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Expression of SARS-3CL Protease in a Cell-Free Protein Synthesis System
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Severe acute respiratory syndrome (SARS) is a severe respiratory infectious disease caused by a novel
human coronavirus, SARS-CoV. The 3CL protease is a key enzyme in the proteolytic processing of
replicase polyprotein precursors, ppla and pplab, which mediate all the functions required for viral
genomic replication and transcription. Therefore, this enzyme is a target for the development of che-
motherapeutic agents against SARS. A large quantity of active SARS-3CL protease is required for de-
velopment of anti-SARS agents. Here we have constructed overexpression vector for the production
of the SARS-3CL protease. The gene encoding SARS-3CL protease was amplified using polymerase
chain reaction and cloned into the pET29a expression vector, resulting in pET29a/SARS-3CLP.
Recombinant SARS-3CL protease was successfully synthesized by the dialysis mode of the cell-free
protein expression system, and purified by three-step fast protein liquid chromatography using HighQ
and MonoP column chromatographies and Sephacryl S-300 gel filtration. In addition, the produced
SARS-3CL protease was found to be an active mature form. This study provides efficient methods not
only for the development of anti-SARS materials from natural sources, but also for the study of basic

properties of the SARS-3CL protease.
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TAANM HEE TS oprotE FALE A oY Yt
Z 748 gitEo] AF AES AFAT AARAT]FY
Baro] ojsk 20033 871X oF 85009 o]Fe] Ak ZHAA!
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SARS-Coronavirus  (SARS-CoV)7} 2003del] A Atk
[5,713]. SARS-CoVE UhEnto]g 22 2 uto] e 2}
43} positive-sense, single-stranded RNA vFo] 3 22 Apgh
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B Ao A3 £ coli strain DH5a, BL21 (DE3) %
plasmid pET2%a= Novagen (Madison, USA)S. 2 F-E 9]
319tk ATP, UTP, GTP, CTP, Creatine phosphate (CP),
Creatine kinase (CK), phosphor-enofpyruvate, Escherichia coli
total tRNA mixture, T7 RNA polymerase 2 530 extracte
Roche Applied science (Indianapolis, USA)o Al -8t St}
Pyruvate kinase, L(-)-5-formyl-5,6,78-tetrahydrofolic acid
(folinic acid), cAMP, potassium glutamate, polyethylene
glycol (PEG) (average MW 8,000) % acetyl coenzyme A&
Sigma AldrichAF= 78 Fujdte] ARG8Tt 24 ofv]i=fl,
dithiothreitol (DTT) % diethylpyrocarbonate (DTNB)=
Nacalai Tesque (Kyoto, Japan)Z%-E], Recombinant Ff
DNA polymerase, T4 DNA ligase, alkaline phophatase (CIP)
9 A3 F A= Stratagene (La Jolla, USA)ONA #9438kt L
ool & Aol A BE A2 £48 SFAGE AH
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SARS-3CL proteased] FHAE pMAL vector (New
England BioLabs Inc, USA)¢| cloning siteo] |3t
PMAL/3CLP plasmid (N. Yamamoto, Tokyo Medical and
Dental University, Japan) DNAE £ colf DH5aol A &¢&-%
A $ template DNAZ AH&-3F ST} SARS-3CL protease fr
Azke] SEL ol 9] primersE AH8-3}4] polymerase chain
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(5-CGTGGATCCCAGACATCAATCACTTCTGCTGTTCTG
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CAGAGTGGTTTTAGGAAAATGGC-3)oll = Bantl site (¥
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Fig. 1. Schematic diagram and expression analysis of SARS-3CL
protease. (A) A schematic view of the expressed
SARS-3CL protease. S, S-tag protein; N10, 10 amino acids
to the N-terminal (QTSITSAVLQ); C145, Cys'*; C10, 10
amino acids to the C-terminal (GKFKKIVKGT); His,
6xHis; Q-1, GIn™; S1, Ser'; Q306, GIn™; G307, Gly™”. (B)
SDS-PAGE profiles of 3CL protease induced by various
concentration (0, 2, 4, 8, 16, 32 ug/ml) of pET29a/3CLP
plasmid. The expression of the recombinant protein
SARS-3CL protease was confirmed by the SDS-PAGE
and Coomassie brilliant blue staining. M, molecular
weight markers; No DNA, blank.
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SARS-3CL protease®] &4 &4 3 o= 7]4,
Nma-Thr-Ser-Ala-Val-Leu-GIn-Ser-Gly-Phe-Arg-Lys(Dnp)-N
H, (Peptron, Korea)& AM&-3te] B4314th £4844L2 100
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< microplate reader (Tecan Infinite
200, Austria)E AH&-3}4 excitation wavelength, 320 nm %
emission wavelength, 420 nmo| A A&H 02 &FFo] A7|E
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Fig. 2. SDS-PAGE and Western blot analysis of expressed
SARS-3CL protease. Total protein extract synthesized
in cell-free system and purified 3CL protease were
subjected to 15% SDS-PAGE and analyzed by
Coomassie brilliant blue staining (A) and Western blot
with anti-SARS-CoV 3CL protease antibody (B). Lane
M, molecular weight markers; 1, protein synthesized in
cell-free system; 2, purified 3CL protease; WB, western
blotting result of the purified 3CL protease.
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Table 1. Purification of SARS-3CL protease”

S Total protein Total activity Specific activity” Purification Yield
Purification steps . .
(mg) (units) (units/mg) (-fold) (%)
Cell-free synthesis 623.6 517.6 0.83 1 100
High Q 119 264.8 2225 27 51
Mono P 3.1 186.9 60.30 73 36
Sephacryl S-300 2.9 178.5 61.54 74 34

“The results obtained using a 9 ml reaction mixture are shown.
*1 unit=activity hydrolyzing 1 nmol of synthetic peptide per min.
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AAE Aoz AGHAT o] FAAY e ZHE Table

19 vhebd 23} o), 9 ml FRY FAE HHd F4 0

o 25E ¢4 JA| SARS-3CL proteaseS F 3 mg AAHE
F UE AoE FHAHAUL
7‘311 gk 3CL protease«l 24 gAS 457 Ssto], &

4 (Nma-Thr-Ser-Ala-Val- Leu GIn-Ser-Gly-Phe-Arg-
Lys( p)-NH,)& S SHA-A A 5] AR A dF )
A2 2-(Mmethylamino)benzoyl (Nma),/24-dinitrophenyl
(Dnp) type fluorescence-quencing 7132 4F 02 Jglo|=
Hj &8 SARS-3CL protease®] N-2&to] gl& Ap7HEs] 59|
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Fig. 3. Mass spectrum of purified SARS-3CL protease. Peak A
(m/z=33792.74) indicates the deduced mass of the
SARS-3CL protease.
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