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1. Introduction 

Proteinases are involved in different crucial living processes such as digestion, 
germination, growth, development, metamorphism, fertilisation, blood clotting, infection 
diseases, cancer etc. Therefore their protein inhibitors (PPIs) – an effective regulation 
factors have been used in medicine for treatment of diseases and in agriculture to improve 
plant resistance to pest insects. 

The dormant seeds of Cucurbitaceae plant family contain small well characterized 
serine proteinase inhibitors [16,23,30]. Their molecule consist of about 30 amino acids, 
three disulfide bridges forming a compact structure, resistant to the action of various 
biological and physico – chemical agents. 

Momordica cochinchinensis (MCo) belongs to Cucurbitaceae family. Their seeds are 
found to be the PPI – richest source among the tested Cucurbitaceae plants growing in 
Vietnam [17,21]. We have prepared a crude PPI preparation from MCo seeds named 
Momosertatin (Mo) which showed insecticidal and antibacterial activities [12,17,18,19,22]. 
A partly purified peptides from Mo (designated as MCoPIs) reduced inflammatory  
processes in both acute and chronic inflammatory models [14]. Moreover, none toxic effect 
of MCoPIs was found on tested animals [14]. 

Three trypsin inhibitors (TIs) named MCoTI-I,-II,-III from MCo seeds were isolated 
[15], purified, characterized and sequenced [5]. All of them are small polypeptides with 
molecular weight of about 3 kD and very stable. MCoTI-II is the most abudant inhibitor, 
consisting of 34 amino acid residues with 3 disulfide bridges, resistant to cleavage by 
thermolysin for more than 48 hours at 500C. Its conformational structure was also 

determined [1,10]. Although chemical synthesis of some squash TIs was found possible 
[11,27], but the overal procedure costly. Recombinant DNA technology was employed by 
several scientists groups to produce these inhibitors [2,3,26]. In this work, chemical 
synthesis, cloning and expression of the gene coding for MCoTI-II are presented. 

2. Materials and methods 

2.1. Materials 

Qiagen kit, E.coli strain BL21(DE3), PCR reagents were purchased from Promega. 
Oligonucleotides were custom synthesized by Alpha DNA. pTYB12 vector, chitin beads were 
from New England Biolabs. Dithiothreitol,  IPTG, DNA markers were from MBI Fermentas. 
PAGE reagents from Amersham. Other used chemicals were of highest purity grade. 

2.2. Methods 

Isolation of total DNA from MCo leaves was carried out as described in [4]. 

DNA techniques: plasmid isolation [24, 25, 29], plasmid transformation [6] and 
standard protocols were used as described by Sambrook et al [28]. PCR was preformed 
according to PCR protocol [8].  



The inhibitory activity was determined by diffusion method as previously described 
[13]. Proteins was detected on polyacrylamide gel by Laemmli method [9]. 

Cells culture and fusion protein expression: use LB medium containing 100µg/ml 
ampicillin, incubated in shakers at 37oC until the OD600 reached 0.6. Induction by  IPTG. 

Expression and purification of recombinant MCoTI-II were followed the 
manufactures instruction of IMPACT-CN System, using chitin beads column 
chromatography [7]. 

3. Results 

3.1. Design and construction of the gene coding for MCoTI-II 

The nucleotide sequence coding for MCoTI-II was reversely translated from its amino 
acid sequence (fig 1, fig 2). 

  SGSDGGVCPKILKKCRRDSDCPGACICRGNGYCG 
Fig 1: The amino acid sequence of MCoTI-II [5] 

agcggcagcgatggcggcgtgtgcccgaaaattctgaaaaaatgccgccgcgatagcgattgcccgggcgcgt 
gcatttgccgcggcaacggctattgcggc 

Fig 2: The nucleotide sequence derived from MCoTI-II amino acid sequence  

Based on the above nucleotide sequence four overlapping synthetic oligo nucleotides 
were designed.  While desingning the oligo nucleotide primers Nde I restricsion site was 
introduced on the 5’ end, stop codon and Xho I restriction site was introduced on the 5’ end 
of the proposed synthetic trypsin inhibitor gene. The sequences of the forward and reversed 
primers are shown on fig 3 and of the synthetic gene is on fig 4. 

Forward primer: 

5’ GAATTCCATATGAGCGGCAGCGATGGCGGCGTGTGCCCGA 3’ 

Reverse primer: 

5’ CGGCTCGAGTTAGCCGCAATAGCCGTTGCCGCGGCAAAT 3’ 
 

Fig 3: The sequences of the forward and reversed primers for MCoTI-II gene 

    cttaaggtatactcgccgtcgcgtaccgccgcacacgggcttt 
                          gaattccatatgagcggcagcgatggcggcgtgtgcccgaaa 

                M  S   G  S    D   G   G  V   C  P   K 
taagacttttttacggcggcgctatcgctaacgggcccgcgc 
attctgaaaaaatgccgccgcgatagcgattgcccgggcgcg 
  I   L   K  K  C  R   R   D  S   D  C   P   G   A 
 
acgtaaacggcgccgttgccgataacgccgattgagctcggc 
tgcatttgccgcggcaacggctattgcggctaactcgagccg  
 C   I  C   R   G  N   G  Y  C   G 
 

Fig 4:  The sequence of synthetic MCoTI-II gene 

Amplification of MCoTI-II  gene by PCR. The PCR conditions were established as 
:940C,3 min ; 610C 1min30;720C ,2 min for 40 cycles. The PCR product  showed a single 
band corresponding to about 114bp as expected (fig 5) 
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MCoTI-II gene was also successfully prepared by using forward , reverse primers and 

the purified total MCo DNA as template. The conditions for this experiment were 
established as: 150ng of each primer; 200µM of dNTPs ;400ng of the purified total MCo 
DNA . 

Cloning of the synthetic MCoTI-II .  

The PCR amplified gene was double digested with NdeI and  XhoI restriction 
enzymes (fig 6) and ligated with pTYB12 vector had been digested by the same restriction 
enzymes, then transformated into  E.coli BL21 (DE3). The resulting recombinant E.coli was 
named PI-17 (fig 7).  
 

atactcgccgtcgcg ….…......taacgccgattg  
                                              tgagcggca……………  attgcggctaactcga 
 

Fig 6:  Synthetic inhibitor gene digested by Nde I and Xho I 

 
 
 
 
 
 
 
 
 
 

Fig 5: Analysis of MCoTI-II gene on 
5%polyacrylamide gel 

Lane 1: DNA Marker 100 bp (100-1031)  

  (#SMO241/2/3) 

Lane 2  : PCR product of MCoTI-II gene . 
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Fig 7:  Scheme summarizing the steps in obtaining a construct system for expression of MCoTI-II 

To identify the insert gene, we isolated plasmid from PI- 17, checking TI gene by PCR 
technique and sequencing . PCR product of recombinant plasmid DNA was shown on Fig 8, 
it corresponded to the expected size (#114bp) and showing correct sequence (Fig 9). 

                              (a)      (b) 

Fig 8:  Electrophoresis of the PCR product of MCoTI-II gene  on 2% agarose gel  
(a) and  estimation of its size by using SHARP JX-330 scanner (b) 
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  1 8: PCR products of MCoTI-II gene 

1 Gctcgcggat ttatttcgag ttcagacctg ttcagacctg 40 
41 ttattatggg tattacttta tctgatgatt ctgaTcatca 80 

81 Gtttttgctt ggatcccagg ttgttgtaca gaatgctggt 120 
121 catatgagcg gcagcgatgg cggcgtgtgc cgaaaattct 160 
161 gaaaaaatgc cgccgcgata gcgattgccc gggcgcgtca 200 

201 tttgccgcgg caacggctat tgcggctaac tcgagcccgg 240 

241 gtgactgcag gaaggggatc cggctgctaa caaagcccga 280 

281 aaggaagctg agttggctgc tgccaccgct gagcaataac 320 
321 tagcataccc cttggggcct ctaaacgggt cttgaggggt 360 
361 TTTTTGCTGA AAGGAGGAAC TATATCCGGA TATCCCGCAA 400 

401 GAGCCCGGCA GTACCGGCAT AACCAAGCCT ATGCCTACAG 440 

441 CATCCAGGGT 
TTG 

GACGGTGCCG AGGATGACGA TGAAGCGCCA 480 

Fig 9. Sequence of recombinant plasmid DNA containing TI gene fragment 

Expression of recombinant MCoTI-II (ReMCoTI-II) 

The expression conditions such as ampicillin and IPTG concentrations, temperature 
and  time of induction were tested . The growth and induction conditions of PI-17 giving 
maximal yield of the recombinant fusion protein  established as follows : cells were  grown 
in shaker flasks at 370C in LB medium with ampicillin (100µg/ml), induction at the mid-log 
phase with 0.5mM IPTG at 150C for 16h.  

As mentioned in the methods, cloning and expression procedures were followed  

the IMPACT-CN system and pTYB12 vector was used ,so it was expected to produce 
55kD fusion of the cleavable intein tag to N-terminus of a synthetic inhibitor .As known, 
Mr of MCoTI-II is about 3.4kD, hence Mr of the  obtained recombinant fusion protein 
should be  about 58 kD ( the sum of 55 + 3.4kD of MCoTI-II). As seen on Fig. 10 the 58 kD 
protein band was found in induced sample as the major band, acounted for 80% of total 
protein (lane 1,3,5 and 6). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 10. SDS – PAGE pattern of  
  PI-17 proteins  

               
Mc. Standard molecular markers 
         2, 4. Uninduced   
        1, 3, 5, 6. Induced (containing 
        58kD fusion protein band) 

 

58 kD 



Cells were broken by sonication in 10mM Tris-HCl buffer pH8 containing 1mM EDTA 
(TE buffer). After centrifugation, the clarified supernatant was loaded onto  chitin column . 

On–column cleavage induction by 50mM 1,4 – dithiothreitol in TE buffer containing 
500mM NaCl , at 40C for 40 hours (Fig 11). 
Purification scheme of recombinant MCoTI-II following IMPACTTM - CN system using chitin 
beads column chromatography comprsed the following steps 

1) Chitin beads column was equilibrated with 10mM Tris–HCl buffer pH=8.0 
containing 1 mM EDTA, 500mM NaCl (CB buffer). 

2) Loading cells clarified extract on the column. 
3) Washing column by CB buffer until no trace of proteins were detected  
4) On-column cleavage: CB buffer containing 50 mM DTT. After quick flush, stop the 

flow in the column, left at 40C for 40 hrs. 
5) Elution of the target protein by CB buffer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 11: Purification scheme of recombinant MCoTI-II using chitin beads column chromatography 

PI – 17 cells

Fermentation LB medium + 100µg amp/ml (370C/3h) + 
0.5mM IPTG at 15-0C overnight 

Centrifugation 

Cells Supernatant 

Centrifugation

Sonicated in TE 
buffer 

SupernatantPellet 

Chitin column chromatography 

Washing column, on –column 
cleavage (40C/40hours) 

ReMCoTI-II 

Freez dryer 

ReMCoTI-II powder



The target protein was released from the chitin column when the chitin-bound intein 
tag undergoes self-cleavage in the presence of DTT. Fig 12 showed chitin gel before (N1) 
and after (N2) releasing MCoTI-II.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Eluted fractions from chitin column were pooled, lyophilysed, desalted and freez-
dried. The obtained protein showed a single band of Mr about 3 kD (Fig 13). 

ReMCoTI showed inhibitory activity against trypsin as well as proteinase from 
Spodoptera litura (Fig 14). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Conclusion 

  N2      N1       3       4 

Fig 12.   Changing in SDS-PAGE  
 protein pattern of chitin gel  
 before and after releasing  
 ReMCoTI-II. 

 
1,2: N1, N2 (chitin gel before and after  
       on column cleavage, respectively) 
3: Maker LMW electrophoresis 17- 
    0446 (14,4-94) 
4: PI-17 cells extract 

 

Fig 13. Checking the purity and size of  
              ReMCoTI-II by SDS – PAGE 

1. Maker         
2, 3. Aprotinin  
4. Re MCoTI-II 

Fig 14. Checking the inhibiting activity of   
             ReMCoTI-II  by using diffusion method 

1. PA from    S. litula 
2. PA of S. litula + ReMoTI-II 
3. Trypsin 
4. Trypsin + ReMCoTI-II 

1 1 

2 2 

4

3 

4

3



4. Conclusion 

♦ The MCoTI-II gene was synthesized by four overlapping primers ,transformated 
into pTYB12 vector . 

♦E.coli BL21(DE3) strain was used as the host for cloning and expression of the 
recombinant gene . 

♦The recombinant MCoTI-II was firstly synthesized in a 58kD fusion protein, then 
released from it and purified following IMPACT-CN system manufactures instruction by 
using chitin beads column chromatography . 

♦ The obtained purified recombinant MCoTI-II showing inhibitory activity against 
trypsin,and proteinases from Plutela xylostella . 
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