pxM deficient strain

rpoB  IpxM
RT-PCR 1 WT 1
240 — el

Bl 1 AlpxM REVRRIITE SHIED 7

Figure 1 Construction and characterization of AlpxM mutant strain

7: A: M: 5000 bp DNA Ladder; N: FPEXHE; P: E. coli BL2IDE3)Y 147 #1; 1-2: 15, 2 B¥ALTH 1™, B: IpxM Bt
KM IR M. C: IpxeM SRR RRRIIN R 35 BUKF 20

Note: A: M: 5000 bp DNA Ladder; N: Negative control; P: Amplification product of E. coli BL21(DE3); 1-2: Amplification products of
transformant 1 and 2. B: Plate culture characteristics of /pxM deficient strain. C: Endotoxin synthesis level analysis of [pxM deficient strain

A B

bp M N 1 2 3 bp kD M 1 3 kD CkD M 1 2 kD

72—
55—
40 —

35 .
25 — .

. — 55

2750
1 550
950

15 — w——

rpoB 1
4 g 10 —

B 2 tig £ E. coli BL21(DE3) AlpxM E R FRIBERESLE

Figure 2 Integrated expression and validation of #ig in genome of E. coli BL21(DE3) AlpxM

. A: M: 5000 bp DNA Ladder; N: FAVEXTHE; 1-3: E. coli BL21(DE3). E. coli BL21(DE3) AlpxM . E. coli BL21(DE3) AlpxM::tig
P14, B: M: PageRuler™ Prestained Protein Ladder; 1-2: E. coli BL21(DE3) AlpxM . E. coli BL21(DE3) AlpxM::tig 738 b3 ;
3: E. coli BL21(DE3) AlpxM::tig 53 UiE. C: M: PageRuler™ Prestained Protein Ladder; 1-2: E. coli BL21(DE3) AlpxM. E. coli
BL21(DE3) AlpxM::tig 4385 b 15 5.4,

Note: A: M: 5000 bp DNA Ladder; N: Negative control; 1-3: Amplification products of E. coli BL21(DE3), E. coli BL21(DE3) AlpxM and E.
coli BL21(DE3) AlpxM::tig. B: M: PageRuler™ Prestained Protein Ladder; 1-2: Separation supernatants of E. coli BL21(DE3) AlpxM and E.

coli BL21(DE3) AlpxM::tig; 3: Separation precipitate of E. coli BL21(DE3) AlpxM::tig. C: M: PageRuler™ Prestained Protein Ladder; 1-2:
Separation supernatants of E. coli BL21(DE3) AlpxM and E. coli BL21(DE3) AlpxM::tig coloured

2.3 pET-28a-Rcodon E4HRIAFIKAIHIEZE
Hi4E pET-28a-Reodon HZH AR A HA £ i R
EIK (A 3A), L pET-28a MY 1 ori Al Lac 1
JCIFIX R LS B 2R ER 53, F/INA 4 300 bp 247 (K]
3B); LA pUC57-Reodon iy 3 A3 7 7 F tRNA

St L R B P51 B, KNk 2 800 bp 47 (K1 3B),
FBEPisi s34 20 bp b pET-28a B 48[ I YT
%1, {#iFH] pEASY ®-Uni Seamless Cloning and Assembly
Kit ¥ pET-28a (1B 48 i BE 540 7 t(RNA i3 K (1)
R B TEA, EHERREA E. coli DH5a 85245
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A ori
S B

lac 1

B —+—  pET-28a backbone

A

I Recombination sitc B—mp-m--mp--md--m)--mh- -mp—u

500

250
100

3 pET-28a-Rcodon E4ARIXFHIKME SIIE

tRNA expression cassette

l Recombination

—y—&.—»—*”-’»-»—l

lac 1
_”—

bp M N P 1 bp

2 800

Figure 3 Construction and validation of the recombinant plasmid pET-28a-Rcodon
7 : A: pET-28a-Rcodon T A H R EIE . B: M: 5000 bp DNA Ladder; N: FIPEXHE; 1-2: tRNA 4ib/551 1 BE; 3-4: pET-28a
BB, C: M: 5000 bp DNA Ladder; N: BAPEXTER; P: PHEERIHE; 1. #1bF
Note: A: Construction schematic diagram of the recombinant plasmid pET-28a-Rcodon. B: M: 5000 bp DNA Ladder; N: Negative control;
1-2: tRNA coding fragment; 3—4: pET-28a backbone fragment. C: M: 5000 bp DNA Ladder; N: Negative control; P: Positive control; 1:

Transformant

B A TR AL I E , SRR AL R s
MiEAT PCR 973, ATAS2I /N 2 800 bp 247 H
R Be(E 3C), BHPEFTRLE S X b, sk
B .
24 VP2 EHWIFRIEEAK

# 4 # A pET-28a-VP2 % fb E. coli
BL21(DE3). E. coli BL21(DE3) AlpxM #1 E. coli
BL21(DE3) AlpxM::tig 8 % 2 41 s , pET-28a-
Rcodon-VP2 #44k. E. coli BL21(DE3) AlpxM::tig J&%
AN, FE AR VP2 AR K
AGP R E4 746 . SDS-PAGE 45 %1, VP2 &
H1E E. coli BL21(DE3)# E. coli BL21(DE3) AlpxM
PRI BRI IR U, o]
WIEFRIA, BAKNH 40KD AF, AGP B igh
1:64; 7E E. coli BL21(DE3) AlpxM::tig itk , VP2
M AT RIBACEA Prdd sy, H AGP il
1:128 ; i pET-28a-Rcodon-VP2 %% 1k E. coli

BL21(DE3) AlpxM::tig R KBE EiEH, VP2 &
T ] VAP 2635 B4 pET-28a- VP2 K AT 3/ 4%
=, AGP ZMis%] 1:256 (K 4A. B). AFTE EH
HRIERY VP2 FEI2iAL)E , YR B4 s 0 B
AIEH (K 40).
25 leRZREMITEM

ANFVTE TR VP2 B 2lifb )5 il s ge
H E. coli BL21(DE3)H E. coli BL21(DE3) AlpxM 15
TR P 1 AL )R N R S
3 35 000 EU/mL F1 40 000 EU/mL, Fii &2 i 1 5
Je B BE AR S L PR R T UL FE AL L 7K
JHRIREZS , HATERRBEMIIETS | RS PR AR 5
RISNEEAR , 5 SR 2 S B X0 B2 H4 TE ] i
i AR PR (2 2)0 AR, E. coli BL21(DE3)#I E. coli
BL21(DE3) AlpxM::tig 15 il AR Fk ik # ik
PIBT IR 11, 2l Ak 5 4 REAH [RIPT I it A T2 v ol
(4 3 Ml 4), HANFRSEENEER 5N
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B . C
JE. coli BL21(DE3)/pET-28a-VP2
mm . coli BL21(DE3 Kl xM::tig/pET-28a-VP2 kb M 1 2 3 4 kD
= E. coli BL21(DE3 A/po/p -28a-VP2
56| MME. coli BL21(DE3)AlpxM::1ig/pET-28a-Rcodon-VP2 b
224} ﬂ =
g1 40— - 40
2160} 35 .
@ 128} 25—
< 96}
64
32t 15—
0 10 —.

Different originated antigens

B4 VP2 ZERBIRIEAENLS AGP HNEM

Figure 4 Expression, purification and AGP titer detection of VP2 protein

. A: M. PageRuler™ Prestained Protein Ladder; 1: E. coli BL21(DE3)/pET-28a-VP2 KiFS 0 E Li&E; 2-9:. E. coli
BL21(DE3)/pET-28a-VP2. E. coli BL21(DE3) AlpxM/pET-28a-VP2. E. coli BL21(DE3) AlpxM::tig/pET-28a-VP2, E. coli BL21(DE3)
AlpxM::tig/pET-28a-Rcodon-VP2 15 4385 _H i SU0IE . B: A[EfE 3 KIR VP2 Bl AGP Rl 455, C: M: PageRuler™ Prestained
Protein Ladder ; 1-4 : E. coli BL21(DE3)/pET-28a-VP2 . E. coli BL21(DE3) AlpxM/pET-28a-VP2 . E. coli BL21(DE3)
AlpxM::tig/pET-28a-VP2 . E. coli BL21(DE3) AlpxM::tig/pET-28a-Rcodon-VP2 i VP2 4lifh 2 [

Note: A: M: PageRuler™ Prestained Protein Ladder; 1: Uninduced separation supernatant of E. coli BL21(DE3)/pET-28a-VP2; 2-9: Induced
separation supernatants and debris of E. coli BL21(DE3)/pET-28a-VP2, E. coli BL21(DE3) AlpxM/pET-28a-VP2, E. coli BL21(DE3)
AlpxM::tig/pET-28a-VP2 and E. coli BL21(DE3) AlpxM::tig/pET-28a-Rcodon-VP2. B: AGP detection results of different hosts derived VP2

proteins. C: M: PageRuler™ Prestained Protein Ladder; 1—4: Purified VP2 protein derived from E. coli BL21(DE3)/pET-28a-VP2, E. coli
BL21(DE3) AlpxM/pET-28a-VP2, E. coli BL21(DE3) AlpxM::tig/pET-28a-VP2 and E. coli BL21(DE3) AlpxM::tig/pET-28a-Rcodon-VP2

x2 ek REZEETMN

Table 2 Clinical immune safety evaluation

G FIKTE RS B WHER & GeBEXG I PR 4 AN 4 2R
Immune group Host strain and plasmid Endotoxin level (EU/mL) Clinical safety evaluation result of immunized chickens
1 E. coli BL21(DE3)/pET-28a-VP2 35 000 GeRERO A BRI NI TE I . KA ANAESS, Sae A

AIREERIES . S22 BRI AR SR

The immune site has mild muscle congestion, edema and
induration, and the immune individual has mild diarrhea,
mental malaise, anorexia and other symptoms

2 E. coli BL21(DE3) 40 000 TG & ACRE R H B
AlpxM/pET-28a-VP2 No significant clinical symptoms

3 E. coli BL21(DE3)/pET-28a-VP2 5 000 TG B ASRE R H B
No significant clinical symptoms

4 E. coli BL21(DE3) 1000 TG Sk 1 AREIR H PR
AlpxM::tig/pET-28a-Rcodon-VP2 No significant clinical symptoms

5 IS X HEE - JEH b R AR
Negative control No significant clinical symptoms

TE: - IR

Note: —: No relevant statistics
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5000 EU/mL (£ 3)F1 1 000 EU/mL (41 4), #y%5h
Y5 T Bm RAER IR B (R 2). ZiAIe s e
N, IpxM SRR IS TR F ARG RN B R 5 1K
FNRE, PO R 5 A MR IR TR 1 T Tl
AR T NERN LR,
3 WihE4w

E. coli fER—FIRT b FRam £, AR
W B S, SRR AU E YA
PGSR TG, FS R — R AT DLMAARIEERED E.
coli FTIRAGA L Z ATk 1E E. coli 1 LPS 4%
2L, Lipid A 2 F RS IEN . T AR
EREIR E. coli KINTFER B KN-, AOF5EH
CRISPR-Cas KRBT E. coli BL21(DE3)TH #k
Lipid A & W& 1% (https://www.genome.jp/kegg-bin/
show pathway?ebl00540+ECD_00180)F %) IpxM., fifi
HNF AR T 90% 44, R pEdAE K dZ
B TR, (HiZEEKS IBDV VP2 I
A1 5 EFAE Y BL21(DE3) G B 2257 . IkAbh, AHF
TR KIN E. coli BL21(DE3)#E KBRS IpxM ), 4b
5 DNA Joik il fb = (b e AR, Nk
T RT3 T AR B T I8 AR R R 2 i B
SEF AL AT B, (HARRZE Al it H AR
PRUSIXT S AT R I LPS SEMIHES T HL AT , S 4T
Ly 2 RIS

E. coli FRiBRGEAI LA I BT . =Rl
ik, (BUAEAEE —SEn i, sk = s n g, &
UG TA BT B L S S T AL R AR a4
K, CHIFZUIE NZITHIXS E. coli B REGL i
T, iEE Rk RE R s T
PEAR AR R H B8 0 T L R s il v A
SRR SO AR AN AR L s A TR
FIBTE E. coli AT, (I LR mg 7
B0 A AT A 1 R BB TR i AR 1 Al fk ek
KRR, AREY, HMBEED TF AT
A R R A 2 1k A R R v R A Y
TP PIt, RT3 E. coli 3k RGN INE

F AT RIBEE ST, AWOK TF 8 A1 gis It
tig 4% E. coli BL21(DE3) AlpxM Z3 75 B ) i
I b, st VP2 8 Rk Hak 75458
ZER I E. coli BL21(DE3) AlpxM::tig 575X
IBDV VP2 H M AIEERIBRE I B Z MR E.
coli BL21(DE3) AlpxM @ E 5 o AWFFE R LA
RIFRIW I N tig 7E18 FRARIIER AL i
Gk, T RHBIAREHEEA LN
WiESER, F—EBE S TEARKTZEMW
Fa e

S T I DR A R e 1) SEUE , AR
7 Fi tRNA JFHIRJEIR B G % pET-28a #iK,
L2 B2 A AN IR B 1 3838 1o AR kb SR AR AT 2 A X
B (RNA JEGA BT B IE AR RS N
I, AWK IBDV B VP2 F 5wk &
pET-28a-Rcodon T A |, SRIGHELILA E. coli
BL21(DE3) AlpxM::tig 16 F WMk, FH-A TRk BE
gL, BRI VP2 FR R INE L pET-28a {4
KEWNAHEMER, RUAHRHED
pET-28a-Rcodon  H £H i IAFE £ 1113235 5 T 44 i iy
K pET-28a 7 —E ML E . H iR —Fhka i
22 (RGN R R & i s, Rk
ARSI E. coli BPEH0 Lipid A 5H8078 5 |
FE AR AR R, A b I AR S g it
FFFERY E. coli BL21(DE3) AlpxM::tig J875kA %,
WRER 7558, S5 R AR RR PTR
TS N R W EE AR R R 5 R
Yo SE SN JE TCAT ATl RN S 30, B TR iieeE
Haifk TP N R RRRIHEE 54, fibtRE
HAAEY 223 T 28 b, ARFEE T
—HREA RN EER G HUK- . A ERIA R0
5 ERPE, HE i Fk AR AL SE B T AN
TETE F AR IR ACE AT ERGE, R R
BN 38 T R 5 b AR B T AR
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