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Shrimp Ovarian Peritrophin (SOP) 2�8�������1�9:�,;��-���ก<� cortical 

rod ��@-A�1;�B�C�1�9<�ก���D��ก��E�Aก�C�,�ก��9�������.F�.��ก1��1�B3��,�ก1�9ก�C�-��E�A ,�ก
ก���	ก
�1�9GA����:�-A�3;�@��ก�@�5�������.�� SOP ���ก�C�4/�H-. (Fenneropenaeus 

merguiensis) ��5ก��@C-. domain A ,52��9���I�4�Aก�@�5�����;�4B�A�1�9 1-80 M	9�,5
��5ก��@C-.ก�@�5���� cysteine ,;��-���ก4352�8�3�ก

5�;���01�9:�<�2��E1@P�C��,�3
/�: (antimicrobial peptide) B3�./��@ domain B ��5ก��@C-.ก�@�5�����;�4B�A�1�9 81-329 
���.�� Fm-SOP  ��ก,�ก��I�E@C��3�.�����2-
ก�@�5�����;�4B�A�1�9 182-275 2��.ก-A� 
SOP-B1 M	9�,52�8��A-� chitin binding sequence ��� Fm-SOP  ก��1@3����IE@C1;�ก��G3��
������3YกG�� SOP-A :�-A�������1�9G3��E@C�����@ 9 kDa ������3YกG�� SOP-B 435 
SOP-B1 �����@ 38.5 435 18.0 kDa ���3;�@�� 435������3YกG�� Fm-SOP (Full length) ��
���@ 37 kDa B3��,�ก��I��;������� SOP-A E�1@�����
������ก���C��,�3/�:@C-.-�]� liquid 
growth inhibition assay :�-A������� SOP-A ��_1]�`<�ก��.��.�I�ก��2,��0���2/aI� 
Staphylococcus aureus, Escherichia coli, Vibrio harveyi, Candida albicans 435 Fusarium 

oxysporum �@.���A��-��2�C��C��9;���@1�9�����b.��.�I�2/aI�E@C (Minimal Inhibitory 
Concentration) 21A�ก�� 3.8, 31.1, 31.1, 63.3 435 1.6 µM ���3;�@��435�A��-��2�C��C�
�9;���@1�9�����bhA�2/aI�E@C (Minimal Bactericidal Concentration) 21A�ก�� 3.8, 63.3, 31.1, 63.3 
435 1.6 µM ���3;�@�� 435�	ก
���
��������������� Fm-SOP, SOP-A, SOP-B 435 SOP-
B1 :�-A����-�������b<�ก��1;�<BC V. harveyi 2ก�@ก��2ก�5ก3�A� (agglutinate) 435��
��
������2�8�2��EM�PE���2���@.,�กก��B��A� chitinase activity ��������� Fm-SOP, 
SOP-A, SOP-B 435 SOP-B1 :�-A� 1 B�A-.���2��EM�PE���2�����-�������b2�3�9.� 
colloidal chitin 2�8��I;���3��23ก�32@�9.- ���A�21A�ก�� 0.48, 7.64, 6.22 435 3.50 units/mg 
protein ��ก,�ก��I.������
������<�ก��.��.�I�ก��1;�������2��EM�P������2��:�-A�2��EM�P 
trypsin bYก.��.�I�@C-.������ SOP-A 435 ������ SOP-B1 2��EM�P chymotrypsin bYก.��.�I�
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@C-.������ SOP-B 435 ������ SOP-B1 4352��EM�P subtilisin A bYก.��.�I�@C-.������ Fm-
SOP 435 SOP-B ,�กก���	ก
��-������-��������� SOP-A :�-A������� SOP-A ��
��5��1]�F�:<�ก���C��2/aI� S. aureus 3@3�2�a9��A�������1�9��
BFY�� 50 ����2M32M�.� 2�8�
2-3� 5 /�9-��� 
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ABSTRACT 
 

Shrimp ovarian peritrophin (SOP), a major protein in cortical rods, plays 
a role in egg protection after spawning. In previous study, sequence of SOP gene from 
Fenneropenaeus merguiensis (Fm-SOP) was composed of domain A and domain B. 
The SOP domain A contains amino acid sequences between 1-80 of Fm-SOP. The 
domain A had six conserved cysteines which have been found in many antimicrobial 
peptides. The SOP domain B contains amino acid sequences between 81-329 of Fm-
SOP. The chitin binding domain was between 182-275 of Fm-SOP (SOP-B1). SOP-A, 
SOP-B, SOP-B1 and Fm-SOP recombinant proteins were produced in this study. The 
molecular weight of purified SOP-A, SOP-B, SOP-B1 and Fm-SOP were about 9, 38.5, 
18 and 37 kDa, respectively. Antimicrobial activity of SOP-A protein was investigated by 
liquid growth inhibition assay. Minimal Inhibitory Concentration (MIC) of SOP-A against 
Staphylococcus aureus, Escherichia coli, Vibrio harveyi, Candida albicans and Fusarium 

oxysporum were 3.8, 31.1, 31.1, 63.3 and 1.6 µM, respectively. Minimal Bactericidal 
Concentration (MBC) of SOP-A against S. aureus, E. coli, V. harveyi, C. albicans and F. 

oxysporum were 3.8, 63.3, 31.1, 63.3 and 1.6 µM, respectively. Four purified proteins 
were able to agglutinate V. harveyi in vitro and displayed a chitinase activity. The 
purified protein also displayed proteinase inhibitory activity. Trypsin was inhibited by 
SOP-A and SOP-B1 while chymotrypsin was inhibited by SOP-B and SOP-B1. In 
addition subtilisin A was inhibited by Fm-SOP and SOP-B. Moreover, the stability of 
SOP-A protein was tested and its antimicrobial activity decrease after incubation at 50 
°C for 5 h. 
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GYC-�,�.�����:�5��
 ���������,��.P @�. -�E3-��
  �/��2ก�.��� ��5]��
ก���ก��1�9��	ก
�-�1.���:�]P <�ก��<BC�;�4�5�;� /A-.2B3a� @C��ก���C��-C��C��Y3 ก��1;�
-�,�. 435ก��2��.�-�1.���:�]P �-�E�b	��;�4�5�;�2ก�9.-ก��ก��</C/�-��<��5B-A��ก���	ก
�
�����:�5��
 ���������,��.P @�. 2��-3�ก

P :�
PE:,��� ��5]��ก���ก�����
-�1.���:�]P 1�9<BC�-��/A-.2B3a�<�ก��1;����-�,�. �-�1�I���-,1��4กCE�-�1.���:�]P 
�����:�5��
 @�. ��@�����P ก�	�Eก� ก���ก�����-�1.���:�]P 1�9ก��
��352-3�<�ก��
��-,1��4กCE�-�1.���:�]Pq�����I 

�����:�5��
 F��-�/�/�--�1.���23ก�3435/�-�����21� 435 F��-�/�,�3
/�--�1.� �
5-�1.������P �B�-�1.�3�.���3������1�P 1�9���2���5BP-��@����ก�
P435�b��1�9
<�ก��-�,�. �-�b	�1������������ก�	ก
��5@����
r�� 1��GYC/A-.��� (TA) �
5-�1.������P 
�B�-�1.�3�.���3������1�P 

��ก������:�5��
 ��
:A� ��.2,a� ���/�0 435��
4�A ���2stu� ���/�0 
435:�9v ���/�ก<��������-1�ก1A���;�B���ก����������4352�8�ก;�3��<,�;���0<�ก���	ก
�
�3�@�� �����:�5��
��,��.P1�ก1A�� �;�B����-���YC1�91A��bA�.1�@��<BC �����:�5��

:�9��wก �x0/3�ก�, :�9M�.�P �F�1F� 435 :�9B3�� �3-@� 1�9/A-.���21����<�ก��1;�-�,�.���I���I 
�����
���/�กBC�� Lab BT310 1�กv1A�� �;�B����;�4�5�;� �-��/A-.2B3a�435ก;�3��<,1;�<BC
ก��-�,�.�;�2�z,3�3A-�E�E@C 

�����:�5��
 :�9v 2:a9��v �C��v 1�ก1A��1�9E�AE@Cก3A�-���E-C<�1�9��I�;�B���
����F�:435ก;�3��<,1�9��<BC2����� 
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APS   = ammonium persulfate  

µl  = microlitre  
µg  = microgram  
%  = percent  
β   = beta  
bp   = base pair  
BSA   = Bovine serum albumin  
cfu   = colony-forming unit  
DTT   = Dithiothreitol  
EDTA   = Ethylenediaminetetraacetic acid  
GST   = Glutathione-s-transferase  
kDa   = kilodalton  
LB   = Luria Bertaini  
mg   = milligram  
min   = minute(s)  
ml   = milliliter  
mM   = millimolar  
M   = Molar  
MH   = Mueller Hinton  
nm   = nanometer  
OD   = optical density  
PBS   = phosphate buffer saline  
pH   =  -Log hydrogen ion concentration  
rpm   = revolutions per minute  
SDS  = Sodium dodecyl sulfate  
TEMED = N,N,Nn,Nn-tetrametyl-ethylenediamine  
Tris-HCl  = Tris (hydroxymethyl) aminoethane hydrochloric acid
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U   = unit (s)  
v/v  = volume/volume 
w/v  = weight/volume 
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����	 

 
����	
���
���� 

��������	
��
���� (Antimicrobial peptide, AMPs) ��'����������()�
*+
),-
*./�01234456)7*
	)ก.�91:,7(:)���+7�;�
<��7�=>(:)�*
?,)4.�7,
)
2@�01�	
�ก
2�7���AB1
��	 C�<�.(+�� AMPs �3)�9�
���DกE�3,
)
2@<.4<.B:;2A1F0
E4*���2�<Eก2)4+ก E4*���2�<Eก
2)�4 ��AB12
 C�2C�=.+ E�3�+2.,��	 (�G�7, 2551) AMPs ��(*	��4,0+�J;/0��'� cysteine-rich 
AMPs =>(:�3�4)
กJ��+ก arthropods E�3 invertebrates (Dimarcq et al., 1998) J�,.�+�
�-
�+กก
	:=>(:�)0)�234456)7*
	)ก.�E44 adaptive immune system 234456)7*
	)ก.�91:ก
	:�3��'�
E44 innate cellular E�3 humoral immune responses (Bachere, 2000) ก
2,2	
: AMPs �>:
��'�ก��ก;�>(:��(ก
	:J�	J�ก
2�01�	
�ก
24
ก2
ก91:��AB1C2* �.+1<0
:91: AMPs ��()�ก
2W>กX
J� 
Penaeid shrimps ��	Eก0 Anti-lipopolysaccharide factor (ALFs), Crustins, Penaeidins E�3 
Stylicins (Rolland et al., 2010) ก��กก
2�-
:
�91: AMPs �01ก
2�	
��
����<.:�)0��'���(
�2
4E�0�.� )�2
<:
�+0
 AMPs ��'� effector 91:234456)7*
	)ก.�91:ก
	:��A(1J�	J�ก
2�.4ก.4
C)��ก
�91:E4*���2�< �.+1<0
:��0� Stylicins ��'� AMPs ��(�4J� Litopenaeus stylirostris )�
*+
),
)
2@J�ก
2�.4ก.4 lipopolysaccharide (LPS) =>(:��'�1:*��23ก1491:_�.:�=���91:
E4*���2�<Eก2)�4E�3)�*+
),
)
2@J�ก
2�.4E�3�ก7� agglutination 91:E4*���2�< Vibrio 

penaeicidae (Rolland et al., 2010) �1ก�
ก��B<.:)�ก
2W>กX
ก��กก
2�-
:
�91: Rhamp =>B:
��'� cysteine-rich AMPs �
ก�01)�B-
�
<91: Rhipicephalus haemaphysaloides �4+0
)�
*
?,)4.�7��'� Proteinase inhibitor �01 chymotrypsin E�3 elastase (Zhang et al., 2011b) 
=>(:�+ก�
����ก01C2*�3J�	�1��=)�C�2�����,��A(14
ก2
ก�9	
��J� host cell E�3�b1:ก.�2344
56)7*
	)ก.�91: host �.:�.B�ก
2)�*
?,)4.�7��'� Proteinase inhibitor �3�0+<�b1:ก.�ก
24
ก2
ก
91:�
����ก01C2*��	 (Armstrong, 2001) 

�
กก
2W>กX
ก
2E,�:11ก91:<����A(1�6ก
2�-
:
�91:C�2���J�ก
	:�4+0
)�
<����(�0
,�J�*A1 Shrimp ovarian peritrophin (SOP) =>(:��'�C�2���;�.กJ� jelly layer (JL) 
E�3 cortical rods (CRs) )�4�4
�,-
*./J�ก
2�b1:ก.�1.��2
<91:�90ก
	:�
ก,7(:E+��	1)
5
<�1ก�.���;�.:�
ก��(ก
	:)�ก
2+
:�90 )�ก
2E<ก*2.B:E2ก�
ก2.:�9091: Penaeus 

semisulcatus (Khayat et al., 2001) �
กก
2W>กX
�.กX?3�4+0
,
)
2@�.4ก.4�*�7���	E�3 
homologous ก.4 insect peritrophin (Tellam et al., 1999) �01)
��	)�ก
2E<ก SOP J�2.:�90



2 

 

 

 

91: Marsupenaeus japonicus (Kim et al., 2004) E�3J� hemocytes 91: Fenneropenaeus 

chinensis (Fc) �4+0
C�2��� Fc-SOP �3@6กก23�
	�J;	)�ก
2E,�:11กJ� hemocytes, ;.+J�, 
ก23��
3, �-
�,	 E�3 gill E�3)�*
?,)4.�7,
)
2@�.4ก.4�*�7�E�3E4*���2�<Eก2)�4��	E�3*
�
+0
)�4�4
�J�234456)7*
	)ก.� (Du et al., 2006) ,-
;2.4<�� SOP J� Fenneropenaeus 

merguiensis (Fm) �4+0
)�*+
)�;)A1�ก.4<�� SOP J�ก
	:��7�1A(�j�23)
? 50% E�3)�,0+�
91: peritrophin-A domains ��()�*+
),
)
2@J�ก
2�.4ก.4�*�7���	 �	
���
< N 91:�-
�.4
ก2�13)7C�C�2��� Fm-SOP �23ก14�	+< cysteines �-
�+� 6 �-
E;�0:��(,
)
2@�ก7��.�m3 
disulfide ��	=>(:��'�,0+���(E�ก�0
:�
ก�-
�.4ก2�13)7C�91:<�� SOP ��(�4J�ก
	:��7�1A(�j E�3
��(�-
E;�0:23;+0
:ก2�13)7C���( 80-81 �3@6ก�.��	+<�1��=)� furin (subtilisin-like 
endoprotease) �-
J;	�ก7�ก
2E<ก��'� 2 domain *A1 domain A �27()�
ก�-
E;�0:ก2�13)7C���( 
1-80 E�3 domain B �27()�
ก�-
E;�0:ก2�13)7C���( 81-329 �.:26���( 1.  

 

 

����� 1 �-
E;�0:91: Domain A E�3 Domain B 4��-
�.4ก2�13)7C�91:C�2��� Shrimp 

ovarian peritrophin (Fm-SOP) 
Figure 1 Region of Domain A and Domain B on amino acid sequence of Fm-SOP 
 

�
กก
2W>กX
*
?,)4.�791:C�2����6ก_,) Fm-SOP ��(_�7�J� E. coli �4+0
)�
*
?,)4.�7��'��1��=)��*�7��,E�3)�p�m7q<.4<.B:ก
2��27/91:E4*���2�< (Loongyai et al., 2007) 
�1ก�
ก��B<.:)�ก
2W>กX
*
?,)4.�7ก
2�	
��
����91:C�2��� Fm-SOP J�,0+�91: Domain B 
*A1�-
E;�0:91:ก2�13)7C���( 81-329 91:<�� Fm-SOP C�2�����(_�7���	)�9�
� 38.5 kDa E�3
,
)
2@<.4<.B:��AB1 Staphylococcus aureus, Vibrio harveyi E�3 Fusarium oxysporum ��(
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*+
)�9	)9	� 0.78, 7.01 E�3 12.98 µM �
)�-
�.4 �1ก�
ก��B<.:)�ก
2E40:<01<,0+�91: 
domain B ��(�-
E;�0:91:ก2�13)7C� 182-275 91:<�� Fm-SOP ��	C�2���9�
� 18 kDa E�3
)�*
?,)4.�7J�ก
2<.4<.B:��AB1 S. aureus E�3 V. harveyi ��(*+
)�9	)9	� 1.11 E�3 26.1 µM 
�
)�-
�.4 (�2�2.���, 2555) 

J�:
�+7�.<�7B���B�	1:ก
2�3W>กX
*
?,)4.�791:C�2��� Fm-SOP C�<W>กX
J�
,0+�91: domain A (SOP-A) *A1�-
E;�0:ก2�13)7C���( 1-80 91:<�� Fm-SOP =>(:��'�,0+���(
E�ก�0
:�
ก<�� SOP ��(�4J�ก
	:��7�1A(�E�3�23ก14�	+< cysteine-rich domains =>(:��'�
�.กX?3;�>(:��(�4J� AMPs ;�
<��7�1
�7 ��0� defensin, penaeidin, E�3 drosomycin ��'�
�	� (Dimarcq et al., 1998) �>:*
�+0
�0
�3)�*
?,)4.�7��(,-
*./J�ก
2��'���������	
��
���� 
�1ก�
ก�.B���	�-
,0+�91: SOP domain B ��	Eก0 SOP-B �-
E;�0:ก2�13)7C���( 81-329 E�3 
SOP-B1 �-
E;�0:ก2�13)7C���( 182-275 �.:26���( 1 C�<�3�-
ก
2_�7�C�2����6ก_,)E�3W>กX

*
?,)4.�791:C�2�����(_�7���	��A(1*+
)�9	
J�J�ก��ก11กp�m7q�	
��
������A(1�23<
ก��J�	��'�
<
�t7��+�3 (antibiotics) �01�� 
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��

����ก�	
 

1. Shirmp ovarian peritrophin-like protein (SOP) 

Shirmp cortical rods (CRs) �23ก14�	+<C�2��� 70-75% E�3*
2�C4�u��2� 
25-30% (Lynn and Clark, 1987) Shrimp ovarian peritrophin (SOP) )�ก
2E<ก*2.B:E2กJ�2.:
�9091: P. semisulcatus (Khayat et al., 2001) �4C�2�����()��-
�.4ก2�13)7C� 250 �.+)�9�
� 
29 kDa �23ก14�	+< cysteine-rich domains =>(:�;)A1�ก.4 domain ��(�4J� insect intestinal 
peritrophins (Tellam et al., 1999) J�C�2��� peritrophin 44 �
ก Lucilia cuprina (Elvin et 

al., 1996) E�3J�C�2��� tachycitin ��()�*
?,)4.�7�	
��
����E�3,
)
2@�.4ก.4�*�7� (chitin 
binding activity) =>B:�4J� hemocytes 91: horseshoe crab (Kawabata at el., 1996) ก
2
E,�:11ก91:<�� SOP J�2.:�9091: P. semisulcatus ,
)
2@�4��	J��
ก23<391:ก
2,2	
:�90
E�0J� hepatopancrease �4ก
2E,�:11กJ�23<3 vitellogenic J�9?3��(C�2��� SOP J�2.:�90
�4J�23<3 vitellogenic E�3 late vitellogenic E�0�)0�4J� hepatopancrease �
กก
2W>กX

�	+<��*�7* Immunofluorescence �4ก
2ก23�
<91: SOP J� cytoplasm E�3 cortical rods 
91: vitellogenic oocytes J�23<3 late vitellogenic _�ก
2���1:��B��BJ;	�;D�+0
 SOP @6ก,2	
:
C�< oocyte C�2��� SOP )�*
?,)4.�7��'��ก�C*C�2���,
)
2@�.4ก.4�*�7���	 (Khayat et al., 
2001) �01)
��	)�ก
2E<ก SOP J�2.:�9091: M. japonicus C�<�-
ก
2E<กE�3�-
427,
�m7q
C�2����
ก cortical rod E�3,2	
: cDNA C�<J�	�-
�.4ก2�13)7C��
ก��
< N 91:C�2���
�4+0
 cDNA )�*+
)*�	
<ก.4 Shirmp ovarian peritrophin J� P. semisulcatus (Kim et al., 
2004) )�ก
2W>กX
 peritrophin-like protein �
ก F. chinensis �4+0
C�2����23ก14�	+<
ก2�13)7C��-
�+� 274 �.+ C�2���)�9�
� 30.6 kDa 5
<J�C*2:,2	
:�23ก14�	+< signal 
peptide ��(ก2�13)7C��-
E;�0: 1-20 )� peritrophin A-like domain �-
�+� 4 domain =>(:)� 3 
domain ��'� chitin-binding domain C�<)� 2 domain �23ก14�	+< 6 cysteine E�31�ก 1 
domain �23ก14�	+< 4 cysteine C�2��� Fc-SOP )�*+
)�;)A1�ก.4 peritrophin-like E�3 
cortical rod protein ��(�4J�ก
	:��7�1A(��
กก
2W>กX
 phylogenetic �4+0
 peritrophin E40:
11ก��'� 3 ก�
0)*A1 1. peritrophin-like protein �
กก
	: 2. peritrophin �
ก diptera insect E�3 
3. peritrophin �
ก siphonaptera insect ก
2E,�:11ก91:C�2��� Fc-SOP �3@6กก23�
	�J;	)�
ก
2E,�:11กJ� hemocytes, ;.+J�, ก23��
3, �-
�,	 E�3 gill E�0�)0�4ก
2E,�:11กJ� 
hepatopancreas ,0+�J�2.:�90�4ก
2E,�:11ก��1��+�
 (constitutive expression) �
ก
ก
2W>กX
*
?,)4.�791:C�2����4+0
,
)
2@�.4ก.4 Escherichia coli E�3�*�7���	�>:*
�+0

�0
�3)�4�4
�,-
*./J�234456)7*
	)ก.� (Du et al., 2006) ,-
;2.4ก
2W>กX
<�� SOP J� F. 
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merguiensis �4+0
C�2���)�ก2�13)7C��-
�+� 329 �.+)�9�
� 37 kDa )� N-glycosylation 1 
�-
E;�0: 1<60��(ก2�13)7C��-
E;�0:��( 212 �
กก
2+7�*2
3;��-
�.491:ก2�13)7C�91:C�2��� 
Fm-SOP �4+0
)�*+
)�;)A1�ก.4 SOP J�ก
	:��7�1A(�j�23)
? 50% (�.:26���( 2) E�3)�,0+�
91: peritrophin-A domains ��()�*+
),
)
2@J�ก
2�.4ก.4�*�7���	 �
:�	
���
< N 91:
�-
�.4ก2�13)7C�C�2��� Fm-SOP �23ก14�	+< signal peptide 9�
� 19 ก2�13)7C�E�3�01
�	+<�������9�
� 61 ก2�13)7C� =>(:�23ก14�	+< cysteines �-
�+� 6 �-
E;�0:��(,
)
2@
�ก7��.�m3 disulfide ��	=>(:��'�,0+���(E�ก�0
:�
ก�-
�.4ก2�13)7C�91:ก
	:��7�1A(�j E�3��(
�-
E;�0:23;+0
:ก2�13)7C���( 80-81 �3@6ก�.��	+<�1��=)� furin (subtilisin-like 
endoprotease) �-
J;	�ก7�ก
2E<ก��'� 2 domain ก
2E,�:11ก91:<�� Fm-SOP �3)�ก
2
E,�:11ก,6:,
�J�23<3E2ก91:ก
2,2	
:�90J�9?3��(ก
2E,�:11ก91:C�2���)�ก
2E,�:11ก
,6:,
�J�23<3��
<91:ก
2,2	
:�90 ก
2_�7�C�2����6ก_,) Fm-SOP J��=���E)�: (Sf9 cell ) 
C�2�����(_�7���	)� 2 9�
�*A1 36 E�3 43 kDa ,0+�ก
2_�7�C�2����6ก_,)J� E. Coli �4+0
��	
C�2���9�
� 37 kDa  �
กก
2W>กX
*
?,)4.�7J�ก
2�.4ก.4�*�7��4+0
C�2����6ก_,)��(_�7�
J��=���E)�: (Sf9 cells) E�3J� E. coli )�*
?,)4.�7ก
2�.4ก.4�*�7���	 �1ก�
ก��BC�2���
�6ก_,) Fm-SOP ��(_�7��
ก E. coli )�*+
),
)
2@��'��1��=)��*�7��, E�3)�p�m7q<.4<.B:ก
2
��27/��74C�91:E4*���2�< V. harveyi E�3 S. aureus C�<)�*+
)�9	)9	��(-
,
���(,
)
2@<.4<.B:
��	 (MIC) *A1 2.4 E�3 15.7 µM �
)�-
�.4 (Loongyai et al., 2007) )�ก
2W>กX
ก
2_�7�
C�2���J�,0+�91: Domain B C�<)�ก
2E40:<01<��'�,1:,0+�J�ก
2W>กX
*A1 SOP-B E�3 
SOP-B1 =>(: SOP-B ��'�,0+�91: Domain B ��(�-
E;�0:91:ก2�13)7C���( 81-329 91:<�� 
Fm-SOP E�3 SOP-B1 *A1�-
E;�0:91:ก2�13)7C���( 182-275 91:<�� Fm-SOP �4+0
��	
C�2��� SOP-B E�3 SOP-B1 ��()�9�
� 38.5 E�3 18 kDa �
)�-
�.4 E�3W>กX
*
?,)4.�7ก
2
�	
��
����91:C�2����4+0
 SOP-B ,
)
2@<.4<.B:��AB1 S. aureus, V. harveyi E�3 F. 

oxysporum ��(*+
)�9	)9	� 0.78, 7.01 E�3 12.98 µM �
)�-
�.4 ,0+�C�2��� SOP-B1 
,
)
2@<.4<.B:��AB1 S. aureus E�3 V. harveyi ��(*+
)�9	)9	� 1.11 E�3 26.1 µM �
)�-
�.4 
(�2�2.���, 2555) 
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����� 2 9	1)6�ก
2 Alignment 91: deduced amino acid sequence 91: Fm-SOP (no. 

AY775291) ก.4 SOP sequences 1A(� j �
ก Fenneropenaeus chinensis (Fm-

SOP, no. AAZ66371), Penaeus semisulcatus (Ps-SOP1, no. AAF34331; Ps-

SOP2, no. AAF34332), Penaeus monodon (Pm-SOP1, no. AAM44049; Pm-

SOP2, no. AAM44050), E�3 Marsupenaeus japonicas (Mj-CRP1, no. 
BAD83703; Mj-CRP2, no. BAD83704) (Loongyai et al., 2007) 

Figure 2 Alignment of the deduced amino acid sequence of Fm-SOP (no. AY775291) 
with other SOP sequences from Fenneropenaeus chinensis (Fm-SOP, no. 
AAZ66371), Penaeus semisulcatus (Ps-SOP1, no. AAF34331; Ps-SOP2, no. 
AAF34332), Penaeus monodon (Pm-SOP1, no. AAM44049; Pm-SOP2, 
no.AAM44050), and Marsupenaeus japonicas (Mj-CRP1, no. BAD83703; Mj-

CRP2, no. BAD83704) (Loongyai et al., 2007) 
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 2. ���/�01
�	��234�5 (Antimicrobial peptide, AMPs) 
 
AMPs ��'�,
2�23ก14��(,-
*./91:234456)7*
	)ก.�E44�)0�-
��
3 (innate 

immune) ��A(1�b1:ก.�ก
2�7���AB1�
กE4*���2�<E�3��AB12
,
)
2@�4��	J�,7(:)���+7�;�
<��7�
C�< AMPs ��(*	��4,0+�J;/0��'� cysteine-rich AMPs =>(:�3�4)
กJ��+ก arthropods E�3 
invertebrates (Dimarcq et al., 1998) AMPs ,
)
2@E40:ก�
0)�
)�.กX?3C*2:,2	
:��	 3 
ก�
0)*A1 ก�
0)��( 1. Linear peptide ,
)
2@E<ก��	�
ก,7(:)���+7�;�
<��7���0� E)�:, �,	��A1�, 
ก4 E�3 ,.�+����B<:�6ก�	+<�) C�<��������;�0
��B�3)�*+
)<
+ 12-25 ก2�13)7C��.+1<0
: 
AMPs J�ก�
0)��B��	Eก0 dermaseptins, caerin, magainin, insect cecropins ��'��	� ก�
0)��( 2. 
Specific Residue-Rich Peptide ��'����������()��27)
?;�>(:;2A1,1:ก2�13)7C���(��'�ก2�13
)7C�;�.ก;�.ก ��0� indolicidin )� tryptophan ��'�;�.ก PR ��'� proline-arginine rich peptide 
E�3 histatins )� histidine ��'�;�.ก ก�
0)��( 3. Cysteine-rich peptide ��'� AMPs ��(�23ก14��
�	+< cysteine ��'�ก2�13)7C�;�.ก=>(: AMPs ��(�4,0+�J;/01<60J�ก�
0)��B =>(:�3�23ก14�	+< 
disulfide bridges )� 2 family ��(��'��.+E��*A1 ceropins E�3 defensins (Yount et al., 2006)  

AMPs ��()�ก
2W>กX
J�,7(:)���+7��0
:j ��0� Gomesin ��'� cysteine-rich 
peptide E<ก��	�
ก hemocytes 91:E):)
) (Acanthoscurria gomesiana) )�9�
� 2.27 kDa 
�23ก14�	+< 18 ก2�13)7C� )�*
?,)4.�7J�ก
2�	
�E4*���2�< ��AB12
E�3<�,�� (Silva et al., 
2000) Maximin 1,2,3,4,5 E�3 Maximins H1,H2,H3,H4 E<ก��	�
ก�)A1ก��(_7+;�.: 91: 
Bombina maxima )�p�m7q<.4<.B:E4*���2�<E�3��AB12
 (Lai et al., 2002) Scarabaecin ��'� 
antifungal peptide E<ก��	�
ก�	+:E2� (Oryctes rhinoceros) )�9�
� 4.08 kDa �23ก14�	+< 
66 ก2�13)7C� )�p�m7q�	
���AB12
E�3)�*
?,)4.�7J�ก
2�.4ก.4�*�7��	+< (Tomie et al., 2003) 
Microplusin E<ก��	�
ก hemolymph 91: cattle tick ( Boophilus microplus ) ��'� 
cysteine-rich AMPs )�p�m7q�	
� M. luteus ( Fogaca et al., 2004) Armadillidin E<ก��	�
ก 
hemocytes 91: wood louse (Armadillidium vulgare) )�9�
� 5.25 kDa ��'� glycine-rich 
AMPs ,
)
2@<.4<.B: B. megaterium (Herbiniere et al., 2005) Potamin E<ก��	�
ก 
Solanum tuberosum )�p�m7q<.4<.B:��AB12
��(��'���AB1ก01C2*J��A�E�3)�p�m7q<.4<.B:ก
2�-
:
�91:
�1��=)� chymotrypsin, trypsin E�3 papain (Kim et al., 2005) Grahamin 1 E�3 Grahamin 
2 E<ก��	�
ก�)A1ก��(_7+;�.:91: Rana graham ,
)
2@<.4<.B: B. dysenteriae S. aureus, E. 

coli E�3 C. albican (Xu et al., 2006) Aurelin E<ก��	�
ก mesoglea 91: scyphoid jellyfish 
(Aurelia aurita) )�9�
� 4.29 kDa ,
)
2@<.4<.B: E. coli (Ovchinnikova et al., 2006) Ixosin 
E<ก��	�
ก salivary glands 91: hard tick (Ixodes sinensis) )�9�
� 2.87 kDa ,
)
2@<.:<.B: 
E. coli, S. aureus E�3 C. albicans (Yu et al., 2006) Syphaxin E<ก��	�
ก�)A1ก��(_7+;�.: 
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91: Leptodactylus syphax ,
)
2@<.4<.B: S. aureus E�3 E. coli (Dourado et al., 2007) 
Ixosin-B E<ก��	�
ก�01)�B-
�
<91: hard tick (Ixodes sinensis) )�p�m7q�	
� E. coli, S. 
aureus E�3 C. albicans (Liu et al., 2008) Arasin 1 �23ก14�	+< 37 ก2�13)7C� E<ก��	�
ก 
hemocyte 91:�6E):)
) (Hyas araneus) ��'� proline-arginine-rich AMPs ,
)
2@<.4<.B: 
Listonella anguillarum, E. coli E�3 Corynebacterium glutamicum (Stensvag et al., 2008) 
Odorranain-NR E<ก��	�
ก�)A1ก��(_7+;�.:91: Odorrana grahami �23ก14�	+< 23 ก2�13)7
C� ,
)
2@<.4<.B:E4*���2�<E�3��AB12
 (Che et al., 2008) Amolopins E<ก��	�
ก_7+;�.:91: 
Amolops loloensis �23ก14�	+< 18 ก2�13)7C�,
)
2@<.4<.B:E4*���2�<Eก2)4+ก*A1 S. 

aureus E�3 Bacillus pumilus (Wang et al., 2008) Rhamp ��'� cysteine-rich peptide E<ก
��	�
ก�01)�B-
�
<91: tick (Rhipicephalus haemaphysaloides ) )�9�
� 8 kDa ,
)
2@
<.4<.B:ก
2��27/91:E4*���2�<Eก2)�4 ��	Eก0 P. aeruginosa, S. typhimurium E�3 E. coli E�3
)�*
?,)4.�7��'� proteinase inhibitor C�<,
)
2@<.4<.B:ก
2�-
:
�91: chymotrypsin E�3 
elastase ��	 (Zhang et al., 2011b) Lumbricin-PG E<ก��	�
ก�)A1ก��(_7+;�.:91:�,	��A1� 
(Pheretima guillelmi) ,
)
2@<.4<.B: S. aureus, E. coli, P. aeruginosa E�3 C. albicans (Li 
et al., 2011) C�<*0
 MIC 91: AMPs �.B:;)���(ก�0
+)
9	
:�	� ��	E,�:J��
2
:��( 1 
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	���� 1: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�,7(:)���+7���7��0
:j 

AMPs Source Microorganisms MIC (µM) References 
Gomesin Acanthoscurria gomesiana Gram-positive Bacteria 

Aerococcus viridians 

Bacillus megaterium  

Micrococcus luteus  

Listeria monocytogenes 

Staphylococcus epidermidis 

Staphylococcus haemolyticus 

Staphylococcus saprophyticus 

Gram-negative Bacteria 
Escherichia coli 
Salmonella thyphimurium 

Fungi 
Alternaria brassicola 
Fusarium oxysporum 

Fusarium culmorum 

 
0.8-1.6 
0.2-0.4 
0.4-0.8 
0.8-1.6 
0.8-1.6 
0.8-1.6 
0.8-1.6 

 
0.8-1.6 
0.8-1.6 

 
0.4-0.8 
0.4-0.8 
0.4-0.8 

Silva et al., 2000 
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	���� 1: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�,7(:)���+7���7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
  Neurospora crassa 

Nectria haematococca 

Trichoderma viride 
Yeast 
Candida albicans 

Cryptococcus neoformans 

0.4-0.8 
0.2-0.4 
0.4-0.8 

 
0.15-0.3 
0.8-1.6 

 
 
 
 
 
 

Maximin 1,2,3,4,5 Bombina maxima Gram-positive Bacteria 
Staphylococcus aureus 

Bacillus pyocyaneus 

Bacillus megaterium  

Bacillus dysenteriae 

Gram-negative Bacteria 
Escherichia coli 
Klebsiella pneumoniae 

 

 
2.7-19.5 
1.5-19.5 
0.9-19.5 
0.9-12 

 
0.9-19.5 
3.1-15 

Lai et al., 2002 
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	���� 1: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�,7(:)���+7���7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
  Fungi 

Candida albicans 
 

1.2-15 
 

Maximins 
H1,H2,H3,H4 

Bombina maxima Gram-positive Bacteria 
Staphylococcus aureus 

Gram-negative Bacteria 
Escherichia coli 
Fungi 
Candida albicans 

 
2-10 

 
9-20 

 
2-6 

Lai et al., 2002 
 

Scarabaecin Oryctes rhinoceros Fungi 
Pyricularia oryzae 

Rhizoctonia solani 

Botrytis cinerea 

 
16.0 
32.0 
4.0 

Tomie et al., 2003 

Microplusin Boophilus microplus Gram-positive Bacteria 
Micrococcus luteus  

 
0.38-0.76 

Fogaca et al., 2004 
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	���� 1: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�,7(:)���+7���7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
Armadillidin Armadillidium vulgare Gram-positive Bacteria 

Bacillus megaterium  

 
0.5-1.25 

Herbiniere et al., 2005 

Potamin Solanum tuberosum Fungi 
Candida albicans 

Rhizoctonia solani 

 
100 
100 

Kim et al., 2005 

Grahamin 1,2 Rana grahami Gram-positive Bacteria 
Staphylococcus aureus 

Gram-negative Bacteria 
Escherichia coli 
Bacillus dysenteriae 

Fungi 
Candida albicans 

Grahamin 1 Grahamin 2 Xu et al., 2006 
 
 
 
 
 
 

2.5 
 

7.5 
1.25 

 
7.5 

2.5 
 

5.0 
2.50 

 
7.5 

Aurelin Aurelia aurita Gram-negative Bacteria 
Escherichia coli 

 
7.66 

Ovchinnikova et al., 
2006 
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	���� 1: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�,7(:)���+7���7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
Ixosin Ixodes sinensis Gram-positive Bacteria 

Staphylococcus aureus 

Gram-negative Bacteria 
Escherichia coli 
Fungi 
Candida albicans 

 
3.7 

 
30 
 

7.5 

Yu et al., 2006 
 
 
 

Ixosin-B Ixodes sinensis Gram-positive Bacteria 
Staphylococcus aureus 

Gram-negative Bacteria 
Escherichia coli 

 
2.5 

 
15 

Liu et al., 2008 
 
 
 

Syphaxin Leptodactylus syphax Gram-positive Bacteria 
Staphylococcus aureus 

Gram-negative Bacteria 
Escherichia coli 

 
14.6 

 
3.6 

Dourado el al., 2007 
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	���� 1: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�,7(:)���+7���7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
  Fungi 

Candida albicans 
 

7.5 
 

Arasin Hyas araneus Gram-positive Bacteria 
Corynebacterium glutamicum 
Gram-negative Bacteria 
Listonella anguillarum 

Escherichia coli 

 
0.8 

 
6.3 
12.5 

Stensvag et al., 2008 
 

Odorranain-NR Odorrana grahami Gram-positive Bacteria 
Staphylococcus aureus 

Gram-negative Bacteria 
Bacillus dysenteriae 

Fungi 
Candida albicans 

 
9.375 

 
37.50 

 
18.750 

Che et al., 2008 
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	���� 1: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�,7(:)���+7���7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
Amolopins 
 

Amolops loloensis Gram-positive Bacteria 
Bacillus pumilus 
Staphylococcus aureus 

 
75.0 
37.5 

Wang et al., 2008 
 

Rhamp Rhipicephalus 

haemaphysaloides 

Gram-negative Bacteria 
Pseudomonas aeruginosa 
Salmonella typhimurium 

Esherichia coli 

 
0.5 
0.5 
0.5 

Zhang et al., 2011 

Lumbricin-PG Pheretima guillelmi Gram-positive Bacteria 
Staphylococcus aureus 

Gram-negative Bacteria 
Pseudomonas aeruginosa 
Esherichia coli 
Fungi 
Candida albicans 

 
5.0 

 
2.5 
20 
 

10 

Li et al., 2011 
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���/�01
�	��234�5 (AMPs) M�ก2�� 
 
ก
	:��'�,.�+���()�234456)7*
	)ก.�E44�)0�-
��
3 �23ก14�	+< 2 2344;�.ก*A1 1. 

234456)7*
	)ก.���(1
W.<�=��� (Cellular immunity) ��'�ก
2�-
:
�91:�=����)D���A1�C�<1
W.<
ก234+�ก
2 3 E44*A1 ก
2ก�A�,7(:E��ก��1)�	+<+7m� phagocytosis, ก
2,2	
: nodule 
(Nodule formation) E�3ก
2;01;
	),7(:E��ก��1) (Encapsulation) 2. 234456)7*
	)ก.�J��B-

��A1� (humoral immunity) ��	Eก0 Prophenoloxidase, AMPs (Bachere, 2000; Bachere et 

al., 2004) �3�;D���	+0
ก
2,2	
: AMPs ��'�ก��ก;�>(:J�ก
2�b1:ก.�ก
24
ก2
ก91:�
����ก01C2* 
�0
:j C�<)�ก
2W>กX
 AMPs J�ก
	:��	Eก0 penaeidins E<ก��	*2.B:E2ก�
ก haemocytes 91: 
L. vannamei )�9�
� 5.5-6.6 kDa C*2:,2	
:�
:�	
���
< N �23ก14�	+< proline rich 
domain E�3�	
���
< C �23ก14�	+< 6 cysteine residues (Destoumieux et al., 1997) )�
ก
2_�7�C�2����6ก_,) penaeidin (Pen-2 E�3 Pen-3) J�<�,�� S. cerevisiae E�3W>กX

*
?,)4.�7�4+0
)�p�m7q�	
�E4*���2�<E�3��AB12
 (Destoumieux et al., 1999) �
กก
2W>กX
 
localization 91: penaeidins �4+0
@6ก,2	
:E�3�กD4�+	C�< haemocytes E�3@6ก��01<11ก)

�)A(1)�ก
24
ก2
ก91:�
����ก01C2* �1ก�
ก��B<.:)�*+
),
)
2@�.4ก.4�*�7� (Destoumieux et 

al., 2000) E�3<.:)�*
?,)4.�7�-
J;	E4*���2�<,
<�.�m
� Vibrio �ก
3ก�
0) (Munoz et al., 2004) 
����
4.� penaedins @6ก�4J�ก
	:;�
<��7���	Eก0 L. vannamei, L. setferus (Gross et al., 
2001) L. stylirostris (Munoz et al., 2004) Penaeus japonicas (Rojtinnakorn et al., 2002) 
F. chinensis (Kang et al., 2004) E�3 P. monodon (Supungul et al., 2004) J��� 2005 
Chiou E�3*?3��	2
<:
� penaeidin-like AMPs �
ก hemocytes 91: P. monodon 
�23ก14�	+<ก2�13)7C� 55 �.+ )� Proline rich domain ��(��
< N E�3 6 cysteine residues 
��(��
< C E�3)�*+
)�;)A1�ก.4 penaeidins 91: L. vannamei 50% )�*
?,)4.�7J�ก
2<.4<.B: 
E. coli, V. harveyi, V. alginolyticus E�3 Aerococcus viridians E�3)�p�m7q�	
���AB12
,
)
2@
<.4<.B: Fusarium pisi E�3 F. oxysporum (Chiou et al., 2005) J��� 2004 Cuthbertson E�3
*?3��	�4 penaeidin (Pen-4) =>(:��'� class J;)0J�ก
	: L. setiferus )�p�m7q<.4<.B:E4*���2�<E�3
��AB12
E�3�4+0
 proline rich domain 91: Pen-4 )�*+
)�-
��
3ก.4E4*���2�<Eก2)4+ก=>(:
��'��.กX?3���
3��(�)0�4J� penaeidin 1A(�j J� L. vannamei (Cuthbertson et al., 2004) 
E�3J� �� 2007 Kang E�3��	�4 penaeidin 5 J� F. chinensis =>(:��'� class J;)0E�3��	_�7�
C�2����6ก_,) FenchiPEN5 J� P. pastoris �4+0
)�*
?,)4.�7<.4<.B:E4*���2�<E�3��AB12
 
(Kang et al., 2006)  
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crustins ��'� cysteine rich AMPs ��( homologues ก.4 carcinin ��(�4J� 
shore crab (Carcinus maenas) )�9�
� 11.5 kDa (Relf et al., 1999; Brockton et al., 2007) 
crustins @6ก�4J�ก
	:;�
<��7���	Eก0 L. vannamei (Bartlett et al., 2002; Vargas-Albores et 

al., 2004), L. setiferus (Bartlett et al., 2002), P. monodon (Supungul et al., 2004), M. 

japonicas (Rattanachai et al., 2004), F. chinensis (Zhang et al., 2007) �23ก14�	+< 12 
cysteine residues E�3 whey-acidic-protein domain (WAP) )�*
?,)4.�7��'� proteinase 
inhibitors (Vargas-Albores et al., 2004; Chen et al., 2010) E�3)�p�m7q�	
�E4*���2�<Eก2)
4+ก (Bartlett et al., 2002; Zhang et al., 2007; Amparyup et al., 2008b) 

Anti-Lipopolysaccharide Factor (ALFs) C�2���9�
���Dก)�*
?,)4.�7�.4
ก.4 lipopolysacharide (LPS) =>(:��'�1:*��23ก1491:_�.:�=���91:E4*���2�<Eก2)�4�4*2.B:
E2กJ� horseshoe crabs (Aketagawa et al., 1986; Morita et al., 1985; Muta et al., 1987) 
)�ก
2�4J� hemocytes 91: P. monodon (Supungul et al., 2002), L. setiferus (Gross et 

al., 2001) E�3 F. chinensis (Liu et al., 2005) E�3)�ก
2_�7�C�2����6ก_,) ALFPm3 J�<�,�� 
Pichia pastoris E�3W>กX
*
?,)4.�791:C�2�����(_�7���	�4+0
C�2����6ก_,) ALFPm3 
,
)
2@<.4<.B:E4*���2�<E�3��AB12
��	 (Somboonwiwat et al., 2005) 

J��� 2010 Rolland E�3*?3��	�4 AMPs family J;)0�A(1+0
 Stylicins ��'� 

AMPs ��(E<ก��	�
ก L. stylirostris �23ก14�	+< 82 ก2�13)7C��23ก14�	+< proline rich 

region ��(��
< N E�3 cysteine rich region ��(��
< C =>(:�;)A1�ก.4 penaeidins E�0�-
�.4

ก2�13)7C�E�ก�0
:ก.� C�2����6ก_,) stylicins )�*
?,)4.�7J�ก
2<.4<.B: Vibrio sp. *0
 MIC 

��0
ก.4 40-80 µM E�3<.4<.B: F. oxysporum *0
 MIC ��0
ก.4 2.5 µM E�3)�*
?,)4.�7J�ก
2 

agglutinate �01 V. penaeicidae E�3,
)
2@�.4ก.4 LPS ��	 (Rolland et al., 2010) �1ก�
ก��B

<.:)��4��������	
���AB12
 (antifungal peptide) �
ก haemolymph 91:ก
	: P. vannamei 

(PvHCt) E�3 P. stylirostris (PsHCt1 E�3 PsHCt2) (Destoumieux-Garzon et al., 2001) C�<

*0
 MIC 91: AMPs ��()�ก
2W>กX
J�ก
	: �.B:;)���(ก�0
+)
9	
:�	� ��	E,�:J��
2
:��( 2 

,-
;2.4ก
2W>กX
C�2�����()�*
?,)4.�7��'� AMPs ��(�4�
ก F. merguiensis 

��	Eก0J��� 2007 Rittidach E�3*?3 ��	E<กC�2��� lectin �
ก haemolymph )�*+
),
)
2@

J�ก
2�-
J;	E4*���2�<���
3,
<�.�m
� Vibrio �ก
3ก�
0)=>(:��'���AB1ก01C2*J�ก
	: �>:*
�+0
1
��3

)�4�4
�J�ก
2�b1:ก.�C2*91:ก
	: (Rittidach et al, 2007) E�3J��� 2009 Mai E�3 Hu ��	_�7�

C�2����6ก_,) lysozyme �4+0
C�2�����(_�7���	)�p�m7q<.4<.B: V. alginolyticus, Vibrio 

parahemolyticus E�3 Vibrio vulnificus (Mai and Hu, 2009) ��0����<+ก.4C�2����6ก_,) Fm-
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SOP �4+0
)�p�m7q<.4<.B:ก
2��27/91:E4*���2�< V. harveyi E�3 S. aureus C�<)�*+
)�9	)9	�

�(-
,
���(,
)
2@<.4<.B:��	 (MIC) *A1 2.4 E�3 15.7 µM �
)�-
�.4 (Loongyai et al., 2007) 

�1ก�
ก��BC�2����6ก_,) SOP J�,0+�91: domain B กD)�*
?,)4.�7��'��	
��
���� C�<

,
)
2@<.4<.B:��AB1 S. aureus, V. harveyi E�3 F. oxysporum ��	��0�ก.� (�2�2.���, 2555) 

 



 

 

 

 

 

 

1
9

 


	
	���� 2: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�ก
	:��7��0
:j 

AMPs Source Microorganisms MIC (µM) References 
Penaeidins  
(Pen-2, Pen-3a) 
 

Litopenaeus vannamei 

 

 

Gram-positive Bacteria 
Aerococcus viridians 

Micrococcus luteus  

Bacillus megaterium  

Staphylococcus aureus 

Gram-negative Bacteria 
Escherichia coli 363 
Vibrio harveyi 

Fungi 
Nectria haematococca 

Neurospora crassa 

Alternaria brassicola 

Fusarium oxysporum 

Botrytis cinerea 

Yeast 
Candida albicans 

Pen-2 Pen-3a Destoumieux et al., 1999 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.25-2.5 
2.5-5 
2.5-5 
>20 

 
> 40 
>40 

 
1.25-2.5 

2.5-5 
2.5-5 
5-10 
5-10 

 
>20 

0.3-0.6 
1.25-2.5 

2.5-5 
>40 

 
5-10 
>40 

 
1.25-2.5 
1.25-2.5 

2.5-5 
5-10 
5-10 

 
>20 

     



 

 

 

 

 

 

2
0

 


	
	���� 2: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�ก
	:��7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
Penaeidin 4  
(Pen-4) 
 

Litopenaeus setiferus Gram-positive Bacteria 
Aerococcus viridians 

Micrococcus luteus  

Bacillus megaterium  

Staphylococcus aureus 

Gram-negative Bacteria 
Escherichia coli 363 
Fungi 
Fusarium oxysporum 

Botrytis cinerea 

Penicillium crustosum 

 
1.9-2.92 
1.9-2.92 

>50 
>50 

 
22-33 

 
0.84-1.26 
4.38-6.57 
1.26-1.9 

Cuthbertson et al., 2004 

Penaeidin 5 
(FenchiPEN5) 

Fenneropenaeus 

chinensis 

Gram positive Bacteria 
Staphylococcus aureus 

Micrococcus luteus  

Bacillus thuringiensis 

Bacillus cereus 

 
6.25 
0.78 
1.56 
1.56 

Kang et al., 2007 

     



 

 

 

 

 

 

2
1

 


	
	���� 2: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�ก
	:��7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
  Bacillus subtilis 

Bacillus megaterium 
Gram-negative Bacteria 
Escherichia coli 
Klebsiella pneumonia 

Fungi 
Fusarium solani 

Gloeosporium album 

Verticillium adhliae 

Fusarium oxysporum 

Colletetrichum lagenarium 

6.25 
6.25 

 
25 

3.13 
 

3.13 
6.25 
3.13 
3.13 
>30 

 

Penaeidin-like AMP Penaeus monodon Gram-negative Bacteria 
Escherichia coli 
Vibrio harveyi 

Vibrio alginolyticus 

 

 
<1 
<1 
<1 

Chiou et al., 2005 

     



 

 

 

 

 

 

2
2

 


	
	���� 2: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�ก
	:��7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
  Gram-positive Bacteria 

Aerococcus viridians 
Fungi 
Fusarium pisi 

Fusarium oxysporum 

 

 
20 
 
5 
10 

 

Crustin 
(CrustinPm1) 
 

Penaeus monodon Gram-positive Bacteria 
Aerococcus viridians 

Bacillus megaterium 
Micrococcus luteus  

Staphylococcus aureus 

Streptococcus iniae 

Staphylococcus haemolyticus 

Gram-negative Bacteria 
Escherichia coli 363 
 

 
50-100 

6.25-12.50 
25-50 

3.13-6.25 
3.13-6.25 
50-100 

 
50-100 

Supungul et al., 2008 
 
 
 
 
 
 
 

     



 

 

 

 

 

 

2
3

 


	
	���� 2: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�ก
	:��7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
Crustin 
(rCruFc) 

Fenneropenaeus 

chinensis 

Gram-positive Bacteria 
Staphylococcus aureus 

Bacillus subtilis 

Micrococcus luteus  

Bacillus megaterium 
Bacillus cereus 

Gram-negative Bacteria 
Escherichia coli 

Vibrio harveyi 

 
2 
8 
4 
2 
4 
 

32 
>64 

Zhang et al., 2007 

Crustin-like AMP 
(rCrus-likePm) 

Penaeus monodon Gram-positive Bacteria 
Staphylococcus aureus 

Staphylococcus haemolyticus 

Aerococcus viridians 

Bacillus megaterium 
Micrococcus luteus  

 

 
5-10 
2.5-5 

0.312-0.625 
1.25-2.5 

2.5-5 

Amparyup et al., 2008b 
 
 
 
 
 

     



 

 

 

 

 

 

2
4

 


	
	���� 2: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�ก
	:��7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
  Gram-negative Bacteria 

Escherichia coli 363 
Vibrio harveyi 

Klebsiella pneumonia 
 

 
2.5-5 
2.5-5 
10-20 

 

Anti-
lipopolysaccharide 
factor 
(ALFPm3) 

Penaeus monodon Gram-negative Bacteria 
Enterobacter cloacae 

Erwinia carotovora 

Escherichia coli 363 

Klebsiella pneumonia 

Salmonella thyphimurium 

Vibrio alginolyticus 

Vibrio anguillarum 

Vibrio harveyi 

Vibrio penaeicida 

 

 
3.12-6.25 
1.56-3.12 
0.095-0.19 
3.12-6.25 
6.25-12.5 
0.39-0.78 
0.78-1.56 
0.78-1.56 

25-50 
 

Somboonwiwat et al., 
2005 

     



 

 

 

 

 

 

2
5

 


	
	���� 2: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�ก
	:��7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
  Gram-positive Bacteria 

Aerococcus viridians 

Bacillus megaterium 
Micrococcus luteus  

Staphylococcus aureus 

Fungi 
Fusarium oxysporum 

Botrytis cinerea 

Penicillium crustosum 

 
1.56-3.12 
0.19-0.39 
1.56-3.12 
50-100 

 
1.56-3.12 
3.12-6.25 
12.5-25 

 

Stylicins Litipenaeus stylirostris Gram-positive Bacteria 
Staphylococcus aureus 

Gram-negative Bacteria 
Vibrio splendidus 

Vibrio penaecidae 

Vibrio nigripulchritudo 

Escherichia coli 363 

 
> 160 

 
80 
40 
80 

> 160 

Rolland et al., 2010 

     



 

 

 

 

 

 

2
6

 


	
	���� 2: *0
 MIC 91: AMPs ��()�ก
2W>กX
J�ก
	:��7��0
:j (�01) 
 

AMPs Source Microorganisms MIC (µM) References 
  Fungi 

Fusarium oxysporum 
 

 
2.5 

 

PvHCt Penaeus vannamei 

 

Fungi 
Alternaria brassicola 

Fusarium culmorum 

Fusarium oxysporum 

Nectria haematococca 

Neurospora crassa 

Tricoderma viridae 

 
3.15-6.25 
6.25-12.5 
6.25-12.5 
3.15-6.25 

25-50 
3.15-6.25 

Destoumieux-Garzon  
et al., 2001 
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�N
O2�
P��Q1 
 
1. ��2�<)C�2����6ก_,) Shrimp ovarian peritrophin domain A (SOP-A) J�E4*���2�< E. coli 
,
<�.�m
� BL 21 
2. W>กX
*
?,)4.�7ก
2�	
��
����91:C�2����6ก_,) SOP-A ��(_�7���	 ��A(1��2�<4���<4
�23,7�m75
�ก.4C�2��� SOP J�,0+�91: full length (Fm-SOP) E�3 domain B (SOP-B E�3 
SOP-B1) 
3. W>กX
ก��กก
211กp�m7q91:C�2����6ก_,) Fm-SOP, SOP-A, SOP-B E�3 SOP-B1 C�<
W>กX
*+
),
)
2@J�ก
2�-
J;	E4*���2�<�ก7�ก
2�ก
3ก�
0), *+
),
)
2@J�ก
2��'��1��=)�
�*�7��, E�3 *+
),
)
2@J�ก
2<.4<.B:ก
2�-
:
�91:�1��=)�C�2�����, 
4. ��,14*+
)*:�.+91:C�2��� SOP-A �011
?;56)7 
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����� 2 
��	
� ��
ก��� �������ก�� 

 
��	
� 
 
1. 	������ 

1.1 	���������
�ก�
��������� (Analytical grade) 
 

	������      ���.�����/��0 
Absolute ethanol 
Acetic acid 
Acrylamide 
Ammonium persulfate 
Bis-acrylamide (N, N�-methylene diacrylamide) 
β-mercaptoethanol 
Bovine serum albumin (BSA) 
Brilliant blue R 
Bromophenol blue 
Calcium chloride dehydrate 
Coomassie Brilliant Blue R-250 
Copper (II) sulphate 
Dithiothreitol (DTT) 
Dinitrosalicylic acid 
Ethylenediaminetetra acetic acid (EDTA) 
Folin ciocalteus (s reagent 
Glucose 
Glycine 
Guanidine hydrochloride 
Hydrochloric acid 

BDH 
J.T. Baker 
Fluka 
Fluka 
Sigma 
Merck 
Sigma 
Sigma 
Fluka 
Merck 
Merck 
Ajax Finechem 
USB 
Fluka 
Merck 
CARLO ERBA 
Fluka 
BDH 
Sigma 
Merck 
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	���������
�ก�
��������� (01�) 

56789:;       <7=>?@@;ABC=D 
Methanol 
N, N�-methylene-bis-acrylamide 
N, N, N�, N�-Tetramethylethylene Diamine (TEMED) 
Mueller Hinton 
Phenol 
Potassium dihydrogen phosphate 
Sodium carbonate 
Sodium chloride 
Sodium dodecyl sulfate (SDS) 
Sodium phosphate 
Sodium tartrate 
Sulfuric acid 
Triton X-100 
Tris base 
Tryptone 
Yeast Extract 

LABSCAN 
Merck 
USB 
DIFCO 
BDH 
Fluka 
Fisher scientific 
LAB SCAN 
Ajax Finechem 
Ajax Finechem 
Ajax Finechem 
LAB SCAN 
USB 
Fisher  
HIMEDIA 
BD 
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1.2 	�������ก�
��2������3� (Molecular biology grade) 

	������ ���.�����/��0 
Ampicillin 
Chymotrypsin 
Isopropyl-β-D-thiogalactopyranoside (IPTG) 
Low Molecular Weight Caribration Kit 
Lysozyme 
N-Acetyl-DL-pheyl-alanine-β-naphtyl ester 
Nα-Benzoyl-L-arginine-4-nitroanilide 
hydrochloride 
N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide 
Proteinase K 
Subtilisin A 
Thrombin 
Trypsin 

Sigma 
Sigma 
USB 
Amersham Biosciences 
Sigma 
Sigma 
Sigma 
Sigma 
Sigma 
Sigma 
Sigma 
Sigma 
Merck 

 
2. ��������3 
 Escherichia coli 56NO?PQRS BL 21(DE3) :;C?ก>VW Genotype: F-, ompT, hsdSB, (rB

-

,mB), gal, dcm (DE3) <7=>?@ Invitrogen, Carlsbad, CA, USA 
 
3. 
���9���:��� 
 pGEX-4T-1 <7=>?@ Amersham Biosciences, Uppsala, Sweden 
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��
ก��� 
 
 897YAZ[\?A[ 2 D]6^_P̀[ 7R`P 2200 C SCS (N;A_aZ Precisa) 
 897YAZ[\?A[ 4 D]6^_P̀[ 7R`P AB 204 (N;A_aZ Mettler Toledo) 
 897YAZ[8bǸ6^<<9c<9R:ZRV_de:=fga (N;A_aZ Labline) 
 897YAZ[8bǸ6B5:567 Vortex-2 GENIE (N;A_aZ Scientific Industries) 
 897YAZ[ì6Nก7W^5fjjk6 Power Supply 7R`P 1000/500 (N;A_aZ Bio Rad) 
 897YAZ[BC=D9CYAP85;N[9c6:m;A5e[ (N;A_aZ Sonics) 
 897YAZ[c?gO;8Z\ (N;A_aZ Denver instrument) 
 897YAZ[_:RP8_c;AN[^<<9c<9R:ZRV_de:=DA]6 (N;A_aZ Bio-Active) 
 897YAZ[ microplate reader (N;A_aZ Bio-Tek instrument) 
 Deageg9c?P (N;A_aZ FLEXLAB) 
 Dea^\̀^bn[ -20 Z[o68pC8p;N5 (N;A_aZ SANYO) 
 Dea^\̀^bn[ -70 Z[o68pC8p;N5 (N;A_aZ SANYO) 
 Dea8C;rN[8\YrZ^<<ZRV_de:=5e[กc`6ZRV_de:=_aZ[ (N;A_aZ Binder) 
 Deas76oi6ก8\YrZ Laminar air flow (N;A_aZ NUAIRE) 
 DeaZ<897YAZ[^กac (N;A_aZ Labline) 
 _:aZPtA[ù68\YrZ (N;A_aZ Hirayama) 
 Z`6[Pr]69c<9R:ZRV_de:= (N;A_aZ Mammert) 
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����ก�� 

1. ก���0��3�<
�0�����	����= SOP-A �:B��ก���
	�����	���0�ก��0C��D����: 

 1.1 ก��ก��0�C�ก���	
E��กF�E<
�0�� GST-SOP-A I���������3 E. coli 	�3
:����� BL21 

P]6OC65:=gg;8ZnP8ZCeกB5: pGEX-SOP-A vP^<9@;87;N E. coli 56NO?PQRS BL 
21 8C;rN[vPZ6_678_Cc 2xYT @;A:; Amplicilin 9c6:8ba:baP 100 f:w97ก7?:D`Z:=CC=C=D7 
s7=:6D7 10 :=CC=C=D7 P]6fs<̀:8C;rN[vP897YAZ[8bǸ6@;A:;9c6:87nc7Z< 180 7Z<D`ZP6@; @;AZRV_de:= 
37 Z[o68pC8p;N5 8syP8cC6 16-18 \?Acw:[i6กP?rPm`6N8\YrZ^<9@;87;NP?rP 10 :=CC=C=D7 C[vP
Z6_678_Cc 2xYT @;A:; Amplicilin 9c6:8ba:baP 100 f:w97ก7?:D`Z:=CC=C=D7 s7=:6D7 100 
:=CC=C=D7<̀:8C;rN[vP897YAZ[8bǸ6@;A:;9c6:87nc7Z< 180 7Z<D`ZP6@; @;AZRV_de:= 37 Z[o68pC8p;N5 
8syP8cC6 1 \?Acw:[c?g9`6ก67gegกCYP^5[@;A9c6:N6c9CYAP 600 P6wP8:D7 v_a:;9`6s7W:6V 0.4-
0.6 it[ก7WDRaPv_a^<9@;87;N8ก=gก6757a6[ws7D;PgacN567CWC6N 1 mM IPTG (isopropyl-β-D-
thiogalactopyronoside) <̀:8C;rN[vP897YAZ[8bǸ6@;A:;9c6:87nc7Z< 180 7Z<D`ZP6@; @;AZRV_de:= 
37 Z[o68pC8p;N5 8syP8cC6 5 \?Acw:[^Nก8กn<8pCCS^<9@;87;NwgNก67P]6fs_:RP8_c;AN[@;A
9c6:87nc 4000 7Z<D`ZP6@; 8syP8cC6 20 P6@;@;AZRV_de:= 4 Z[o68pC8p;N5 8กn<8pCCS@;Afga<P
Pr]6^bn[ _C?[i6กP?rP8D=: Lysis buffer (50 mM Na2PO4 pH 8.0, 300 mM NaCl ^CW 10 mM 
Tris-HCl pH 8.0) s7=:6D7 5 :=CC=C=D7 ^CW567CWC6N lysozyme v_a:;9c6:8ba:baP5Rg@a6N8syP 
1 :=CC=ก7?:D`Z:=CC=C=D7 B5:v_a8ba6ก?P<̀:<PPr]6^bn[8syP8cC6 30 P6@; i6กP?rP@]6v_a8pCCS^Dก
wgNv\a9CYAP85;N[9c6:m;A5e[ (sonication) 200-300 c?DDS i]6PcP 6 97?r[ 97?r[CW 10 c=P6@; wgN@]6
<PPr]6^bn[DCZg8cC6P]6fs_:RP8_c;AN[@;A9c6:87nc7Z< 10,000 7Z<D`ZP6@; @;AZRV_de:= 4 Z[o6
8pC8p;N58syP8cC6 20 P6@; 8กn<567CWC6N5`cPv5 (soluble protein) ^CWDWกZP (insoluble 
protein) ^NกZZกi6กก?P P]6:6@]6ก67c=8976W_Sws7D;PgacNc=Q;wOC=ZW97=C6f:gS8iCZ=8CnกwD7wj7;
p;5^<<:;8Z5g;8Z5 (SDS-PAGE) 

 
1.2 ก�����������<
�0��
C�3����<:���������L�
��D�����9ก<0�<M��N�	�������	
�

��	 (SDS-Polyacrylamide gel electrophoresis) 
 
P]6567CWC6Nws7D;PD?cZǸ6[B5:ก?<567CWC6N<?O8jZ7S (62.5 mM Tris-HCl 

pH 6.8, 10%(w/v) SDS, 20%(v/v) glycerol, 10%(v/v) β-mercaptoethanol ^CW 0.1% (w/v) 
Bromophenol blue) vPZ?D765`cP 1:1 B5:v_a8ba6ก?P Da:vPPr]68gYZgP6P 5 P6@; ^Cacc6[<P
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Pr]6^bn[@?P@; ก678D7;N: SDS Gel ptA[:;5`cPB5:g?[D676[@;A 3 wgN8@5`cPB5:bZ[\?rP 
Separating Gel 7W_c`6[^B`Pก7Wiกs7=:6D7 3 vP 4 bZ[9c6:5e[bZ[ก7Wiก v\aPr]6กC?AP8D=:<P
B=c_Pa68iC8OYAZv_aB=c_Pa68iC87;N<c6[@=r[fca@;AZRV_de:=_aZ[P6P 30 P6@; 8@Pr]6กC?AP@=r[^CWp?<v_a
^_a[ 8@5`cPB5:bZ[\?rP Stacking Gel C[iP8Dn: 85;N<_c;C[<P^B`Pก7Wiกv_af:̀:;jZ[Z6ก6o
c6[@=r[fca@;AZRV_de:=_aZ[P6P 30 P6@;i6กP?rPgt[_c;ZZก P]68iCfss7WกZ<ก?<897YAZ[Z=8CnกwD7wj
7;p;5 8D=:567CWC6ND?cZǸ6[C[vP^D`CW\̀Z[bZ[8iCv\a Tris-glycine buffer (25 mM Tris-HCl 
pH 6.8, 192 mM glycine ^CW 0.1%(w/v) SDS) 5]6_7?<@]6Z=8CnกwD7wj7;p;5 wgNv\a
ก7W^5fjjk69[@;A 100 wcCDS 8syP8cC6 2 \:. P]6fsNaZ:gacN5; Coomassie blue (0.2%(w/v) 
coomassie blue R-250, 50%(v/v) methanol, 7%(v/v) acetic acid) 8syP8cC6 1 \?Acw:[ Ca6[5;
5`cP8ก=PZZกgacN Destain 1 (50%(v/v) methanol ^CW 7%(v/v) acetic acid) 8syP8cC6 1 
\?Acw:[ ^CW Destain 2 (5%(v/v) methanol ^CW 7.5%(v/v) acetic acid) iP8_nP^m<ws7D;P
\?g8iP 
 
0���E��� 3: 5`cPs7WกZ<bZ[wOC;ZW9C=C6f:gS8iC^<<:;8Z5g;8Z5 (SDS-PAGE) 
 
5`cPs7WกZ< Separating Gel  

12% (ml) 
Stacking Gel  

4% (ml) 
H2O 1.7   2.1  
30% Acrylamide mix 2.0  0.5  
1.5 M Tris (pH 8.8) 1.3  - 
1.0 M Tris (pH 6.8) - 0.38  
10% SDS 0.05  0.03  
10% APS 0.05  0.03  
TEMED 0.002  0.003  
Total 5.0 3.0 
 
 1.3 ก����
�����<
�0��
C�3���� Lowry (Lowry ������, 1975) 

 
8D7;N:567CWC6N BSA (Bovine Serum Albumin) ptA[v\a8syPws7D;P:6D7}6P

v_a:;9c6:8ba:baP8syP 12.5, 25, 50 ^CW 100 f:w97ก7?:D`Z:=CC=C=D7 ^CW8D7;N:567CWC6N
ws7D;P@;ADaZ[ก67_6s7=:6VwgN@]6ก678iYZi6[8syP 1:1,000 i6กws7D;P87=A:DaPs7=:6D7 1 
:=CC=C=D7 P]6:6@]6s~=ก=7=N6ก?<56NCWC6N A s7WกZ<gacN Copper tartrate carbonate solution 
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(0.1%(w/v) CuSO4.5H2O, 2%(w/v) NaCO3, 1%(w/v) Sodium tartrate); 5%(w/v) SDS ^CW 
0.8 M NaOH Z?D765`cP 1:2:1 D6:C]6g?< _CZgCW 1 :=CC=C=D7 B5:v_a8ba6ก?Pc6[fca@;A
ZRV_de:=_aZ[8syP8cC6 10 P6@; i6กP?rP8D=:567CWC6N B s7WกZ<gacN 2 N Folin ciocateus�s 
reagent ^CWPr]6กC?APvPZ?D765`cP 1:5 D6:C]6g?<_CZgCW 0.5 :=CC=C=D7B5:v_a8ba6ก?Pc6[fca@;A
ZRV_de:=_aZ[8syP8cC6 30 P6@; c?g9`6ก67gegกCYP^5[@;A9c6:N6c9CYAP 750 P6wP8:D7 ^CW
8s7;N<8@;N<_6s7=:6Vws7D;PD?cZǸ6[ก?<ก76j:6D7}6PbZ[ BSA 
  

1.4 ก���Y����	����=<
�0�� GST-SOP-A 
C�3 colloidal chitin 
   

8D7;N: colloidal chitin wgNP]6 Chitin powder s7=:6V 5 ก7?: 8D=:C[vP 60 
:=CC=C=D7 bZ[ 32% HCl i6กP?rP9P@;A 4 Z[o68pC8p;N5ba6:9YP 8D=: 95% Ethanol s7=:6D7 2 
C=D7 i6กP?rP9P@;A 25 Z[o68pC8p;N5ba6:9YP P]6fss��PDกDWกZP9c6:87nc 4000 7Z<D`ZP6@; 
8syP8cC6 20 P6@; @;A 4 Z[o68pC8p;N5^CacCa6[ colloidal pellet gacNPr]6กC?AP iP:; pH 7.0 

 P]6DWกZPws7D;P (insoluble protein) :6Ca6[gacN Washing buffer (50 mM 
Tris-HCl, 1 mM EDTA pH 8.0 ^CW 1% Triton x 100) vPZ?D765`cP 1 ก7?: : 20 :=CC=C=D7 Ca6[
_C6N97?r[iPDWกZP8sC;ANP8syP5;8_CYZ[Z`ZP^CacP]6DWกZP:6CWC6NgacN Buffer D (50 mM 
Tris-HCl, 5 mM EDTA pH 8.0, 5M Guanidium HCl) vPs7=:6V@;A@]6v_aDWกZPCWC6N_:g 
i6กP?rPP]6567CWC6Nws7D;P:6 Dialysis gacN PBS (10 mM NaH2PO4, 1.8 mM KH2PO4, 2.7 
mM KCl ^CW 140 mM NaCl, pH 7.4) 8OYAZ refolding ws7D;P ^CacP]6fss��PDกDWกZP@;A
9c6:87nc 10,000 7Z<D`ZP6@;8syP8cC6 20 P6@;i6กP?rPP]65`cPv5fs<̀:ก?< colloidal chitin 
Z?D765`cP 1:1 8syP8cC6 1 \:. ^CacP]6fss��PDกDWกZP@;A 12,000 7Z<D`ZP6@; 8syP8cC6 5 P6@; 
Ca6[DWกZPgacN Binding buffer (1 M Tris-HCl pH 6.8, 0.1% SDS) 2-3 97?r[i6กP?rPP]6:6\W
gacN elution buffer (1 M Tris-HCl pH 6.8, 2% SDS) ^CacP]6fsc=8976W_SgacN SDS-PAGE  

 
1.5 ก��0�
 GST ��ก
C�3 Thrombin 
  

ก678D7;N:567CWC6N Thrombin wgNP]6 Thrombin (1U/µl) s7=:6V 80 
f:w97C=D7 :6B5:ก?< PBS s7=:6V 920 f:w97C=D7 i6กP?rPP]6ws7D;P<7=5R@Q=� GST-SOP-A 
:6<̀:ก?< Glutathione sepharose 4B resin (Amersham Biosciences, Uppsala, Sweden) 
8syP8cC6 1 \?Acw:[@;AZRV_de:=_aZ[ _:RP8_c;AN[@;A9c6:87nc 4000 7Z<D`ZP6@; P6P 5 P6@; geg
5`cPv5ZZก Ca6[8:ng beads gacN PBS 2-3 97?r[_C?[i6กP?rP8D=:567CWC6N Thrombin ^CacP]6fs
<̀:@;A 25 Z[o68pC8p;N5 8syP8cC6 16 \?Acw:[_:RP8_c;AN[@;A9c6:87nc 4000 7Z<D`ZP6@; P6P 5 
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P6@; 8กn<5`cPv5fca 5`cPv5@;AfgaiWs7WกZ<fsgacNws7D;P SOP-A ^CW Thrombin ^Nกws7D;P 
SOP-A ZZกwgNP]65`cPv5@;Afgafs<̀:ก?< colloidal chitin 8syP8cC6 1 \:. ^CacP]6fss��P
DกDWกZP@;A 12,000 7Z<D`ZP6@; 8cC6 5 P6@; Ca6[DWกZPgacN washing buffer (1 M Tris-HCl 
pH 6.8, 0.1% SDS) 2-3 97?r[i6กP?rPP]6:6\WgacN elution buffer (1 M Tris-HCl pH 6.8, 2% 
SDS) ^CacP]6fsc=8976W_SgacN SDS-PAGE 
 
2. ก���
	�����	���0�0C��D����:F�E<
�0�� SOP-A 
 

8\YrZ@;Av\avPก67@g5Z< s7WกZ<gacN ^<9@;87;N^ก7:<cก fga^ก` S. aureus 
ATCC 25923, B. megaterium, M. luteus, Enterococcus faecalis ^<9@;87;N^ก7:C<9YZ V. 

harveyi (56NO?PQRS@;Aก`Zw79vPกRa[), E. coli ATCC 25922, Enterobacter cloacae, Salmonella 

Typhimurium, P. aeruginosa (^Nกfgai6กBeas�cNw7[ON6<6C5[bC6P97=P@7S Z]68dZ_6gv_�` 
i?[_c?g5[bC6) 8\YrZ76 F. oxysporum (d69c=\6iRC\;cc=@N6 9VWc=@N6o65D7S 
:_6c=@N6C?N5[bC6P97=P@7S Z]68dZ_6gv_�` i?[_c?g5[bC6) ^CWN;5DS C. albicans (^Nกfga
i6กBeas�cNw7[ON6<6C5[bC6P97=P@7S Z]68dZ_6gv_�` i?[_c?g5[bC6) 8C;rN[vPZ6_67D6:
D676[@;A 4 
 
0���E��� 4: \P=gbZ[Z6_67@;Av\avPก678C;rN[8\YrZiRC\;O 
 
8\YrZ Z6_67 
Enterobacter cloacae 
Escherichia coli 

Pseudomonas aeruginosa 
Salmonella Typhimurium 

Vibrio harveyi 
Bacillus megaterium 
Enterococcus faecalis 
Micrococus luteus 
Staphylococcus aureus 
Candida albicans 
Fusarium oxysporum 

Mueller Hinton broth (MHB) 
Mueller Hinton broth 
Mueller Hinton broth 
Mueller Hinton broth 
Saline peptone water 
Mueller Hinton broth 
Mueller Hinton broth 
Mueller Hinton broth 
Mueller Hinton broth 
Potato dextrose broth (PDB) 
Potato dextrose broth 
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 2.1 ก�����1� Minimum Inhibitory Concentration (MIC) ��� Minimum 
Bactericidal Concentration (MBC) F�E��B]���������3 
   

v\ac=Q; liquid growth inhibition assay (Blond et al.,2002; Kang et al., 2006) 
87=A:i6ก8C;rN[8\YrZvPZ6_678_Cc MHB <̀:@;A 37 Z[o68pC8p;N5 8syP8cC6 16-18 \?Acw:[i6กP?rP
m`6N8\YrZ 10 :=CC=C=D7 C[vPZ6_67v_:̀s7=:6D7 100 :=CC=C=D7 P]6fs<̀:8C;rN[@;A 37 Z[o6
8pC8p;N5 8syP8cC6s7W:6V 1 \?Acw:[8OYAZv_afga9`6 O.D. 600 8@̀6ก?< 0.1 (s7=:6V8\YrZ8@̀6ก?< 
2.5 x 105cfu/ml) ^CacP]68\YrZ 90 f:w97C=D7 :6<̀:ก?< 10 f:w97C=D7bZ[ws7D;P@;A dilution 
D`6[� ^<< serial 2-fold dilution <̀:vP 96 well plate @;A 37 Z[o68pC8p;N5 9c6:87nc 180 
7Z<D`ZP6@; 8syP8cC6 16-18 \?Acw:[ c?g9`6 microbial growth @;A O.D. 630 gacN897YAZ[ 
microplate reader iWfga9`6DA]65Rg@;A56:67mN?<N?r[8\YrZfga (MIC) _C?[i6กP?rPP]68\YrZ@;A9c6:
8ba:baP@;Af:̀:;ก678i7=�8D=<wD s7=:6D7 5 f:w97C=D7:68กC;AN<PZ6_67^bn[ (nutrient agar) 
P]6fs<̀:@;A 37 Z[o68pC8p;N5 8cC6 16-18 \?Acw:[8OYAZ_69`6DA]65Rg@;A56:67mù68\YrZfga (MBC) 

 
2.2 ก�����1� Minimum Inhibitory Concentration (MIC) ��� Minimum 

Fungicidal Concentration (MFC) F�E��B]�3�	0� 
  

87=A:i6ก8C;rN[8\YrZvPZ6_678_Cc8syP8cC6 24-48 \?Acw:[ @;AZRV_de:= 37 Z[o6
8pC8p;N5 i6กP?rPm`6N8\YrZ 10 :=CC=C=D7C[vPZ6_67v_:̀s7=:6D7 100 :=CC=C=D7 P]6fs<̀:8C;rN[@;A 
37 Z[o68pC8p;N5 8syP8cC6s7W:6V 1 \?Acw:[8OYAZv_afga9`6 O.D.600 8@̀6ก?< 0.1 (s7=:6V8\YrZ
8@̀6ก?< 2.5 x 105cfu/ml) ^CacP]68\YrZ 90 f:w97C=D7 :6<̀:ก?< 10 f:w97C=D7bZ[ws7D;P@;A 
dilution D`6[� ^<< serial dilution <̀:vP 96 well plate @;A 37 Z[o68pC8p;N5 9c6:87nc 180 
7Z<D`ZP6@; 8syP8cC6 24-48 \?Acw:[ c?g9`6 microbial growth @;A O.D.630 gacN897YAZ[ microplate 
reader iWfga9`6DA]65Rg@;A56:67mN?<N?r[8\YrZfga (MIC) _C?[i6กP?rPP]68\YrZ@;A9c6:8ba:baP@;Af:̀:;ก67
8i7=�8D=<wD s7=:6D7 5 f:w97C=D7:68กC;AN<PZ6_67^bn[ P]6fs<̀:@;A 37 Z[o68pC8p;N5 8cC6 
24-48 \?Acw:[8OYAZ_69`6DA]65Rg@;A56:67mù68\YrZfga (MFC) 

 
2.3 ก�����1� Minimum Inhibitory Concentration (MIC) ��� Minimum 

Fungicidal Concentration (MFC) F�E��B]��� 
  

87=A:i6ก<̀:8C;rN[8\YrZ<PZ6_67^bn[@;A 25 Z[o68pC8p;N5 iP8\YrZ7657a6[5sZ7S 
(s7W:6V 3-5 c?P) i6กP?rPv5` Glass bead 15-20 8:ngvPi6P8O6W8\YrZ^Cac8bǸ68OYAZv_a5sZ7S
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_CRgZZก:6^Cac8D=: 0.85%(w/v) Normal saline solution s7W:6V 2 :=CC=C=D7 ^Cacgeg spore 
suspension v5`_CZg@gCZ[^CacP]6fsP?<i]6PcP5sZ7SgacN Hematocytometer ^Cacs7?<
i]6PcP5sZ7Sv_a:;9`687=A:DaP8@̀6ก?< 8x103 spores/ml gacNZ6_678_Cc i6กP?rPgeg8\YrZ 50 
f:w97C=D7:6<̀:ก?< 50 f:w97C=D7bZ[567CWC6Nws7D;P@;A dilution D`6[� ^<< serial dilution 
<̀:vP 96 well plate @;A 25 Z[o68pC8p;N5 8syP8cC6 72 \?Acw:[ geก678i7=�8D=<wD (microbial 
growth) d6NvDaกCaZ[58DZ7=wZ iWfga9`69c6:8ba:baPDA]65Rg@;A56:67mN?<N?r[8\YrZ76fga (MIC) 
i6กP?rPP]68\YrZvP_CR:@;Af:̀:;ก678i7=�8D=<wD :68กC;AN<PZ6_67^bn[ ^CacP]6fs<̀:@;A 25 Z[o6
8pC8p;N58syP8cC6 72 \?Acw:[8OYAZ_69`69c6:8ba:baPDA]65Rg@;A56:67mu`68\YrZ76fga (MFC) 
 
3. ก���
	��ก�Lกก����ก_���=F�E<
�0�� 
 

3.1 ก����
����	����`I�ก���Y�I�C�ก�
ก���ก��ก��1� (Agglutination) F�E
��������3�ก���� 

 
8OYAZge9c6:56:67mbZ[ws7D;PvPก67@]6v_a8ก=gก67 agglutination bZ[

^<9@;87;N^ก7:C< in vitro (Rolland et al., 2010) wgNvP[6Pc=i?N\=rPP;riWv\a8\YrZ V. harveyi ptA[
8syP8\YrZ@;Aก`Zw79vPกRa[:6v\avPก67@g5Z< wgNP]6 20 f:w97C=D7bZ[ V. harveyi bacteria fresh 
cells (1x108 cells/ml) :6B5:ก?< 10 f:w97C=D7bZ[ 1 mg/ml bZ[ws7D;P (SOP-A, SOP-B, 
SOP-B1 ^CW Fm-SOP) i6กP?rPP]6fs<̀:@;A 37 Z[o68pC8p;N5 8syP8cC6 1 \?Acw:[ geก678ก=g
ก678ก6WกCR`:d6NvDaกCaZ[iRC@77oPSv\aws7D;P GST 8syPกCR`:9c<9R: 
  

3.2 ก����
ก���Y�E��F�E���LN��L�0���	 (Chitinase activity) 
   

Chitinase activity 9YZก67c=8976W_Ss7=:6VPr]6D6C7;g=cpSi6ก colloidal chitin 
wgN87=A:i6กP]6ws7D;P<7=5R@Q=� (Fm-SOP, SOP-A, SOP-B ^CW SOP-B1) 9c6:8ba:baP 1 
mg/ml s7=:6D7 300 f:w97C=D7 B5:ก?< 1% colloidal chitin s7=:6D7 300 f:w97C=D7 ^Cac
P]6fs<̀:@;A8cC6 5, 10, ^CW 15 P6@;@;A 37 Z[o68pC8p;N5 _C?[i6กP?rP8D=:567CWC6N 
dinitrosalic acid s7=:6D7 600 f:w97C=D7 8OYAZ_NRgs~=ก=7=N6 ^CacP]6fsDa: 15 P6@; i6กP?rPc6[
<PPr]6^bn[ 5 P6@; P]6fs_:RP8_c;AN[@;A 12,000 7Z<D`ZP6@; 8syP8cC6 5 P6@; P]65`cPv5fsc?g9`6
ก67gegกCYP^5[@;A9c6:N6c9CYAP 550 P6wP8:D7 (Loongyai et al., 2007, Folders et al., 
2001) ptA[_PtA[_P̀cN8ZPfp:S@;A8O=A:btrPvP\̀c[ O.D.550 8@̀6ก?< 0.001 _P̀cND`ZP6@; 
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3.3 ก����
����	����`I�ก��3��3�]Eก���Y�E��F�E���LN��<
�0����	 
(Proteinase inhibition activity) 
   

8OYAZge9c6:56:67mbZ[ws7D;PvPก67N?<N?r[ก67@]6[6PbZ[8ZPfp:S proteinase 
fga^ก` chymotrypsin, proteinase K, subtilisin A ^CW trypsin wgNP]6ws7D;P<7=5R@Q=� (SOP-A, 
SOP-B, SOP-B1 ^CW Fm-SOP) @;A9c6:8ba:baP 0.125-1 mg/ml :6<̀:ก?<8ZPfp:S 
chymotrypsin, proteinase K, subtilisin A ^CW trypsin 9c6:8ba:baP 3, 3.45, 3.67 ^CW 5 nM 
D6:C]6g?< vP 50 mM Tris-HCl, pH 8.0 buffer @;AZRV_de:= 30 Z[o68pC8p;N5 8syP8cC6 10 
P6@; i6กP?rP8D=:5?<58D@ C[fs fga^ก` N-Acetyl-DL-phenyl-alanine-β-naphtyl ester (147.3 
mM) 5]6_7?< chymotrypsin, N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide (0.10 mM) 5]6_7?< 
Proteinase K ^CW Subtilisin A, Nα-Benzoyl-L-arginine-4-nitroanilide hydrochloride (146.8) 
5]6_7?< Trypsin ^Cac<̀:@;AZRV_de:= 30 Z[o68pC8p;N5 8syP8cC6 5 P6@; 8D=: 50%(v/v) acetic 
acid s7=:6D7 50 f:w97C=D7 8OYAZ_NRgs~=ก=7=N6 ^CacP]6fsc?g9`6ก67gegกCYP^5[@;A9c6:N6c9CYAP 
405 P6wP8:D7 8OYAZc?g9`6s~=ก=7=N6@;A8ก=gbtrP (Amparyup et al., 2008a; Wang et al., 2009) 
 
4. ก���
	�������E0��F�E<
�0��01�����b2�� 

 
P]6ws7D;P<7=5R@Q=� :6<̀:@;AZRV_de:= 25, 37 ^CW 50 Z[o68pC8p;N5 8syP8cC6 1, 

3 ^CW 5 \?Acw:[ (P7;7?DPS, 2555) i6กP?rPP]6fs@g5Z<9RV5:<?D=Da6PiRC\;O D`Z8\YrZ S. aureus 
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����� 3 
��ก
����
� 

 
1. ก
�ก������ก
�����

ก�
����������ก
���
����������
���������ก��  GST-
SOP-A (���)��*��+ E. coli �
+,-���. BL 21 

 
�����	
��
	 SOP domain A �����	����������  pGEX %��&	
�'(ก*+,-�	ก�*

�*��.�(*,
	�/ก0�� GST-SOP-A  �&� 1mM IPTG (isopropyl-β-D-thiogalactopyronoside) 
B	%C�D
�*
� E. coli ����E	F-G BL 21 %�+D
�C*��-DF�K�(*,
	 GST-SOP-A �C&L��(*,
	 GST-
SOP-A �
	M
�N	Eก����ก-�(*+��O 39 kDa %�+�����,E  GST ��ก �&� Thrombin %��&�C&L�' �
�(*,
	 SOP-A �
�	� (*+��O 9 kDa (*/(D
� 3) 

 
������ 3  ก�*&���*�+NGก�*%� .��ก��.�(*,
	 GST-SOP-A B	%C�D
�*
� E.coli ����E	F-G 

BL21 %�+ก�*D
�C*��-DF�K�(*,
	 �&� 12 % SDS-PAGE, %T& M: Low molecular 
weight standard marker, %T& 1: non induced soluble protein, %T& 2: induced 
soluble protein, %T& 3: non induced insoluble protein, %T& 4: induced insoluble 
protein, %T& 5: �(*,
	 GST-SOP-A C*��-DF�K, %T& 6: �(*,
	 SOP-A C*��-DF�K 

Figure 3 Expression and purification of the recombinant protein from E.coli BL21 (DE3) 
cells harboring pGEX-SOP-A; lane M: molecular weight markers, lane1: non 
induced soluble protein, lane 2: induced soluble protein, lane 3: non induced 
insoluble protein, lane 4: induced insoluble protein, lane 5: purified GST-SOP-
A, lane 6: purified SOP-A. 
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2. ก
����
�8������
�9��:�,�
������� SOP-A 
 
`�กก�*D ��CaDF�K,��	 -̀�b
���.�(*,
	C*��-DF�K SOP-A D
��&��������	 0.5-

63.3 µM � �ก�*N��L� MIC %�+ MBC �C&L�����*T�EC�EM.�b�M� E. coli, V. harveyi, S. 

aureus, C. albicans %�+ F. oxysporum � ��
�L� MIC �DL�กEC 31.1, 31.1, 3.8, 63.3 %�+ 1.6 
µM ,���
� EC%�+�L� MBC �DL�กEC 63.3, 31.1, 3.8, 63.3 %�+ 1.6 µM ,���
� EC�L&	�b�M����	D
�
�N���'�L����*T�EC�EM.' � (,�*�.D
� 5) 
 
�
�
���� 5 �L� Minimal Inhibitory Concentration (MIC) %�+ Minimal Bactericidal 

Concentration (MBC) ��.�(*,
	 SOP-A %�+�� Vancomycin %�+ 
Amphotericin B 

 
 

*:<=
���(:����
� 
SOP-A Vancomycin Amphotericin B 

µM µM µM 
MIC MBC MIC MBC MIC MBC 

��)��*��+�ก� �� 
Enterobacter cloacae 
Escherichia coli   

Pseudomonas aeruginosa 

Salmonella Typhimurium 

Vibrio harveyi 
��)��*��+�ก� �Hก 
Bacillus megaterium 
Enterococcus faecalis 
Micrococus luteus 

Staphylococcus aureus 
+���. 
Candida albicans 
*:<=
�
 
Fusarium oxysporum 
 

 
>100 
31.1 

>100 
>100 
31.1 

 
>100 
>100 
>100 
3.8 

 
63.3 

 
1.6 

 
>100 
63.3 

>100 
>100 
31.1 

 
>100 
>100 
>100 
3.8 

 
63.3 

 
1.6 

 
- 

3.45x10-4 

- 
- 

6.9x10-4 

 
- 
- 
- 

3.45x10-4 

 
- 
 
- 

 
- 

6.9x10-4 

- 
- 

6.9x10-4 

 
- 
- 
- 

6.9x10-3 

 
- 
 
- 

 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
 

1.29x10-4 

 
1.08x10-3 

 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
 

2.7x10-4 

 
1.08x10-3 
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3. ก
�H-�)H
 �
 
�I(�ก
���
(J�*ก��ก
�*ก
�ก��K �
���)��*��+�ก� �� 
 
`�กก�*	
��(*,
	C*��-DF�K SOP-A ��D ��C(*+��DF�i��ก�*D
�BN��ก�  

agglutination ��.�b�M� V. harveyi �(*
�C�D
�CกEC�(*,
	 Fm-SOP, SOP-B %�+ SOP-B1 
� �Bb��(*,
	 GST �(j	�(*,
	�&C�-� � �ก�*	
��(*,
	��CL�กEC�b�M� V. harveyi D
� 37 �.k�
�l��l
�� �(j	�&�� 1 bE�&��. %��&	
��� /0�ก�*�ก� ก�*�ก�+ก�-L�i��B,�ก���. -̀�D**k	G�C&L� 
�(*,
	DEM.�
�b	� ����*TD
�BN��b�M� V. harveyi �ก� ก�*�ก�+ก�-L�' � E.*/(D
� 4 
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������ 4 ก�*D ��C�&������*TB	ก�*D
�BN�%C�D
�*
� V. harveyi �ก� ก�*�ก�+ก�-L�, A: V. 

harveyi cells, B: V. harveyi cells + GST, C: V. harveyi cells + PBS, D: V. 

harveyi cells + Fm-SOP, E: V. harveyi cells + SOP-A, F: V. harveyi cells + 
SOP-B, G: V. harveyi cells + SOP-B1, ��กQ�: %� .ก�*�ก�  agglutination 

Figure 4 Agglutination assay of recombinant proteins; A: V. harveyi cells, B:V. harveyi 

cells + GST, C:V. harveyi cells + PBS, D: V. harveyi cells + Fm-SOP, E: V. 

harveyi cells + SOP-A, F: V. harveyi cells + SOP-B, G: V. harveyi cells + 

SOP-B1. 

4. ก
�H-�ก
���
�
��
�*
�RS .R)��*�� (Chitinase activity) �
�������  
 
`�กก�*&E ก�*D
�.�	��.��	'l�G'�,��	���.�(*,
	C*��-DF�K Fm-SOP, SOP-

A, SOP-B%�+ SOP-B1 �C&L��
�&������*TB	ก�*�(�
��	 colloidal chitin �(j	����ก-�� 
��& 
�
�L��DL�กEC 0.48, 7.64, 6.22 %�+ 3.50 units/mg protein 
 
5. ก
�H-�)H
 �
 
�I(�ก
�+-�+-=�ก
���
�
��
�*
�RS .������*�� (Proteinase 
inhibition activity) 

 
`�กก�*	
���	'l�G�(*,
	�	� ��CL�กEC�(*,
	C*��-DF�K Fm-SOP, SOP-A, 

SOP-B %�+ SOP-B1 %��& /ก�*D
�.�	��.��	'l�G �C&L� �(*,
	 Fm-SOP �
�&������*T
B	ก�*�EC�EM.ก�*D
�.�	��.��	'l�G subtilisin A (*/(D
� 5a) �(*,
	 SOP-A ����*T�EC�EM.ก�*
D
�.�	��.��	'l�G trypsin (*/(D
� 5b) �(*,
	 SOP-B ����*T�EC�EM.ก�*D
�.�	��.��	'l�G 
chymotrypsin %�+ subtilisin A (*/(D
� 5c) �L&	�(*,
	 SOP-B1 ����*T�EC�EM.ก�*D
�.�	��.
��	'l�G chymotrypsin %�+ trypsin (*/(D
� 5d) 
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������ 5 0�ก�*D ��C�&������*TB	ก�*�EC�EM.ก�*D
�.�	��.��	'l�G�(*,
	�	�, a: Fm-

SOP, b: SOP-A, c: SOP-B, d: SOP-B1 
Figure 5 Analysis of proteinase inhibitory activity of recombinant proteins, a: Fm-SOP, 

b: SOP-A, c: SOP-B, d: SOP-B1 
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6. ก
�Q[ก\
���
�
�]J^� ��K
ก
���
�
��
������� SOP-A (�ก
�+-�+-=�*:<=
 S. 

aureus 
  

`�กก�*	
��(*,
	C*��-DF�K SOP-A ��CL�D
��-ONi/�� 25, 37 %�+ 50 �.k�
�l��l
�� �(j	�&�� 1, 3 %�+ 5 bE�&��. %��&	
���D ��C(*+��DF�Ki��B	ก�*�EC�EM.�b�M� S. 

aureus �C&L��(*,
	�
(*+��DF�i��B	ก�*,��	�b�M� S. aureus � �.�������/LD
��-ONi/�� 50 �.k�
�l��l
�� �(j	�&�� 5 bE�&��. (,�*�.D
� 6) 
 
�
�
���� 6: �L� Minimal Inhibitory Concentration (MIC) %�+ Minimal Bactericidal 
Concentration (MBC) ��.�(*,
	 SOP-A �����CL�D
��-ONi/��%�+�&��,L�.p กEC�b�M� S. aureus 


�]J^� � (°C) /*H�
 (: .) MIC (µM) MBC (µM) 
25/1 
25/3 
25/5 

3.8 
3.8 
3.8 

3.8 
3.8 
3.8 

37/1 
37/3 
37/5 

3.8 
3.8 
3.8 

3.8 
3.8 
3.8 

50/1 
50/3 
50/5 

3.8 
3.8 
7.8 

3.8 
3.8 
7.8 
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����� 4 
��	
��
��ก
������ 

 
4.1 ก
���������������������  SOP-A &�'ก
������(�����)��ก
��*
�	��+�, 

 
��ก��	
��
�� SOP �������
 (Full length) ��กก��� !"#$
 (Ferneropeneaeus 

merguiensis) %"$&��'�()"ก*(	+
,-�.��&$��	� Domain A 
�5$�
 �ก�&����ก
�� SOP 6�7
%".�ก���!�,(	87� �+
��'� 9�&�6�7�:;� cysteines rich domain 	
�&(�$
 AB7��:;��)กCD+9�B7�6�7%"
.��::E6(8�������!�% (Loongyai et al., 2007) .����$,�)
!,L���L�B�E(��'�
�� SOP .��&$��	� 
Domain A 
�M�,�-:*���.� E. coli AB7��:;�*+""6�7M�,�-:*���E(��&�
 �+:*,
�D
�ก -(

-:*��� SOP-A 6�7M�,�E(�	
�&.�*�: inclusion body �
87	�'�
�6'�"*,��6S,T �+�)( GST tag 		ก
 ��$%"$&�E(�-:*��� SOP-A 
����(:*+
�D 9 kDa  

��กก�*6(�	"5�D�
")�,ก�*�������!�%�	�-:*���"*,��6S,T SOP-A -(
$,S� 
liquid growth inhibition assay %"$&�-:*���
�5�D�
")�,.�ก�*�������!�% �!&��(�
$ก)"�&$� 
Full length (Fm-SOP) (Loongyai et al., 2007)  �+ Domain B (�*�*)��\, 2555) ��กM�ก�*
6(�	���L �(�.9��9��$&� cysteines rich domain 6�7%".�
�� SOP �	�ก��� !"#$
 
�"6"�6.�
ก�*�������!�%�	�-:*����!&��(�
$ก)" cysteines rich domain 6�7%".� antimicrobial peptide 
	87�_ �)$	
&���!&� penaeidins �:;� cysteines rich peptide 6�7%".�ก���
�5�D�
")�,.�ก�*
)"
)L�
 "56��*�
 �+�!8L	*� (Destoumieux et al, 2000) Snakin1 %".�
)�b*)7� ��
�*c
)"
)L�
 "56��*�
 �+�!8L	*�6�7ก&	-*5.�%8! (Segura et al., 1999) Tachycin %".� hemocytes �	� 
horseshoe crab (Iwanaga et al., 1998)  

�
87	�:*�
"�6�
":*+�,6S,f�%.�ก�*�������!�%�	�-:*��� SOP-A ก)" Full 
length (Fm-SOP)  �+ Domain B (SOP-B  �+ SOP-B1) -(

�5&� MIC �&	�!8L	�&��_ ()�
��*��6�7 7  %"$&�:*+�,6S,f�%.�ก�*
)"
)L��!8L	 S. aureus �	�-:*��� SOP-A AB7�
�5&� MIC 
�6&�ก)" 3.8 µM  AB7�
�:*+�,6S,f�%��	
ก$&� SOP-B  �+ SOP-B1 6�7
�5&� MIC �6&�ก)" 0.78 
 �+ 1.11 µM (�*�*)��\, 2555) ��
�'�()"  �&
�:*+�,6S,f�%
�กก$&� Fm-SOP 6�7
�5&� MIC 
�6&�ก)" 15.67 µM (Loongyai et al., 2007) �
87	�:*�
"�6�
"ก)" AMPs 	87�_ 6�7
�ก�*kBกC�.�
ก��� %"$&�-:*��� SOP-A 
�:*+�,6S,f�%(�ก$&�-:*�����กM�
 penaeidins (Pen-2  �+ Pen-
3a) ��กก��� L. vannamei (Destoumieux et al., 1999) AB7�
�5&� MIC �&	�!8L	 S. aureus 
�กก$&� 
20 µM  �+-:*�����กM�
 rLs-stylicin1 ��ก L. stylirostris AB7�
�5&� MIC 
�กก$&� 160 µM 
(Rolland et al, 2010) �	ก��ก��L-:*��� SOP-A 
)�
�:*+�,6S,f�%(�ก$&�-:*��� ALFPm3  6�7
%".�ก��� P. monodon AB7�
�5&� MIC �6&�ก)" 50-100 µM (Somboonwiwat et al, 2005) 
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�
�
���� 7: 5&� MIC �	�-:*��� Fm-SOP, SOP-A, SOP-B  �+ SOP-B1 
 

 
�+./��������� 

Fm-SOP* SOP-A SOP-B** SOP-B1** 

µM µM µM µM 
MIC MIC MIC MIC 

&�(������&ก���� 
Enterobacter cloacae 
Escherichia coli   

Pseudomonas aeruginosa 

Salmonella Typhimurium 

Vibrio harveyi 
&�(������&ก����ก 
Bacillus megaterium 
Enterococcus faecalis 
Micrococus luteus 

Staphylococcus aureus 
����
 
Candida albicans 
�+./��
 
Fusarium oxysporum 

 
>20 
>20 
>20 
>20 
2.38 

 
>20 

- 
>20 

15.67 
 

>20 
 
- 

 
>100 
31.1 

>100 
>100 
31.1 

 
>100 
>100 
>100 
3.8 

 
63.3 

 
1.6 

 
>25 
>25 
>25 
>25 
7.01 

 
>25 
>25 
>25 
0.78 

 
>25 

 
12.98 

 
>55 
>55 
>55 
>55 
26.1 

 
>55 
>55 
>55 
1.11 

 
>55 

 
25 

* ��	
����กก�*kBกC��	�*���.9p& �+5D+ (Loongyai et al., 2007) 
**��	
����กก�*kBกC��	��*�*)��\ (�*�*)��\, 2555) 
 

:*+�,6S,f�%�	�-:*��� SOP-A .�ก�*
)"
)L��!8L	 V. harveyi 
�5&� MIC 
�6&�ก)" 31.1 µM AB7�
�:*+�,6S,f�%��	
ก$&�-:*��� Fm-SOP, SOP-B  �+ SOP-B1 �
87	
�:*�
"�6�
" AMPs .�ก���	87�_%"$&�-:*��� SOP-A 
�:*+�,6S,f�%.�ก�*
)"
)L� V. harveyi 
(�ก$&�-:*�����กM�
 penaeidins (Destoumieux et al., 1999) AB7�
�5&� MIC 
�กก$&� 40 µM 
 �&
�:*+�,6S,f�%��	
ก$&�-:*��� ALFPm3 6�7
�5&� MIC �6&�ก)" 0.78-1.56 µM 
(Somboonwiwat et al, 2005) -:*��� rCrus-likePm ��ก P. monodon AB7�
�5&� MIC �6&�ก)" 
2.5-5 µM (Amparyup et al, 2008b)  

:*+�,6S,f�%�	�-:*��� SOP-A .�ก�*
)"
)L� F. oxysporum 
�5&� MIC 
�6&�ก)" 1.6 µM AB7�
�:*+�,6S,f�%(�ก$&�-:*��� Fm-SOP 6�7
�5&� MIC 
�กก$&� 20 µM 
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(Loongyai et al, 2007) -:*��� SOP-B  �+-:*��� SOP-B1 6�7
�5&� MIC �6&�ก)" 12.98  �+25 
µM ��
�'�()" (�*�*)��\, 2555) �
87	�:*�
"�6�
" AMPs .�ก���	87�_%"$&�-:*��� SOP-A 
�
:*+�,6S,f�%.�ก�*
)"
)L� F. oxysporum (�ก$&�-:*�����กM�
 penaeidins AB7�
�5&� MIC 
�6&�ก)" 5-10 µM (Destoumieux et al., 1999) -:*�����กM�
 rLs-stylicin1 
�5&� MIC �6&�ก)" 
2.5 µM (Rolland et al, 2010) -:*��� ALFPm3 
�5&� MIC �6&�ก)" 1.56-3.12 µM 
(Somboonwiwat et al, 2005) 

�	ก��ก��L-:*��� SOP-A 
)���
�*c
)"
)L��!8L	 E. coli #$% C. albicans 
.��D+6�7-:*��� Fm-SOP, SOP-B  �+ SOP-B1 E
&��
�*c
)"
)L�E(� -(

�5&� MIC �&	�!8L	 E. 

coli �6&�ก)" 31.11 µM AB7�
�:*+�,6S,f�%(�ก$&�-:*�����กM�
 penaeidins AB7�
�5&� MIC 

�กก$&� 40 µM (Destoumieux et al., 1999) -:*�����กM�
 rLs-stylicin1 
�5&� MIC 
�กก$&� 
160 µM (Rolland et al, 2010)  �&
�:*+�,6S,f�%��	
ก$&�-:*��� ALFPm3 
�5&� MIC �6&�ก)" 
0.095-0.19 µM (Somboonwiwat et al, 2005) -:*��� rCrus-likePm ��ก AB7�
�5&� MIC �6&�ก)" 
2.5-5 µM (Amparyup et al, 2008b) �&$�5&� MIC �	�-:*��� SOP-A �&	�!8L	 C. albicans 
�6&�ก)" 63.3 µM AB7�
�:*+�,6S,f�%(�ก$&�-:*�����กM�
 rLs-stylicin1 
�5&� MIC 
�กก$&� 100 
µM (Rolland et al, 2010)   

 
4.2 ก
��)�(�
��
�
�23�ก
��4
35*�ก��ก
��ก
'ก��6�7��&�(������&ก���� 

 
��กM�ก�*6(�	"5$�
��
�*c.�ก�*6'�.9��ก,(ก�*�ก�+ก��&
�	� "56��*�
 

V. harveyi %"$&�-:*��� Fm-SOP, SOP-A, SOP-B  �+ SOP-B1 ��
�*c6'�.9� "56��*�
 V. 

harveyi �ก,(ก�*�ก�+ก��&
E(�  ��ก���$,�)
ก&	�9�����L!�L .9� �9��$&� AMPs 6�7%".�ก�� �
�
5$�
��
�*c6'�.9� "56��*�
�ก,(ก�*�ก�+ก��&
E(� ก& -:*��� Penaeidins ��ก L. stylirostris 
��
�*c6'�.9� "56��*�
��
%)�S�\ Vibrio �ก,(ก�*�ก�+ก��&
E(� (Munoz et al., 2004) -:*��� 
Stylicins �:;� AMPs 6�7%".� L. stylirostris 
�5$�
��
�*c.�ก�*�)"ก)" lipopolysaccharide 
(LPS) AB7��:;�	�5\:*+ก	"�	�M�)��A��\�	� "56��*�
 ก*
�" �+
�5$�
��
�*c.�ก�*�)"
 �+6'�.9� "56��*�
 Vibrio penaeicidae �ก,(ก�*�ก�+ก��&
E(� (Rolland et al., 2010)  �+ 
-:*��� lectin 6�7 
กE(���ก hemolymph �	� F. merguiensis ก�
�5$�
��
�*c.�ก�*6'�.9� 
 "56��*�
��
%)�S�\ Vibrio �ก,(ก�*�ก�+ก��&
E(��!&��(�
$ก)� (Rittidach et al., 2007) AB7�
�	(5��	�ก)"M�ก�*6(�	� (�$
�9����L�B�5�($&�-:*���.!�5$�
��
�*c.�ก�*6'�.9� "56��*�

�ก,(ก�*�ก�+ก��&
�:;�ก�Eก.�ก�*
)"
)L�ก�*��,"-��	��!8L	 V. harveyi   
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4.3 ก
��)�ก
��4
�
�7�����9:�
9(����� (Chitinase activity) 7��������  
 
��กก�*9�5&� chitinase activity �	�-:*���"*,��6S,T Fm-SOP, SOP-A, SOP-

B  �+ SOP-B1 %"$&�-:*��� SOP-A 
�5&� chitinase activity ���6�7��( AB7�ก�*6'�����	�
�	�EA
\E5�,���
�5$�
�)
%)�S\ก)":*+�,6S,f�%.�ก�*
)"
)L��!8L	*� F. oxysporum �B��&�M�.9�
-:*��� SOP-A 
�:*+�,6S,f�%.�ก�*
)"
)L� F. oxysporum E(�(�ก$&�-:*��� Fm-SOP, SOP-B 
 �+ SOP-B1 �B���
�*c�*�:E(�$&�5$�
��
�*c.�ก�*�:;��	�EA
\E5�,����	�-:*����:;�
ก�Eก6�7!&$
.9�-:*�����
�*c
)"
)L��!8L	*� F. oxysporum �!&��(�
$ก)"-:*��� tachycitin 6�7%"
.� horseshoe crab (Iwanaga et al., 1998)  �+ scarabaecin .� rhinoceros beetle (Tomie 
et al., 2003)   
 
4.4 ก
��)�(�
��
�
�23�ก
��)��)/�ก
��4
�
�7�����9:�
��������� (Proteinase 
inhibition activity) 

 
��กก�*kBกC�ก&	�9�����L!�L.9��9��$&�%$ก���!�%ก&	-*5�&��_ �+.!��	�EA
\

-:*������.�ก�*"�ก*�ก������& host cell  �+9�"9��ก	)��*�
��กf�
,5��
ก)��	� host (�$
�9����L
5$�
��
�*c.�ก�*
)"
)L�ก�*6'�����	��	�EA
\-:*�������+!&$
:s	�ก)�ก�*"�ก*�ก �+ก�*
 %*&ก*+��
�	�%$ก���!�%ก&	-*5E(� (Armstrong, 2001) .����$,�)
!,L���L�B�6'�ก�*kBกC�
5$�
��
�*c.�ก�*
)"
)L�ก�*6'�����	��	�EA
\-:*������(�$
 �+%"$&�-:*��� Fm-SOP, 
SOP-A, SOP-B  �+ SOP-B1 
�5$�
��
�*c.�ก�*
)"
)L�ก�*6'�����	��	�EA
\-:*�����
�(�$
 �(�.9��9��$&�ก�Eกก�*
)"
)L��!8L	�	�-:*���6)L���7�)$�ก,(��ก5$�
��
�*c.�ก�*
)"
)L�
ก�*6'�����	��	�EA
\-:*�������!&��(�
$ก)"-:*��� Rhamp 6�7%".��&	
�L'���
�	� 
Rhipicephalus haemaphysaloides AB7�
�5$�
��
�*c.�ก�*
)"
)L�ก�*6'�����	��	�EA
\ 
chymotrypsin  �+ elastase (Zhang et al., 2011b) -:*��� Ixodidin �:;� AMPs 6�7 
กE(���ก 
hemocytes �	� Boophilus microplus 
�5$�
��
�*c.�ก�*
)"
)L�ก�*6'�����	��	�EA
\ 
chymotrypsin  �+ elastase (Fogaca et al, 2004)  �+��กM�ก�*6(�	�
)�!�L.9��9��$&�
5$�
��
�*c.�ก�*
)"
)L��	�EA
\ trypsin  �+ chymotrypsin 	��
�"6"�6.�ก�*!&$
�%,7

:*+�,6S,f�%ก�*
)"
)L��!8L	 S. aureus �	�-:*��� SOP-A, SOP-B  �+ SOP-B1 6'�.9�-:*���
6)L���
�)$��L
�:*+�,6S,f�%6�7(�ก$&�-:*��� Fm-SOP AB7�E
&��
�*c
)"
)L�ก�*6'�����	��	�EA
\
6)L��	�!�,(��L �!&��(�
$ก)"-:*��� Potide-G 6�7%".� potato tubers (Solanum tuberosum) 6�7

�5$�
��
�*c
)"
)L��!8L	 S. aureus ก�
�5$�
��
�*c.�ก�*
)"
)L�ก�*6'�����	��	�EA
\ 
trypsin  �+ chymotrypsin �!&��(�
$ก)� (Kim et al., 2006)  �+��กก�*6(�	":*+�,6S,f�%
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ก�*
)"
)L� S. aureus �	�-:*�����กM�
 plectasin �
87	"&
-:*���(�$
�	�EA
\ trypsin %"$&�
:*+�,6S,f�%.�ก�*
)"
)L��!8L	 S. aureus �(�� (Zhang et al, 2011a) !�L.9��9��$&��	�EA
\ 
trypsin 
�M��&	ก�*6'�����	�-:*��� �	ก��ก��L.����$,�)
!,L���L
)�%"$&� Domain B 	��
�
"6"�6�&	5$�
��
�*c.�ก�*6'�.9�-:*��� Fm-SOP 
�5$�
��
�*c.�ก�*
)"
)L�ก�*6'����
�	��	�EA
\ subtilisin A    
 
4.5 ก
�LMกN
��7�����5OP���6�ก
��4
�
�7�������� SOP-A 3�ก
��)��)/��+./� S. 

aureus 

 
��กก�*�'�-:*���"*,��6S,T SOP-A 
�"&
6�7	�D9f�
,�&��_  �+6(�	"

:*+�,6S,f�%.�ก�*
)"
)L��!8L	 S. aureus �)L��+�9��E(�$&�:*+�,6S,f�%�	�-:*����(���
87	"&

6�7	�D9f�
, 50 	�k��A��A�
� 
�กก$&� 3 !)7$-
� !�L.9��9��$&�	�D9f�
,
�M�6'�.9�-:*��� SOP-A 

�:*+�,6S,f�%�(���!&��(�
$ก)"-:*��� SOP-B 6�7
�:*+�,6S,f�%.�ก�*
)"
)L� S. aureus 
�(���
87	"&
6�7	�D9f�
, 50 	�k��A��A�
� �:;��$�� 5 !)7$-
� (�*�*)��\, 2555)  �+��กก�*
6(�	":*+�,6S,f�%�	�-:*�����กM�
 plectasin .�ก�*
)"
)L� S. aureus 6�7	�D9f�
,�&�� 
E(� ก& 30, 60, 80  �+ 100 	�k��A��A�
� %"$&�:*+�,6S,f�%.�ก�*
)"
)L��+�(���
87	
�
	�D9f�
,����BL� (Zhang et al, 2011a) AB7��	(5��	�ก)"M�ก�*6(�	�.�5*)L���L�!&�ก)� 	
&��E*ก�
��
M�ก�*6(�	�.�5*)L���L
)� �(�.9��9��$&�-:*��� SOP-A 
)���
�*c6'����E(�6�7	�D9f�
,
�	�*&��ก�

��C
\ (37 	�k��A��A�
�)  �+ 	�D9f�
,9�	� (25 	�k��A��A�
�) 
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����� 5 
��	
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���������
 

 
��กก����	
���
����	��
�	����
����ก��� Shrimp ovarian peritrophin 

domain A (SOP-A) ./012�����34ก5�6�7���8
	ก��
9�����:�/���ก�;ก<�ก��22ก=
�	��>?
34ก5�.���?�.
�?�ก8����
�� Fm-SOP, SOP-B ��� SOP-B1 �����B������ก��
>�2C;>9
>8C��D 

1. .�012���?�� SOP domain A ���6��.F9�/����	> pGEX ��9J���;�ก��
�9�
ก����9�C���
����ก��� GST-SOP-A <���6
�.��? E. coli ��?/8���L BL 21 ���
����	��
�	�
���
�� GST-SOP-A /�JO����
�� GST-SOP-A ���D��P�8ก��.�ก�������7 39 kDa ���.�012

8> GST 22ก>9J? Thrombin ��9J/�JO�;>9���
�� SOP-A ��F��>�����7 9 kDa 

2. ก��
>�2�6J�������B<�ก��
9�����:�//�JO����
����	��
�	� SOP-A 
�����B?8�?8DC.:0D2 E.coli, V. harveyi, S. aureus, C. albicans ��� F. oxysporum .�012.
�?�ก8�
���
�� Fm-SOP, SOP-B ��� SOP-B1 /�JO� ���
�� SOP-A ������	
�	V�/<�ก��?8�?8DC F. 

oxysporum ;>9>�กJO����
��
8DCP�>�>?��6O� MIC �92?
�1��>�
O?8C������	
�	V�/�92?กJO�?� 
Amphotericin �2ก��ก�8D����
�� SOP-A ?8C�����B?8�?8DC E. coli ��� C. albicans [4DC
���
�� Fm-SOP, SOP-B ��� SOP-B1 ;�O�����B?8�?8DC;>9 

3. ก��
>�2�6J�������B<�ก��
��<P9.ก	>.ก��ก��O���6
�.��?�ก���� V. 

harveyi F2C���
�� Fm-SOP, SOP-A, SOP-B ��� SOP-B1 /�JO����
��
8DC��1:�	>�����B

��<P9��6
�.��? V. harveyi .ก	>ก��.ก��ก��O�;>9 

 4. ก��J8>ก��
��C��F2C.2�;[�L;6
	.��F2C���
�� Fm-SOP, SOP-A, SOP-
B ��� SOP-B1 �>?ก��P�6O� chitinase activity F2C���
�� /�JO� ��6O�.
O�ก8� 0.48, 7.64, 
6.22 ��� 3.50 units/mg protein 
�����>8� ��.Pf�JO����
�� SOP-A ��6O� chitinase activity 
��CกJO����
��
8DC���:�	> [41C�2>6�92Cก8�����	
�	V�/<�ก��?8�?8DC.:0D2 F. oxysporum  

5.  ก��J8>6J�������B<�ก��?8�?8DCก��
��C��F2C.2�;[�L���
��.�� /�JO� 
���
�� Fm-SOP ��6J�������B<�ก��?8�?8DCก��
��C��F2C.2�;[�L subtilisin A ���
�� 
SOP-A �����B?8�?8DCก��
��C��F2C.2�;[�L trypsin ���
�� SOP-B �����B?8�?8DCก��

��C��F2C.2�;[�L chymotrypsin ��� subtilisin A �OJ����
�� SOP-B1 �����B?8�?8DCก��

��C��F2C.2�;[�L chymotrypsin ��� trypsin 

6. ก��
>�2�����	
�	V�/ก��6C
8JF2C���
�� SOP-A 
�12�7PV��	
O�C h ก8�
.:0D2 S. aureus /�JO�.�012������
�� SOP-A ���O�
�12�7PV��	 50 2C3�.[�.[�?� .�i�.J�� 5 
:81J��C 
��<P9����	
�	V�/ก��?8�?8DC���ก��jO�.:0D2 S. aureus �>�C 
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���������
 
1. ��กก��
>�2C��D��.Pf�JO����
�� SOP-A ��6J�������B<�ก��?8�?8DC E. 

coli 
��<P9
92C.�02ก<:9.Jก.
2�L pGEX-4T [41C�� GST tag 
�1��F��><PkOกJO����
�� SOP-A 
��
<P9:OJ?�>=
�	�F2C���
�������	
<� E. coli ;>9�
O
92C��F8D�
2�ก��
8> GST Tag 22ก�4C
��
<P9ก����	
���
�� SOP-A 6O2�F9�C?�OC?�ก���;>9��	��7�92?���./	1�
9�
��ก����	
 
./���l��8D�B9������;����?�ก
L<:96J�P�����201�<�ก�� Expression protein .:O���	
<�?��
L 
Pichia pastoris P�02 S. cerevisiae 

2. ���
�� SOP-A �����B?8�?8DC V. harveyi ��� F. oxysporum [41C.�i�.:0D2
กO2��6<�ก�9C;>9�4C2�����;����?�ก
L<:9.�i�
8J./	1�V��	6�9�ก8���6<�ก�9C�
O?8C.�i�ก��
>�2C��>8� 
in vitro �4C
92C��ก��
>�2C<���>8� in vivo 
O2;� 
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ก�	
�	�
�����	
���
�
���� ��	����
�������������ก�	����� 
 
1. ก�	
�	�
���	����
�!��	"#ก�	��$�%���!�#	$�&�'$()*	��� 

1.1 ������	
��
����� LB (Luria Bertaini) ������� 1000 ��		�	��� 
Yeast extract  5 ก�&� 
Tryptone  2.5 ก�&� 
Sodium chloride (NaCl) 2.5 ก�&� 

����3�4�ก	&53 1000 ��		�	��� 34�6�375
89������:
5�;<�=>�� 121 �
?��@	�@
�A ��B3�C	� 15 3�:
 
�กDE:
5�;<�=>�� 4 �
?��@	�@
�A 

1.2 ������	
��
����� 2xYT ������� 1000 ��		�	��� 
Yeast extract  10 ก�&� 
Tryptone  16 ก�&� 
Sodium chloride (NaCl) 5 ก�&� 
����3�4�ก	&53 1000 ��		�	��� 34�6�375
89������:
5�;<�=>�� 121 �
?��@	�@
�A ��B3�C	� 

15 3�:
 �กDE:
5�;<�=>�� 4 �
?��@	�@
�A 
1.3 ก�����
�� lysis buffer (pH 8.0) 

Sodium hydrogen phosphate (Na2HPO4) 0.6 ก�&� 
Sodium chloride (NaCl)   1.75  ก�&� 
Tris-HCl    0.12  ก�&� 
	R	��S33�4�ก	&53��R��< 80 ��		�	��� ��&E pH ��B3 8.0 T�ก3&�3��&E�������S�U

6VU 100 ��		�	��� 34�6�375
89������:
5�;<�=>�� 121 �
?��@	�@
�A 3�3 15 3�:
 �กDE:
5�;<�=>���U�
 
1.4 ก�����
�� 1 M IPTG  

�&5
 IPTG 2.38 ก�&� 	R	��VUC�3�4�ก	&53 ��&E���������B3 10 ��		�	��� �กDE:
5
�;<�=>�� -20 �
?��@	�@
�A 

1.5 ก�����
�� 1 M Tris-HCl1 	��� 
�&5
 Tris-HCl 121.1 ก�&� 	R	��S33�4�ก	&53 800 ��		�	��� ��&E pH S�U6VU���

�U�
ก�� T�ก3&�3��&E���������B3 1000 ��		�	��� VUC�3�4�ก	&53 34�6�34�6�375
89������:
5�;<�=>�� 121 
�
?��@	�@
�A 3�3 15 3�:
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1.6 ก�����
�� 0.5 M EDTA (pH 8.0) 
�&5
 EDTA 186.12 ก�&� 	R	��S33�4�ก	&53 800 ��		�	��� ��&E pH S�U6VU 8.0 

T�ก3&�3��&E���������B3 1000 ��		�	��� VUC�3�4�ก	&53 34�6�375
89������:
5�;<�=>�� 121 �
?��@	�@
�A 
3�3 15 3�:
 

1.7 ก�����
�� Buffer A, A4���&E GST-SOP-A protein 
1 M Tris-HCl, pH 7.5  5  ��		�	��� 
0.5 M EDTA, pH 8.0  1 ��		�	��� 

34�A��	R	��:&�
��V��^A�ก&3_	UC��&E�������S�U6VU 100 ��		�	��� VUC�3�4�ก	&53 
1.8 ก�����
�� Washing buffer A4���&E GST-SOP-A protein 

1 M Tris-HCl, pH 8.0  5 ��		�	��� 
0.5 M EDTA, pH 8.0  0.2 ��		�	��� 
Triton X-100   1 ��		�	��� 
34�A��	R	��:&�
��V��^A�ก&3_	UC��&E�������S�U6VU 100 ��		�	��� VUC�3�4�

ก	&53 
1.9 ก�����
�� Buffer D A4���&E GST-SOP-A protein 100 ��		�	��� 

Tris-HCl 0.6 ก�&� 
Guanidium 47.76 ก�&� 
EDTA  0.186  ก�&� 
	R	��S33�4�ก	&53��R��< 80 ��		�	��� ��&E pH ��B3 8.0 T�ก3&�3��&E�������S�U

6VU 100 ��		�	��� 34�6�375
89������:
5�;<�=>�� 121 �
?��@	�@
�A 3�3 15 3�:
 �กDE:
5�;<�=>���U�
 
1.10 ก�����
�� Binding buffer 

2% SDS   40 ��		�	��� 
1M Tris-HCl pH 6.8  12 ��		�	��� 
34�A��	R	����^A�ก&3T�ก3&�3��&E�������S�U6VU 60 ��		�	���VUC�3�4�ก	&53 

1.11 ก�����
�� Elution buffer 
2% SDS   4 ��		�	��� 
1 M Tris-HCl pH 6.8 1.2 ��		�	��� 
3�4�ก	&53   0.8 ��		�	��� 

34�A��	R	����^A�ก&3T�ก3&�3���� 10% SDS 1.2 ��		�	��� 
1.12 ก�����
��A��	R	�� PBS, pH 7.4 ������� 1 	��� 
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Sodium chloride (NaCl)    8.0  ก�&� 
Potassium chloride (KCl)   0.2 ก�&� 
Sodium hydrogen phosphate (Na2HPO4)  1.44 ก�&� 
Potassium dihydrogen phosphate (KH2PO4) 0.24 ก�&� 
	R	��A��:&�
��VS33�4�ก	&53 900 ��		�	��� ��&E pH S�U6VU 7.4 _	UC��&E�������

S�U6VU 1 	��� 34�6�375
89������:
5�;<�=>�� 121 �
?��@	�@
�A 3�3 15 3�:
 �กDE:
5�;<�=>���U�
 
2. ก�	
�	�
���	����
�!��	"# SDS-PAGE 

2.1 ก�����
�� 1.5 M Tris-HCl (pH 8.8) ������� 100 ��		�	��� 
�&5
 Tris base 18.17 ก�&� 34���	R	��VUC�3�4�ก	&53 50 ��		�	��� ��&E pH ��B3 8.8 

VUC� hydrochloric acid ��&E���������B3 100 ��		�	��� �กDE:
5�;<�=>�� 4 �
?��@	�@
�A 
2.2 ก�����
�� 1.0 M Tris-HCl (pH 6.8) ������� 100 ��		�	��� 

�&5
 Tris base 12.10 ก�&� 34���	R	��VUC�3�4�ก	&53 50 ��		�	��� ��&E pH ��B3 6.8 
VUC� Hydrochloric acid ��&E���������B3 100 ��		�	��� �กDE:
5�;<�=>�� 4 �
?��@	�@
�A 

2.3 ก�����
�� 30% acrylamide-bisacrylamide������� 100 ��		�	��� 
�&5
 acrylamide 29 ก�&� _	R N,Ne-methylene-bis acrylamide 1 ก�&� 	R	�� bis-

acrylamideVUC�3�4�ก	&53 50 ��		�	��� �;93:
5�;<�=>�� 37 �
?��@	�@
�A f9�� g ���� acrylamide T3
	R	����V �	9��S�U��D3:
5�;<�=>���U�
 ��&E�������S�Uf�E 100 ��		�	��� ก��
VUC�ก�RV�h
ก��
 �กDES3iCVA
��:
5�;<�=>�� 4 �
?��@	�@
�A 

2.4 ก�����
�� 10% sodium dodecyl sulphate (SDS) ������� 100 ��		�	��� 
�&5
 SDS 10 ก�&� 	R	��VUC�3�4�ก	&53 ��&E���������B3 100 ��		�	��� �กDE:
5

�;<�=>���U�
 
2.5 ก�����
�� 10% Ammonium persulphate (APS) ������� 1 ��		�	��� 

�&5
 0.1 ก�&� APS 	R	��VUC�3�4�ก	&53 ������� 1 ��		�	��� �กDE:
5�;<�=>�� 4 �
?��@	�@
�A (���
��
S��9ก9�3S�U) 

2.6 ก�����
�� 2X sample buffer ������� 10 ��		�	��� 
 10% SDS   4 ��		�	��� 
 Glycerol   2 ��		�	��� 
 1M Tris-HCl (pH 6.8)  1.2 ��		�	��� 
 1M DTT   2 ��		�	��� 
 Bromophenol blue  0.002 ก�&� 
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��&E���������B3  10 ��		�	��� �กDE:
5�;<�=>�� 4 �
?��@	�@
�A 
 
2.7 ก�����
�� Tris-glycine buffer ������� 1 	��� 

 SDS  1 ก�&� 
 Glycine  14.42 ก�&� 
 Tris-base 3.03 ก�&� 
�&5
 Tris_	R Glycine 	R	��S33�4�ก	&53��R��< 900 ��		�	���T�ก3&�3ก��
VUC�

ก�RV�hก��
 �E��j 4 _	UC���� SDS 	
6�_	UC��&E���������B3 1000 ��		�	��� 
2.8 ก�����
��A��	R	�� Staining ������� 1 	��� 

�&5
 Coomassie blue R-250 2 ก�&� 	R	��S3 95% methanol 525 ��		�	��� _	R 
Glacial acetic acid 75 ��		�	��� ��&E������� ��B3 1 	��� VUC�3�4�ก	&53 �กDE:
5�;<�=>���U�
 

2.9 ก�����
��A��	R	�� destaining I ������� 1 	��� 
�C
 95% Methanol 526 ��		�	��� _	R Glacial acetic acid 75 ��		�	��� ��&E

���������B3 1 	���VUC�3�4�ก	&53 �กDE:
5�;<�=>���U�
 
2.10 ก�����
��A��	R	�� destaining II ������� 1 	��� 

�C
 95% Methanol 5.26 ��		�	��� _	R Glacial acetic acid 75 ��		�	��� ��&E
���������B3 1 	��� VUC�3�4�ก	&53 �กDE:
5�;<�=>���U�
 
3. ก�	
�	�
���	����
�!��	"# Lowry 

3.1 ก�����
�� Copper Tartrate carbonate solution (CTC) ������� 1000 ��		�	��� 
Na2CO3  20 ก�&� 
CuSO4.5H2O 1 ก�&� 
Na-tatrate 2 ก�&� 

	R	��S33�4�ก	&53 800 ��		�	��� _	UC��&E���������B3 1000 ��		�	��� 
4. ก�	
�	�
���	����
�!��	"#ก�	�$
�	���: antimicrobial 

4.1 ������	
��
����� Saline peptone water ������� 100 ��		�	��� 
Tryptone   1.5 ก�&� 
Sodium chloride (NaCl)  1.5 ก�&� 
	R	��VUC�3�4�ก	&53 100 ��		�	��� 34�6�375
89������:
5�;<�=>�� 121 �
?��@	�@
�A 

��B3�C	� 15 3�:
 �กDE:
5�;<�=>�� 4 �
?��@	�@
�A 
4.2 ������	
��
����� LB+2% (w/v) NaCl agar ������� 100 ��		�	��� 
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Tryptone   1 ก�&� 
Yeast extract   0.5 ก�&� 
Sodium chloride (NaCl)  2.5 ก�&� 
Agar    1.5 ก�&� 
	R	��VUC�3�4�ก	&53 100 ��		�	��� 34�6�375
89������:
5�;<�=>�� 121 �
?��@	�@
�A 

��B3�C	� 15 3�:
 �กDE:
5�;<�=>�� 4 �
?��@	�@
�A 
4.3 ������	
��
����� Mueller Hinton Broth 

Beef Extract   2 ก�&� 
Acid Hydrolysate of Casein 17.5 ก�&� 
Starch    1.5 ก�&� 
����3�4�ก	&53 1,000 ��		�	��� 34�6�375
89������:
5�;<�=>�� 121 �
?��@	�@
�A ��B3

�C	� 15 3�:
 �กDE:
5�;<�=>�� 4 �
?��@	�@
�A 
4.4 ������	
��
����� Potato dextrose agar (PDA) ������� 400 ��		�	��� 

Stock 3�4��&3q�&5
  80  ��		�	��� 
D-Glucose  8 ก�&� 
3�4�ก	&53   320 ��		�	��� 
Agar   6 ก�&� 
34���	R	��S�U�iU�ก&3_	UC34�6�375
89������:
5�;<�=>�� 121 �
?��@	�@
�A ��B3�C	� 

15 3�:
 �กDE:
5�;<�=>�� 4 �
?��@	�@
�A 
4.5 ������	
��
����� Potato dextrose broth (PDB) ������� 100 ��		�	��� 

Stock 3�4��&3q�&5
  20 ��		�	��� 
D-Glucose  2 ก�&� 
3�4�ก	&53   80 ��		�	��� 

^A�S�U�iU�ก&3 _	UC34�6�375
89������:
5�;<�=>�� 121 �
?��@	�@
�A ��B3�C	� 15 3�:
 �กDE:
5�;<�=>�� 4 
�
?��@	�@
�A 

4.6 ก�����
�� Stock 3�4��&3q�&5
  
34��&3q�&5
��ก��	��ก_	UC3�4��3&ก 1 ก�r	ก�&� ���U�S33�4� 1 	��� �U�s�A;ก 

T�ก3&�334���ก��
VUC� Û�i�C���_�93�4� _	UC34�����&E�������S�U6VU 1 	��� 
4.6 ก�����
�� 0.85% (w/v) Normal saline solution ������� 100 ��		�	��� 
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�&5
 Sodium Chloride (NaCl) 0.85 ก�&�	R	��S33�4�ก	&53 100 ��		�	��� _	UC34�6�
375
89������:
5�;<�=>�� 121 �
?��@	�@
�A ��B3�C	� 15 3�:
 �กDE:
5�;<�=>�� 4 �
?��@	�@
�A 

 
 
4.7 ก�����
�� 10 mg/ml Amphotericin B  
�&5
�� Fungizone 21.8 mg ��	R	��S33�4�ก	&53:
5���?T�ก����� ������� 1 ��		�	��� _	UC

ก��
 9̂�3 Millipore �กDE:
5�;<�=>�� -20 �
?��@	�@
�A 
5. ก�	
�	�
���	����
�!��	"#����# Chitinase activity 

5.1 ก�����
�� Dinitrosalicylic acid reagent solution 
Dinitrosalicylic acid 1 ก�&� 
Phenol   0.2 ก�&� 
NaOH   1 ก�&� 
Na2SO3   0.05 ก�&� 
	R	��VUC�3�4�ก	&53 80 ��		�	��� _	UC��&E���������B3 100 ��		�	��� 

6. ก�	
�	�
���	����
�!��	"#�������# Proteinase inhibitor 
6.1 ก�����
�� 50 mM Tris-HCl (pH 8.0) ������� 100 ��		�	���  

�&5
 Tris base 0.61 ก�&� 34���	R	��VUC�3�4�ก	&53 80 ��		�	��� ��&E pH ��B3 8.8 
VUC� Hydrochloric acid ��&E���������B3 100 ��		�	��� _	UC34�6�375
89������:
5�;<�=>�� 121 �
?�
�@	�@
�A ��B3�C	� 15 3�:
 �กDE:
5�;<�=>��  

6.2 ก�����
�� 50% (v/v) acetic acid ������� 100 ��		�	���  
�C
 Acetic acid 50 ��		�	��� _	UC34�6�����	
S33�4�ก	&53 50 ��		�	��� 6�9�U�


34�6�89������ �กDE:
5�;<�=>���U�
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