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���32�4� cDNA library �����"����#��� #�� ���-���G���������������	��� ��� 
(Hb-PI) � ���8 210 ��� ����*����0���8���	�!"��$� 70 *�1$� � ��"�*���	����+� 7.5 �	�
8����� #������8�����%�,�$������������� 8 �����8�������8����� 
1��8����L��
�����$������� 8�#���2�� ��L���"�����8����,���
) �� � E. coli 	8�	
����-�����$
����� 
pQE-40 �������+-��������
���*�	��� ��%�Q�� Hb-PI !��8-	��� ��%�Q�� Hb-PI ) ��&L������
	��� � DHFR )"�,*-� ���8�$� 33.5 �	�8����� Q�!�����32�4������������������	��� ��� 
#�$1� 	��� ��%�Q�� Hb-PI �����U��������������)���� ��1��1���������������
	�)����   
���)��� �� �������� 	��� ��%�Q��8����1�$����' 0.25, 0.50, 0.75 ��� 1.00 ������� 
�����U��������������)����
$����-��-� 0.02 ������� �8-�-���� 9.5, 22.5, 36 ��� 35.5 
����"�8�� 	8��Y�$�) ��*�����) �)"�,*-	��� ��%�Q�� Hb-PI � �!�����%��+8��%1,� Tris-HCl 
buffer pH 9 �+'*Y%� 37 ��3������ �� ���!��� �	��� ��%�Q�� Hb-PI ) ���8��
$����-��-� 10 
��������1������� ���� 
+'�����,������������&L����
) �� ������$� M. luteus ���          
S. aureus ��1��1��8������,�����1��-���&L���$�����$�8�8$���$,������$!���8-$������ ���
����� lymphoid ����+-���$ (Litopenaeus vannamai) 
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ABSTRACT 
 

cDNA library of H. brasiliensis  was performed and found full-length of 
Protease Inhibitor (Hb-PI) cDNA. An open reading frame encoding 210 bp was 
translated to be peptide length 70 amino acids. The molecular weight of Hb-PI protein 
was 7.5 kDa. The expression level of Hb-PI gene in 1 day tapping latex was highest and 
level was decreased when the day of tapping was increased up. The Hb-PI gene was 
cloned to express in E. coli via pQE-40 expression vector. The recombinant Hb-PI (rHb-
PI) was fused with Dihydrofolate reductase (DHFR) proteins, so the molecular weight of 
this protein was 33.5 kDa. The inhibitory activity of rHb-PI was tested and the result 
showed that rHb-PI had the ability to inhibit only trypsin and unable inhibit chymotrypsin, 
subtilicin A and papain. The amount of rHb-PI 0.25, 0.50, 0.75 and 1.00 mg showed the 
ability to inhibit 0.02 mg trypsin for 9.5%, 22.5%, 36% and 35.5%, respectively. The 

suitable condition for highest activity was perfomed in Tris-HCl buffer pH 9 at 37˚C. 
Beside that, rHb-PI 10 mg/ml was antimicrobial on Gram-positive bacterial, M. luteus 
and S. aureus, but was not showed the antiviral property on WSSV, investigation by 
culteration of lymphoid cell from pacific white shrimp (Litopenaeus vannamai). 
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%  = percent 
AMV  = avian myeloblastosis virus 
β  = beta 
bp  = basepair 
BSA  = Bovine serum albumin 
cDNA  = complementary deoxyribonucleic acid 
DI water = deionized water 
DMEM  = Dulbecco|s Modified Eagle Medim  
DNA  = deoxyribonucleic acid 
dNTP  = deoxyribonucleoside triphosphate 
DTT  = Dithiothreitol 
EDTA  = Ethylenediaminetetraacetic acid 
FCS  = Fetal Calf Serum  
IPTG  = Isopropyl ß-D-thiogalacto-pyranoside  
kDa  = kilodalton 
LB  = Luria Bertaini 
N  = Normality 

 mg  = milligram 
ml  = milliliter 
mM  = millimolar 
M  = Molarity 

 mRNA  = messenger ribonucleic acid 
PBS  = phosphate buffer saline 
PCR  = Polymerase Chain Reaction 
pH  = - Log hydrogen ion concentration 
RNA  = ribonucleic acid 
RNase   = Ribonuclease  
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SDS  = Sodium dodecyl sulfate 

TEMED  = N,N,N′,N′-tetrametyl-ethylenediamine 
TCA  = Trichloroacetic acid  
Tris-HCl = Tris (hydroxymethyl) aminoethane hydrochloric acid 
U  = unit (s) 
v/v  = volume/volume 
w/v  = weight/volume 
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1.  

   (Para rubber)  Hevea brasiliensis  

Dr. Jean Muller  ( , 2536) 

 

 

 Division   Spermatophyta 

 Sub-division   Pteropsida 

 Class    Angiospermae 

 Sub-class   Dicotyledoneae 

 Order    Euphorbiales 

 Family    Euphorbiaceae 

 Genus    Hevea 

 Species    brasiliensis 

  

    tap root system  

  1   15-20   

 (latex vessels  laticifer)  ( , 2536)  

   (Kush et al.,1990) 

      (Perrella and 

Gaspari, 2002)   

 25-45   6.5-7.0  0.975-

0.980 g/cm3 ( , 2549) 

    

  C-serum  (Jakel et al., 2003)  

  2,000   

 (Vankatachalam et al., 

2007)  
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 ( , .) 

   

 (  , 2549)  

 

2. Protease inhibitors 

 Protease inhibitors  

(Roa and Soresh, 2007)  Protease inhibitors  

 (proteolysis)  

(Protease)    catalytic site  

(Tremacoldi and Pascolati, 2002)  

(Bode and Huber, 1992)  Protease inhibitors  4 

 (Habib and Khalid, 2007)   (1)  

catalytic site  (2)  catalytic site 

 (3)  catalytic site  

(4)  Allosteric (  1)  Protease inhibitors 

 catalytic site  (Tiffin and Guat, 2001) 

 

 
  1   Protease inhibitors  (A) 

 catalytic site  (B)  catalytic site 
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 (C)  

catalytic site (D)  Allosteric (Habib and Khalid, 2007) 

  Protease inhibitors 

  4   Serine Protease inhibitors, Cysteine 

Protease inhibitors, Metallo-Protease inhibitors  Aspartic Protease inhibitors (Ryan,1990) 

 Protease inhibitors  (  1) 

 (Laskoski and Kato, 1980  Bode and Huber, 1992)  

Serine Protease inhibitors    

     (Mello et al., 2002; Habib and Khalid, 

2007)  Cysteine Protease inhibitors   Cystatin 

       

(Kuroda et al., 2001; Yoza et al.,, 2002; Connors et al., 2002; Haq et al., 2004)  Metallo-

Protease inhibitors  (Fan and Wu, 2005) Koiwa 

(1997)   Metallo-Protease inhibitors  

Carboxypeptidase A   B  Aspartic Protease inhibitors  Protease 

inhibitors   Protease 

inhibitors  Catheppsin D  (Koiwa et al., 1997) 
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      1   Protease inhibitors 

  

Serine Protease inhibitors 

 

 

 

 

Potato inhibitor 1 family  

Potato inhibitor 2 family  

Bowman-Birk family 

Soybean trypsin inhibitor family 

Bovine pancreatic trypsin inhibitor family 

Streptomyces subtilicin inhibitor family 

Squash seed inhibitor family 

Chelonianin family 

Hindurin family 

Serpin family 

Cysteine Protease inhibitors Cystatin 

Stefins 

Metallo- Protease inhibitors  PCI family 

Aspartic Protease inhibitors  

 

  Protease inhibitors 

 Birk (2003)  Protease inhibitors 

 70  

  Protease inhibitors   

(Roa and Soresh, 2007)  2  Protease inhibitors  

 Fan  Wu (2005)   Protease 

inhibitors  Trypsin 

 Protease inhibitors  129   Protease inhibitors  495  (De Leo 

et al., 2002) 

Protease inhibitors  

  10  (De Leo et al., 2002) 
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 (Sin and Chye, 2004) 
 

  2   Protease inhibitors  
 

Source Type of protease inhibitor Target protease 

Glycine max  Soybean Kunitz trypsin inhibitor Trypsin, Chymotrypsin 

Hordeum vulgare Barley subtilisin inhibitor Subtilisin,Alpha-amylase 

Solanum tuberosum Kunitz cysteine peptidase inhibitor 1 Cysteine proteases 

Sagittaria sagittifolia Proteinase inhibitor A inhibitor unit Trypsin, Chymotrypsin, Kallikerin 

Acacia confusa  Trypsin inhibitor Trypsin and alphachymotrypsin 

Eleusine coracana Ragi seed trypsin/amylase inhibitor Alpha amylase 

Momordica charantia Trypsin inhibitor MCTI-1 Pancreatic elastase  

Momordica charantia Trypsin inhibitor MCTI-II Trypsin 

Cucumis sativus Trypsin inhibitor CSTI-IV Trypsin 

Solanum tuberosum Chymotrypsin inhibitor I Chymotrypsin, Trypsin  

Momordica charantia Glutamyl peptidase II inhibitor Glu S.griseus protease , Subtilisin

Sinapis alba Mustard trypsin inhibitor Beta-trypsin 

Onchocerca volvulus Onchocystatin Cysteine proteinase  

 Habib and Khalid (2007) 

 

3.  Protease inhibitors 

   Protease inhibitors 

  Protease inhibitors 

 (Clark et al., 1997; Leung, 2000) 
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3.1  (Storage proteins) 

Protease inhibitors   

 10  (De Leo et al., 2002) 

 Protease inhibitors  (Mosolov and 

Valueva, 2005)   Protease inhibitors   

 protein bodies  (Biosen,1983; Wingate et al., 1991)  

Protease inhibitors    trypsin inhibitor 

  2S storage protein  Castor-oil (Odani et al., 1983) 

 Protease inhibitors  2S albumin psophocarpin B 

 serine protease (Roy and Singh,1988  Mosolov et al., 

2001)
 

3.2   (endogenous proteolytic 

processes) 

 Protease inhibitors 

 (seed dormancy)  Protease inhibitors 

 (Germination) (Ridchardson, 1977) 

 

 (Koiwa et al., 1997)  Protease inhibitors 

 

 (Enari and Mikala, 1967  Mosolov and Valueva, 2005)   

 Oryzacystatins I  II  cysteine proteases  

Protease inhibitors 

 (Kondo et al., 1990)  cystatins  trypsin inhibitor 

    

(Mosolov and Valueva, 2005)    

Protease inhibitors  proteases   PLPI 6,6  

PLCP-2   (Pompe-Novak et 
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al., 2002)  Protease inhibitors  

 

 

3.3   (Plant defense) 

  Serine proteases, cysteine proteases  metalo-protease 

 (Koiwa et al., 1997) 

  penetration  colonization  

 (Ryan, 1990)  

   

Hypersensitive response (HR),  phytoalexin   pathogenesis-related 

protein (PR-protein) (  2)  

PR-protein  17  (  3) PR-protein 

 (Legrand et al., 1987) 

 3  Protease inhibitors  PR-protein  (PR-6)  

Protease inhibitors  

  Protease 

inhibitors    Protease inhibitors 

   

(Reeck et al., 1997) 
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  2   (Agrios, 2005) 

 NBS  Nuclear-Binding Site  
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  3 Pathogenesis-related protein  

Families Type member Properties 

PR-1 Tobacco PR-1a Antifungal 

PR-2 Tobacco PR-2 b-1,3-glucanase 

PR-3 Tobacco P, Q chitinase type I,II, IV,V,VI,VII 

PR-4 Tobacco 'R' chitinase type I,II 

PR-5 Tobacco S thaumatin-like 

PR-6 Tomato Inhibitor I proteinase-inhibitor 

PR-7 Tomato P69 Endoproteinase 

PR-8 Cucumber chitinase chitinase type III 

PR-9 Tobacco 'lignin-forming peroxidase' Peroxidase 

PR-10 Parsley 'PR1' 'ribonuclease-like' 

PR-11 Tobacco 'class V' chitinase chitinase, type I 

PR-12 Radish Rs-AFP3 defensin 

PR-13 Arabidopsis THI2.1 thionin 

PR-14 Barley LTP4 lipid-transfer protein 

PR-15 Barley OxOa (germin) oxalate oxidase 

PR-16 Barley OxOLP 'oxalate oxidase-like' 

PR-17 Tobacco PRp27 unknown 

  � van Loon  (2006) 

 

 

 (Inflammation)   

 neutrophils elastase  (Hiemstra et al., 2002) 

  phagocyte surface receptor  

opsonins (Stockley, 1994)  

  alpha 1-protease inhibitor, secretory 
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leucocyte proteinase inhibitor (SLPI)  elastase-specific inhibitor (elafin) (Hiemstra et al., 

1998) 

 Protease inhibitors 

 (Hiemstra et al., 2002) 

 SLPI  (Wingens 

et al., 1998)  SLPI   

 SLPI  SLPI 

(Ashcroft et al., 2000)  

 

4.  Protease inhibitors 

  Protease inhibitors 

  wound signal transduction pathway (  3) 

 (local)  (systemic)  

 
 

  3   Wound signal transduction pathway  

Protease inhibitors (Koiwa et al., 1997) 
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  (local signals)   

pectic oligosaccharide   

 chitosan   (elicitors) 

 Protease inhibitors (Koiwa et al., 1997) 

 

  receptor  plasma membrane   β-

glucan-elicitor-binding protein (GEBP) (Umemoto et al., 1997) 

   

  Systemic 

signals (  4)  systemin  abscisic acid (ABA)  

  Systemin  18  (AVQSKPPSKRDPPKMQTD) 

 systemin  prosystemin  200   systemin 

 C (Peña-Cortés et al., 1995)  systemin-binding protein (SBP50) 

 systemin   MQTD motif   

Protease inhibitors (Koiwa et al., 1997) 

  abscisic acid (ABA)  

 Protease inhibitors  ABA   2    

protein kinase   linolenic acid signaling pathway  

octadecanoid pathway  Jasmonic acid 

  Jasmonic acid  Protease inhibitors  

(Wasternack and Parthier, 1997) 
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  4   (Systemic signals) (  Koiwa et al., 

1997)    
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5.  Protease inhibitors 

 

5.1   

 

  Protease 

inhibitors   

  Protease inhibitors 

 (Dunaevsky et al., 2005)  Protease inhibitors 

 (Ussuf et al., 2001)  Protease inhibitors 

  4   Protease inhibitors   

  

 

5.2   (Therapeutic agent) 

 (Movahedy and Heale, 1990  Valueva and Mosolov, 2004) 

 Protease inhibitors    

Fusarium solani, F. culmorum, F. oxysporum, Botrytis cinerea   Alternaria alternate  

(Mosolov et al., 1976; Mosolov et al., 2001; Dunaevsky et al., 1996)   

 Protease inhibitors 

    protein processing  

life cycle   picornavirus (Kondo et al., 2000)  Protease 

inhibitors  (Pharmaceutics)  (Patick and Potts, 1998) 
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  4   Protease inhibitors  

Inhibitor Transformed plant Insect 

Tobacco  Manduca sexta  

Tobacco  Spodoptera litura  

Rice  Sesamia inferens 

Chilo suppressalis  

Potato  Lacnobiaoleracea  

Apple  Coleoptera, Lepidoptera  

Lettuce, tomato  Coleoptera, Lepidoptera  

Cowpea trypsin inhibitor (CpTI)  

Strawberry  Coleoptera, Lepidoptera  

Potato PI-I and PI-II  Tobacco  Manduca sexta  

Potato PI-II  Rice  Sesamia inferens  

Potato chymotrypsin inhibitor  Tobacco  Chrysodeixis eriosoma  

Sweet potato TI  Tobacco  Spodoptera litura  

Sweet potato TI  Cauliflower  Pieris conidia  

Rice cysteine inhibitor  Poplar  Chrysomela tremulae  

Barley TI  Wheat  Sitotroga cerealella  

Corn cystatin  Rice  Sitophilus zeamatis  

Tobacco PI  Tobacco, pea  Helicoverpa armigera  

Cysteine protease inhibitor  Tobacco  Tobacco etch virus, Potato virus 

Bean a-amylase inhibitor  Pea  Bruchus pisorum  

  Ussuf  (2001) 
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1.  Hb-PI  cDNA library  

2.  Hb-PI  (Protease) 

3.  Hb-PI  
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 2 

 

   

 
 

 

1.  

1.1  (Analytical grade) 
 

  

Absolute ethanol BDH 

Acetic acid J.T.Baker 

Acrylamide Merck 

Ammonium Persulfate (APS) Fluka 

Azocasein Sigma 

Bisacrylamide (N,N-methylethylenediamine) Merck 

Bovine serum albumin (BSA) Sigma 

Bromophenol blue Fluka 

Calcium chloride Merck 

Coomassie Brilliant Blue R-250 Sigma 

Chloroform LAB-SCAN 

Dithiothreitol (DTT) USB 

Ethylenediaminetetraacetic acid (EDTA) Merck 

Ethyl alcohol LAB-SCAN 

Forlin ciocalteus's reagent Merck 

Glucose Fluka  

Glycerol Fisher 

Glycine BDH 
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 ( )  

  

Hydrochloric acid Merck 

Isopropyl alcohol LAB-SCAN 

Magnesium chloride-hexahydrat reist Merck  

Methyl alcohol LAB-SCAN 

Potassium acetate  Merck 

Skim milk CARLO ERBA reagent 

Sodium acetate Merck 

Sodium chloride LAB-SCAN 

Sodium dodecyl sulfate (SDS) Aps Ajex Finechem 

Sodium hydroxide pellets BDH 

N,N,N',N'-Tetramethylethylenediamine (TEMED) Fluka  

Trichloroacetic acid (TCA) CARLO ERBA reagent 

Triethylamine CARLO ERBA reagent 

Tris-(hydroxymethyl)-aminomethane Fluka 

Tryptone Himedia 

Tween 20 USB 

Yeast extract USB 
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1.2  (Molecular biology grade) 

 

  

100 bp DNA ladder Promega 

Agarose Sigma 

Antibiotic-Antifungal  GIBCO 

Ampicillin Sigma 

AMV Reverse Transcriptase Promega 

Chymotrypsin Sigma 

Deoxynucleotide Triphosphates (dNTP) Promega 

Dulbecco s Modified Eagle Medim (DMEM) GIBCO 

Ethidium bromide Sigma 

Fetal Calf Serum (FCS) GIBCO 

Isopropyl ß-D-thiogalacto-pyranoside (IPTG) USB 

Low Molecular Weight Calibration Kit Amersham Biosciences 

Papain Sigma 

Proteinase K  Sigma  

QIAprep®Miniprep Kit QIAGEN 

Random primer Promega 

Ribonuclease A (Rnase A) Sigma 

SalI Promega 

Subtillicin A Sigma 

SYBR®Green Supermix  BIO-RAD 

Taq DNA polymerase QIAGEN 

Trizol® reagent Invitrogen 

Ribonuclease A (Rnase A) Sigma 

Wizard® SV Gel and PCR Clean-Up system  Promega 
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2.   

2.1   

- Escherichia  coli   Top10 F'  Genotype : F' {lacIqTn10(TetR)} 

mcrA (mrr-hsdRMS-mcrBC) φ80lacZ M15 lacX74 deoR recA1 araD139  (ara-

leu)7697 ga/U ga/K rpsL (StrR) endA1 nupG (Invitrogen, Natherlands) 

- E. coli   M15 [pREP4]  Genotype : F' (mcrA) 183  

(mcrCB-hsdSMR-mrr) 173 endA1 supE44 thi-1 recA1 gyrA96 relA1 lacA1 lacF' proAB laclq 

Z M15Tn10 (Tetr) (QAIGEN, Germany) 

- Streptococcus aureus (ATCC 25923) 

- Micrococcus luteus  .  .  

- Pseudomonas aeruginosa   

  

2.2  

 (White Spot Syndrome Virus; WSSV)  

Molecular Biology and Biotechnology II   .    

 

3.   ( Molecular Biology molecules ) 

 3.1  

- pGEM® T-Easy vector (Promega, USA) 

- pQE-40 vector (QIAGEN, Germany) 

3.2  (Oligonucleotide Primer ) 

 5  

Primer name Sequence �xpected Size 

(bp) 

Hb-PI forward 

Hb-PI reverse  

5´- GGTACCATGGCAAGTCAGTGTCC - 3´ 

5´- CAAGTCGACTTAGCCAATGACC -  3´ 

210 

WSSV FQ-P3 

WSSV FQ-P4 

5´-AAGCATCGTGGAGACTCTTGC- 3´ 

5´- GAAGATTCGCCGCTCATACC-  3´ 

129 
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 3.3  

 Hevea brasiliensis Protease inhibitor (Hb-PI)  cDNA library 

  (2550) 

 

4.   

   

 RRIM 600  7-10    1 , 3 , 1 , 2 

  4  

 

5.  

   (Litopenaeus vannamai)   2-3  

 10-15  
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  0.2  

  1.5  

  ulltraspac III (Pharmacia) 

  (PCR)  TouchDown (  HYBRID) 

  2   2200 C SCS (  Precisa) 

  4   AB 204 (  Mettler Toledo) 

   Cyberscan 1000 (  Eutech Cybernectics) 

   RC 5B (  Sorvall)  

  Biofuge pico (  Sorvall) 

   1000/500 (  BIO-RAD) 

   AE-6675 & AE-6675L (  ATTA) 

  (sonicator) (  MSE) 

  (Homoginizer)  S-250 (  Ikeda Scientific) 

  Laminar flow (  Nuaire) 

  37  (  Heraeus) 

  (  Labline) 

  (  Labline) 

   B-169 (  Buchi) 

   Gel Doc 1000 (  BIO-RAD) 

   HA-300 MII (  Hirayama) 

  -20  (  SANYO) 

  -80  (  SANYO) 

  (  Major) 

  (  Mammert) 

  Microplate reader  ELX 800 UV (  Bio-Tek instuments) 

  Real time PCR  fluorescence detection Mx3000P™ (  Stratagene) 
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1.  Protease inhibitor  

  Protease inhibitor  (Hevea brasiliensis Protease 

inhibitor: Hb-PI)  cDNA library   (2550) 

 National Center for Biotechnology 

Information (NCBI)  Blast (www.ncbi.nlm.nih.gov) 

 ClustralX  GenDoc  

 

2.  Hb-PI  Real time RCR 

 

2.1.  

  

 RRIM 600  7-10    1 , 3 , 1 , 2 

  4   RNAse 

 Trizol reagent  1   4  

 

 

2.2.  Total RNA  

   2.1  total RNA  Trizol reagent 

(GIBCO BRL, USA)   Trizol reagent 

 (homogenizer)  

12,000xg  4   10  

 Chloroform 0.2  Trizol reagent  

 3   12,000xg  4  

 15   2  

 RNA  isopropyl alcohol  2  

  10   12,000xg  

 4   10   RNA   RNA 
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 75% ethanol   7,500xg  

 4   5   ethanol   RNA 

 (vacuum pump)  RNA 

 RNase 

 260  280   

 

2.3.  cDNA  Total RNA  

 Total RNA  2.2  cDNA  Reverse 

transcription  Stratagene (USA)  Total RNA 4   

Random primer 100   70   5  

 5   RT reaction  0.6 mM dNTP, Reverse 

transcription buffer, 0.2 U AMV  RNase  25  

 48   2   cDNA 

 

2.4.  Protease inhibitor   Real time 

PCR  

  cDNA  (  2.3) 

 Hb-PI   Real time PCR 

 cDNA   300   forward primer  reverse primer  

Hb-PI (  5)  20 pmol  iQ™SYBR®Green Supermix (BIO-

RAD,USA)    (DI water)  50   

fluorescence detection Mx3000P™ (Stratagene, CA) 

 6  18S rRNA QuantumRNA™ 18S 

Internal Standard (Ambion,USA)  internal standard 

   (Standard curve)  Hb-PI  18S rRNA 

 1 x 103  1 x 107 copies 
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          6    Real time PCR 

 ( )  ( )  ( ) 

95 

94 

55 

72 

5 

0.50 

0.50 

0.50 

1 

 

40 

 

3.  Hb-PI 

 

3.1.  pG�M-Hb-PI  Hb-PI 

 KpnI  SalI 
 

3.1.1.  pBK-CMV-Hb-PI  

  pBK-CMV-Hb-PI   cDNA library  

 DNA  Hb-PI    

Hb-PI   LB broth   Kanamycin  40  

  37   16-18  

 12,000xg   1   solution I (50 mM glucose, 25 

mM Tris-HCl pH 8.0  10 mM EDTA)  100     5 

  solution II (0.2 N NaOH  1% SDS)  200   

 5   solution III (5 M potassium acetate, glacial acetic acid)  

300    30  

 12,000xg  15    

Isopropyl ethanol 1.5    30  

 12,000xg  15     DNA  

70% ethanol  12,000xg  5    ethanol  

  (DI water)    1.2%  

agarose gel electrophoresis  
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3.1.2.  Hb-PI 

  Hb-PI  (PCR)  pBK-CMV- 

Hb-PI (  3.1.1.)  DNA    Hb-PI (  

5)  PCR (  7)  

  8  PCR  1.2% 

agarose gel electrophoresis  

 

          7  PCR 

  ( ) 

DNA template (200 ng) 

10 µM forward primer 

10 µM reverse primer 

25 mM MgCl2 

10x PCR buffer 

10 mM dNTP 

Taq DNA polymerase 

DI water 

1 

2.5 

2.5 

2.5 

2.5 

1 

1 

12 

 25 

 

        8     PCR 

 ( )  ( )  ( ) 

94 

94 

55 

72 

72 

2 

2 

1 

1 

10 

1 

 

30 

 

1 
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3.1.3.  Hb-PI 

  Hb-PI  PCR   Wizard 

SV Gel and PCR Clean-Up system (Promega, USA)  

 3.1.2  DNA  1.2% agarose gel electrophoresis  

 DNA   Hb-PI   100 base pairs marker  Membrane Binding 

Solution 1  1   65   

 SV mini column  1   

10,000xg  1    SV mini column  Membrane Wash 

Solution 500   10,000xg  5   SV mini 

column  1.5   nuclease  DNA  SV 

mini column  10,000xg  1   DNA 

 DNA  260   280 

 

 

3.1.4.  Hb-PI  pG�M®-T �asy vector  

  Hb-PI  10   pGEM®-T Easy 

(Promega, USA) 50  T4 DNA Ligase 3 Units  10X Ligation 

Buffer 1   4   16-18  

 

3.1.5.   E. coli  (Transformation) 

  ligation reaction  3.1.4.  competent cells  E. coli 

TopF′10  4   30   42 

  90   5   LB broth  

800    37   2 . 

 100   Spread  LB agar  Ampicillin  80 

  37   16 -18  
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3.1.6.   pG�M-Hb-PI  

  3.1.5. 

 pGEM®-T Easy vector  Hb-PI  

 3.1.1.  

 

3.1.7.  pG�M- Hb-PI 

  Hb-PI  2   PCR 

 3.1  DNA     Hb-PI 

 KpnI  SalI  

 10 , Restriction 10X Buffer,  5 units   (DI 

water)   37   16-18   

 1.2% agarose gel electrophoresis  100 bp marker  

 

3.2.   pQ�-Hb-PI  Hb-PI 

 

3.2.1.  pQ�-40   

  pQE-40  KpnI  SalI 

 3.1.7.  Wizard SV Gel and PCR Clean-Up 

system (Promega, USA)  3.1.3. 

 

3.2.2.  Hb-PI  KpnI  SalI 
  pGEM- Hb-PI  3.1 

 KpnI  SalI  3.1.7.  Hb-PI  

Wizard SV Gel and PCR Clean-Up system (Promega, USA)  pQE-40   

 

3.2.3.  E. coli M15  pQ�-Hb-PI 

  pQE-40  3.2.1  Hb-PI  3.2.2 

 E. coli  3.1.4.  3.1.7.  E. coli M15 

 Hb-PI 
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4.  Hb-PI  

 

4.1.  Hb-PI  

     E.  coli  M15  pQE-Hb-PI  3.2 

 LB broth  Ampicillin 100   Kanamycin 25 

  37   220   14  16  

 10    37  

 600   0.5  0.7  

 Isopropyl thiogalactoside (IPTG)   

 5   

4,000xg  20   4   

 0.05 M Tris-HCl pH 8  2  100  

  sonicator  200  300 w 

 5  6   10   10,000xg  20  

 4   (soluble protein) 

 (insoluble protein)  0.05 M Tris-HCl pH 8   

 

4.2.   

(SDS-Polyacrylamide gel electrophoresis) (Laemmli, 1970) 

  (loading buffer) 

 1:1   5   

 12%  9  

separating gel  3  4  

 

  30   

stacking gel  

 30  

  Tris-glycine buffer  



31

 100   2  

 Coomassie Brilliant Blue  1 

.  Destain  I  1   Destain  II 

 

 

  9  (SDS-PAGE) 

 12% Separating gel 

(ml) 

4% Stacking gel (ml) 

30%Acrylamide-bisacrylamide 

1.5 M Tris-HCl pH 8.8 

1.0 M Tris-HCl pH 6.8 

10% SDS 

10% APS 

TEMED 

Distill water 

2.0 

1.3 

- 

0.05 

0.05 

0.002 

1.7 

0.5 

- 

0.38 

0.03 

0.03 

0.003 

2.1 

 5 3 

 

4.3.  

  Lowry s method   BSA  

  A  Copper tartrate 

carbonate solution (0.1%(w/v) CuSO4.5H2O, 2%(w/v) NaCO3, 1%(w/v) Sodium tatrate), 

5%(w/v) SDS  0.8 M NaOH   1: 2: 1   1   

 10   B (2N Folin ciocateus  reagent   1:5 

 0.5    30  

 750   BSA 
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5.  Hb-PI 

 

5.1.   (Protease) 

 

5.1.1.  Hb-PI 

 (  Kreger  Lockwood, 1981) 

  Hb-PI 

  azocasein digestion method   100  

(Trypsin 0.2 , Chymotrypsin 0.02 , Subtilicin A 0.1 

  Papain 0.05 )  100 

  37   10   1.5% azocasein 100 

  30   5% TCA 700  

 15   4,000xg  500 

 0.5 N NaOH 500   

440    (Percentage of inhibition) 

  

Percentage of inhibition      =        A440 trypsin  (A440 sample  A440 sample blank) x 100 

                   

              A440  trypsin 

5.1.2.  pH  Hb-PI 

   pH  Hb-PI   

0.05 M  (  10)  azocasein 

 5.1.1 

    10  pH  

 pH  

5.0 Acetate buffer 

7.0 Phosphase buffer 

9.0 Tris-HCl  

11.0 Glycine-NaOH 



33

5.1.3.  Hb-PI 

   Hb-PI  

 5.1.1   

 25, 37, 40, 50  60  

 

5.2.  

  Hb-PI 

  Micrococcus luteus, 

Pseudomonas aeruginosa  Streptococcus aureus (ATCC 25923)  minimal 

inhibitory concentration (MIC)  Blond  (2002)  

 Hb-PI  serial dilution  PBS  96- well plate 

 mid-logarithmic phase  30   

16-18 .  630   

microplate reader   50 

  spread   37   16-18 

  bacteriostatic  bactericidal   

 

5.3.   

 

5.3.1.  

  Lymphoid    DMEM 

 lymphoid  DMEM-PS 1.5   

lymphoid   1 x 10 4   40  

 96-well plate  2 .  DMEM - PS 200 

  37   16-18   

 

5.3.2.  

  5.3.1  PBS 

 plate  4% skim milk  PBS  37   1  
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 Hb-PI  1   96-well plate 

 37   2 .  PBS  

6    

proteinase K  20   50  

 37   30   10  

 4,000xg  supernatant  Q-PCR 

  FQ-P3  FQ-P4 (Yuan et al., 2007) 
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 3 

 
 

 
1.   Protease inhibitor  

 cDNA library   Hevea brasiliensis Protease 

Inhibitor (Hb-PI) (accession no. EU295479)  416 bp  open reading 

frame  210 bp  polyadenylation signal ( )  Poly A tail 

 5 

 
GGCACGAGGCGCAAAGCCATTAACCTTCAATCCACAGATT 40 

TCATTGAGAACTAGAGATCGAGAGGAGAATGGCAAGTCAG 80 

                                                                               M     A      S     Q   

TGTCCAGTTAAGGATGCATGGCCGGAGCTCATCGGGACAA 120 

     C     P      V      K      D     A     W     P       E      L      I      G      T       

ACGGGGACATTGCAGCGGGTATCATAGAGACAGAGAATGC 160 

   N     G      D      I      A      A     G      I       I       E      T      E      N                  

  

AAATGTGAAGGCAATCGTGCTCAAGAAGGGATCGCCTATG 200 

A     N      V      K     A      I      V      L      K     K     G      S      P     M 

ACTATGGAATACAATTTATGCAGGGTCCTGGTTTTCGTGG 240 

      P     M     E      Y     N     L      C      R     V      L     V     F     V      

ATGATAATCGGGTGGTCACTCAAGCTCCTGTCATTGGCTA 280 

   D     D     N      R     V     V      T      Q     A     P     V      I      G                

AACAACGAATTTATTACCTCAATGGAGCAGAAATTATATA 320 

* 

ATAAAGAAGTGATCGCAAATAAATAATCTCTGTTCTTTGT 360 

GATTTGGGGAATAAGAATTTGTGTTAATTTAGATTCAAAA 400 

AAAAAAAAAAAAAAAA      416 

 5  Hevea brasiliensis Protease Inhibitor 

(Hb-PI) (accession no. EU295479) 
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 Hb-PI  Blastn 

 National Center for Biotechnology Information (NCBI) (www.ncbi.nlm.nih.gov) 

  Hb-PI  H. brasiliensis protease inhibitor protein1 (PI1) m�NA 

(accession no. AY221985), H. brasiliensis isolate SSH34 m�NA sequence (accession no. 

DQ306763)  H. brasiliensis isolate SSH7 m�NA sequence (accession no. DQ306736) 

 % identity  91, 90  83   E value  4e-78, 2e-75  1e-22 

 (  6) 

 Hb-PI  (Translate) 

 Protein Sequence Analysis  

 70  (  5)  7.5 kDa  Isoelectric point (PI)  4.72 

 BlastX 

 National Center for Biotechnology Information (NCBI) 

(www.ncbi.nlm.nih.gov)   Hb-PI  protease inhibitor 

protein 1  H. brasiliensis (accession no. AAP46156), Protease inhibitor HPI (Protease 

inhibitor 1; HbPI1)  H. brasiliensis (accession no. Q6XNP7)  serine protease 

inhibitor, potato inhibitor I-type family protein  Arabidopsis thaliana (accession no. 

NP_030438)  % identity  77, 74  53   E value  3e-24, 2e-23 

 5e-12  (  7)    
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* 2 0 * 4 0 *
H b - P I : G G C A C G A G G C G C A A A G C C A T T A A C C T T C A A T C C A C A G A T T T C A T T G A G A A : 5 0
D Q 3 0 6 7 6 3 : - - - - - - - - - - - - - - - G C C C T T A G C G - - - G G G T C G C - G G C C G A G G T G A G A A : 3 1
A Y 2 2 1 9 8 5 : - - - - - - - - - - - - - - - - - - - - - - - - G G G G A A T C C A C A G A T T T C A T T G A G A A : 2 6
D Q 3 0 6 7 3 6 : - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - : -

c c g t g a g a a

6 0 * 8 0 * 1 0 0
H b - P I : C T A G A G A T C G A G A G G A G A A T G G C A A G T C A G T G T C C A G T T A A G G A T G C A T G : 1 0 0
D Q 3 0 6 7 6 3 : C T A G A G A T T G A G A G G A G A A T G G C A A G T C A G T G T C C A G T T A A G A A T T C A T G : 8 1
A Y 2 2 1 9 8 5 : C T A G A G A T T G A G A G G A G A A T G G C A A G T C A G T G T C C A G T T A A G G A T G C A T G : 7 6
D Q 3 0 6 7 3 6 : - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - : -

c t a g a g a t g a g a g g a g a a t g g c a a g t c a g t g t c c a g t t a a g a t c a t g

* 1 2 0 * 1 4 0 *
H b - P I : G C C G G A G C T C A T C G G G A C A A A C G G G G A C A T T G C A G C G G G T A T C A T A G A G A : 1 5 0
D Q 3 0 6 7 6 3 : G C C G G A G C T C G T C G G G A C A A A C G G G G A C A T T G C A G C G G G T A T C A T A C A G A : 1 3 1
A Y 2 2 1 9 8 5 : G C C G G A G C T C G T C G G G A C A A A C G G G G A C A T T G C A G C G G G T A T C A T A C A G A : 1 2 6
D Q 3 0 6 7 3 6 : - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - : -

g c c g g a g c t c t c g g g a c a a a c g g g g a c a t t g c a g c g g g t a t c a t a a g a

1 6 0 * 1 8 0 * 2 0 0
H b - P I : C A G A G A A T G C A A A T G T G A A G G C A A T C G T G C T C A A G A A G G G A T C G C C T A T G : 2 0 0
D Q 3 0 6 7 6 3 : C A G A G A A T G C A A A T G T G A A G G C A A T C G T G G T C A A G G A G G G A T T G C C T A T A : 1 8 1
A Y 2 2 1 9 8 5 : C A G A G A A T G C A A A T G T G A A G G C A A T C G T G G T C A A G G A G G G A T T G C C T A T A : 1 7 6
D Q 3 0 6 7 3 6 : - - - - - - - - - - - - - - - - - - - - - - - - - C G T G G T C A A G G A G G G A T T G C C T A T A : 2 5

c a g a g a a t g c a a a t g t g a a g g c a a t C G T G g T C A A G g A G G G A T t G C C T A T a

* 2 2 0 * 2 4 0 *
H b - P I : A C T A T G G A A T A C A A T T T A T G C A G G G T C C T G G T T T T C G T G G A T G A T A A T C G : 2 5 0
D Q 3 0 6 7 6 3 : A C T C A G G A T T T A A A T T T C A A C A G G G T C C G G G T T T T C G T G G A T G A A A A T C G : 2 3 1
A Y 2 2 1 9 8 5 : A C T C A G G A T T T A A A T T T C A A C A G G G T C C G G G T T T T C G T G G A T G A A A A T C G : 2 2 6
D Q 3 0 6 7 3 6 : A C T C A G G A T T T A A A T T T C A A C A G G G T C C G G G T T T T C G T G G A T G A A A A T C G : 7 5

A C T c a G G A t T t a A A T T T c a a C A G G G T C C g G G T T T T C G T G G A T G A a A A T C G

2 6 0 * 2 8 0 * 3 0 0
H b - P I : G G T G G T C A C T C A A G C T C C T G T C A T T G G C T A A A C A A C G A A T T T A T T A C C T C : 3 0 0
D Q 3 0 6 7 6 3 : G G T A G T C A C T C A A G T T C C T G C C A T T G G C T A A A C A A C G A A T T T A T T A C C T C : 2 8 1
A Y 2 2 1 9 8 5 : G G T A G T C A C T C A A G T T C C T G C C A T T G G C T A A A C A A C G A A T T T A T T A C C T C : 2 7 6
D Q 3 0 6 7 3 6 : G G T A G T C A C T C A A G T T C C T G C C A T T G G C T A A A C A A C G A A T T T A T T A C C T C : 1 2 5

G G T a G T C A C T C A A G t T C C T G c C A T T G G C T A A A C A A C G A A T T T A T T A C C T C

* 3 2 0 * 3 4 0 *
H b - P I : A A T G G A G C A G A A A T T A T A T A A T A A A G A A G T G A T C G C A A A T A A A T A A T C T C : 3 5 0
D Q 3 0 6 7 6 3 : A A T A G A G C A G A A A T T A T A T A A T A A A G A A G T A A T C G C A A A T A A A T A A T C T C : 3 3 1
A Y 2 2 1 9 8 5 : A A T G G A G C A G A A A T T A T A T A A T A A A G A A G T A A T C G C A A A T A A A T A A T C T C : 3 2 6
D Q 3 0 6 7 3 6 : A A T G G A G C A G A A A T T A T A T A A T A A A G A A G T A A T C G C A A A T A A A T A A T C T C : 1 7 5

A A T g G A G C A G A A A T T A T A T A A T A A A G A A G T a A T C G C A A A T A A A T A A T C T C

3 6 0 * 3 8 0 * 4 0 0
H b - P I : T G T T C T T T G T G A T T T G G G G A A T A A G A A T T T G T G T T A A T T T A G A T T C A A A A : 4 0 0
D Q 3 0 6 7 6 3 : T G T T C T T T A T G A T T T G A G G A A T A A G A A T T T G T G T T A A T T T A G A T T - - - - - : 3 7 6
A Y 2 2 1 9 8 5 : T G T T C T T T A T G A T T T G A G G A A T A A G A A T T T G T G T T A A T T T A G A T T T A T G T : 3 7 6
D Q 3 0 6 7 3 6 : T G T T C T T T A T G A T T T G A G G A A T A A G A A T T T G T G T T A A T T T A G A T T T A T G T : 2 2 5

T G T T C T T T a T G A T T T G a G G A A T A A G A A T T T G T G T T A A T T T A G A T T a

* 4 2 0 * 4 4 0 *
H b - P I : A A A A A A A A A A A A A A A A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - : 4 1 6
D Q 3 0 6 7 6 3 : - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - : -
A Y 2 2 1 9 8 5 : G G A T C C T A T A T A A G C A A T T A A A A G T T T G A T T A T T A T T C C A A C G G - - - - - - : 4 2 0
D Q 3 0 6 7 3 6 : G G A T C C T A T A T A A G C T A T A A A A A T T T T G A T T A T T T T T G C A A T T A C A T T A C : 2 7 5

a a a a a  
 

 6  Hb-PI  H. brasiliensis protease inhibitor protein1 (PI1) 

m�NA (accession no. AY221985), H. brasiliensis isolate SSH34 m�NA sequence 

(accession no. DQ306763)  H. brasiliensis isolate SSH7 m�NA sequence (accession 

no. DQ306736) 
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* 20 * 40 *
Hb-PI : MASQCPVKDAWPELIGTNGDIAAGIIETENANVKAIVLKKGSPMPMEYNL : 50
AAP46156 : MASQCPVKDAWPELVGTNGDIAAGIIQTENANVKAIVVKEGLPITQDLNF : 50
Q6XNP7 : MASQCPVKNSWPELVGTNGDIAAGIIQTENANVKAIVVKEGLPITQDLNF : 50
NP_030435 : MSTECPRKNSWPELTGTNGDYAAVVIERENPTVNAAVILDGSPVTADFRC : 50

Ma32CPvK1 WPEL GTNGDiAAg6I2tENanVkAiV6k G P6t d n

60 *
Hb-PI : CRVLVFVDDNRVVTQAPVIG : 70
AAP46156 : NRVRVFVDENRVVTQVPAIG : 70
Q6XNP7 : NRVRVFVDENRVVTQVPAIG : 70
NP_030435 : DRVRVFVDGNRIVVKTPKSG : 70

RVrVFVD NR6Vtq P iG

 

 7  Hb-PI  protease inhibitor protein 1  
H. brasiliensis (accession no. AAP46156), Protease inhibitor HPI (Protease inhibitor 1; 

HbPI1)  H. brasiliensis (accession no. Q6XNP7)  serine protease inhibitor, potato 

inhibitor I-type family protein  Arabidopsis thaliana (accession no. NP_030438) 
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2.  Hb-PI  Real time RCR 
 Hb-PI 

 5    1 , 3 , 1 , 2   4  

 3   Hb-PI 

 �eal time �C�  18S ribosome  internal control  

�elative m�NA expression level  Hb-PI  18S ribosome 

   Hb-PI 

 1   3   1 , 2   4   

 Hb-PI  (  8) 
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3.  Hb-PI 
  Hb-PI   

PC�   pBK-CMV-Hb-PI  cDNA library  DNA 

  Hb-PI (  5) 

 KpnI  SalI  PC� (PC� product) 

 1.2% agarose gel   DNA  210 bp  1,200 bp (  9) 

 DNA  210 bp  DNA  Wizard SV Gel and 

PC� Clean-Up system (Promega, USA)  DNA  Hb-PI  (  9) 

          

 9  DNA  Hb-PI  PC�   Hb-

PI    1.2% agarose gel  

 1 : 100 bp marker 

 2 :  PC� (PC� product) 

 3 :  Hb-PI   

 

 

1,000

500 

200 210 bp 

  1      2      3 
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 Hb-PI   pGEM®-T Easy 

 E. coli Top 10 F'  Hb-PI   

 KpnI  SalI  Hb-PI   KpnI 
 SalI  pQE-40  

 E. coli Top 10 F'  Hb-PI  

  KpnI  SalI  

PC�  (  10)  

E. coli  M15  Hb-PI   

 

 
 

  10  Hb-PI   

   1 : 100 bp marker 

   2 : pQE-40 

   3 : pQE-40  Hb-PI   

   4 : pQE-40  Hb-PI   KpnI  SalI   
 5 :  PC�  pQE-40  Hb-PI  

DNA  

 

500 

200 210 bp

1,000 

  1      2     3      4      5 
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4.  Hb-PI  
   Hb-PI 

 IPTG  37  4  

   

 Hb-PI  Dihydrofolate reductase (DHF�) 

 26 kDa  Hb-PI  33.5 kDa (  11 

 12) 

 
 11   pQE  pQE-Hb-PI 

  1 : Low molecular weight marker 

 2 :  pQE  IPTG. 

 3 :  pQE  IPTG 

 4 :  pQE-Hb-PI  

IPTG 

 5 :  pQE-Hb-PI  

IPTG 

 

rHb-PI

 1      2       3    4     5     

DHFR

14.4

21.1

30

45

66
97
kDa
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 12  pQE  pQE-Hb-PI 
  1 : Low molecular weight marker 

 2 :  pQE  IPTG. 

 3 :  pQE  IPTG 

 4 :  pQE-Hb-PI  

IPTG 

 5 :  pQE-Hb-PI  

IPTG 

 
 
 
 
 
 
 

rHb-PI

 1      2       3    4     5     

DHFR

14.4

21.1

30

45

66
97
kDa 
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5.  Hb-PI 
 

5.1   (Protease) 
  

5.1.1   Hb-PI 
  

 Hb-PI 

  azocasein digestion method   Trypsin 0.2 

, Chymotrypsin 0.02 , Subtilicin A 0.1   

Papain 0.05     Hb-PI 

 Trypsin  0.02  

 Hb-PI   Hb-PI  0.75  

 36% (  13)  

 Hb-PI  

 Chymotrypsin, Subtilicin A  Papain   Hb-PI 

 

mg protein

P
er

ce
n

ta
g

e 
o
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in
h
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it
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n

 
 

 13  Trypsin 0.02   

Hb-PI (  DHF�) 
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5.1.2  pH  Hb-PI 
   pH  (optimal pH) 

 Hb-PI   Trypsin 0.2  

  Hb-PI     

 Hb-PI  pH  9.0  Tris-HCl 

 Hb-PI  pH  7 

 pH  9.0  pH  (  14) 

 Hb-PI   %�elative activity 
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 14  Hb-PI  pH   pH 

 100% 
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5.1.3  Hb-PI 
   25, 37, 40, 50  60  

 Hb-PI 

   37   Hb-PI 

  Hb-PI  (  15) 
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 15  Hb-PI  

 100% 
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5.2  
  Hb-PI  

3   M. luteus, P. aeruginosa  S. aureus 

     Hb-PI  10 

  S. aureus  M. luteus  96- well 

plate  16  

  2   Plate 

  2    

 Hb-PI  bacteriostatic 

5.3   
  lympoild   WSSV  Hb-PI 

 96- well plate  DNA  Q-PC�   FQ-P3  FQ-

P4)  VP 664  WSSV  copy  DNA 

     copy  DNA 

 Hb-PI  1.25-0.25  

 pQE  (  16)  

 Hb-PI  WSSV  1.25-0.25  
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 4 
 

 
 

1.   Protease inhibitor 
 Hb-PI   cDNA library    

open reading frame  �10 bp  70   

7.5 kDa  Protease inhibitor   4-�0 

kDa (Rao and Suresh, �007)  Hb-PI  (accession no. EU�95479) 

 polyadenylation signal  Poly A tail  
 Hb-PI  

BLASTn  NCBI (National Center for Biotechnological Information Bethesda, 

MD, USA; http://www.ncbi.nlm.nih.gov)  H. brasiliensis protease 

inhibitor protein1 (PI1) mRNA (accession no. AY��1985)  (%identity) 

 91%  BLASTX   protease 

inhibitor protein 1  H. brasiliensis (accession no. AAP46156)  Protease inhibitor HPI 

(Protease inhibitor 1; HbPI1)  H. brasiliensis (accession no. Q6XNP7)  serine 

protease inhibitor (Ko et al., �003; Sritanyarat et al., �006)  Hb-PI 

 serine protease inhibitor  

 
2.  Hb-PI  Real time RCR 

 Protease inhibitor  

wound-signal transduction pathway (Koiwa et al., 1997)  Sritanyarat 

 (�006)  Trypsin inhibitor  C-serum   

  (multiple wound) 

 Hb-PI  1 , 3 , 1 , � 

  4     1   

    (1) 

 Hb-PI   
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 Hb-PI    (�)  Hb-PI  

  

 (Sjodahl et al.,�00�) 

 Protease inhibitors 

 (seed dormancy)  Protease inhibitors  

(Germination) (Ridchardson, 1977; Enari and Mikala, 1967  Mosolov and Valueva, 

�005)  protease inhibitor  Sritanyarat  

(�006)   

Sritanyarat  (�006)  Trypsin inhibitor  C-serum 

 

 

3.  Hb-PI  
  Hb-PI  1mM IPTG  

37   4   Hb-PI  Dihydrofolate 

reductase (DHFR)  �6 kDa  Hb-PI 

 33.5 kDa  soluble protein  insoluble protein  

insoluble protein   Zhang  (�007) 

 Trypsin inhibitor  Buckwheat   

soluble protein   Jhamb  (�008)   E. coli 
   (folding) 

 post- translation modification  (disulfide bond) 

 inclusion body    
E. coli 

 (de Margo et al., �005) 
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4.  Hb-PI 
4.1.   (Protease) 

  Hb-PI  serine protease inhibitor 

 serine protease  Trypsin , Chymotrypsin  Subtilicin A  

cysteine protease  papain  Hb-PI   protease inhibitor 

 serine protease  cysteine protease   azocesein digestion method 

 (Ramakrishna and Ramakrishna, �005) 

   Hb-PI  Trypsin  

 Chymotrypsin, Subtilicin A  papain  Sritanyarat 

 (�006)  Protease inhibitor HPI  

 Trypsin  Subtilicin A  

 74% 

 protease inhibitor  (Fan and Wu, �005)  

 potato proteinase inhibitor II (PPI II)   Protease inhibitor  potato inhibitor II 

family  Chymotrypsin  Protease inhibitor 

 Trypsin  Chymotrypsin  (McManus et al., 1994)  

pumpkin proteinase inhibitor (CMTI-V)   Protease inhibitor  potato inhibitor I 

family  Trypsin  Protease inhibitor  

 Chymotrypsin  (Krishnamoorthi et al., 1990)  

  Hb-PI  Tris-HCl buffer pH 9  37 

  Weber  Nielsen (1991)  Serine protease inhibitor 

  optimal pH  pH 6  

 

4.2.  
   M. luteus, S. aureus             
P. aeruginosa  

(pathogenesis)   Hb-PI  10  

 M. luteus  S. aureus  



5�

 P. aeruginosa   Kim  (�006)  serine protease inhibitor 

   Golden Valley  Clavibacter michigenense subsp. 

michiganinse  S. aureus  30  

  

 Najafi  (�004)  P. aeruginosa 

 alkaline protease  S. aureus  serine protease  

 (Shaw et al., �005)   Hb-PI 

 

  Spread plate  Hb-PI 

  M. luteus  S. aureus   

 Hb-PI  bacteriostatic   

  

 

4.3.   
 Protease inhibitor  

 protease inhibitor  (peptidomimitic derivatives) 

   protein 

processing  life cycle  (Kondo et al., �000)  

  indinavir, saquinavir  (Fear et al., �007)  

  Hb-PI 

 (White Spot Syndrome Virus: WSSV)  Crustacean 

 lymphoid  (Litopenaeus vannamai)    

 Hb-PI  

 

 (Namikoshi et al., �004; Witteveldt et al., �004) 

   Aegle marmelos, 
Cynodon dactylon, Lantana camara, Momordica charantia  Phyllanthus amarus 

 (Balasubramanian et al., �007) 
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 5 

 

 

 
 

  Hb-PI  cDNA library  

  Hb-PI  

1.  Hb-PI   cDNA library   open reading frame 210 bp 

 70   7.5 kDa 

2.  Hb-PI   

3.  Hb-PI  Trypsin   Chymotrypsin, 

Subtilicin A  papain  

4.  Hb-PI  Tris-HCl buffer pH 

 9  37  

5.  Hb-PI  10         
M. luteus  S. aureus      

 P. aeruginosa 

6.  Hb-PI  
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1.  Hb-PI 

  

 . 

2.  Hb-PI 
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1.  LB (Luria Bertaini)  500  

Yeast extracts   5  

Tryptone   5  

Sodium chloride  2.5  

 500   121   

15   4  

 

2.  

- Ampicillin  100  

  Ampicillin sodium salt 100               

1   -20  

- Kanamycin  50  

  Kanamycin 50   1  

 -20  

 

3.  1 M IPTG 

 IPTG 2.38    10    

-20  

 

4.  SDS-PAGE 

-  1.5 M Tris-HCl (pH 8.8)  100  

  Tris base 18.17   50   pH  8.8 

 Hydrochloric acid  100   4  

-  1.0 M Tris-HCl (pH 6.8)  100  

  Tris base 12.10   50   pH  6.8 

 Hydrochloric acid  100   4  

-  30% acrylamide-bisacrylamide  100  
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  acrylamide 29   N,N -methylene-bis acrylamide 1   

bisacrylamide  50   37   acrylamide 

   100   

 4  

-  10% sodium dodecyl sulphate (SDS)  100  

  SDS 10     100  

 

-  10% Ammonium persulphate (APS)  1  

  0.1  APS   1   4 

 ( ) 

-  2X sample buffer  10  

  10 % SDS   4  

  Glycerol   2  

  1 M Tris HCl (pH 6.8)  1.2  

  1 M DTT   2  

  Bromophenol blue  0.002  

   10   4  

-  Tris-glycine buffer  1  

  SDS    1    

  Glycine   14.42   

  Tris-base  4   

   1   

-  Staining  1  

  Coomassie blue R-250 2   95 % methanol 525   

Glacial acetic acid 75    1    

-  Destaining I  1  

  95 % Methanol 526   Glacial acetic acid 75  

  1    
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-  Destaining II  1  

  95 % Methanol 5.26   Glacial acetic acid 75  

  1    

  

5.  Dulbecco's Modified Eagle's Medium (DMEM)  100 

 

DMEM     1  

Sodium hydrogen carbonates  0.37  

Milli-Q water    100  

Fetal Calf Serum   10  

Penicillin-Streptomycin   2  

 DMEM  Sodium hydrogen carbonate  Milli-Q  pH  

7.2  Fetal Calf Serum  Penicillin-Streptomycin  membrane filter 

 pore size 0.22  

 

6.  PBS, pH 7.4  1  

Sodium chloride   8.0  

Potassium Chloride   0.2  

Sodium hydrogen phosphate  1.44  

Potassium dihydrogen phosphate 0.24  

   900   pH  7.4  

sodium hydroxide  1   121  

 15    

 

 

 

 

 



68

 

      

 4822125 

 

                   

                2548 

    ( )  

 

 ( ) 
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