
 

 
 

 

 
Catalysts 2021, 11, 1297. https://doi.org/10.3390/catal11111297 www.mdpi.com/journal/catalysts 

Supplementary Materials 

Article 

Effects of Lower Temperature on Expression and Biochemical 

Characteristics of HCV NS3 Antigen Recombinant Protein 

Chen-Ji Huang 1, Hwei-Ling Peng 2, Anil Kumar Patel 3, Reeta Rani Singhania 3, Cheng-Di Dong 3,*  

and Chih-Yu Cheng 4,* 

1 Institute of Biomedical Engineering and Nanomedicine, National Health Research Institutes, Miaoli County 

35053, Taiwan; cjhuang@nhri.edu.tw 
2 Department of Biological Science and Technology, National Chiao Tung University, Hsinchu 30010, Taiwan; 

hlpeng@mail.nctu.edu.tw 
3 Department of Marine Environmental Engineering, National Kaohsiung University of Science and 

Technology, Kaohsiung City 81157, Taiwan; anilkpatel22@gmail.com (A.K.P.); reetasinghania@gmail.com 

(R.R.S.) 
4 Department of Marine Biotechnology, National Kaohsiung Marine University, Kaohsiung 81143, Taiwan 

* Correspondence: cddong@nkust.edu.tw (C.-D.D.); cycheng@nkust.edu.tw (C.-Y.C.); Tel.:+886-7-3-617141-

23824 (C.-Y.C.) 

  



Catalysts 2021, 11, 1297 2 of 3 
 

 

 

(A) 

  1 catatggctagcatgactggtggacagcaaatgggtcgcggatcccatgttgtgggcatcttccgggctgct 

             M  A  S  M  T  G  G  Q  Q  M  G  R  G  S  H  V  V  G  I  F  R  A  A 

 70 gtgtgcacccggggggttgcgaaggcggtggactttgtgcccgttgagtctatggaaactaccatgcggtcc 

          V  C  T  R  G  V  A  K  A  V  D  F  V  P  V  E  S  M  E  T  T  M  R  S 

142 ccggtcttcacggacaattcgtctcccccggccgtaccgcaggcgttccaagtggcccatctacacgctccc 

          P  V  F  T  D  N  S  S  P  P  A  V  P  Q  A  F  Q  V  A  H  L  H  A  P 

214 actggcagcggcaagagcactaaggtgccggctgcatatgcagcccaagggtacaaggtgcttgtcttaaat 

          T  G  S  G  K  S  T  K  V  P  A  A  Y  A  A  Q  G  Y  K  V  L  V  L  N 

286 ccatctgttgccgccaccttaggttttggggcgtatatgtctaaggcacatggtgtcgaccctaacattaga 

          P  S  V  A  A  T  L  G  F  G  A  Y  M  S  K  A  H  G  V  D  P  N  I  R 

358 actggggtaaggaccatcaccacgggcgctcccatcacgtactccacctatggcaagttccttgccgacggt 

          T  G  V  R  T  I  T  T  G  A  P  I  T  Y  S  T  Y  G  K  F  L  A  D  G 

430 ggctgctctgggggcgcctatgacatcataatgtgtgatgagtgccactcaactgactcgactaccatcttg 

          G  C  S  G  G  A  Y  D  I  I  M  C  D  E  C  H  S  T  D  S  T  T  I  L 

502 ggcatcggcacagtcctagaccaagcggagacggctggagcgcggctcgtcgtgctcgccaccgctacgcct 

          G  I  G  T  V  L  D  Q  A  E  T  A  G  A  R  L  V  V  L  A  T  A  T  P 

574 ccgggatcggtcaccgtgccgcatcctaacattgaggaaatagccctgtccaacactggagagatccccttc 

          P  G  S  V  T  V  P  H  P  N  I  E  E  I  A  L  S  N  T  G  E  I  P  F 

646 tatggcaaagccatccccatcgagaccatcaagggggggaggcatctcatcttctgccattccaagaagaaa 

          Y  G  K  A  I  P  I  E  T  I  K  G  G  R  H  L  I  F  C  H  S  K  K  K 

718 tgtgacgagctcgctgctaagctgtcggccctcggaattcatgctgtagcatattaccggggtcttgatgtg 

          C  D  E  L  A  A  K  L  S  A  L  G  I  H  A  V  A  Y  Y  R  G  L  D  V 

790 tccgtcataccggctagcgggaatgtcgttgtcgtggcaacggacgctctaatgacaggctttaccggcgac 

          S  V  I  P  A  S  G  N  V  V  V  V  A  T  D  A  L  M  T  G  F  T  G  D 

862 tttgactcggtgatcgactgtaacacgtgtgtcacccagacagtcgacttcagcttggaccctaccttcacc 

          F  D  S  V  I  D  C  N  T  C  V  T  Q  T  V  D  F  S  L  D  P  T  F  T 

934 attgagacgacgaccatgccccaagacgcggtgtcacgctcgcagcggcgaggcaggactagtaggggcagg 

          I  E  T  T  T  M  P  Q  D  A  V  S  R  S  Q  R  R  G  R  T  S  R  G  R 

1006 agaggcatctacaggttcgtgactccaggagaacggccctcgggcatgttcgattcttcggtcctgtgcgag 

          R  G  I  Y  R  F  V  T  P  G  E  R  P  S  G  M  F  D  S  S  V  L  C  E 

1078 tgctatgacgcgggctgtgcttggtacgagctcacacccgccgagacctcggttaggttgcgggcttaccta 

          C  Y  D  A  G  C  A  W  Y  E  L  T  P  A  E  T  S  V  R  L  R  A  Y  L 

1150 aatacaccagggttgcccgtttgccaggaccatctggagttctgggagagcgtcttcacaggccttacccac 

          N  T  P  G  L  P  V  C  Q  D  H  L  E  F  W  E  S  V  F  T  G  L  T  H 

1222 atagatgcccatttcttgtcccagactaagcaggcaggagacaacttcccctacctggtagcataccaagca 

          I  D  A  H  F  L  S  Q  T  K  Q  A  G  D  N  F  P  Y  L  V  A  Y  Q  A 

1294 acggtgtgtgccagggctcaggctccgcctccatcatgggaccaaatgtggaagtgtctcacacggctaaaa 

          T  V  C  A  R  A  Q  A  P  P  P  S  W  D  Q  M  W  K  C  L  T  R  L  K 

1366 cccacactacacgggccaacacccctgttgtacagactgggagccgtccaaaatgaggtcaccctcacgcac 

          P  T  L  H  G  P  T  P  L  L  Y  R  L  G  A  V  Q  N  E  V  T  L  T  H 

1438 cccataaccaaatacatcatggcatgcatgtcggccgacctcgaggtcgtcacgaagcttgcggccgcactc 

          P  I  T  K  Y  I  M  A  C  M  S  A  D  L  E  V  V  T  K  L  A  A  A  L 

1510 gagcaccaccaccaccaccactga 

          E  H  H  H  H  H  H  *  

(b) 

Figure S1. Map of plasmid pET 21a-NS3 (A) and the sequence of recombinant product (B). The original truncated NS3 

gene was between BamHI (1629 in A, underline in B) and HindIII (174 in A, double underline in B) of pET 21a. The extra 

gene shown in Fig. 1B from pET 21a includes a T7 tag (as boxed) and a His-tag (shown in bold). 
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MASMTGGQQMGRGSHVVGIFRAAVCTRGVAKAVDFVPVESMETTMRSPVFTDNSSPPAVPQAFQVAHLHAPTGSGK

STKVPAAYAAQGYKVLVLNPSVAATLGFGAYMSKAHGVDPNIRTGVRTITTGAPITYSTYGKFLADGGCSGGAYD

IIMCDECHSTDSTTILGIGTVLDQAETAGARLVVLATATPPGSVTVPHPNIEEIALSNTGEIPFYGKAIPIETIKGGRHLI

FCHSKKKCDELAAKLSALGIHAVAYYRGLDVSVIPASGNVVVVATDALMTGFTGDFDSVIDCNTCVTQTVDFSLDPTFTI

ETTTMPQDAVSRSQRRGRTSRGRRGIYRFVTPGERPSGMFDSSVLCECYDAGCAWYELTPAETSVRLRAYLNTPGLPVC

QDHLEFWESVFTGLTHIDAHFLSQTKQAGDNFPYLVAYQATVCARAQAPPPSWDQMWKCLTRLKPTLHGPTPLLYRLG

AVQNEVTLTHPITKYIMACMSADLEVVTKLAAALEHHHHHH 

[Gray: from plasmid; Red: partial sequence of protease; Green: Helicase ATP-binding domain (TI=0.82)(Tm 

prediction=55~65); Blue: DEAD-like helicase C domain (TI=1.5)(Tm prediction higher than 65); Whole recombinant 

protein: TI=0.75 (Tm prediction=55~65)]      

Figure S2. The recombinant protein sequence was modeled for a theoretical structure using SWISS-MODEL (Guex and 

Peitsch, 1997; Schwede et al., 2000, 2003). 

 

Method: Tm Index (TI) is predicted by a free software platform (http://tm.life.nthu.edu.tw/). 

https://doi.org/10.1016/j.compbiolchem.2009.10.002  

Structure modeling: The recombinant protein sequence was modeled for a theoretical structure using SWISS-

MODEL (Guex and Peitsch, 1997; Schwede et al., 2000, 2003).  
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