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α -Amylase is a major enzyme for digestion starch and glycogen in animals. In this 

study, α �amylase (PmAmy) isolated from Black tiger shrimp (Penaeus monodon) was cloned 
and sequenced using Rapid Amplification of cDNA Ends (RACE) technique. The length of 
obtained PmAmy comprised of 1647 bp including a 1539 bp  open reading frame, encoding a 
dedued protein with 512 amino acids rescidues. The calculated molecular weight and pI of 
PmAmy was 56.90 kDa and 5.04 respectively. The dedued protein contains 9 conserved domains 
including FEW, GFAGVQVSP, DAVINH, NYGD, LNDLN, GFRIDPSKH, EVID, FIDNHD and 
GYTRAMSSY. The sequence was BLAST with that of  Litopenaeus vanamei and showed 
95.31% identity. Tissues expression of the gene was investigated by RT-PCR. We found that the 
highest expression level was in hepatopancreas and the expression levels were moderated in 
foregut, midgut, hindgut and heart. PmAmy was also expressed in eyestalk and gills at the least 
level.  
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bp    base pair 
oC    degree Celsius 
Da    Dalton 
dNTP    deoxynucleotide-5-triphosphate 
DNA    deoxyribonucleic acid 
E. coli    Escherichia coli 

EDTA    ethylene diamine tetraacetic acid 
EtBr    ethidium bromide 
et al.    et. Alli (Latin), others 
Fig.    Figure 
g    gram 
g    gravity force 
h    hour 
IPTG    Isopropyl thiogalactoside 
kb    kilobase pair 
l    litre 
LB    Lulia-Bertani medium 
M    Molar 
mg    millligram 
min    minute 
ml    mililitre 
mM    millimolar 
MW    molecular weight 
ng    nanogram 
O.D.    optical density 
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PCR    polymerase chain reaction 
pI isoelectric point 
RACE � PCR rapid amplification of cDNA ends polymerase chain reaction 
rpm    revolution per minute 
RNA    ribonucleic acid 
RNase    ribonuclease 
s    second 
SDS    sodium dodecyl sulphate 
TAE    Tris acetate EDTA electrophoresis buffer 
TE    Tris EDTA 
Tm    melting temperature 
Tris    Tris (hydroxymethyl) aminomethane 
U    unit 
UV    ultraviolet 
V    volt 
w/v    weight by volume 
X-gal    5-bromo-4-chloro-3-indolyl-D-galactopyranosid 
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&�$ ��� (กOY"กK�, 2543) �"ก@�ก@��!��*��!P)�ก�
�L"�"���
��*� ("�#X�$
�"�'�"�#�(�� ��&�!���������M	L"ก�
�"ก�
�
%"&ก�*& *�� (Chang, 1995)  ก�
�
�
��� �
    
�����!�"#� $%"&�!��"�'�"�#�(��  "�@(QW�%*"�K��OY����)�ก�
(Q�!P���Q�&
� �
ก�@ก

�
%"&("�#X�$"�#�(��  X�P&"�@@����)�*����
�(��P�Q
������A��)�ก�
���&��%"&("�#X�$# *  
"�@@��!J�	L"ก�
ก
�	�*��
O"ก�
(
L&ก�
�"ก�
�
%"&ก�*&ก��� ��# *  "!ก��Y&��&����
�@� ก�
)�*
ก�*&ก��� ���!ก�
�"ก�
�
# *)�(���)ก�*(�!�&ก��  %�� %"&ก�*&@�)ก�*(�!�&ก��(�OP"�ก*Q�M��ก�
ก��
ก��("&  X�P&(QW�Q�M�����ก%"&ก�
(�!Y�&ก�*&ก��� ��� �& *��   �&��Y�)�ก�
��ก���
�Y&�!Y�!
��	��Q
��&�$(�OP"����� �
�����!�"#� $%"&�!��"�'�"�#�(��%"&ก�*&ก��� ��  (�OP"(QW�%*"�K�
�OY����)�ก�
��ก��
� �
ก�@ก

�%"&("�#X�$	L"#Q 
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��AO#G��!��	 
 

1.  �����!��"�'�"�#�(�� (α- Amylase gene) @�กก�*&ก��� �� (Penaeus monodon) 
 
2.  ����� �
�����!�"#� $ cDNA %"&�!��"�'�"�#�(�� (α- Amylase gene) 
 
3.  ��ก�
�� &""ก%"&�!��"�'�"�#�(�� (α- Amylase gene) )�(�OY"(�OP"	L�&� (Tissue 

specific) %"&ก�*&ก��� �� 
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ก��A��< �ก!�� 
       
 ก�*&ก��� �� �
O"ก�*&�*���� �!BOP"��������	
$�L� Penaeus monodon ����!BOP"����M�L� Tiger 
prawn �
O" Jumbo tiger prawn ก�*&B�� �!Y"�KL)��&�$ Penaeidae )�%���!P��&�!B!��	"�KL���	��@�(QW�    
�!�L�&� & �!��
�!�Y��	���
O" ���� %��& ���	��(QW�Q�*"&� ���%��L���Y���!��
�!(��O"&(QW�
Q�*"&� (Q�O"ก���(ก�!Y�& #�L�!%� ��� �!�! �� #�L�!��� '��ก
! *��
��! 7� 8 X!P  *���L�&�! 3 X!P  
L"&
%*�&ก
!��Y&�"& *���!��ก�����
������#�L��&'��ก
!"���� �*�� �!P%�( ���KL�!P 5 #�L�!
��&�$"���"ก  
ก�*&(QW���	�$%�Q�*"&@� "�KL)�#'���"�
$��
�� �  
 

1.  ��#ก����������ก#$�ก#�����  

 

 ��#ก������� 
Kingdom: Animalia 

       Phylum: Arthropoda 

              Subphylum: Crustacea 

                     Class: Malacostraca 

Order: Decapoda 

       Suborder: Dendrobranchiata 

 Family: Penaeidae 

        Genus: Penaeus 

Species: monodon  

      

2.  O�J���J��LN�����  

 

ก�*&ก��� ��(QW�ก�*&�!P�!%�� )�ML�!P�� )��&�$ Penaeidae ��P�"����%"&ก�*&ก��� ��# *�กL �L���Y��
��
#	*���� #�� ��(�(X!� "��� �!(X!� '���QQ���$ ����!P�
��ก# *�กL ""�(	
(�!����"��( !� ก�*&
B�� �!Y"�KL)�(%	
*"�B"
"����"�KL)�

�(���Y����ก �L�&""ก@�ก���&���B"
�OY���(��!P(QW� ���
�� 
����
���"�KL)��Y���!P�!"���AK���K&�������(�r�	P�� (BL� 

�(��Q��B��(��  ก�*&ก��� ��(QW�ก�*&�!P�!ก�

(@
�M(	�
�	
� (
r���ก ("A�B��, 2544) 
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3.  ก�� <��H A��
A  

 

 ก�*&ก��� ����&#%L)���(� ก�*&�!P�!"���Q
���� 12 �18 ( O"� @���&#%L)���(��!P�!
� �
 
������กQ
���� 15 � 30 (�	
 )ก�*ก�
�OY��*"&��(����@���&#%L�
�Y&��Q
���� 1,000,000 � 
1,200,000 '"& ก�*&B�� �!Y�L����ก@�J�������$ก��)�(���ก��&�O� � �	��JK*@��" "�����(���!P
(
!�ก�L� �!(���� (Petesma) (%*�#Q)�"�����(��(�!��!P(
!�ก�L� �!#
��� (Thelycoum) �
*"�ก�
Q�L"�
�Y��(BOY"(%*�#Q(กr
#�*)���&(กr
�Y��(BOY"(�OP"
"�"ก���!P@�J��ก�
#%L)�
������& (�OP"#%L�กL�����ก
(	r��!Pกr@��Kก%�
""ก����&BL"&(��	
&���%�( ���KL�!P��� ���@�# *
�
ก�
J��ก�
�Y��(BOY"	��JK* 
X�P&@�#��""ก@�ก��&(กr
�Y��(BOY"��&
K(Q� (�rก� �!P

�(��%�( ���KL�!P�!P%"&	��(�!�  ��Lก�*&@�)B*(���
��&#%L�
�Y&���P&� Q
���� 3 � 5 ���! #%L�!PJ����*�%���!PQ�L"��KL�Y����(�)��L� @��!��ก���ก�� 
#%L@��L"�� ��G��@�'�ก(QW�	�� A��)�(���Q
���� 15 B�P���& ก�*&���"L"�@���G�� ���(Q�!P��

KQ
L�&#Q	��%�Y�	"�����L��(%*��KL

�(��B�����&  	��"L"�@� ��
&B!��	"�KL)�

�(���!Y@�ก
���P&�	
(	r����@�&"���ก��
�KL��(�(�OP"J�������$�����&#%L	L"#Q"!ก (���� ������, 2546) 

 

ก�
��G��ก�
���ก�
(Q�!P��
KQ
L�&%"&ก�*& 
 

 �Kกก�*&���"L"�)�
������P& (
����"(��!�)  (QW��Kกก�*&�!P'�ก""ก@�ก#%L)��L�  @��!%�� 
(�rก �"& *��	�(Q�L�#�L(�r� �!ก�
(Q�!P���Q�&
KQ
L�&��Y&��  6 �
�Y&A��)� 40 � 50 B�P���& 
����!Y
�Kกก�*&��&#�Lก��"���
 �	L@�# *"���
�L��)�ML@�ก��&"���
�!P	� 	�������@� ��
&B!��	�L��)�ML
"�KL	����*� �� 
 
 �"(��!���!P 1 %�� ���	��Q
���� 0.30 �����(�	
 
KQ
L�&�L"�%*�&ก�� ����	(
!��(�rก#Q
��& *����& �!
��&�$ 3 �KL �!	�"��( !��"�KL
���L�&
��&�$�KL�!P 1 
 

�"(��!���!P 2 %�� ���	�����Q
���� 0.30� 0.36 �����(�	
 
��&�$(
�P��
L&""ก(QW�Q�*"& 
����Q�����&)�ML ������""ก 
 
 �"(��!���!P 3 %�� ���	�����Q
���� 0.36 � 0.38 �����(�	
 (
�P�Q
�ก����%"&
��&�$
�*"& Q�����&(
!��(�rก �!���� 3 �KL 
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 �"(��!���!P 4 %�� ���	�����Q
���� 0.36� 0.40 �����(�	
 Q���%"&
��&�$�*"&��ก
""ก(QW��"&�~ก �!�����!PQ�����& 4 �KL 
 
 �"(��!���!P 5 %�� ���	�����Q
���� 0.40� 0.44 �����(�	
  (
�P��!(Q�O"ก��� %�ก

#ก

ก�� ���	�����""ก Q�����&��ก(QW� 2 �~ก 
 
 �"(��!���!P 6 %�� ���	�����Q
���� 0.42� 0.50 �����(�	
 (Q�O"ก���)�ML%�Y� 
%�ก

#ก
���""ก�!�����!PQ�����& 7 �KL  
 
 
 
 
 
 
 
 
 
  

 

 

 

=����J 1  ��G��ก�
�Kกก�*&���"L"�)�
������P& (
����"(��!�) 
 
��J��: 
�M(�
�� (2552) 
 

 �Kกก�*&���"L"�
����!P�"& (
����Q
�	XK("!�) �Kกก�*&@��!���	�����%�Y� �L������	(�r�# *B�  
�Kกก�*&@��L"�� �"�	��%�Y��KLJ���Y�� ���(
�P�ก��"���
 "���
%"&�Kกก�*&)�
����!Y�L��)�ML(QW���ก
���&�$	"��OB(�rก �Kกก�*&@��L��(%*������& ���@�"�KL)�
����!P�"&Q
���� 4 ��� � ��!ก�
�"ก
�
�
����
�Y& X�P&)��	L���
�Y&@��!
KQ
L�& �&�!Y�O" 
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 �Q
�	XK("!��!P 1 %�� ���	����� 0.85� 1.00 �����(�	
 ���	���
L&""ก(QW�����L���O"  
�L����� �L��"ก ����L���*"& �L��"ก��ก(QW� 6 Q�*"& �L������!(Q�O"ก����	�"  	���&"�KLA��)�
(Q�O"ก�"&(�r�(QW�@�  �� ��ก""ก(QW� 2 	� �	L��&#�L�!ก*��	� 
��&�$�KL�!P 3 (Q�!P����*��!P@�กก�

BL��)�ก�
�L���Y���������*��!PBL��)�ก�
ก��"���
 Q�����&�!���� 7 �KL 
�

��&( ��"���
(�r�
# *B� (@�	�" ���	�� 
 

�Q
�	XK("!��!P 2 %�� ���	�����Q
���� 1.20 � 1.40 �����(�	
 	��J�L�*�(Q�O"ก����!ก*��
	���� ก
!�����OP�#Q%*�&��*����&�*��& *���L�&(�rก�*"� 
���L�&	��!���� 1 �KL 
�(Q�O"ก��� 
(Q�O"ก���(
�P�%���""ก�����L��"ก����!P�L���*"&(
�P��
L&(QW� 5 Q�*"& �L����&��ก(QW��"&�~ก
����!%�%*�&��(@r (�*� 

 
 �Q
�	XK("!��!P 3 %�� ���	�����Q
���� 1.50 � 2.00 �����(�	
 �����&B�Y��"ก�!%�� 
)�MLก�L������&B�Y�)� 
"
� �����&�!%� ����!
��&�$�L���Y��(ก� %�Y��!PQ�*"&"ก��Y& 5 Q�*"& 
   
 
  

 

 

 

 

 

 

 

 

   
=����J 2  ��G��ก�
�Kกก�*&���"L"�)�
����!P�"& (
����Q
�	XK("!�) 
 
��J��: 
�M(�
�� (2552) 
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 �Kกก�*&���"L"�
����!P��� (
���#�X��)  �Kกก�*&)�
����!Y�!��ก�����*���L"��L��ก%�Y� 
����
��"&(�r�# *B�  @�"�KL)�
����!YQ
���� 7 ��� �!ก�
(Q�!P���Q�& 3 
����O" 
 
 #�X���!P 1 �L�����ก�
�L��"ก(BOP"�	� ก��
��&�$"ก��&�&�����*��!P�L���Y�� Q���
��&�$
�
L&(QW� 2 �~ก �L���*"&�
L&""ก(QW� 6 Q�*"&  ����
�Q�*"&�*"&�!P 1 ��� 2 @����#Q Q���
��&�!���� 8 �KL ��� �KL�!P 1 (
�P��
L&(QW� 3 Q�*"& Q�����&(QW��"&�~ก ���	���!�������Q
���� 
2.50 � 3.00 �����(�	
 
 
 #�X���!P 2 �L�����ก�
�L��"ก(BOP"�	� ก��"�L�&��
K
�$ �!(Q�O"ก�������	�" 
��&�$�KL�!P 1 
��& 3 	
&Q���(Q�!P��(QW�ก*����!
 
��&�$�L���Y���!PQ�*"&�*"&(@
�M%�Y� ����
�Q�*"&�!P 3 ���#Q 
��&(�*�(�rก�*"� ���	���!�������Q
���� 3.00� 3.45 �����(�	
 
  
 #�X���!P 3 %��L���Y��(@
�M%�Y� �
L&""ก(QW� 2 Q�*"& �!'��ก
! 1- 2 "�� �!P���ก
!
� ���	���!
�������Q
���� 4.04 � 4.50 �����(�	
 
  
  
 
 
 
 
 
 
 
 
 
 
    

=����J 3 ��G��ก�
�Kกก�*&���"L"�)�
����!P��� (
���#�X��) 
 
��J��: 
�M(�
�� (2552) 
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�Kกก�*&���"L"�)�
����!P�!P (
����������) 
���������� �O"
���	��"L"�%�Y��� �*��  

����!Y�Kกก�*&@��!	�����Q
���� 5.50 �����(�	
 �Kกก�*&�!
��&�$�

(��O"�ก�*&(	r���� �Kกก�*&@�
����G��ก�
#Q(
OP"�� @�(%*��KLก�*&���
�L�  � ��
L&(QW� 25 
��� A��)� 25 ��� (
!�ก�L���������!P 1 
(�! 1) (
OP"�#Q@���&��������!P 25 (�! 25)  ���&ก�
�"ก�
�
�	L���
�Y&
KQ
L�&��ก���@�
(Q�!P���Q�&#Q��
K
�$��P&%�Y� �Kกก�*&@��!�!(��O"&)� �!����
O"@� (ก� %�Y� ก
!���""ก #�L�
����

����	��  �Kกก�*&@� ��
&B!��	"�KL

�(��Q��#�*B��(�� �
O")����L&�Y��ก
L"� Q
���� 3 � 4 ( O"�  กr
@�(	�
�	(QW�ก�*&���
�L�  (�OP""���# *Q
���� 6 ( O"� ก�*&@��&�KL��(�(�OP"���ก�
J�������$	L"#Q 
(Q
�@�
, 2527)   

 

 

 

 

 

 

 

 

 

 

 

     
=����J 4  ��G��ก�
�Kกก�*&���"L"�)�
����!P�!P (
����������) 
 
��J��: 
�M(�
�� (2552) 
 

4.  ก����ก����  
 
 ก�*&@��(QW�	*"&�"ก�
�
(�OP"ก�
(@
�M(	�
�	 ��Y&�!Y(�
��(Q�O"กก�*&(QW�"������!P#�L����
�
(��P�%�� # *(��O"�ก�
(Q�O"ก�"��
O"ก
� "&(	L�# *  �&��Y�)�ก�
(��P�%�� 	��%"&ก�*&�	L���
�Y&
@�&@��(QW�	*"&��� (Q�O"ก(กL���Y&#Q��*��
*�&(QW�(Q�O"ก)��L�!P�!%�� )�MLก�L�%�Y������ ก�*&@�(
�P�
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�"ก�
�
	�Y&�	L'�ก""ก@�ก#%L(�!�&#�Lก!PB�P���&  ���@��"ก�
�
#Q(
OP"�� 	�" B!��	 กL"��!Pก�*&@�
�"ก�
�
@��!ก�
����"���
)�
L�&ก����กก�L�Qก	�� �(~����!P�
*�&(Q�O"ก (�
��(Q�O"ก
@�	*"&�%r&	��� �(
r� ���&@�ก�"ก�
�
��*� (�OP"ก�*&��� (Q�O"ก""ก��  ���	��@�%���)�ML%�Y� 
���(Q�O"ก@��%r&	��A��)� 3 �8 B�P���& ก�
�"ก�
�
%"&ก�*&�	L���
�Y&"�KLA��)	*ก�
��
���%"&

�

Q
�����L��ก��&���I"
$����"&B�� �!P"�KL)�ก*��	� (Webster and Keller, 1986; Yasuda  
et al., 1994 )   �&��Y��*��!ก�
	� ก*��	�""ก@����)�*ก�*&�"ก�
�
# *(
r�%�Y� �	L� ���P�#Qก�*&@��"ก
�
�
B*��
O"(
r���Y�%�Y�"�KLก�
Q�@@��"OP�� ����"�L�& *�� (BL� ���%"&ก�*& ��&���"���AK�� �*�
�A���� �*"�(������ก�
ก�*&@��"ก�
�
�L�&ก���
�Y&��Q
���� 20�30��� Q�@@���!P�!J�	L"ก�

�"ก�
�
%"&ก�*& �O" ������
K
�$%"&��
"���
 (Chang,1995) ก�
)B*�
L��	������
"���
%"&
ก�*&�!P# *@�ก"���
%�Y�"�KLก�
ก�
���&��%"&("�#X�$)�
�

�L"�"���
 (Q
�@�
, 2537)    �&��Y�
ก�@ก

�%"&("�#X�$)�
�

�L"�"���
�!�����������$ก�

����"ก�
�
%"&ก�*& ("�#X�$�!P
(ก!P��%*"&ก�
ก�
�L"�"���
 (BL� "�#�(�� (amylase), #�(�� (lipase) ��� �Q
	�("� (protease) @�
��&(�
���$@�ก hepatopancrease ���ก
�(���"���
%"&ก�*& (Abramo et al., 1997)   
 
5.  ก�� G��J���G�����!�����������J ก����S�"���<�ก����ก���� 
 

5.1  
���กL"�ก�
�"ก�
�
 (Premolt)  กL"�ก�
�"ก�
�
ก�*&@�#�Lก��"���
 @���&(ก	# *
�L�ก�*&(
�P�ก��"���
#�L��   �	Lก�*&@� �&��
"���
������&&��@�ก"���
�!P����#�*�!P 
hepatopancrease ��)B*)�ก�
�
*�&(Q�O"ก)��L  � �(
�P��
*�&#�	��@�ก"���
�!P����  #ก���(@�
�!P�Kก����#�*@�� �&(�OP"&@�ก�Kก���#Q�
*�&#�	���!P(QW�"&�$Q
�ก"
%"&(QW�(Q�O"ก)��L  ก�*&@�
�"ก�
�
(
r��
O"#�L%�Y�"�KLก�
Q
������
"���
�!P# *
�
  ��กก�*&# *
�
��
"���
���(Q�!P��(QW�
#�	��# *��กกr@��"ก�
�
# *(
r� �	L�*�# *
�
��
"���
#�L(�!�&�"  ก�
�"ก�
�
 กr@��O ""ก#Q 
3-5 ���  
 

5.2  
����"ก�
�
 (Intermolt)  )�
����!Yก�*&@���� ก�
(��OP"�#�� ก�@ก

�	L�&� (
�P�
� �& Q
����ก�K���, �Q
	!����#%��� )�(�O" @�(��P��K&%�Y� 
����Y&ก�

�
""กX�(@�(%*��KL

L�&ก��กr@�(��P���ก%�Y� *�� (�OP"&@�กก�*&	*"&)B*���&&����ก)�ก�
�"ก�
�
 (�OP"�"ก�
�
(�
r@
��*�@��!ก�
 K X���Y��(%*��KL
L�&ก��(��P�%�Y�"�L�&
� (
r� � � K X��@�กก
���(�O" ���(�OY"(�OP"%"&

L�&ก�� 
����!Y@�)B*(�����Y���ก(�
��(QW�
����!P"��	
���!P�� )��&@
B!��	 �*���
"���
#�L
(�!�&�" ก�*&�"ก�
�
#�L""ก �"ก�
�
	�  (Q�O"ก��P� �����กก��ก��("& (Q
�@�
, 2527)   
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5.3  
������&ก�
�"ก�
�
 (postmolt)  ���&@�กก�
�"ก�
�
��
K
�$��*� ก�
����
���(X!��กr(
�P�	*�����!(�OP"BL��(
L&ก�
�%r&	��%"&(Q�O"ก 
����!Y@��!ก�
 �&�Y������
L��	�(%*��KL

L�&ก����ก�!P��  (�OP"(��P�%�� ����Y�����ก%"&
L�&ก�� �!ก�
�������(X!���!P 

�(��(Q�O"ก
B�Y��"ก (�OP"(Q�O"ก(
�P��%r&กr@�(
�P��!ก�
(��OP"�#�� ���(
�P�ก��"���
(��P�%�Y� ���&@�ก
�����ก
@�กก�
�"ก�
�
 (Q�O"ก)��L�%r&   ���&ก�
(@
�M(	�
�	%"&(�OY"(�OP"(�
r@��
K
�$ "���
�!Pก�*&ก��
)��	L�����@�(
�P�(��P���ก%�Y� "���
�!Pก��(%*�#Q@��Kก)B*#Q)�ก�
 ��
&B!��	Q
�@����� �L���!P(��O"
@��Kก(Q�!P��#Q)�*����)� hepatopancrease  "�KL)�
KQ%"&��
"���
��ก �Q
	!� #%��� ��� 
#ก���(@� (�OP"(QW�"���
������&&�����
"&(�OP"(Q�!P��)�*"�KL)�
KQ%"&��
�!P@��(QW�)�ก�
�
*�&
(Q�O"ก)��L"!ก�
�Y&  *��ก�#ก��&�

�B�	� ก�*&@�����
�
�
# *�L���
"���
	L�&� �!P����#�*
(�!�&�" ����
�
ก�
�"ก�
�
   �&��Y�ก�
ก��"���
@�(
�P�� �&(�rก�*"����(	
!��(%*��KL
���   
�"ก�
�
"!ก�
�Y&(QW����@�ก
(BL��!Y	L"#Q  (#��
@�$, 2538) 

                        
  

 
 
 
 
 
 
 
 
 
 

 

 

 

=����J 5  �&@
B!��	%"&ก�*&ก��� �� (life cycle) 
 

��J��: Q
�@�
 (2527)   
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6.������� �����B�����ก#$� 

 

��&( ��"���
%"&ก�*&�
L&""ก(QW� 3 �L�� (
�P�@�ก��&( ��"���
�L����*� (foregut) (QW�
�L��%"&��&( ��"���
�!PQ
�ก"
 *��Q�ก"�KL��& *���L�&%"&	"�����!
��&�$
"
Q�ก 3 �KL BL��)�
ก�
ก�����(�!Y��"���
����!	L"��Y����� (salivary gland) �����*��!PJ��	�Y���L"� 	L"@�กQ�ก(QW�
��" "���
��Y� � ���"���
(%*��KLก
�(���"���
 X�P&�!��ก���(QW���&)�ML X�P&"�KL�!P

�(���L�����
@���&"ก ��&	"��L�&%"&ก
�(����!ก�*��(�OY"���BL��)�ก�

 "���
 @�&(
!�ก�L���!Y�L� �ก�
�ก
����$ (gastric mill) ก
�(���%"&ก�*&�!��*��!P 2 "�L�&�O" (QW��!P��ก���
 "���
  �L���� �� �O"
��&( ��"���
�L��ก��& (midgut) �!��ก���(QW�ก
�(Q��"�KL�� @�กก
�(���"���
#Q��&���& 
�����&"�KL)�	L"��
*�&�Y���L"� (hepatopancreas) ����!BL"&
�
�Y���L"� *�� ��&( ��"���
�L���!Y 
@�&�����*��!P)�ก�
�L"�"���
  �L��Q���%"&��&( ��"���
 (hindgut) (QW��L���!P(
!�ก�L� ���#�*(QW�
�L"(�rก � �� #Q��& *�����&%"&���	�����#Q(Q� ""ก�!P�L���*��%"&�L���*"&(
!�ก�L� ���
���ก  
(A���!P 6) (Pérez-Farfanate and  Kensley, 1997)     

 
	L"��
*�&�Y���L"��
O"	�
"L"� (hepatopancreas) (QW�	L"�%�� )�ML�!�!(��O"&�ก�� &"�KL

)�BL"&"ก X�P&(
!�กก���L� ���ก�*& �!��*��!P�
*�&�Y���L"����Q�L"�(%*��KL��&( ��"���
	"�ก��&���
 K X����
"���
�!P�L"���*�(�OP"�L&#Q(�!Y�&�L��	L�& � %"&
L�&ก��	L"#Q ��&( ��"���
%"&ก�*& 
(
!�&	����� �
# * �&�!Y 

 

Q�ก --> ��" "���
 --> ก
�(���"���
 --> 	L"��
*�&�Y���L"� -->  

��&( ��"���
	"�ก��& --> ���#�* --> ���
���ก 
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=����J 6  ��ก�����&ก��A��%"&ก�*&ก��� �� (Internal and External Anatomy of a Penaeid Shrimp) 
 
��J��: Pérez-Farfanate and  Kensley (1997) 
 
7.   ���V�	��J ก�J���$��ก��ก���N���GW� 

 

 ���L&%"&("�#X�$����
�J��	# *@�ก@�����
!�$����B��  *��ก��  ("�#X�$�!P(ก!P��%*"&ก�

ก�
�L"��QH& �
L&""ก# *(QW�  4  ก��L�   �&�!Y 
 
 1. Endoamylase  (QW�("�#X�$�!P���&��A��)���(�ก��%"&�QH&  @�	� ����� alpha-
1,4 glycosidic 
���L�&��(�ก��ก�K���A��)��L��%"&"�#�������"�#���(��	��  ("�#X�$)�
ก��L��!Y# *�กL  �"�'�"�#�(�� 
 2. Exoamylase  (QW�("�#X�$�!P	� ������!P@�
ก��%"&ก�K�����Y&����� alpha-1,4 ��� 
alpha-1,6 ("�#X�$)�ก��L��!Y# *�กL  ก�K��"�#�(��  (
	*�"�#�(��  ����"�'�ก�K��X�( � 
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 3. Debranching enzyme  (QW�("�#X�$	� ����� 1,6 glycosidic ("�#X�$)�ก��L��!Y# *�กL   
#"�X"�#�(�� ����K�K���(�� 
 
 4. Transferase  (QW�("�#X�$�!P�����*��!P@�
 1,4 glycosidic %"& donor molecule ���(Q�!P��
�L��%"& donor (�OP"(QW� glycosidic acceptor X�P&(QW�ก�
�
*�&�����ก�K��X� �ก)��L  ("�#X�$)�
ก��L��!Y  # *�กL  "�#����"�(�� ���#X���( rก	
��  ก�K��X���
��('"
$(
� (CGTase)  
(Nigam and Singh, 1995) 
 

8.  ��������� �! (α- Amylase )  

 

�"�'�"�#�(��(QW�("�#X�$)�ก��L� hydrolase �!P)B*)�ก�
�L"���
$�
#I( 
	�!P�!
����� alpha-1,4 glycosidic (1,4-alpha-D-glucan glucanohydrolase: EC 3.2.1.1)  (A���!P 7) 
(BL� �Y��	����(�ก���KL  Oligosaccharide �
O"  Starch (Douglas and Mitchinson, 1997)  �"�'� 
"�#�(��(QW�("�#X�$�!P����
�(%*�����(�r �QH&# * � �@��L"���
(B�&X*"�%"&��
$�
#I( 
	�!P 
α -1,4 glucosidic linkages (ก�*��
&�$ ��� (กOY"กK�, 2543)   
     

 

 

 

 

 
 
   

=����J 7  ��
&�
*�&�"�'�"�#�(�� ( ����� alpha-1,4 glycosidic ) 
 

��J��: Colorado State University, (2009) 
 

)���	�$@��
("�#X�$�"�'�"�#�(��)�(�OY"(�OP"����B��   (BL�  	�
"L"�, 	L"��Y�����, 
Semen, "���� (testis), 
�&#%L (ovary), follopian tube, ก�*��(�OY"���, Q"  ��� adipose tissue 
(Marianne et al., 2006) @�กก�
��ก��("�#X�$�"�'�"�#�(��)�ก��L�%"&ก�*&�
�L�  ก�*&�!ก�




 15 

������
$�
#I( 
	)�	�
"L"� (
�@�
�, 2544)  ���(Q�!P��(QW�#ก���(@�(�OP"(Q�!P��ก��
(QW�
ก�K�������
�
�
*�&#�	�� X�P&ก�
(Q�!P����
$�
#I( 
	)�*(QW�#ก���(@�(ก� @�กก�
���&��%"&
("�#X�$�"�'�"�#�(��  (Van Wormhoudt et al., 1995)  Q
����("�#X�$�"�'�"�#�(��
��)�
(�O" @��!�L��K&)�
����"ก�
�
  (intermolt)  ����K&�� )�	�
"L"�  )�
���กL"�ก�
�"ก�
�
 
(early premolt)   �&��Y�("�#X�$)�
�

��&( ��"���
�!���������M	L"ก�
�"ก�
�
%"&ก�*& 
(Brito, 2000)  � �ก�*&ก*��ก
��"��� 3 ( O"� �!P"�KL)�BL�&ก�
�"ก�
�

���กL"�ก�
�"ก�
�
 
(premolt)  �!ก�@ก

�%"&("�#X�$�"�'�"�#�(���K&ก�L�ก�*&�!P"�KL)�BL�&ก�
�"ก�
�

����"ก
�
�
 ����K&ก�L�ก�@ก

�%"&("�#X�$�"�'�"�#�(��)�ก�*&"��� 6  ( O"���Y&
���กL"�ก�
�"ก
�
�
���
����"ก�
�
  �L�ก�@ก

�%"&("�#X�$�"�'�"�#�(���!P�L"�%*�&�K&)�ก�*&"���  3  
( O"��!P
���กL"�ก�
�"ก�
�
  ��Y��!�L�(QW�#Q)������&( !��ก�
�L� �B�!�Y�����ก	�
"L"�   X�P&(QW�
�L��!P�� &
� �
ก�
�����
L��	������
"���
�!P(�OY"(�OP"	�
"L"�  X�P&�� &������

K�$�
O"ก�

�!�
L��	�����
"���
����)�
L�&ก�� � ���P�#Q)�ก�*&
����"ก�
�
@�(
�P��!ก�
�����
L��	�
�����
"���
@�ก"���
�!Pก��(%*�#Q � �#%���(กO"
��Y&�� "�KL)�
KQ%"&ก
 #%��� (fatty acid) 
���ก�!(X"
"� (glycerol)  �L��ก�
������
$�
#I( 
	)�	�
"L"���Y�  )�
����"ก�
�
 
(intermolt) @�������
$�
#I( 
	@�ก"���
 � �ก�
���&��%"&("�#X�$�"�'�"�#�(��   
(Fernandez et al., 2001)  �L��)�
���กL"�ก�
�"ก�
�
@��!ก�
�����
L��	������
"���


�&�L��@�กก�
������
Q
�ก"
)�(Q�O"ก   ��*� �&ก��
�������!P	�
"L"� ���(�OY"(�OP"��&( ��
"���
 (�OP"���
"&#�*��&(�
���$(Q�O"ก)��LA�����&ก�
�"ก�
�
  (Villasante et al., 1999)  
� �(~�����
$�
#I( 
	   (�OP"���#Q(Q�!P��(QW�#ก���(@� ����#�*)�	�
"L"� ���
"&#�*(Q�!P��
ก��
#Q(QW�ก�K�������
�
�
*�&#�	��  (Passano,1960)   

 
 �&��Y�ก�@ก

�%"&("�#X�$�"�'�"�#�(��@�&�!�����������$)������&( !��ก�
�L� �B�!

�Y�����ก%"&	�
"L"�  ����������$ก�
"���%"&ก�*&  (�OP"&@�ก)�ก�*&
����������"��� 3 ( O"�   �!ก�

�"ก�
�
�!Pก�L�)�ก�*&
����������"��� 6 ( O"�   @�&�!ก�
������
"���
Q
������ก"�L�&

� (
r�)�	�
"L"�  @�&�!ก�
���P&%"&("�#X�$)�ก�
�L"�"���
��Y&  �Q
	�("�   #�(��   ���
("�#X�$"�#�(�� �L"�%*�&��ก @�&�
ก�@ก

�%"&("�#X�$��Y&���B�� �!�L��K&)�
���กL"�ก�

�"ก�
�
  ("
����$ ��� 
�L&ก��	$, 2548)   
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9.  ������������ �! (αααα- Amylase gene)  

 

����
�
ก�
��ก���!��
*�&("�#X�$�"�'�"�#�(��  �!ก�
��ก��)���	�$��ก�������B��   
	�Y&�	L��	�$(�!Y�&�Kก *����
����Y&�����$  ��	�$Q�ก  ��	�$�Y��  ���&  ����
�
ก�*&�!ก�
�!ก����� �
        
�����!�"#� $%"&ก�*&%�������#� (P.vanameii) (Van Wormhoudt and Sellos , 1995)  �
�L��!
�������)��L���!P�!ก���� ก�
�
*�&�!� (Open reading frame: ORF) (�L�ก�
 1539  �KL(
�  ���(�OP"
������ �
�����!�"#� $%"&ก�*&%�������#� (P.vanameii) ���Q�&(QW�ก
 "�����# * 512 "����� 
�! 2 �

 (Isoform) � �@�กก�

��&��ก�
��ก��%"& Le Moullac (1995)  �
�L�("�#X�$
�"�'�"�#�(��(QW�("�#X�$���ก�!P�
)��L��%"&	�
"L"�  X�P&(�OP"����!��"�'�"�#�(��%"&ก�*&
%�������#� (P.vanameii)  ���������(�ก��  �
�L��!%�� (�L�ก�
 56.99 ก��� ��	�� ���(�OP"���
�!��"�'�"�#�(��%"&�������L������(�ก��  �
�L��!%�� (�L�ก�
 55 ก��� ��	�� � � Keller 
et al. (1971) 	L"�� Strobl et al. (1997) # *���ก�
��ก����
&�
*�&Q��AK��%"&�!��"�'�"�#�(�� 
(Primary structure) %"&��"��ก Tenebrio molitor (TMA) X�P&@�กก�
��ก���!Y�
�L���� �
ก
    
"������!%�� (�L�ก�
 471 "����� � ��� �L������(�ก��  # *(�L�ก�
 51.3 ก��� ��	�� ���������
�L� pI # *(�L�ก�
 4.3  (�OP"������ �
ก
 "�����%"&("�#X�$�"�'�"�#�(������

�(��"��
�ก�$
@�	*"&�


�(�����ก�"�L�&�*"� 5 

�(�� X�P& Nakajima et al. (1986)  ��� Janececk (1992)   
# *���ก�
��ก��#�*  �	L)���P&�!B!��	B�Y��K&@��
 9 

�(��  # *�กL FEW, GFAGVQVSP, DAVINH, 
NYND, LNDLN, GFRIDASKH, EVID, FIDNHD  ���  GYTRVMSSY (Van Wormhoudt and 
Sellos, 1995)  X�P&@�กก�
��ก��%"&ก�*&%�������#� (P.vanameii) �
�L���� �
ก
 "������!P 
conserve  ก�
 domain ���ก �!�L���!P conserve ��Y& 9 Domain (BL�ก��   
 
  MacGregor et al., (2001) # *��ก����
&�
*�&�����	�%"&("�#X�$�"�'�"�#�(��  �
�L� 
("�#X�$�"�'�"�#�(��(QW�("�#X�$�!P(QW� multidomain proteins  X�P&�!��
&�
*�&�!P�����M 5 
	�����L& �O" Domain A  (QW�

�(�� catalytic domain %"& (α/β)8 � barrel,  	�����L&  B  (QW��L��
Q����!P�OP�""ก@�ก�L�� Domain, �L��	�����L& C, D ��� E (QW�����!P�����&ก�
 β- strand 
domains (antiparallel) ��� 	�����L& E ��&����
�@�
ก�
��(�ก��%"&�QH&# *"!ก *��  (A���!P 8) 
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=����J 8  ��
&�
*�&�����	�%"&("�#X�$�"�'�"�#�(�� 
 
��J��: MacGregor et al., (2001) 
 

("�#X�$�"�'�"�#�(�� �����*��!P(ก!P��%*"&ก�
ก�
�L"��QH& )�#��@��
("�#X�$
�"�'�"�#�(��  ��Y&)�
�

��&( ��"���
���)�
�

����(�!������	 � �("�#X�$�!P�
)�
��&( ��"���
%"&#�������*��!P)�ก�
�L"��QH&����
ก�@ก

�%"&("�#X�$�K&ก�L�)��Y��(�O"   
�	L�!&����@��
�&&���
�L�ก�@ก

�%"&("�#X�$�"�'�"�#�(��  "�@�!�����������$ก�
����
�����	L"�
� (Hirata, 1974)  ���@�กก�
��ก��
� �
ก�@ก

�%"&("�#X�$�"�'�"�#�(��)�
#��ก��L��!P'�ก	�" Q� (polyvoltine strain) @�ก�����$"��( !� (Chatterjee et al., 1992)  ��������$#��
(Promboon et al., 1993) �
�L�#��ก��L��!Y@��!
� �
ก�@ก

�%"&("�#X�$�"�'�"�#�(���K&ก�L�
�L��)�#���!P'�กQ��� 2 �
�Y& (bivoltine strain)  X�P&"�@�!����(QW�#Q# *�L�#���!P�!ก�@ก

�%"&
("�#X�$�"�'�"�#�(���K&  @��!����	*�����	L"�
��K&ก�L�ก��L��!P�!
� �
ก�@ก

�%"&("�#X�$
�"�'�"�#�(��	P�� (Abraham et al., 1992)  ���@�กก�
��ก��%"& Ngernyuang, (2007)  �
�L� 
#��@��
("�#X�$�"�'�"�#�(���K&��Y&)�
�

��&( ��"���
���)�
�

����(�!������	  
@�กก�
����� �
�����!�"#� $	�" ���%"&�!��"�'�"�#�(��)�#�������$�OY�(�O"&#�� *�����! 
3}-Rapid Amplification of cDNA Ends (3}-RACE)  �
�L��!�������)��L���!P�!ก���� ก�
�
*�&
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�!� (ORF) @����� 1,503 �KL(
�  ���ก
 "������!P(QW�#Q# *@����� 500 (
X� ���$ (�OP"(Q
!�
(�!�

����(��O"�ก�
�!��"�'�"�#�(��%"&#��"OP�� )����%*"�K��
�L��!��"�'�"�#�(��)�#��
�����$�OY�(�O"&#���!Y�!����(��O"�ก�
)����%*"�K�  97-99 % ��Y&
� �
�����!�"#� $���ก
        
"����� �"ก@�ก�!Y("�#X�$�"�'�"�#�(��@�ก#����������$#���!Y�!����(��O"�ก�
("�#X�$
�"�'�"�#�(��)����&"OP�� )�
� �
ก
 "����� (BL� Ostrinia nubilalis, Spodoptera 

frugiperda, Diatraea saccharalis ��� Ceratitis capitata 78, 81, 79 ��� 60 %  	����� �
 ��� �
    
�����!�"#� $	�" ���%"&#�������$�OY�(�O"&�!Y@�)B*(QW�%*"�K��OY����)�ก�
Q
�
Q
�&�����$#��
)�*�!����	*������
����)�*J�J��	�K&	L"#Q   

 
 �&��Y�@�กก�
��ก��ก�@ก

�%"&("�#X�$�"�'�"�#�(��@��
�L���� �
�����!�"#� $%"&

�!��"�'�"�#�(��@��!����(��O"�ก��	�Y&�	L��	�$(�!Y�&�Kก *����
����Y&�����$  ��	�$Q�ก  ��	�$�Y��  
���&  ���ก�*&%�������#� �!P�!����)ก�*B� ก�
ก�*&ก��� ����ก�!P��   ��ก�
�
��� �
�����!�"#� $
%"&�!��"�'�"�#�(��"�@(QW�%*"�K��OY����)�ก�
��
� �
ก�@ก

�%"&("�#X�$"�#�(��X�P&@�
���)�*����
�(��P�Q
������A��)�ก�
���&��%"&("�#X�$# *  ���"�@�!J�	L"ก�
ก
�	�*��
O"ก�

(
L&ก�
�"ก�
�
%"&ก�*&ก��� ��# *  "!ก��Y&��&����
�@� ก�
)�*ก�*&ก��� ���!ก�
�"ก�
�
# *)�(���
)ก�*(�!�&ก��  %�� %"&ก�*&@�)ก�*(�!�&ก��(�OP"�ก*Q�M��ก�
ก��ก��("&  X�P&(QW�Q�M�����ก%"&ก�

(�!Y�&ก�*&ก��� ��	L"#Q       
 

10.  !�� ����B	�� �M� ��$��G����������$�� ����� RACEs (Rapid Amplification of cDNA 

Ends) 
 
 RACEs (QW�(������!P)B*)�ก�
��&(�
���$ !("r�(" *��Q�����Y&�"& *��%"&�!�(�OP"ก�

�����!��

��
K
�$%"&�!��!P��)@ � �(QW����!ก�
)B*(��P�Q
���� !("r�("@�ก mRNA �L�����P& 
� �	*"&�
�
��� �
�����!�"#� $
�&�L��กL"� (��
���
$, 2548) (�OP"���#Q""ก�

#�
(�"
$�!P@��(���
	L"�!� (gene specific primer) ���กก�
���&��%"& RACEs �O" (�OP"# *B�Y��L���!��!P��)@ ��*������
����(%*��KL(��(	"
$�!P(������(�OP"(��P�@������!���& *�� Q��� 5} ��� 3 } cDNA @�ก��Y�
""ก�

#�
(�"
$�!P@��(���@�ก�!� *�� 5} ��� 3 } �&ก�L�� (�OP")�*# *�������	�" ���  *�����!
�!X!"�
$ (PCR) @�ก��Y����#Q(��P�@�����)�(��(	"
$�!P(������	L"#Q (A���!P 9) 
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=����J 9  Overview of the RACE procedure 
 

��J��: Clontech Laboratories, Inc. (2007) 
 
 %*" !%"&ก�
���������	�" ���� ����! RACEs �O")B*(����*"�)�ก�
���������
	�" ���%"&�!� � �#�L@��(QW�	*"&��� cDNA library �!P	*"&)B*(���)�ก�
�����ก(�OP"�!P@�# *�	L��
B�Y�����%"& cDNA ���(QW����!�!P����
���(�
���$����J� Qก	�%"&��� �
�����!�"#� $�!P�!"�KL# *
� �)B* PCR X�P&)B*(���)�ก�
���#�L��ก ��P&�!P�����M�O"#�L�!%*"@��ก� %"&�����!P�����)B* (Carl and 
Gabriela, 2003) 
 
 (����� RACEs (QW����!�!P����)B*)�ก�
���������	�" ��� � � Zhenhua et al., 2008 
)B*(������!Y)�ก�
���������	�" ���%"&�!� ZmPIS2, ZmPLC2, ZmDGK1, ZmDGK2 
��� ZmDGK3 X�P&(ก!P��%*"&ก�
 signaling pathways %"& phosphoinositide ��� phospholipid �!P
�����M	L"ก�
(@
�M(	�
�	%"&�OB )�Q�( !��ก�� Takenaka et al., (2008) )B* RACEs )�ก�
��
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�������	�" ���%"&�!� luciferases @�ก���!�" �Y��(�r� (marine copepod) (�OP")B*(QW��!�
	� 	��ก�
�� &""ก)���	�$(�!Y�&�Kก *����  
 
 @�ก&����@���L��)�ML�!P	*"&ก�
���������	�" ��� ��ก)B*(����� RACEs (�OP"&@�ก
Q
���� (��� � �#�L@��(QW�	*"&��� cDNA library �������
�)B*(������!Y# *ก�
��ก�!��!P��)@ 
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�#Gก�>	�������ก�� 
       

�#Gก�>	 
 

1.  A����N����J"?$"�ก����ก�� 

  
ก�*&ก��� �� (Penaeus monodon) 
���	��(	r���� (adult)  "��� 40 ���  X�P&# *
�
����

"��(�
���$@�ก�K��$��@�������G��Q
��&B�����&~�(B�&(�
� 
 

2.  �#Gก�>	"�ก���� ����B	 

 
Autoclave 
Autopipette 
Refrigerated centrifuge 
Microcentrifuge 
Electrophoresis unit: Submerged Agarose Gel Electrophoresis System 
Incubator 
Incubator shaker 
Incubator water bath 
Larminar flow 
Magnetic stirrer 
Microwave 
pH meter 
Thermal Cycler  
UV Visible spectrophotometer  
Vortex mixer 
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3.  !�� ��� 

 

3.1  ��
(��!�����
������!P@��(QW� 
 
Absolute ethanol (C2H5OH) (Merck, Germany) 
Acetic acid glacial (CH3COOH) (BDH, UK) 
Ammonium acetate (Merck, Germany) 
Bromophenol blue (Merck, Germany) 
Calcium chloride (Sigma, USA) 
Chloroform (Merck, Germany) 
Formaldehyde (BDH, Germany) 
Glucose (Sigma, USA) 
Glycerol (BDH, UK) 
Hydrochloric acid (Merck, Germany) 
Isoamyl alcohol (Merck, Germany) 
Isopropanol (Merck, Germany) 
2-mercaptoethanol (Sigma, USA) 
Polyvinylpyrrolidone (Sigma, USA) 
Potassium chloride (Sigma, USA) 
Sodium acetate (Merck, Germany) 
Sodium chloride (Merck, Germany) 
Sodium dodecyl sulfate (SDS) (Merck, Germany) 
Sodium hydroxide (BDH, UK) 
TRIzol reagent (Gibco BRL, USA) 
Xylene cyanol FF (Sigma, USA) 

 
3.2  ��
(��!�!P)B*)�ก�
(�!Y�&�
��!(
!� 
 

LB Broth (Scharlau Chemie S.A., European Union ) 
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3.3  ��
(��!�!P)B*����
�
&�� *�� Molecular Cloning 
 
Agarose (Amresco, USA) 
Ampicillin (Sigma, USA) 
5-bromo-4-chloro-3-indoyl-ß-D-galactopyranoside (X-gal) (Sigma, USA) 
Chloroform (Merck, Germany) 
Diethyl pyrocarbohydrate (DEPC) 
100 mM dATP, dCTP, dGTP, and dTTP (Promega, USA) 
DNA marker: lampda DNA, 1 Kb plus DNA ladder  
(Frementas, USA) 
Ethanol, absolute (Merck, Germany) 
Ethidium bromide (EtBr) (Sigma, USA) 
Ethylene diamine tetraacetic acid, disodium salt dihydrate (EDTA) 
(Merck, Germany) 
Formaldehyde (BDH, UK) 
Formamide (BDH, UK) 
Isopropyl-ß-D-thiogalactoside (IPTG) (Sigma, USA) 
Phenol (Sigma, USA) 
Ribonuclease Inhibitor (Frementas, USA) 
Tris-(hydroxy methyl)-aminomethane (Sigma, USA) 

 
3.4  B� �ก� ���(
r@
KQ����
�
&�� *�� Molecular Cloning 

 
BD SMART™ PCR cDNA Synthesis Kit (Clontech, USA) 
Gel/ PCR DNA Fragments Extraction Kit (Geneaid, Taiwan) 
Plasmid Miniprep Kit (Axygen, USA) 
pGEM-T® easy vectors Systems (Promega, USA) 
Reverse transcription System Kit (Promega, USA) 
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3.5  ("�#X�$���("�#X�$	� @��(��� 
 

EcoRI Buffer (BioLabs, USA) 
Restriction enzymes EcoRI (BioLabs, USA) 
RNase A (Sigma, USA) 
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4.  !�#G��S�A��ก������� 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

!ก�����	 �M� �<�ก �IS� �IJ�!N��AN��e���ก#$�ก#����� (Penaeus monodon) 

!ก�� �M����	 �M� �<�ก �IS� �IJ�!N��AN��e���ก#$�ก#����� (Penaeus 

!�$�������������	���!��� �$�� pGEM-T easy 

vector 

Reverse Transcription-Polymerase Chain Reaction (RT-PCR) 

 

A��<!���#>=�����G����>������	 �M� � 

 ��J�G����>cDNA ��������������� �! (α- amylase gene) 

��� �I�ก�����������	
��� ���ก���� ����B	B�������������
����	 

 

��ก��������������
����	A���!�������� 

 

��ก��ก���!����ก������

��������� �! 
��"?$ ����� 

RT-PCR 

 ��J�G����> cDNA ������

��������� �! (α- amylase 

gene) ����$��G��� 3′′′′ 

 ��J�G����> cDNA ������

��������� �! (α- amylase 

gene) ����$��G��� 5′′′′ 

!ก�����	 �M� �<�ก �IS� �IJ�!N��AN��e���ก#$�ก#����� (Penaeus monodon) 

!ก�� �M����	 �M� �<�ก �IS� �IJ�!N��AN��e���ก#$�ก#����� (Penaeus monodon) 
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����ก�� 
 
1.   กM� �IS� �IJ�<�กA����N��ก#$�ก#����� (Penaeus monodon) 

 

���	��"�L�&ก�*&ก��� ��  1  	��  �!P��&�!B!��	� �ก�*&ก��� ��
���	��(	r����  "��� 40 ��� ��JL�	� 
("��L��%"&ก
�(���"���
 	�
"L"� ก*��	� ���)@ ���(�&O"ก   �BL)�#��	
(@�(��� ���(กr
#�*
�!P �80 oC 

 
2.  
���������� �!
�� ����� Reverse Transcription Polymerase Chain Reaction  

(RT-PCR) 

 

2.1  �ก�  total RNA ��� mRNA @�ก"������L��	L�&�%"&ก�*&ก��� �� 
       

                     �ก�  total RNA @�ก"������L��	L�&� �O" ก
�(���"���
 	�
"L"� ก*��	� ���)@ ���
(�&O"ก%"&ก�*&ก��� �� *�� Trizol Reagent (Gibco-BRL, USA)  	��%�Y�	"� �&�!Y 

 
       ���	��"�L�&(�OY"(�OP"ก�*&ก��� ���	L���L���Y�����กQ
����  1  ก
��  ��(	��  Trizol 

reagent  1  �������	
  
 	��"�L�&)�*��("!�   ������#Q
L��!P"���AK���*"&  5  ���! ���	��#Q 
Q���(��!P�&�!P����(
r�  12,000 rpm  (QW�(���  10  ���!  �!P 4oC   K �L��)�)�L��" )��L  ���ก�

	ก	�ก"��Q
	!�� �(	��  Chloroform  200  #���
��	
  J��)�*(%*�ก��  ��*�ก��
��" #Q��   
15  ���!  ������#Q
L��!P"���AK���*"&  3  ���!  ���#QQ���(��!P�&�!P����(
r�  12,000 rpm  (QW�(���  
15  ���!  �!P 4oC    K �L��)�)�L��" )��L  ���ก�
	ก	�ก"�"�
$("r�("� �(	��  Isopropyl  alcohol  
500  #���
��	
  ������#Q
L��!P � 20 oC  ��� 60  ���!  ���#QQ���(��!P�&�!P����(
r�  12,000 rpm  
(QW�(���  10  ���!  �!P 4oC    K �L��)���Y&  �*�&	�ก"�"�
$("r�("� �)B* 75% ethanol  2  �
�Y&  �
�Y&
��  100  #���
��	  � �ก��
��" #Q��(
��  ������#QQ���(��!P�&�!P����(
r�  7,500 rpm  (QW�
(���  10  ���!  �!P 4oC  ���)�*	�ก"���*&�!P"���AK���*"&(QW�(���  5 � 10  ���!  �����	�ก"�    
"�
$("r�("� �ก�
(	�� DEPC �
O" H2O  30  #���
��	
  ก��@�  DNA�!P"�@Q�(Q��"���� �ก�
�L"� 
DNA  *�� RNase-free DNa   ���&@�ก��Y�@����ก�
�ก� ��ก mRNA @�ก total RNA �����(�
���$
Q
����������A��%"& mRNA  *��(����� spectrophotometry ���(����� agarose gel 
electrophoresis 
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 2.2  	
�@�"
���A�����Q
����%"&"�
$("r�(" 
 

        	
�@�"
���A�����Q
���� !("r�("�!P# * *��(����� agarose gel electrophoresis 
���(�
OP"&�(Q��	�'�	��(	"
$ (Spectrophotometer) 
 

2.3  Reverse Transcription-Polymerase Chain Reaction (RT-PCR) 
 

        ���"�
$("r�("��Y&��  (total RNA) �!P�ก� # *@�ก(�OY"(�OP"	�
"L"� (hepatopancreas) #Q
��&(�
���$ first-strand cDNA � �)B* Reverse Transcription System (Promega, USA) X�P&@�
Q
�ก"
 *�� 2 #���
ก
�� total RNA, oligo(dT)12 mer ���("�#X�$ reverse transcriptase (
L&
Q��ก�
����!P"���AK�� 42 "&��(X�(X!�� (QW�(��� 1 B�P���& @�ก��Y��������� PCR � �)B*#�
(�"
$�!P
""ก�

��@�กก�
������ �
�����!�"#� $%"&�!��"�'�"�#�(��B�� "OP� � �!P�!
��&��#�*��*�)�
���%*"�K������ alignment � �)B*�Q
�ก
� Clustal W (�O"ก

�(��"��
�ก�$ (conserved sequence) 
)�ก�
""ก�

#�
(�"
$  @����� 2 �KL  (	�
�&�!P 1) 

 
��� Complementary DNA (cDNA) �!P��&(�
���$# *��(	�� �L��Q
�ก"
	L�&� �&�!Y 

 
Reaction mixture: 
10X PCR buffer      10   #���
��	
 
50mM MgCl2      2.5  #���
��	
  
10mM dNTP      2     #���
��	
 
10 pmol primers B�� ��     1     #���
��	
 
Taq DNA polymerase     1     #���
��	
 
cDNA template (Dilute 1:10)    10   #���
��	
 
Distilled water (	��@�# *Q
���	
�

   50   #���
��	
  

Total      50   #���
��	
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A������J 1  ��� �
�����!�"#� $%"&#�
(�"
$%"&�!��"�'�"�#�(��%"&ก�*&ก��� ��� �)B*��� �
 
    �����!�"#� $%"&ก�*&%�������#�(QW�	*��

 

 
#�
(�"
$ ��� �
(5′            3′) 	�����L& 

(nt) 
Tm 
(oC) 

SAmy-F 5′- GTGGGAGAGGTACCAGCCC- 3′ 228 -246 55 
SAmy-R 5′- AGGGCGATCTGGTTGCTG- 3′ 1287 - 1304 55 
FPM_SP 5′- ATGCTGAGGGTCGCGCCTCTGGTAGTG- 3′ 1- 27 68 
RPM_SP 5′- CTTCATGTCCCCGGGCCACATGTGTTT - 3′ 649 - 675 68 

 
(	
!���L��J����ก"�L�&(
!�

*"���*������(%*�(�
OP"& Thermocycler �!P�!
"
ก�


���&�� �&�!Y 
 

PCR condition : 
Step �!P 1   94OC     2  ���!   1 
"
 
Step �!P 2   94 OC   30 �����! 

55 OC   30 �����!   35 
"
 
68 OC     2   ���! 

Step �!P 3   72 OC   5     ���!     1 
"
 
Step �!P 4   4 OC   999 ���! 
 

��(�
���$B�Y��L�� !("r�("�!P��&(�
���$# *   � ����#Q	
�@�"
 *��"�ก��
�(@�"�(�rก�	
�'
!X!� 
1% ��*�������*"� *�� ethidium bromide 	
�@�"
%�� %"&B�Y��L�� !("r�("�!P# * 
 

2.4 (BOP"�	L"B�Y��!�"�#�(��ก�
������  pGEM®-T easy 
 

        ก�
�
*�&
!�"�
�����$������ � �)B* pGEM-T easy vector 
 

       ���B�Y��L�� !("r�("�!P��&(�
���$# *%"&�!��"�'�"�#�(���!P# *@�กก�
��� RT-PCR   
�����)�*

�������� �)B* Gel/ PCR DNA Fragments Extraction Kit (Geneaid, Taiwan) ���B�Y��L�� 
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 !("r�("�!P# *��(BOP"�	L"ก�
������  pGEM®- T easy  (Promega, USA) � �)B*�L��Q
�ก"
 �&�!Y  
2x rapid ligation buffer, 50 ng pGEM-T easy vector, PCR product, 3U T4 DNA ligase ���ก�

J��)�*(%*�ก�� 
L���Y&#�*�!P"���AK�� 4 "&��(X�(X!�� (QW�(��� 16-18 B�P���& ���ก�
�*���L��J��(%*�
�KL(X��$%"& E. coli  JM109 �!P�!�L� OD600 Q
���� 0.4-0.6  *�����! heat shock transformation �!P  42  
"&��(X�(X!�� (QW�(���  45  �����! ���ก�
�BL�Y���%r&����!P(QW�(���  2  ���! (Sambrook and Russell, 
2001)  ��*����ก�
�� (�O"ก
!�"�
�����$ !("r�("
�"���
�%r&�K	
 Luria-Bertani agar (LB agar) 
�!P�!�"���X��������(%*�%*� 100 #���
ก
��	L"�������	
 Isopropyl-β-D thiogalactoside (IPTG) 
����(%*�%*� 0.5 ����
$ ��� 5-bromo-4-chloro-3-indolyl-β-D-galactoside (X-Gal) ����(%*�%*� 
20 #���
ก
��	L"�������	
 
L�)�	K*
L��!P"���AK�� 37 "&��(X�(X!�� (QW�(��� 16-18 B�P���& � �
�� (�O"ก�����!�!%��
�"���
�%r&�K	
 LB ���ก�
	
�@�"
������ �!P�! !("r�("���J���!P# *
 *�����! PCR ���	
�@�"
�����Kก	*"&%"&��� �
�����!�"#� $ (DNA sequencing) 
 

ก�
B�ก��������� ���J��(%*��KL(X��$�
��!(
!�(@*�
*�� (E. coli: JM109) � ����! heat-
shock   	��%�Y�	"� �&�!Y 
 

���  competent  cell   50  #���
��	
  �
L&)�L)���" �!P�!  fragment  ��� control    
�BL)��Y���%r&  20  ���!  ���ก�
�*���L��J��(%*��KL(X��$%"& E. coli  JM109 �!P�!�L� OD600 Q
���� 
0.4- 0.6  *�����! heat shock transformation �!P  42  "&��(X�(X!�� (QW�(���  45  �����! ���ก�
�BL
�Y���%r&����!P(QW�(���  2  ���!  (	��"���
  LB  400  #���
��	
  ��������"  *��'�
�'��)�L�&
)�'���ก$���#Q
L�)�	K*  shaker  �!P  250  rpm  37oC   (QW�(���  1  B�.  ���"���
  LA + Amp 
(����(%*�%*� 50 �����ก
��/#���
ก
��)  #Q
L��!P  37oC  กL"������)B*  J��  X � gal (����(%*�%*� 
20 �����ก
��/#���
ก
��) ก�
 IPTG (����(%*�%*� 0.02 �����ก
��/#���
ก
��) )�"�	
��L�� 5 : 1  
�� �&	
&ก��&  plate  (LA + AMP)  ���#Q  spread  plate  
"@�  plate  ��*&  ���(BOY"�!P
L�#QQ����!P  
5,000  rpm  (QW�(���  1  ���!  (�"���
��Y&)�*(��O"ก*���"    ���#Q vortex  (�OP")�*	�ก"����
"���
(%*�ก��  ���#QQ���(��!P�&(�OP")�*��
������&#Q"�KLก*���" ��Y&��    K ��
�������Y&�� 
�� �&	
&ก��&  plate  (LA + AMP + X �gal + IPTG)  ���#Q  spread  plate  
"@�  plate  ��*&  
���#Q
L��!P  37oC  (QW�(���  16  B�.  (กr

�ก��#�*�!P  4oC   
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 2.5  �� (�O"ก
!�"�
�����$���� ���ก�
��(�
���$����� �
�����!�"#� $ 
 

       	
�@�"
%�� %"&B�Y� !("r�("(QH����� (DNA insert) � ����! colony PCR ��� 
ก�
	�  *��("�#X�$	� @��(��� (restriction enzyme) ��(�
���$%�� %"& !("r�("(QH����� � ����
"�(�r���
�'
!X!�� �)B*(@�"�ก��
� 1% �ก� ������  !("r�("%"&
!�"�
�����$���� *�����! 
alkaline  lysis  ���B� �ก� ������ ���(
r@
KQ  	��%�Y�	"� �&�!Y 

 
       (�(BOY")�L��"   1.5  �������	
  Q
����  1 � 1.5  �������	
  ���#QQ���(��!P�&�!P 13,000 

rpm  (QW�(���   1  ���!   (��L��)���Y&  (	��(BOY""!กQ
����  0.5 � 1 �������	
  ���#QQ���(��!P�&�!P 
13,000 rpm  (QW�(���  1  ���!   (�"���
��*� K "���
�!P(��O"""ก@���   (	��  Sol n  I  200  
#���
��	
  ���#Q  vortex  (�OP")�*(X��$�����@���   (	��  RNase A  3  #���
��	
  ������#Q  
vortex  �BL)��Y���%r&  5  ���!  (	��  Sol n  II  400  #���
��	
  ��*�ก��
��" #Q��(
��  �BL)�
�Y���%r&  5  ���!  (	��  Sol n  III  200  #���
��	
  ��*�ก��
��" #Q��(
��  �BL)��Y���%r&  15  ���!  
���#QQ���(��!P�&�!P  12,000 rpm  4oC  (QW�(���  15  ���!   K �L��)�)�L��"   1.5  �������	
  200  
#���
��	
  3  �
�Y&  (	�� chloroform  500  #���
��	
  ���#Q  vortex  #�L)�*	� ก*���"   ���#Q
Q���(��!P�&�!P  10,000 rpm  (QW�(���  2  ���!   K �L��)� *��
�  600  #���
��	
  )�L��" )��L
��*�(	��  isopropanol  360  #���
��	
  (%�L�)�*(%*�ก��  ���#Q
L��!P"���AK���*"&(QW�(���  5  ���!   
���&@�ก��Y����#QQ���(��!P�&�!P  12,000 rpm  4oC  (QW�(���  5  ���!   K �L��)�)�L��" )��L��*�
(	��  70% ("���"�  1  �������	
  J��)�*(%*�ก��  ���#QQ���(��!P�&�!P  10,000 rpm  (QW�(���  2  ���!    
 K ��
�����("���"�""ก  ���)�*	�ก"���*&  ���&@�ก��Y�(	���Y��  30 #���
��	
  (���)�*
	�ก"���������
ก�
ก�
���#Q  spin  down  ���#Q	
�@�"
 *��"�ก��
�(@�"�(�rก�	
�'
!X!� 
1%  ���&@�ก# *�����!P	*"&ก�
��*�  ���������Y���	�  *��("�#X�$	� @��(���  EcoRI   � ��!
�L��J�� �&�!Y 

 
  H2O  7 #���
��	
   
  10 X buffer 1 #���
��	
 
  EcoRI  Enzyme 1 #���
��	
 
  Plasmid  1 #���
��	
 
  Total  10 #���
��	
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 ���#Q
L��!P  37oC  (QW�(���  1  B�.  ���#Q���"�(�rก��
�'
!X!�� �)B*(@�"�ก��
� 1% � �)B*
�����!�!'H�(QW�	��  control  � ��!�L��J�� �&�!Y 
   

H2O  7 #���
��	
 
Dye  1 #���
��	
 

  Plasmid  1 #���
��	
 
  Total  10 #���
��	
 

 
       ���#Q����� �
�����!�"#� $� �)B* automated DNA sequencer (ABI377, PE Applied 

Biosystems, USA) @�ก��Y�""ก�

#�
(�"
$@�ก%*"�K���� �
�����!�"#� $�!P# * (�OP"���#Q)B*��
��� �
�����!�"#� $	�" ���%"&�!��"�'�"�#�(�� 
 

2.6  ��ก����� �
�����!�"#� $	�" ���%"&�!� 
 

       ��&(�
���$ first-strand cDNA � �)B* BD SMART™ PCR cDNA Synthesis Kit 
(Clontech, USA)  � ����ก�
""ก�

#�
(�"
$�!P@��(���ก�
�!��"�'�"�#�(�� X�P&""ก�

#�
(�"
$@�ก
��� �
�����!�"#� $�!P# *@�ก%*" 2.5 ���#�
(�"
$�!P# *������� �
�����!�"#� $	�" ���%"&�!�
�"�'�"�#�(�� *�����! 5′          3′ RACEs   ���&@�ก��Y������� �
�����!�"#� $�!P# *)��L��%"&
Q��� 3′  ������� �
�����!�"#� $	�" ���� �)B*#�
(�"
$ FPM_SP* �KLก�
 UPM* (�OP"
	
�@�"
��� �
�����!�"#� $�!P# *	
&ก���
O"#�L  	��%�Y�	"� �&�!Y 
 
A������J 2  ��� �
�����!�"#� $%"&#�
(�"
$�!P�!����@��(���ก�
�!��"�'�"�#�(��%"&ก�*&ก��� �� 
                  � �)B*��� �
�����!�"#� $%"&ก�*&ก��� ��(QW�	*��

   

 
 

#�
(�"
$ ��� �
(5′           3′) 	�����L& 
(nt) 

Tm 
(oC) 

RACE_PSF  5′- TCGACTTCAACGACGGCAACTGCCACAC- 3′ 451 - 478 68 
UPM* 5′- CTAATACGACTCACTATAGGGC - 3′ - 68 
FPM_SP* 5′- ATGCTGAGGGTCGCGCCTCTGGTAGTG- 3′ 1- 27 68 
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UPM* = Universal primer of SMARTTM  RACE cDNA Amplification kit 
FPM_SP* = ""ก�

@�ก���%*"�K�	�Y&�	L�L��  start codon %"& Accession number: X77318.1 
 

RACE j PCR :  
ก�
���Q��ก�
��� PCR �

 Touch down  
��� Complementary DNA (cDNA) �!P�ก� # *��(	�� �L��Q
�ก"
	L�&� �&�!Y 
Reaction mixture : 
10X Advantage 2 PCR Buffer  5 #���
��	
 
10mM dNTP mix   1  #���
��	
 
50x Advantage 2 Polymerase mix  5  #���
��	
   ((	��(QW���� �
�� �*��) 
PCR � grade water           34.5  #���
��	
  

  Total               41.5  #���
��	
 
        

5k RACE j PCR Reaction       3k RACE j PCR Reaction 
10X UPM (Universal primer)   5  #���
��	
        10X UPM (Universal primer) 5  #���
��	
 
10 pmol  RACE_PSR primer   1   #���
��	
        10 pmol  RACE_PSF primer 1  #���
��	
 
5}-RACE cDNA        2.5 #���
��	
     3}-RACE cDNA                        2.5  #���
��	
 
 Total        50  #���
��	
  Total              50  #���
��	
 
 

       ���&@�ก(	
!���L��Q
�ก"
��ก"�L�&(
!�

*"���*������(%*�(�
OP"& Thermocycler �!P�!

"
ก�
���&�� �&�!Y 

 
Touch down -PCR condition : 

Step �!P 1  94OC   30  �����!  
    77OC     3      ���! 

Step �!P 2  94 OC   30  �����! 
70 OC    30  �����!    5 
"
 
72 OC       3  ���! 
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Step �!P 3  94 OC    30  �����! 
68 OC    30  �����!    25 
"
 
72 OC      3  ���! 

Step �!P 4     4 OC   999  ���! 
 

@�ก��Y����#Q��(�
���$B�Y� !("r�("�!P��&(�
���$# *#Q	
�@�"
 *��"�ก��
�
(@�"�(�rก�	
�'
!X!� 1%����*"� *�� ethidium bromide (�OP"	
�@�"
%�� %"&B�Y� !("r�(" 
�!P��&(�
���$ 

 
2.7  ��ก��ก�
�� &""ก%"&�!��"�'�"�#�(�� � �)B*(����� RT-PCR 
 

       �ก�  RNA @�ก(�OY"(�OP")��L��	L�&�  # *�กL  ก
�(���"���
	"�	*�  	"�ก��&  	"�
Q���   	�
"L"� ก*��	� ���)@���(�&O"ก  (�OP" K�L�����
��� &""ก# *)�(�OY"(�OP") 
*�&  � �)B*
(����� RT-PCR )�ก�
	
�@�"
  ���)B*ก�
�� &""ก%"&�!�(
	*��"�	�� (housekeeping gene: 
β - actin) (Q
!�
(�!�
"*�&"�&   �&
����("!� %*�&	*� 
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K������<��>	 
 

K� 
 

1.  ก��!ก�����	 �M� ����ก#$�ก#����� 

 

ก�
�ก� "�
$("r�("%"&ก�*&ก��� ��@�ก(�OY"(�OP"ก
�(���"���
�L��	*� (Foregut), ก
�(���
"���
	"�ก��& (Midgut), ก
�(���"���
�L��Q��� (Hindgut), 	�
"L"� (Hepatopancreast), 
���)@ (Heart), ก*��	� (Eyestalk) ���(�&O"ก (Gill)   *�����! Trizol Reagent @�ก��Y����"�
$("r�("
�!P# *��	
�@�"
���A�����Q
���� *�� 2 ���! �O" ก�
�� �L� K ก�O���& (Optimal Density : OD) 
 *��(�
OP"& spectrophotometer �!P���������OP���& 260 ����(�	
 ����!P 280 ����(�	
 ���(�OP"
���"�
$("r�("�!P# *�����"�ก��
�(@�"�(�rก�	
�'
!X!� (Agarose Gel Electrophoresis) �
�L�Q
����
"�
$("r�("�!P�ก� # *�!Q
����  681.36 - 114.46 ng/µl (�OP"	
�@�"
����

�������%"&"�
$("r�("�!P# *
@�ก"�	
��L��
���L�&�L� K ก�O���&�!P 260 ����(�	
 	L" 280 ����(�	
 �
�L��!�L�����

�������
�K&(�L�ก�
 1.83 � 2.06 (�OP"(Q
!�
(�!�
ก�
"�	
��L��%"&ก�
 K ก�O���&�!P OD260/280 ��	
���
(�L�ก�
 1.80 � 2.00  �O"�L�"�
$("r�("�!����

��������K& (	�
�&�!P 3) ���"�
$("r��!P�ก� # *��	
�@�"

���A�� *��"�ก��
�(@�"�(���	
�'
!X!� 1%  �
�L�"�
$("r�("�!���A�� !#�L(�!��A�� (A���!P 10) 
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A������J 3  J�ก�
	
�@�"
���A�����Q
���� *��ก�
�� �L� K ก�O���& (Optimal  
     Density : OD) 
 

 

 �IS� �IJ� OD260 OD280 OD260/280 ���� �$��$�
(dilution 100) ng/µl 

ก
�(���"���
�L��	*� 
ก
�(���"���
	"�ก��& 
ก
�(���"���
�L��Q��� 
	�
"L"� 
���)@ 
ก*��	� 
(�&O"ก 

0.34 
0.06 
0.17 
0.20 
0.10 
0.16 
0.20 

0.17 
0.03 
0.09 
0.10 
0.06 
0.09 
0.10 

2.00 
1.88 
1.99 
2.06 
1.83 
1.89 
2.00 

681.36 
114.46 
345.64 
411.88 
209.04 
323.44 
396.86 

                                                            
 

 

 

 

 

 

 

 

 

 

      
=����J 10  	
�@�"
���A��"�
$("r�(" *��"�ก��
�(@�"�(�rก�	
�'
!X!� 1% %"&(�OY"(�OP"             

   �L��	L�&�%"&ก�*&ก��� �� (P.monodon ); BL"&�!P 1 �O" ก
�(���"���
�L��	*� (FG),         
   BL"&�!P 2 �O" ก
�(���"���
�L��ก��& (MG), BL"&�!P 3 �O" ก
�(���"���
�L��Q���     
   (HG), BL"&�!P 4 �O" 	�
"L"� (HP), BL"&�!P 5 �O" ���)@ (HE), BL"&�!P 6 �O" ก*��	� (EY)      
   ���BL"&�!P 7 �O" (�&O"ก (GI) 

28S rRNA 
18S rRNA 

Low MW RNA 

FG   MG  HG   HP   HE   EY   GI 
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2.  ก�� ��J�G����> Complementary DNA (cDNA) ��������������� �!�$������ PCR    
 

���"�
$("r�("��Y&��  (total RNA) �!P�ก� # *@�ก(�OY"(�OP"	�
"L"� (hepatopancreas) ��)B*
(QW���L�

)�ก�
��&(�
���$ Complementary DNA (cDNA) � �)B*#�
(�"
$�!P# *@�กก�

""ก�

� �)B*�Q
�ก
� Oligos @�ก��� �
�����!�"#� $%"&�!��"�'�"�#�(��)�ก�*&%�������
#� (Accession number: X77318.1) (A���!P 12) �!P�!����@��(���	L"�!��"�'�"�#�(�� �O" set1 
(	�
�&�!P 4) � ���������Q��ก�
����Kก�XL����(�"
$(
�� �)B*�Q
�ก
��!P�!"���AK��)�%�Y�	"� 
denaturation �!P 94 OC 30  �����!  annealing �!P 55OC  30  �����!  ��� extension �!P 72 OC 2 ���!  ���
B�Y� !("r�("�!P��&(�
���$# *��	
�@�"
 *��"�ก��
�(@�"�(�rก�	
�'
!X!� 1% �
�L� # *B�Y� !("r�("
�!P�!%�� Q
���� 700 �KL(
� (A���!P 11) ��� set2 (	�
�&�!P 4) � ���������Q��ก�
����Kก�XL����
(�"
$(
�� �)B*�Q
�ก
��!P�!"���AK��)�%�Y�	"� denaturation �!P 94 OC 30  �����!  annealing �!P 
68OC 30  �����!  ��� extension �!P 72 OC 2 ���!  ���B�Y� !("r�("�!P��&(�
���$# *��	
�@�"
 *��    
"�ก��
�(@�"�(�rก�	
�'
!X!� 1% # *B�Y��L�� !("r�("�!P�!%�� Q
���� 1100 �KL(
� (A���!P  11)   
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=����J 11  %�� %"&B�Y� !("r�("� �)B*#�
(�"
$ set1 ��� set2   *��"�ก��
�(@�"�(�rก�	
�'
!X!�   

 1%, BL"&�!P 1 �O"  !("r�("��	
���%��  1 kb, BL"&�!P 2 �O" B�Y� !("r�("� �)B*#�
(�"
$   
   set1 %��   700 �KL(
�, BL"&�!P 3 �O" B�Y� !("r�("� �)B*#�
(�"
$ set2 %��  1100 �KL(
� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1000 bp 
500 bp 
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> P.vanameii (Accession number: X77318.1) 
FPM_SP 

ATGCTGAGGGTCGCGCCTCTGGTAGTGCTGTTGGCTGCGGCCGCACAGGCGCAGTGGGATCCCAACTCTAGCAATG

GACAGGTTATCGTCCACTTGTTTGAGTGGAAGTGGTCGGACATCGCCGCCGAATGCGAGAACTTCTTGGGTCCTCG 

             SAmy F1 

AGGATTCGCCGGCGTTCAGGTATCACCGCCTAACGAATACGTGGAGGTGTACCAGGGAGACGTGAAGCGGCCGTGG 

 

TGGGAGAGGTACCAGCCCGTCTCCTATAAACTCGTCACTCGCTCCGGTGACGAAAATGCTTTCAAAGACATGGTCA

CACGCTGCAACAACGTGGGAGTCAGGATCTACGTCGACGCTGTGATAAACCACATGTCAGGGGGATGGCCGATGGG

CACAGGAGCCTCCGGGGGGTCCTCCTTCGACTCGGGCGCGGAGTCCTACCCCGGGGTTCCTTACTCCGCTTTCGAC

TTCAACGACGGCAACTGCCACACCGGGTCCGGGAACATTGAAAACTACGGCGACGCCAATCAGGTGCGCAACTGCA

AACTGGTTGGGCTGAACGACCTGAACCAAGGCACTGACTACGTGCGAGGTAAGATCAGGGAATTCATGAACAAGCT

CATCAGCTACGGTGTCGCCGGCTTCCGCATCGACGCCAGCAAACACATGTGGCCCGGGGACATGAAGGCCATTTTT

GATAGCCTGGACAACCTCAACACGGATTTCTTCAAGGCCGGTGCCAGACCTTTCATCTTCCAAGAAGTCATCGACT

TGGGTGGCGAAGCCATATCCAGCGGAGAATATGTTGGCAACGGTCGTGTGACGGAGTTCCGGTACGGCAAGTACCT

GGGCGAGGCCTTCCGCGGCAACAACCAGCTGAAGTACCTCAACAACTTCGGCGAAGGCTGGGGCATGATAGACCGC

CATGACGCACTCGTCTTCATTGACAACCACGACAACCAGCGCGGCCATGGTGCCGGAGGAGACATGATCCTTACCT 

 

TCCGTGTCTCTAAGTGGTACAAGATGGCTACTGCATACATGCTGGCTTGGCCTTACGGCTACACTCGCGTGATGTC 

      RPM_PM 

GTCGTACTACTGGGACCAATGGTGGGAGAATGGCCAGGATAAGAACGACTGGATCGGACCTCCTCACGACGGCAGC

TTCAACATCATCAGCCCGAGCTTCAACGCCGACGGCAGCTGCGGGAACGGCTGGATCTGCGAGCACCGCTGGAGGC 

 

AGATCTACAACATGGTGGAATTCCGGAATGTTGCCCATGGGACGGACATGAACGACTGGTGGGATAACGGCAGCAA 

     SAmy R1 

CCAGATCGCCTTCTGCAGAGGCAACAAGGGCTTCCTGGCCATCAACAACGACGGATGGGATCTGAAGGAGACGCTG

CAGACTTGCCTTCCTGCGGGTACGTACTGCGACGTCATCTCCGGGTCGAAGAACGGAGGCTCCTGCACGGGCAAGA

GCGTGACTGTGGGCGGCGACGGAAAGGCCTACATCGAGATCACGACCATGGAAGACGACGGCGTGCTTGCTATCCA

TGCCAACTCGAAACTGTAA 

 
=����J 12  �J�A���� &ก�
""ก�

#�
(�"
$%"&�!��"�'�"�#�(��%"&ก�*&ก��� ��� �)B* 

   ��� �
�����!�"#� $%"&ก�*&%�������#�(QW�	*��

  
 
A������J 4  ��� �
�����!�"#� $%"&#�
$(�"
$�!P)B*(��P�Q
���� Complementary DNA (cDNA) %"& 

     �!��"�'�"�#�(�� (PmAmy); #�
(�"
$ 2 set 
   
Primer Sequence (5′       3′) 
SAmy F1 
SAmy R1 
FPM_SP 
RPM_PM 

GTGGGAGAGGTACCAGCCC 
AAGGCGATCTGGTTGCTG 
ATGCTGAGGGTCGCGCCTCTGGTAGTG 
CTTCATGTCCCCGGGCCACATGTGTTT                                                                                              
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3.  ก��A��<!��������������
����	��������������� �!���!N����J ?IJ��AN�ก�� pGEM-T easy 

vector 

   

 ���B�Y� !("r�("��Y&�"&B�Y��!P# *��(BOP"�	L"(%*�ก�
 pGEM-T easy vector  ������#Q(��P�
Q
����)��
��!(
!� E.coli  ��������$ JM109 �� (�O"ก�����!�!P�!��ก����!%��
� LB-agar plate �!P
�!  X-gal + IPTG ��	
�@�"
   ������ �KกJ��   *�����! alkaline  lysis  ���B� �ก� ������ 
���(
r@
KQ    ��������� �!P�!B�Y��L�� !("r�("�L&#Q��(�
���$��� �
�����!�"#� $�!P

���� Macrogen 
Q
�(��(ก���!  ������ �
�����!�"#� $�!P# *��(Q
!�
(�!�
ก�
��� �
�����!�"#� $�!P�!"�KL)�
���%*"�K�%"& GenBank � �)B*�Q
�ก
� Blastn �
�L���� �
�����!�"#� $��Y&�"&��*��ก�
�!�
�"�'�"�#�(��%"&ก�*&%�������#� (Accession number: X77318.1) ���&@�ก��Y����B�Y��L��      
 !("r�("%"&�!� PmAmy ��Y&�"&�L����
��ก��� �)B*�Q
�ก
� CAP3 (http://pbil.univ-
lyon1.fr/cap3.php)  # *B�Y��L�� !("r�("�!P�!��� �
  �����!�"#� $@����� 1304 �KL(
� (
!�ก !("r�("
�L���!Y�L� Contig 1  
 

4.  ก��B�������������
����	���G��� 3k UTR ��������������� �! (PmAmy) �$������    

RACE - PCR    

   

 ���  cDNA %"&(�OY"(�OP"	�
"L"� (hepatopancreas) ��)B*(QW���L�

)�ก�
(��P�Q
���� 
cDNA %"&Q��� 3′UTR � �)B*#�
(�"
$�!P# *@�กก�
""ก�

@�ก�L���!P@��(���(@��@&ก�
B�Y��!�
�"�'�"�#�(��)�ก�*&ก��� �� (A���!P 14) � �)B*�Q
�ก
� Oligos X�P&	�����L&�!P��&#�
(�"
$��Y�
@�(
�P�	*�@�ก�����!�"#� $	�����L& 452  X�P&(QW�#�
(�"
$ Forward  (	�
�&�!P 5)  �L��#�
(�"
$�!P
(QW� Reverse (QW�#�
(�"
$�!P# *@�กB� ���(
r@ (BD SMART™ PCR cDNA Synthesis Kit)  ��������
Q��ก�
����Kก�XL����(�"
$(
��

 Touch down �!P�!"���AK��)� step �!P 1 %�Y�	"� denaturation �!P 
94OC 30 �����! annealing �!P 72OC  3 ���!, step �!P 2 denaturation �!P 94OC  30 �����!  annealing �!P  
70OC 30 �����!  extension �!P 72OC  3 ���!  ��� step �!P 3 denaturation �!P 94OC  30 �����!  
annealing �!P  70OC 30 �����!  extension �!P 68OC  3 ���!  ��� !("r�("�!P��&(�
���$# *��	
�@�"

 *��"�ก��
�(@�"�(�rก�	
�'
!X!� 1%  # *B�Y� !("r�("�!P�!%�� Q
���� 950  �KL(
�  (A���!P 13)  
@�ก��Y������(BOP"�	L"(%*�ก�
 pGEM-T easy vector  ������#Q(��P�Q
����)��
��!(
!� E.coli     
��������$ JM109 � �)B*���! heat shock transformation �� (�O"ก�����!�!P�!��ก����!%����
	
�@�"
������ �KกJ��   *�����! alkaline  lysis  ���B� �ก� ������ ���(
r@
KQ    ��������� �!P
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��&(�
���$# *#Q��(�
���$��� �
�����!�"#� $�!P Macrogen Q
�(��(ก���!  ������ �
�����!�"#� $�!P
# *��(Q
!�
(�!�
ก�
��� �
�����!�"#� $�!P�!"�KL)����%*"�K�%"& GenBank � �)B*�Q
�ก
� Blastn  
�
�L� ��� �
�����!�"#� $��*��ก�
�!��"�'�"�#�(��%"&ก�*&%�������#� (Accession number: 
X77318.1)   
  

��� !("r�("�L�� Contig 1 ��
��ก�
B�Y��L�� !("r�("  # * !("r�("�L��%"& *��Q��� 3′� �
)B*�Q
�ก
� CAP3 (http://pbil.univ-lyon1.fr/cap3.php)  �!%��  1647 �KL(
� �L��ก�
����� �
     
�����!�"#� $%"& *��Q��� 5′ ��&#�LQ
��
�������(
r@ 

    
 
 

 

 

 

 

 

 

 

 

 

 

 

 

       
=����J 13  %�� %"&�!� PmAmy � �)B*#�
(�"
$ RACE_PSF �KLก�
 UPM  *��"�ก��
�(@�"�(�rก 

   �	
�'
!X!�  1%,  BL"&�!P 1 �O"  !("r�("��	
���%��  1 kb, BL"&�!P 2 �O" �!� PmAmy    
   � �)B*#�
(�"
$ RACE_PSF �KLก�
 UPM %��   950 �KL(
� 

 
 
 
 
 
 
 
 

1000 bp 
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>P.monodon  partial 
ATGCTGAGGGTCGCGCCTCTGGTAGTGCTGTTGGCTGCGGCCACACAAGCCCAGTGGGATCCCAACTCCAGCAATG

GACAAGTAATCGTCCACTTGTTTGAATGGAAGTGGTCGGACATCGCCGCGGAATGCGAGAACTTCTTGGGTCCTCG

AGGATTCGCCGGCGTTCAGGTATCACCACCTAACGAGTATGTGGAGGTGTACCAAGGAGACGTGCAACGACCGTGG

TGGGAGAGGTACCAGCCCGTCTCCTATAAACTCGTCACTCGTTCCGGTGACGAAAATGCTTTCAAAGACATGGTCA

CACGCTGCAACAATGTGGGAGTTAGGATCTACGTCGACGCTGTGATAAACCACATGTCTGGCGGATGGCCTCTGGG 

        RACE_PSF 

CACAGGAGCCTCCGGTGGGTCCTCCTTCGACTCGGGCGCACAGTCCTACCCCGGCGTTCCTTTCTCCGCCTTCGAC 

 

TTCAACGACGGCAACTGCCACACCGGTTCCGGGAACATTGAAAACTACGGCGACGCCAATCAGGTGCGCAACTGCA

AATTGGTTGGACTGAACGACCTGAACCAAGCCACTGACTACGTCCGAGGGAAAATCAGGGAATTCATGAACAAGCT

CATCGGCTACGGGGTCGCCGGCTTCCGCATCGACCCCAGCAAACACATGTGGCCCGGGGACATGAAGCCCATTTTC

GATAGCCTGAACgACCTCAATACAGATTTCTTCAAGGCCGGGGCCAGACCTTTCATCTTCCAAGAAGTCATTGACC

TGGGTGGCGAAGCCATATCCAGCCAAGAGTATGTTGGCAACGGTCGTGcGACGGAGTTCAGGTACGGCAAGTACCT

GGGCGAAGCCTTCCGCGGCAACAACCAGCcGAAATACCTCAACAACTTCGGCGAAGGTTGGGGCAcGATGGACCGG

CATGACGCATTGGCCTTCATcGACAAtCAtGACAACCAGAGAGGCCATGGTGCTGGAGGAGACAcGATCCTTACTT

TCCGTGTCTCTAAGTGGTACAAGATGGCCACCGCATACATGCTGGCaTGGCCTTACGGaTACACCCGaGcGATGTC

GTCGTACTACTGGGACCAATGGTGGGAGAATGGCCAGGATAAGAACGACTGGATCGGACCTCCTCACGACGGCAGC

TTCAACATCATCAGCCCGAGCTTCAACGCTGACGGCAGCTGCGAGAACGGCTGGATCTGCGAGCACCGCTGGAGGC

AGATTTACAACATGGTGGAGTTCCGTAATGTTGCCCATGGTACGGACAcGAACGACTGGTGGGACAACGGCAGCAA

CCAGATCGCCTT 

 

=����J 14  ก�
""ก�

#�
$(�"
$%"&�!� PmAmy )��L��ก��&�!� 
 
A������J 5  ��� �
�����!�"#� $%"&#�
$(�"
$�!P)B*(��P�Q
���� Complementary DNA (cDNA) %"& 
                  �!��"�'�"�#�(�� (PmAmy); #�
(�"
$ 3} RACE-PCR 
 
Primer Sequence (5′       3′) 
RACE_PSF 
UPM* 

TCGACTTCAACGACGGCAACTGCCACAC 
CTAATACGACTCACTATAGGGC 

 

 
UPM* = Universal primer of SMARTTM  RACE cDNA Amplification kit 
 
5.  ก�� ��J�G����> Complementary DNA (cDNA) ��������������� �! (PmAmy) A���!��

�$������  RACE - PCR    

 

���&@�ก# *B�Y�%"& !("r�("  3 B�Y��

��	L"ก��  �
�L�  (QW���� �
�����!�"#� $%"&�!�
�"�'�"�#�(��%"&ก�*&ก��� ��  (�OP"(QW�ก�
�O����J��!P# *  @�&# *���ก�
(��P�Q
���� cDNA %"&�!�
�"�'�"�#�(��	�" ���� �)B* cDNA %"&(�OY"(�OP"	�
"L"� (hepatopancreas) ��)B*(QW���L�


)�ก�
(��P�Q
���� cDNA  � �)B*#�
(�"
$ Forward %"& set 2  �KLก�
 Reverse %"& UPM 
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(Universal primer of SMARTTM  RACE cDNA Amplification kit)  (	�
�&�!P  6) �!P�!����@��(���
	L"�!� (A���!P 16) � �(�OP"���Q��ก�
����Kก�XL����(�"
$(
��

 Touch down   X�P&���!�!Y(QW����!�!P� 
"���AK��%"& annealing �&�!P�� step  � �"���AK��)� step �!P 1 %�Y�	"� denaturation �!P 94OC 30 
�����! annealing �!P 72OC  3 ���!, step �!P 2 denaturation �!P 94OC  30 �����!  annealing �!P  70OC 30 
�����!extension �!P 72OC 3 ���! ��� step �!P 3 denaturation �!P 94OC  30 �����!  annealing �!P  68OC 
30 �����!extension �!P 70OC 3 ���!  X�P&#�
(�"
$�KL�!Y�!����@��(���	L"�!�  PmAmy  � �����
�(��P�
Q
�����!�)��L��%"& start codon  @���&Q��� poly A   J�ก�
� �"&�
�L� (�OP"���  PCR Product 
�!P# *��	
�@�"
 *��"�ก��
�(@�"�(�rก�	
�'
!X!� 1%  @�# *B�Y� !("r�("�!P�!%�� Q
����  1700 
�KL(
� (A���!P 15)    

                                                             
 
 
 
 
 
 
 
 
 
 
                                                              

=����J 15  %�� %"&�!� PmAmy � �)B*#�
(�"
$ FPM_SP  �KLก�
 UPM  *��"�ก��
�(@�"�(�rก 
   �	
�'
!X!�  1%,  BL"&�!P 1 �O"  !("r�("��	
���%��  1 kb, BL"&�!P 2 �O" �!� PmAmy    
   � �)B*#�
(�"
$ FPM_SP �KLก�
 UPM %��   1700 �KL(
� 
 
 
 
 
 

 

1500 bp 
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>P.monodon  mRNA 
FPM_SP 

ATGCTGAGGGTCGCGCCTCTGGTAGTGCTGTTGGCTGCGGCCACACAAGCCCAGTGGGATCCCAACTCCAGCAATG

GACAAGTAATCGTCCACTTGTTTGAATGGAAGTGGTCGGACATCGCCGCGGAATGCGAGAACTTCTTGGGTCCTCG

AGGATTCGCCGGCGTTCAGGTATCACCACCTAACGAGTATGTGGAGGTGTACCAAGGAGACGTGCAACGACCGTGG

TGGGAGAGGTACCAGCCCGTCTCCTATAAACTCGTCACTCGTTCCGGTGACGAAAATGCTTTCAAAGACATGGTCA

CACGCTGCAACAATGTGGGAGTTAGGATCTACGTCGACGCTGTGATAAACCACATGTCTGGCGGATGGCCTCTGGG

CACAGGAGCCTCCGGTGGGTCCTCCTTCGACTCGGGCGCACAGTCCTACCCCGGCGTTCCTTTCTCCGCCTTCGAC

TTCAACGACGGCAACTGCCACACCGGTTCCGGGAACATTGAAAACTACGGCGACGCCAATCAGGTGCGCAACTGCA

AATTGGTTGGACTGAACGACCTGAACCAAGCCACTGACTACGTCCGAGGGAAAATCAGGGAATTCATGAACAAGCT

CATCGGCTACGGGGTCGCCGGCTTCCGCATCGACCCCAGCAAACACATGTGGCCCGGGGACATGAAGCCCATTTTC

GATAGCCTGAACgACCTCAATACAGATTTCTTCAAGGCCGGGGCCAGACCTTTCATCTTCCAAGAAGTCATTGACC

TGGGTGGCGAAGCCATATCCAGCCAAGAGTATGTTGGCAACGGTCGTGcGACGGAGTTCAGGTACGGCAAGTACCT

GGGCGAAGCCTTCCGCGGCAACAACCAGCcGAAATACCTCAACAACTTCGGCGAAGGTTGGGGCAcGATGGACCGG

CATGACGCATTGGCCTTCATcGACAAtCAtGACAACCAGAGAGGCCATGGTGCTGGAGGAGACAcGATCCTTACTT

TCCGTGTCTCTAAGTGGTACAAGATGGCCACCGCATACATGCTGGCaTGGCCTTACGGaTACACCCGaGcGATGTC

GTCGTACTACTGGGACCAATGGTGGGAGAATGGCCAGGATAAGAACGACTGGATCGGACCTCCTCACGACGGCAGC

TTCAACATCATCAGCCCGAGCTTCAACGCTGACGGCAGCTGCGAGAACGGCTGGATCTGCGAGCACCGCTGGAGGC

AGATTTACAACATGGTGGAGTTCCGTAATGTTGCCCATGGTACGGACAcGAACGACTGGTGGGACAACGGCAGCAA

CCAGATCGCCTTCTGCAGAGGCAACAAGGGCTTCCTGGCCATCAATAACGACGGATGGGATCTGAAGGAGACGCTG

CAGACTTGCCTCCCTGCGGGTACGTACTGTGACGTCATCTCCGGAGGCGGAGACGGAGGCTCCTGCACGGGCAAGA

GCGTGACTGTGGGCGGCGACGGAAAGGCCTACATCGAGATTACGACCATGGAAGACGACGGAGTGCTTGCTATCCA

TGCCAACTCCAAACTGTGATCTGTCGGACGCCAGAGAAAGGAACTTGTCGTCTTATTGGGAATCATTTCATCGTCA

TCAAATAAAAAGAGCATTTCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

 

=����J 16  ก�
""ก�

#�
$(�"
$%"&�!� PmAmy 	�Y&�	L start codon @���&Q���  polyA  
 
A������J 6  ��� �
�����!�"#� $%"&#�
$(�"
$�!P)B*(��P�Q
���� Complementary DNA  

    (cDNA) %"&�!��"�'�"�#�(�� (PmAmy) 	�" ��� 
 

Primer Sequence (5′       3′) 

FPM_SP 
UPM* 

ATGCTGAGGGTCGCGCCTCTGGTAGTG 
CTAATACGACTCACTATAGGGC 

 

 
UPM* = Universal primer of SMARTTM  RACE cDNA Amplification kit 
   
6.  ก��A��<!��������������
����	A���!����������������� �!  (PmAmy)    
 
 ���B�Y��L�� !("r�("�!P��&(�
���$# *�!P�!%�� Q
����  1700  �KL(
�  ��(BOP"�	L"(%*�ก�
 
pGEM-T easy  vector  ������#Q(��P�Q
����)��
��!(
!� E.coli  ��������$ JM109 � �)B*���! heat 
shock transformation  �� (�O"ก�����!�!P�!��ก����!%����	
�@�"
������ �KกJ��   *�����! 
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alkaline  lysis  ���B� �ก� ������ ���(
r@
KQ  �L&������ �KกJ��#Q��(�
���$��� �
�����!�"#� $
�!P Macrogen Q
�(��(ก���! ��*��������(�
���$��� �
�����!�"#� $� �)B*���%*"�K�@�ก GenBank 
� �)B*�Q
�ก
� Blastn �
�L���� �
�����!�"#� $%"&�!� PmAmy  (A���!P 17) �!����(��O"�ก�

�!��"�'�"�#�(��%"&ก�*&%�������#� (Accession number: X77318.1) (A���!P 18) � ���� �
   
�����!�"#� $   �!ก�
(Q�!P���Q�&�����!�"#� $ 100 	�����L&  ���)�*�!����(��O"�ก�
�!��"�'�"�
#�(�� %"&ก�*&%�������#�  93.50 (Q"
$(Xr�	$  � ��L��%"&
�����&(�
���$�Q
	!� (Open 
reading frame)  �!������� 1539 bp (�OP"�Q�&(QW�ก
 "�����Q
�ก"
 *�� 512 (
X� ���$ (A���!P 
17) (�OP"(Q�!P����� �
 �����!�"#� $)�*(QW���� �
ก
 "����� �
�L� J�@�กก�
(Q�!P���Q�& �&ก�L��
�L&J�)�*(ก� ก�
(Q�!P���Q�&%"&��� �
ก
 "����� 24  	�����L& (	�
�&�!P 7) ����!����
(��O"�ก�
��� �
ก
 "�����%"&ก�*&%�������#� �� (QW� 95.31  (Q"
$(Xr�	$ (A���!P 19)  (�OP"���
��� �
ก
 "�����)�A���!P 19 �����L��Y�����ก��(�ก������L� pI  � �)B*�Q
�ก
� Expasy 
(http://au.expasy.org) ����
�������# *(�L�ก�
 56.90  kDa ���  5.04  	����� �
   @�ก��Y����
��� �
ก
 "��������� Conserve Domain �!P�����M%"&("�#X�$�"�'�"�#�(���!P����
��
# *
)���P&�!B!��	  �
�L� ��� �
ก
 "������"�'�"�#�(��%"&ก�*&ก��� ���!�Q
	!� Conserve Domain 
��& 9 Domain X�P&Q
�ก"
#Q *��  FEW, GFAGVQVSP, DAVINH, NYGD, LNDLN, 
GFRIDPSKH, EVID, FIDNHD  ���  GYTRAMSSY  (A���!P 19) 
   
     ATGCTGAGGGTCGCGCCTCTGGTAGTGCTGTTGGCTGCGGCCACACAAGCCCAGTGGGAT 60 
   1    M  L  R  V  A  P  L  V  V  L  L  A  A  A  T  Q  A  Q  W  D 

 CCCAACTCCAGCAATGGACAAGTAATCGTCCACTTGTTTGAATGGAAGTGGTCGGACATC 120 

21 P  N  S  S  N  G  Q  V  I  V  H  L  F  E  W  K  W  S  D  I 

     GCCGCGGAATGCGAGAACTTCTTGGGTCCTCGAGGATTCGCCGGCGTTCAGGTATCACCA 180 

  41  A  A  E  C  E  N  F  L  G  P  R  G  F  A  G  V  Q  V  S  P 

 CCTAACGAGTATGTGGAGGTGTACCAAGGAGACGTGCAACGACCGTGGTGGGAGAGGTAC 240 

        P  N  E  Y  V  E  V  Y  Q  G  D  V  Q  R  P  W  W  E  R  Y 

 CAGCCCGTCTCCTATAAACTCGTCACTCGTTCCGGTGACGAAAATGCTTTCAAAGACATG 300 

81 Q  P  V  S  Y  K  L  V  T  R  S  G  D  E  N  A  F  K  D  M 

     GTCACACGCTGCAACAATGTGGGAGTTAGGATCTACGTCGACGCTGTGATAAACCACATG 360 

 101  V  T  R  C  N  N  V  G  V  R  I  Y  V  D  A  V  I  N  H  M 

 TCTGGCGGATGGCCTCTGGGCACAGGAGCCTCCGGTGGGTCCTCCTTCGACTCGGGCGCA 420 

  S  G  G  W  P  L  G  T  G  A  S  G  G  S  S  F  D  S  G  A 

 CAGTCCTACCCCGGCGTTCCTTTCTCCGCCTTCGACTTCAACGACGGCAACTGCCACACC 480 

 141  Q  S  Y  P  G  V  P  F  S  A  F  D  F  N  D  G  N  C  H   T 

  

=����J 17  ��� �
�����!�"#� $������ �
ก
 "�����	�" ���%"&�!��"�'�"�#�(�� (PmAmy)   
� ���
�!� &�� &	�����L&%"& signal peptide ��
�!(%!���� &	�����L&%"& 
conserved domains  	��"�ก�
�!�Y��(&���� &	�����L&%"& start codon; ATG 	��"�ก�
�!
B��K�� &	�����L&%"& stop codon; TGA 	��"�ก�
���%! (�*�)	*�� &	�����L&%"& 
signaling polyadenylation; AATAAA  	��"�ก�
("!�&�� &	�����L&%"& PolyA  
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GGTTCCGGGAACATTGAAAACTACGGCGACGCCAATCAGGTGCGCAACTGCAAATTGGTT 540 

161 G  S  G  N  I  E  N  Y  G  D  A  N  Q  V  R  N  C  K  L  V 

 GGACTGAACGACCTGAACCAAGCCACTGACTACGTCCGAGGGAAAATCAGGGAATTCATG 600 

181 G  L  N  D  L  N  Q  A  T  D  Y  V  R  G  K  I  R  E  F  M 

 AACAAGCTCATCGGCTACGGGGTCGCCGGCTTCCGCATCGACCCCAGCAAACACATGTGG 660 

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

 CCCGGGGACATGAAGCCCATTTTCGATAGCCTGAACGACCTCAATACAGATTTCTTCAAG 720 

221 P  G  D  M  K  P  I  F  D  S  L  N  D  L  N  T  D  F  F  K    

 GCCGGGGCCAGACCTTTCATCTTCCAAGAAGTCATTGACCTGGGTGGCGAAGCCATATCC 780  

 241  A  G  A  R  P  F  I  F  Q  E  V  I  D  L  G  G  E  A  I  S  

 AGCCAAGAGTATGTTGGCAACGGTCGTGCGACGGAGTTCAGGTACGGCAAGTACCTGGGC 840 

 261  S  Q  E  Y  V  G  N  G  R  A  T  E  F  R  Y  G  K  Y  L  G 

 GAAGCCTTCCGCGGCAACAACCAGCCGAAATACCTCAACAACTTCGGCGAAGGTTGGGGC 900 

281 E  A  F  R  G  N  N  Q  P  K  Y  L  N  N  F  G  E  G  W  G 

  

ACGATGGACCGGCATGACGCATTGGCCTTCATCGACAATCATGACAACCAGAGAGGCCAT 960 

 301  T  M  D  R  H  D  A  L  A  F  I  D  N  H  D  N  Q  R  G  H 

 GGTGCTGGAGGAGACACGATCCTTACTTTCCGTGTCTCTAAGTGGTACAAGATGGCCACC      1020 

321 G  A  G  G  D  T  I  L  T  F  R  V  S  K  W  Y  K  M  A  T 

       GCATACATGCTGGCATGGCCTTACGGATACACCCGAGCGATGTCGTCGTACTACTGGGAC      1080 

 341  A  Y  M  L  A  W  P  Y  G  Y  T  R  A  M  S  S  Y  Y  W  D  

 CAATGGTGGGAGAATGGCCAGGATAAGAACGACTGGATCGGACCTCCTCACGACGGCAGC      1140 

 361  Q  W  W  E  N  G  Q  D  K  N  D  W  I  G  P  P  H  D  G  S 

 TTCAACATCATCAGCCCGAGCTTCAACGCTGACGGCAGCTGCGAGAACGGCTGGATCTGC      1200 

 381  F  N  I  I  S  P  S  F  N  A  D  G  S  C  E  N  G  W  I  C  

 GAGCACCGCTGGAGGCAGATTTACAACATGGTGGAGTTCCGTAATGTTGCCCATGGTACG      1260 

        E  H  R  W  R  Q  I  Y  N  M  V  E  F  R  N  V  A  H  G  T 

 GACACGAACGACTGGTGGGACAACGGCAGCAACCAGATCGCCTTCTGCAGAGGCAACAAG      1320 

 421  D  T  N  D  W  W  D  N  G  S  N  Q  I  A  F  C  R  G  N  K 

 GGCTTCCTGGCCATCAATAACGACGGATGGGATCTGAAGGAGACGCTGCAGACTTGCCTC      1380 

 441  G  F  L  A  I  N  N  D  G  W  D  L  K  E  T  L  Q  T  C  L 

 CCTGCGGGTACGTACTGTGACGTCATCTCCGGAGGCGGAGACGGAGGCTCCTGCACGGGC      1440 

 461  P  A  G  T  Y  C  D  V  I  S  G  G  G  D  G  G  S  C  T  G  

 AAGAGCGTGACTGTGGGCGGCGACGGAAAGGCCTACATCGAGATTACGACCATGGAAGAC      1500 

 481  K  S  V  T  V  G  G  D  G  K  A  Y  I  E  I  T  T  M  E  D 

 GACGGAGTGCTTGCTATCCATGCCAACTCCAAACTGTGATCTGTCGGACGCCAGAGAAAG      1560 

 501  D  G  V  L  A  I  H  A  N  S  K  L Stop 

 GAACTTGTCGTCTTATTGGGAATCATTTCATCGTCATCAAATAAAAAGAGCATTTCCAAA      1620 

 AAAAAAAAAAAAAAAAAAAAAAAAAAA            1647 

 
=����J 17 (AN�)   
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P.monodon_mRNA      ATGCTGAGGGTCGCGCCTCTGGTAGTGCTGTTGGCTGCGGCCACACAAGCCCAGTGGGAT   60 

P.vanameii          ATGCTGAGGGTCGCGCCTCTGGTAGTGCTGTTGGCTGCGGCCGCACAGGCGCAGTGGGAT 

                    ****************************************** **** ** ********* 

 

P.monodon_mRNA      CCCAACTCCAGCAATGGACAAGTAATCGTCCACTTGTTTGAATGGAAGTGGTCGGACATC   120 

P.vanameii          CCCAACTCTAGCAATGGACAGGTTATCGTCCACTTGTTTGAGTGGAAGTGGTCGGACATC 

                    ******** *********** ** ***************** ****************** 

 

P.monodon_mRNA      GCCGCGGAATGCGAGAACTTCTTGGGTCCTCGAGGATTCGCCGGCGTTCAGGTATCACCA   180 

P.vanameii          GCCGCCGAATGCGAGAACTTCTTGGGTCCTCGAGGATTCGCCGGCGTTCAGGTATCACCG 

                    ***** *****************************************************  

 

P.monodon_mRNA      CCTAACGAGTATGTGGAGGTGTACCAAGGAGACGTGCAACGACCGTGGTGGGAGAGGTAC   240 

P.vanameii          CCTAACGAATACGTGGAGGTGTACCAGGGAGACGTGAAGCGGCCGTGGTGGGAGAGGTAC 

                    ******** ** ************** ********* * ** ****************** 

 

P.monodon_mRNA      CAGCCCGTCTCCTATAAACTCGTCACTCGTTCCGGTGACGAAAATGCTTTCAAAGACATG   300 

P.vanameii          CAGCCCGTCTCCTATAAACTCGTCACTCGCTCCGGTGACGAAAATGCTTTCAAAGACATG 

                    ***************************** ****************************** 

 

P.monodon_mRNA      GTCACACGCTGCAACAATGTGGGAGTTAGGATCTACGTCGACGCTGTGATAAACCACATG   360 

P.vanameii          GTCACACGCTGCAACAACGTGGGAGTCAGGATCTACGTCGACGCTGTGATAAACCACATG 

                    ***************** ******** ********************************* 

 

P.monodon_mRNA      TCTGGCGGATGGCCTCTGGGCACAGGAGCCTCCGGTGGGTCCTCCTTCGACTCGGGCGCA   420 

P.vanameii          TCAGGGGGATGGCCGATGGGCACAGGAGCCTCCGGGGGGTCCTCCTTCGACTCGGGCGCG 

                    ** ** ********  ******************* ***********************  

 

P.monodon_mRNA      CAGTCCTACCCCGGCGTTCCTTTCTCCGCCTTCGACTTCAACGACGGCAACTGCCACACC   480 

P.vanameii          GAGTCCTACCCCGGGGTTCCTTACTCCGCTTTCGACTTCAACGACGGCAACTGCCACACC 

                     ************* ******* ****** ****************************** 

 

P.monodon_mRNA      GGTTCCGGGAACATTGAAAACTACGGCGACGCCAATCAGGTGCGCAACTGCAAATTGGTT   540 

P.vanameii          GGGTCCGGGAACATTGAAAACTACGGCGACGCCAATCAGGTGCGCAACTGCAAACTGGTT 

                    ** *************************************************** ***** 

 

P.monodon_mRNA      GGACTGAACGACCTGAACCAAGCCACTGACTACGTCCGAGGGAAAATCAGGGAATTCATG   600 

P.vanameii          GGGCTGAACGACCTGAACCAAGGCACTGACTACGTGCGAGGTAAGATCAGGGAATTCATG 

                    ** ******************* ************ ***** ** *************** 

 

P.monodon_mRNA      AACAAGCTCATCGGCTACGGGGTCGCCGGCTTCCGCATCGACCCCAGCAAACACATGTGG   660 

P.vanameii          AACAAGCTCATCAGCTACGGTGTCGCCGGCTTCCGCATCGACGCCAGCAAACACATGTGG 

                    ************ ******* ********************* ***************** 

 

P.monodon_mRNA      CCCGGGGACATGAAGCCCATTTTCGATAGCCTGAACGACCTCAATACAGATTTCTTCAAG   720 

P.vanameii          CCCGGGGACATGAAGGCCATTTTTGATAGCCTGGACAACCTCAACACGGATTTCTTCAAG 

                    *************** ******* ********* ** ******* ** ************ 

 

P.monodon_mRNA      GCCGGGGCCAGACCTTTCATCTTCCAAGAAGTCATTGACCTGGGTGGCGAAGCCATATCC   780 

P.vanameii          GCCGGTGCCAGACCTTTCATCTTCCAAGAAGTCATCGACTTGGGTGGCGAAGCCATATCC 

                    ***** ***************************** *** ******************** 

 

P.monodon_mRNA      AGCCAAGAGTATGTTGGCAACGGTCGTGCGACGGAGTTCAGGTACGGCAAGTACCTGGGC   840 

P.vanameii          AGCGGAGAATATGTTGGCAACGGTCGTGTGACGGAGTTCCGGTACGGCAAGTACCTGGGC 

                    ***  *** ******************* ********** ******************** 

 

P.monodon_mRNA      GAAGCCTTCCGCGGCAACAACCAGCCGAAATACCTCAACAACTTCGGCGAAGGTTGGGGC   900 

P.vanameii          GAGGCCTTCCGCGGCAACAACCAGCTGAAGTACCTCAACAACTTCGGCGAAGGCTGGGGC 

                    ** ********************** *** *********************** ****** 

 
=����J 18  (Q
!�
(�!�
��� �
�����!�"#� $	�" ���%"&�!� PmAmy ก�
�!��"�'�"�#�(��%"& 
     ก�*&%�������#� 
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P.monodon_mRNA      ACGATGGACCGGCATGACGCATTGGCCTTCATCGACAATCATGACAACCAGAGAGGCCAT   960 

P.vanameii          ATGATAGACCGCCATGACGCACTCGTCTTCATTGACAACCACGACAACCAGCGCGGCCAT 

                    * *** ***** ********* * * ****** ***** ** ********* * ****** 

 

P.monodon_mRNA      GGTGCTGGAGGAGACACGATCCTTACTTTCCGTGTCTCTAAGTGGTACAAGATGGCCACC  1020 

P.vanameii          GGTGCCGGAGGAGACATGATCCTTACCTTCCGTGTCTCTAAGTGGTACAAGATGGCTACT 

                    ***** ********** ********* ***************************** **  

 

P.monodon_mRNA      GCATACATGCTGGCATGGCCTTACGGATACACCCGAGCGATGTCGTCGTACTACTGGGAC  1080 

P.vanameii          GCATACATGCTGGCTTGGCCTTACGGCTACACTCGCGTGATGTCGTCGTACTACTGGGAC 

                    ************** *********** ***** ** * ********************** 

 

P.monodon_mRNA      CAATGGTGGGAGAATGGCCAGGATAAGAACGACTGGATCGGACCTCCTCACGACGGCAGC  1140 

P.vanameii          CAATGGTGGGAGAATGGCCAGGATAAGAACGACTGGATCGGACCTCCTCACGACGGCAGC 

                    ************************************************************ 

 

P.monodon_mRNA      TTCAACATCATCAGCCCGAGCTTCAACGCTGACGGCAGCTGCGAGAACGGCTGGATCTGC  1200 

P.vanameii          TTCAACATCATCAGCCCGAGCTTCAACGCCGACGGCAGCTGCGGGAACGGCTGGATCTGC 

                    ***************************** ************* **************** 

 

P.monodon_mRNA      GAGCACCGCTGGAGGCAGATTTACAACATGGTGGAGTTCCGTAATGTTGCCCATGGTACG  1260 

P.vanameii          GAGCACCGCTGGAGGCAGATCTACAACATGGTGGAATTCCGGAATGTTGCCCATGGGACG 

                    ******************** ************** ***** ************** *** 

 

P.monodon_mRNA      GACACGAACGACTGGTGGGACAACGGCAGCAACCAGATCGCCTTCTGCAGAGGCAACAAG  1320 

P.vanameii          GACATGAACGACTGGTGGGATAACGGCAGCAACCAGATCGCCTTCTGCAGAGGCAACAAG 

                    **** *************** *************************************** 

 

P.monodon_mRNA      GGCTTCCTGGCCATCAATAACGACGGATGGGATCTGAAGGAGACGCTGCAGACTTGCCTC  1380 

P.vanameii          GGCTTCCTGGCCATCAACAACGACGGATGGGATCTGAAGGAGACGCTGCAGACTTGCCTT 

                    ***************** *****************************************  

 

P.monodon_mRNA      CCTGCGGGTACGTACTGTGACGTCATCTCCGGAGGCGGAGACGGAGGCTCCTGCACGGGC  1440 

P.vanameii          CCTGCGGGTACGTACTGCGACGTCATCTCCGGGTCGAAGAACGGAGGCTCCTGCACGGGC 

                    ***************** **************        ******************** 

 

P.monodon_mRNA      AAGAGCGTGACTGTGGGCGGCGACGGAAAGGCCTACATCGAGATTACGACCATGGAAGAC  1500 

P.vanameii          AAGAGCGTGACTGTGGGCGGCGACGGAAAGGCCTACATCGAGATCACGACCATGGAAGAC 

                    ******************************************** *************** 

 

P.monodon_mRNA      GACGGAGTGCTTGCTATCCATGCCAACTCCAAACTGTGA          1539 

P.vanameii          GACGGCGTGCTTGCTATCCATGCCAACTCGAAACTGTAA 

                    ***** *********************** ******* * 

 

=����J 18 (AN�)   
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P.monodon   MLRVAPLVVLLAAATQAQWDPNSSNGQVIVHLFEWKWSDIAAECENFLGPRGFAGVQVSP  60 

P.vanameii  MLRVAPLVVLLAAAAQAQWDPNSSNGQVIVHLFEWKWSDIAAECENFLGPRGFAGVQVSP 

            **************:********************************************* 

 

P.monodon   PNEYVEVYQGDVQRPWWERYQPVSYKLVTRSGDENAFKDMVTRCNNVGVRIYVDAVINHM 120 

P.vanameii  PNEYVEVYQGDVKRPWWERYQPVSYKLVTRSGDENAFKDMVTRCNNVGVRIYVDAVINHM 

            ************:*********************************************** 

 

P.monodon   SGGWPLGTGASGGSSFDSGAQSYPGVPFSAFDFNDGNCHTGSGNIENYGDANQVRNCKLV 180 

P.vanameii  SGGWPMGTGASGGSSFDSGAESYPGVPYSAFDFNDGNCHTGSGNIENYGDANQVRNCKLV 

            *****:**************:******:******************************** 

 

P.monodon   GLNDLNQATDYVRGKIREFMNKLIGYGVAGFRIDPSKHMWPGDMKPIFDSLNDLNTDFFK 240 

P.vanameii  GLNDLNQGTDYVRGKIREFMNKLISYGVAGFRIDASKHMWPGDMKAIFDSLDNLNTDFFK 

            *******.****************.*********.**********.*****::******* 

 

P.monodon   AGARPFIFQEVIDLGGEAISSQEYVGNGRATEFRYGKYLGEAFRGNNQPKYLNNFGEGWG 300 

P.vanameii  AGARPFIFQEVIDLGGEAISSGEYVGNGRVTEFRYGKYLGEAFRGNNQLKYLNNFGEGWG 

            ********************* *******.****************** *********** 

 

P.monodon   TMDRHDALAFIDNHDNQRGHGAGGDTILTFRVSKWYKMATAYMLAWPYGYTRAMSSYYWD 360 

P.vanameii  MIDRHDALVFIDNHDNQRGHGAGGDMILTFRVSKWYKMATAYMLAWPYGYTRVMSSYYWD 

             :******.**************** **************************.******* 

 

P.monodon   QWWENGQDKNDWIGPPHDGSFNIISPSFNADGSCENGWICEHRWRQIYNMVEFRNVAHGT 420 

P.vanameii  QWWENGQDKNDWIGPPHDGSFNIISPSFNADGSCGNGWICEHRWRQIYNMVEFRNVAHGT 

            ********************************** ************************* 

 

P.monodon   DTNDWWDNGSNQIAFCRGNKGFLAINNDGWDLKETLQTCLPAGTYCDVISGGGDGGSCTG 480 

P.vanameii  DMNDWWDNGSNQIAFCRGNKGFLAINNDGWDLKETLQTCLPAGTYCDVISGSKNGGSCTG 

            * *************************************************. :****** 

 

P.monodon   KSVTVGGDGKAYIEITTMEDDGVLAIHANSKL        512 

P.vanameii  KSVTVGGDGKAYIEITTMEDDGVLAIHANSKL 

            ******************************** 

   

=����J 19  (Q
!�
(�!�
��� �
ก
 "�����%"&("�#X�$�"�'�"�#�(��%"&ก�*&%�������#�ก�
 
                   PmAMY  %"&ก�*&ก��� ��	�" ���� �	��"�ก�
�!� &�� &��&	�����L&%"& Cleavage  

   site ���	��"�ก�
�Y��(&���� &��&	�����L&%"& α-Amylase  domains 
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A������J 7  	�
�&�� &ก�
(Q�!P���Q�&��� �
ก
 "�����%"&�!��"�'�"�#�(��%"&ก�*&%��      
                    �����#�ก�
�!��"�'�"�#�(�� (PmAmy)  %"&ก�*&ก��� ��  
   

������ก������
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7.  ก��B�A���B�N�<����� ������	 (Chloride Binding) ��� V��� (Calcium Binding)  q�!A����    

( Histidine Binding )  ��� �> �N� (Active site )   Cysteine Residues  ��� α/β j Barrel ������

��������� �! (PmAmy) ���ก#$�ก#����� 

   

�!��"�'�"�#�(��@� "�KL)�  family �!P 13  %"& glycosyl  hydrolases X�P&��
&�
*�&�!� 
PmAmy  �! 8  stranded (α/β - Barrel) (A���!P 20) @�ก�Q
�ก
� CDD (http://ncbi.nlm.nih. 
gov/Structure/cdd/shtml)  ��� �
ก
 "�����%"&("�#X�$�"�'�"�#�(��%"&ก�*&ก��� ��  �

	�����L&@�
%"&���(X!��  Q
�ก"
#Q *��  �"���
�@!� (N105) ,  "�
$@��!� (R175), ก
 �"���
$
	�� (D184 ) ��� I��	� !� (H218)   	�����L&@�
%"&��"#
 $  Q
�ก"
#Q *�� "�
$@��!� (R212,      
R352)����"���
�@!� (N313)  	�����L&@�
%"&I��	� !�  Q
�ก"
#Q *��  H119, H218 ���       
H314  ���	�����L&

�(��(
L&  Q
�ก"
#Q *��  ก
 �"���
$	�� (D214, D315)  ���ก
 ก�K	���� 
(E250)  	����� �
  ����
@�����ก
 "�����X��(	"!�  ��Y&��   10  	�����L&  	�����L&�!P  C44, 
C104, C158, C177, C394, C400, C436, C459, C466 ��� C478   (A���!P 20 )   
     
P.monodon   MLRVAPLVVLLAAATQAQWDPNSSNGQVIVHLFEWKWSDIAAECENFLGPRGFAGVQVSP   60 

P.vanameii  MLRVAPLVVLLAAAAQAQWDPNSSNGQVIVHLFEWKWSDIAAECENFLGPRGFAGVQVSP 

            **************:********************************************* 

                β1                 α1                                         β2 
         

P.monodon   PNEYVEVYQGDVQRPWWERYQPVSYKLVTRSGDENAFKDMVTRCNNVGVRIYVDAVINHM 120 

P.vanameii  PNEYVEVYQGDVKRPWWERYQPVSYKLVTRSGDENAFKDMVTRCNNVGVRIYVDAVINHM 

            ************:*********************************************** 

       α2      β3 
P.monodon   SGGWPLGTGASGGSSFDSGAQSYPGVPFSAFDFNDGNCHTGSGNIENYGDANQVRNCKLV 180 

P.vanameii  SGGWPMGTGASGGSSFDSGAESYPGVPYSAFDFNDGNCHTGSGNIENYGDANQVRNCKLV 

            *****:**************:******:******************************** 

 

     
=����J 20  (Q
!�
(�!�
��� �
ก
 "�����%"&("�#X�$�"�'�"�#�(��%"&ก�*&%�������#�ก�
 α  

   Amylase (PmAmy)  %"&ก�*&ก��� ��	�" ���� ���
�!(%!���O"	�����L&%"& Calcium 
   binding ��
�!B��K�O"	�����L&%"& Chloride binding (�*�(��O"	��"�ก�
�O" Histidine  
   binding  ��
�!(��O"&�� &��&	�����L&%"&  Active site  ��
�!� &�O" Cysteine  

       Residues  	��"�ก�
�!� &%! (�*�)	*�O" β - strand  ��� 	��"�ก�
�!�Y��(&��%! (�*�)	*�O"         
    α - strand 
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P.monodon   GLNDLNQATDYVRGKIREFMNKLIGYGVAGFRIDPSKHMWPGDMKPIFDSLNDLNTDFFK 240 

P.vanameii  GLNDLNQGTDYVRGKIREFMNKLISYGVAGFRIDASKHMWPGDMKAIFDSLDNLNTDFFK 

            *******.****************.*********.**********.*****::******* 

       α3                          β4       α4 
 

P.monodon   AGARPFIFQEVIDLGGEAISSQEYVGNGRATEFRYGKYLGEAFRGNNQPKYLNNFGEGWG 300 

P.vanameii  AGARPFIFQEVIDLGGEAISSGEYVGNGRVTEFRYGKYLGEAFRGNNQLKYLNNFGEGWG 

            ********************* *******.****************** *********** 

   β5             α5                  β6   α6a          α6b 
        

P.monodon   TMDRHDALAFIDNHDNQRGHGAGGDTILTFRVSKWYKMATAYMLAWPYGYTRAMSSYYWD 360 

P.vanameii  MIDRHDALVFIDNHDNQRGHGAGGDMILTFRVSKWYKMATAYMLAWPYGYTRVMSSYYWD 

             :******.**************** **************************.******* 

       β7                  α7          β8 
 

P.monodon   QWWENGQDKNDWIGPPHDGSFNIISPSFNADGSCENGWICEHRWRQIYNMVEFRNVAHGT 420 

P.vanameii  QWWENGQDKNDWIGPPHDGSFNIISPSFNADGSCGNGWICEHRWRQIYNMVEFRNVAHGT                  

            ********************************** ************************* 

            α8 
 

P.monodon   DTNDWWDNGSNQIAFCRGNKGFLAINNDGWDLKETLQTCLPAGTYCDVISGGGDGGSCTG 480 

P.vanameii  DMNDWWDNGSNQIAFCRGNKGFLAINNDGWDLKETLQTCLPAGTYCDVISGSKNGGSCTG 

            * *************************************************. :****** 

 

P.monodon   KSVTVGGDGKAYIEITTMEDDGVLAIHANSKL        512 

P.vanameii  KSVTVGGDGKAYIEITTMEDDGVLAIHANSKL 

            ********************************* 
   
=����J 20 (	L")   
 
8.  ก�� G���� ����������ก������
���������������� �! (PmAmy)  ���ก#$�ก#�����A���!�� 

ก�������������� �!���!�J���?���A?����IJ� 

   

(�OP"������ �
ก
 "�����%"&�!��"�'�"�#�(�� (PmAmy) ��(Q
!�
(�!�
ก�
��� �
 
ก
 "�����%"&��P&�!B!��	B�� "OP� (BL� ก�*&%�������#� (Litopenaeus vannamei), Q��X!ก( !�� 
(Pseudopleuonectes americanus), Q���X��"� (Salmo salar),  Q��	K���M!PQ��� (Anguilla 

japonica),  ก
 (Xenopus laevis),#��(Bombyx mori strain Nanglai), ���&��!P (Drosophila 

melanogas), ���&����"& (Ceratitis capitata),  *�&"�� (Zabrotes subfasciatu  ), ��"�ก
��K* 
(Spodoptera frugiperda ),  Q��Q�ก(QH�@� (%!�� (Tetraodon nigroviridis), ��K (Sus scrofa)  ����� 
(Homo sapiens sapiens)  �
�L� J�@�กก�
(Q�!P���Q�&%"&ก
 "�����)������	�����L& (A���!P  
21)  �L&J�)�*(ก� �����������$��&�����ก

�%"&ก�*&ก��� �������P&�!B!��	B�� "OP��  � �@�กก�
��L�
�L� Bootstrap Value 1,000 replicates @�ก�Q
�ก
� MEGA 3.1  �
�L� Phylogenetic tree  %"&
��P&�!B!��	B�� 	L�&�  �!P# *Q
�ก"
 *�� 11   interior branch  � ��!J�ก�
� �"
 bootstrap "�KL
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���L�&  64 � 100 (Q"
$(Xr�	$   (A���!P  22)  (�OP"��������L�
����L�&��&�����ก

� (Genetic 
Distance)  (	�
�&�!P 8)   �����������(Q"
$(Xr�	$����(��O"�ก�
��P&�!B!��	B�� "OP� (% Identity)  
�
�L���P&�!B!��	�	L��B�� �!�L�
����L�&��&�����ก

�����L�����(��O"��!P�	ก	L�&ก��         
(	�
�&�!P 9 )   
 

 

Penaeus_monodon                     -------MLRVAPLVVLLAAATQAQWDPNSSNGQVIVHLFEWKWSDIAAE 

Litopenaeus_vannamei_X77318         -------MLRVAPLVVLLAAAAQAQWDPNSSNGQVIVHLFEWKWSDIAAE 

Homo_sapiens_NM_000699              --------MKFFLLLFTIGFCWAQYSPNTQQGRTSIVHLFEWRWVDIALE 

Sus_scrofa_NM_214195.1              --------MKLFLLLSAFGFCWAQYAPQTQSGRTSIVHLFEWRWVDIALE 

Xenopus_laevis_BC056841             --------MKLLLLLVTIGLCSAQYNPNTQSGRTSIVHLFEWKWVDIAAE 

Tetraodon_nigroviridis_AJ42728      --------MRFFILVTLFGLSLAQHTPHFKHGRTSIVHLFEWRWTDIAAE 

Pseudopleuonectes_americanus_A      --------MKWFILVALFGLGLAQHNPHIKKGRTAIVHLFEWRWADIAAE 

Salmo_salar_DQ331024                --------MKYLVLLTLLGLSQAYHNPHAKHGRQAIVHLFEWKWNDIAAE 

Anguilla_japonica_AB070721          --------MGIFILALVLGVSLAQHDPHMKHGRTSIVHLFEWRWADIADE 

Drosophila_melanogaster_BAB325      MFLAKSIVCLSLLAVAN-----AQFDTNYASGRSGMVHLFEWKWDDIAAE 

Ceratitis_capitata_AAO13691         MFLSKVSLCLTLIFVLCSRNIEAQFNPNYASGRTTMVHLFEWKWDDIAVE 

Bombyx_mori_strain_Nanglai_GQ2      -------MFRYILLLSAVTLALAYKNPHYASGRTTMVHLFEWKWDDIAAE 

Spodoptera_frugiperda_AAO13754      -------MFRLILCLAAVTLALAYKNPHYASGRTTMVHLFEWKWDDIARE 

                                                                   .   :******:* *** * 

 

Penaeus_monodon                     CENFLGPRGFAGVQVSPPNEYVEVYQGDVQRPWWERYQPVSYKLVTRSGD 

Litopenaeus_vannamei_X77318         CENFLGPRGFAGVQVSPPNEYVEVYQGDVKRPWWERYQPVSYKLVTRSGD 

Homo_sapiens_NM_000699              CERYLAPKGFGGVQVSPPNENVAIYN--PFRPWWERYQPVSYKLCTRSGN 

Sus_scrofa_NM_214195.1              CERYLGPKGFGGVQVSPPNENIVVTN--PSRPWWERYQPVSYKLCTRSGN 

Xenopus_laevis_BC056841             CERYLGPNGFGGVQISPPNENIVVTN--PYRPWWERYQPISYKLCTRSGN 

Tetraodon_nigroviridis_AJ42728      CERFLGPNGFAGVQISPPNEHIILDS--PWRPWWQRYQPIGYNLCSRSGS 

Pseudopleuonectes_americanus_A      CERYLGPNGFGGVQISPPNEHIMLDN--PWRPWWMRYQPISYNLCSRSGS 

Salmo_salar_DQ331024                CERFLAPKGYAGVQISPPAESILLTS--PWRPWWERYQPISYNLCSRSGN 

Anguilla_japonica_AB070721          CERYLAPNGFAGVQISPPSESIVLQN--PWRPWYERYQPISYNLCSRSGT 

Drosophila_melanogaster_BAB325      CENFLGPNGYAGVQVSPVNENAVKDSR----PWWERYQPISYKLETRSGN 

Ceratitis_capitata_AAO13691         CENFLGPKGFGGVQVSPVNENVVAASR----PWWERYQPISYLLTTRSGN 

Bombyx_mori_strain_Nanglai_GQ2      CERFLGPRGFGGIQVSPPNENLVIWSRN--RPWWERYQPISYRLVTRSGN 

Spodoptera_frugiperda_AAO13754      CETFLGPRGYGGIQISPPNENLAIWSRQ--RPWWERYQPISYRLVTRSGN 

                                    ** :*.*.*:.*:*:**  *     .     **: ****:.* * :***  

 

Penaeus_monodon                     ENAFKDMVTRCNNVGVRIYVDAVINHMSG-GWPLGTGASGGSSFDSGAQS 

Litopenaeus_vannamei_X77318         ENAFKDMVTRCNNVGVRIYVDAVINHMSG-GWPMGTGASGGSSFDSGAES 

Homo_sapiens_NM_000699              EDEFRNMVTRCNNVGVRIYVDAVINHMCGNAVSAGTSSTCGSYFNPGSRD 

Sus_scrofa_NM_214195.1              ENEFRDMVTRCNNVGVRIYVDAVINHMCGSGAAAGTGTTCGSYCNPGNRE 

Xenopus_laevis_BC056841             EQQFRDMVTRCNNVGVYIYVDAIINHMCGSGGGAGTHSTCGSYFNAGSRD 

Tetraodon_nigroviridis_AJ42728      ENELRDMITRCNNVGVNIYVDVVINHMCRASSGEGTHSSCGSWFNAGTKD 

Pseudopleuonectes_americanus_A      EDELRDMITRCNNVGVNIYVDAVINHMCGASGGEGTHSSCGSWFDAGKKD 

Salmo_salar_DQ331024                ENELRDMITRCNNVGVNIYVDAVINHMCGAGGGEGTHSTCGTYFNAKKMD 

Anguilla_japonica_AB070721          EKELRDMVTRCNNVGVNIYVDAVINHMCGAGGGEGKHSSCGSYFNSHKKD 

Drosophila_melanogaster_BAB325      EEQFASMVKRCNAVGVRTYVDVVFNHMAADGG-TYGTG--GSTASPSSKT 

Ceratitis_capitata_AAO13691         EQQFADMVRRCNNVGVRIFVDVVFNHMTGDNVNARGTG--GSTADPSNKS 

Bombyx_mori_strain_Nanglai_GQ2      ENQFSNMVRRCNNVGVRIYVDAIINHMTGTWNENVGTG--GSTANFENWH 

Spodoptera_frugiperda_AAO13754      EQQFANMVRKCNDAGVRIYVDAIINHMTGTWNENTGTG--GSTADFGNWG 

                                    *. : .*: :** .**  :**.::***             *:  .      

 

Penaeus_monodon                     YPGVPFSAFDFNDGNCHTGSGNIENYGDAN-QVRNCKLVGLNDLNQATDY 

Litopenaeus_vannamei_X77318         YPGVPYSAFDFNDGNCHTGSGNIENYGDAN-QVRNCKLVGLNDLNQGTDY 

Homo_sapiens_NM_000699              FPAVPYSGWDFNDGKCKTGSGDIENYNDAT-QVRDCRLTGLLDLALEKDY 

Sus_scrofa_NM_214195.1              FPAVPYSAWDFNDGKCKTASGGIESYNDPY-QVRDCQLVGLLDLALEKDY 

Xenopus_laevis_BC056841             FP-VPYSGLDFNDGKCRTGSGEIENYGDAN-QVRNCRLVGLLDLAMEKDY 

 
=����J 21  (Q
!�
(�!�
��� �
ก
 "�����%"&�!� α-Amylase  %"&��P&�!B!��	B�� "OP� (multiple 

   sequence aligment) ก�
�!� α-Amylase (PmAmy)  %"&ก�*&ก��� ��	�" ��� � ���
�!'H� 
   �� &��&	�����L&%"&  conserved domains 
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Tetraodon_nigroviridis_AJ42728      FPSVSYSYLDFNDHKCRTGSGNIESYDADVNQVRDCRLENLLDLALEKDY 

Pseudopleuonectes_americanus_A      FPSVPFSNCDFNDNKCRTGSGNIENYGDAN-QVRDCRLVSLLDLALEKDY 

Salmo_salar_DQ331024                FPSIPFSSFDFNQGKCKTASGDIENYNDIN-QVRDCRLVSLLDLALEKDY 

Anguilla_japonica_AB070721          FPAVPYSSWDFNDGKCKTNSGEIENYHDIF-QVRDCRLVSLLDLNLQKDY 

Drosophila_melanogaster_BAB325      YPGVPYSSLDFNPTCAISN-------YNDANEVRNCELVGLRDLNQGNSY 

Ceratitis_capitata_AAO13691         FPAVPYSNLDFHPTCSINN-------YNDKYEVRNCELVGLKDLDQSKSW 

Bombyx_mori_strain_Nanglai_GQ2      YPAVPYGRNDFNWPHCVITG---SDYNCCPDRVRNCELSGLKDLNQGSDY 

Spodoptera_frugiperda_AAO13754      YPGVPYGRNDFNWPHCVIQG---HDYGCCADRVRNCELSGLKDLNQGNEY 

                                    :* :.:.  **:   .               .**:*.* .* **   ..: 

 

Penaeus_monodon                     VRGKIREFMNKLIGYGVAGFRIDPSKHMWPGDMKPIFDSLNDLN-TDFFK 

Litopenaeus_vannamei_X77318         VRGKIREFMNKLISYGVAGFRIDASKHMWPGDMKAIFDSLDNLN-TDFFK 

Homo_sapiens_NM_000699              VRSKIAEYMNHLIDIGVAGFRLDASKHMWPGDIKAILDKLHNLN-SNWFP 

Sus_scrofa_NM_214195.1              VRSMIADYLNKLIDIGVAGFRIDASKHMWPGDIKAVLDKLHNLN-TNWFP 

Xenopus_laevis_BC056841             VRGKIAEYMNNLINIGVAGFRLDAAKHMWPGDLKAISDRLNNLN-TKWFP 

Tetraodon_nigroviridis_AJ42728      VRGKVADYMNRLVDMGVAGFRVDACKHMWPGDLSAVYGRLNNLN-TNWFP 

Pseudopleuonectes_americanus_A      VRGKVTDFLNVLIDMGVAGFRVDACKHMWPGDLAAVYGGLHNLN-TKWWS 

Salmo_salar_DQ331024                VRGKVADYMNKLIDMGVAGFRVDASKHMWPGDLTVIYGSLHNLN-TRWFN 

Anguilla_japonica_AB070721          VRDKVAEYMNTLIDMGVAGFRVDACKHMWPGDLQAVSSRLHNLN-TSWFP 

Drosophila_melanogaster_BAB325      VQDKVVEFLDHLIDLGVAGFRVDAAKHMWPADLAVIYGRLKNLNTDHGFA 

Ceratitis_capitata_AAO13691         VQDRVVDFLNHLISLGVAGFRVDAAKHMWPEDLEKIYNRVNNLSTTHGFD 

Bombyx_mori_strain_Nanglai_GQ2      VRQQILNYMNRLIDMGVAGFRIDAAKHMWPHDLRVIYDRLRNLNTAHGFP 

 

Spodoptera_frugiperda_AAO13754      VRQQIVNYMNHLINLGVAGFRIDAGKHMWPGDLRVIYDRVHNLNTAHGFP 

                                    *:  : :::: *:. ******:*. ***** *:  : . : :*.    :  

 

Penaeus_monodon                     AGARPFIFQEVIDLGGEAISSQEYVGNGRATEFRYGKYLGEAFRGNN--Q 

Litopenaeus_vannamei_X77318         AGARPFIFQEVIDLGGEAISSGEYVGNGRVTEFRYGKYLGEAFRGNN--Q 

Homo_sapiens_NM_000699              AGSKPFIYQEVIDLGGEPIKSSDYFGNGRVTEFKYGAKLGTVIRKWNGEK 

Sus_scrofa_NM_214195.1              AGSRPFIFQEVIDLGGEAIQSSEYFGNGRVTEFKYGAKLGTVVRKWSGEK 

Xenopus_laevis_BC056841             AGARPFIFQEVIDLGGEAISVNEYFGVGRVTEFKYGAKLGGVIRKWNGEK 

Tetraodon_nigroviridis_AJ42728      GGSRPFIYQEVIDLGSELITAKEYFHLGRVTEFKYGAKLGTVFRKWNNEK 

Pseudopleuonectes_americanus_A      AGSRPFIFQEVIDLGGESITTKEYVNLGRVTEFKYGAKLGTVFRKWNGEK 

Salmo_salar_DQ331024                GGSRPFIFQEVIDMGGEAIQTSEYFPLGRVTEFKYGAKIGTVFRKWNGEK 

Anguilla_japonica_AB070721          SNSKPFIYQEVIDLGGEPITASDYTGIGRVTEFKYSSKLGTVIRKWNGEK 

Drosophila_melanogaster_BAB325      SGSKAYIVQEVIDMGGEAISKSEYTGLGAITEFRHSDSIGKVFRGKD--Q 

Ceratitis_capitata_AAO13691         TGARPFIFQEVIDLGGEAVSKNEYTNLGVVTEFAHSNSIGKVFRGKD--Q 

Bombyx_mori_strain_Nanglai_GQ2      SGARPYIYQEVIDLGGEAISRNEYTPLAAVTEFRFGLELSQAFQRRN--Q 

Spodoptera_frugiperda_AAO13754      SGARPYIYQEVIDLGGEVISRDEYTPLAAVTEFKFGMELSRAFNRGN--Q 

                                     .::.:* *****:*.* :   :*   .  *** ..  :. ...  .  : 

 

Penaeus_monodon                     PKYLNNFGEGWGTMDRHDALAFIDNHDNQRGHGAGGDTILTFRVSKWYKM 

Litopenaeus_vannamei_X77318         LKYLNNFGEGWGMIDRHDALVFIDNHDNQRGHGAGGDMILTFRVSKWYKM 

Homo_sapiens_NM_000699              MSYLKNWGEGWGFVPSDRALVFVDNHDNQRGHGAGGASILTFWDARLYKM 

Sus_scrofa_NM_214195.1              MSYLKNWGEGWGFMPSDRALVFVDNHDNQRGHGAGGASILTFWDARLYKV 

Xenopus_laevis_BC056841             MAYLRNWGEGWGFMPNDRALVFVDNHDNQRGHGAGGASILTFWDARLYKM 

Tetraodon_nigroviridis_AJ42728      LMYTKNWGEGWGFMPNGNAVVFIDNHDNQRGHGAGGAAIVTFWDFRLHKM 

Pseudopleuonectes_americanus_A      LCYTRNWGEGWGFMSDGNAVVFVDNHDNQRGHGAGGAAIVTFWDPRPHKM 

Salmo_salar_DQ331024                LSYTKNWGEGWGFMPDGNALVFIDNHDNQRGHGGGGSAILTFWDARIYKM 

Anguilla_japonica_AB070721          MAYLRTWGEGWGFMTSGNALVFVDNHDNQRGHGAGGSSVITFWDPRIYKM 

Drosophila_melanogaster_BAB325      LQYLTNWGTAWGFAASDRSLVFVDNHDNQRGHGAGGADVLTYKVPKQYKM 

Ceratitis_capitata_AAO13691         LRWLINWGPQWGFLNSDRALIFVDNHDNQRGHGAGGADILNYKTSKQYKM 

Bombyx_mori_strain_Nanglai_GQ2      LRWLVNWGPQWGLLASGDALTFIDNHDNQRGHGAG-GNILTYKQSRQYKG 

Spodoptera_frugiperda_AAO13754      LRWLHNFGPAWGLLASGDSLTFIDNHDNQRGHGAG-GNILTYKNAKQYKG 

                                      :  .:*  **      :: *:**********.*   ::.:   : :*  

 

Penaeus_monodon                     ATAYMLAWPYGYTRAMSSYYWDQWWENGQDKNDWIGPPHDGSFNIISPSF 

Litopenaeus_vannamei_X77318         ATAYMLAWPYGYTRVMSSYYWDQWWENGQDKNDWIGPPHDGSFNIISPSF 

Homo_sapiens_NM_000699              AVGFMLAHPYGFTRVMSSYRWPRQFQNGNDVNDWVGPPNNN-GVIKEVTI 

Sus_scrofa_NM_214195.1              AVGFMLAHPYGFTRVMSSYRWARNFVNGQDVNDWIGPPNNN-GVIKEVTI 

Xenopus_laevis_BC056841             GVGFMLAHPYGFTRVMSSYRWTRNISNGKDQNDWIGPPTNSDGSIKSVPI 

Tetraodon_nigroviridis_AJ42728      AVAYMLAHPYGVTRVMSSFRWNRHIVNGKDQNDWMGPPSHPDGSTKSVPI 

Pseudopleuonectes_americanus_A      AVAYMLAHPYGVTRVMSSFRWNRHIVNGKDQNDWMGPPSHSDGSTKSVPI 

Salmo_salar_DQ331024                AVAYMLAHPYGVARVMSSFRWN-------RTDDWQGPPSHEDGSTKDVHV 

 
=����J 21 (	L")   
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Anguilla_japonica_AB070721          ATGFMLAHPYGVTRVMSSFRWNRHIVDGKDQNDWMGPPSYPDGSTKPVLI 

Drosophila_melanogaster_BAB325      ASAFMLAHPFGTPRVMSSFSFT---------DTDQGPPTTDGHNIASPIF 

Ceratitis_capitata_AAO13691         ASAFMLAHPFGITRVMSSFAFD---------NTDQGPPTTDGQNIASPIF 

Bombyx_mori_strain_Nanglai_GQ2      AIAFMLAHPYGYPQLMSSFAFT---------DTEAGPPMNSRGDITSPTI 

Spodoptera_frugiperda_AAO13754      AIAFMLAHPYGWPQLMSSFDFH---------DTEAGPPMDSSGNIISPSI 

                                    . .:*** *:* .: ***: :          :   ***           . 

 

Penaeus_monodon                     NADGSCENGWICEHRWRQIYNMVEFRNVAHGTDTNDWWDNGSNQIAFCRG 

Litopenaeus_vannamei_X77318         NADGSCGNGWICEHRWRQIYNMVEFRNVAHGTDMNDWWDNGSNQIAFCRG 

Homo_sapiens_NM_000699              NPDTTCGNDWVCEHRWRQIRNMVIFRNVVDGQPFTNWYDNGSNQVAFGRG 

Sus_scrofa_NM_214195.1              NADTTCGNDWVCEHRWRQIRNMVWFRNVVDGQPFANWWANGSNQVAFGRG 

Xenopus_laevis_BC056841             NADATCGDNWVCEHRWRQIKNMVIFRNVVNGQPFSNWWDNGSNQVAFGRG 

Tetraodon_nigroviridis_AJ42728      NPDETCGDGWVCEHRWRQIKNMVIFRNVVNGQPHSNWWDNNSNQVAFGRG 

Pseudopleuonectes_americanus_A      NPDQTCGDGWVCEHRWRQITNMVKFRNVVDGQPHSNWWDNQSNQVAFGRG 

Salmo_salar_DQ331024                NADDTCGDGWVCEHRWRQITNMATFRNVVTGQPHSNWWDNGSNQVAFGRG 

Anguilla_japonica_AB070721          NPDTTCGDNWVCEHRWRQIRNMVIFRNVVNNQPISHWWDNGSNQVAFGRG 

Drosophila_melanogaster_BAB325      NSDNSCSGGWVCEHRWRQIYNMVAFRNAVGSDEIQNWWDNGSNQISFSRG 

Ceratitis_capitata_AAO13691         NDDNSCSGGWVCEHRWRQIYNMVGFRNIVAGTAIQNWVDNGSNQIAFCRG 

Bombyx_mori_strain_Nanglai_GQ2      NADNSCGNGWICEHRWRQIHNMVVFRNTAGNGALTNWWDNGSNQIAFCRG 

Spodoptera_frugiperda_AAO13754      NSDQSCGNGWICEHRWRQIYSMVAFRNQAGNSALSNWWDNGGNQIAFCRG 

                                    * * :* ..*:******** .*. *** . .    .*  * .**::* ** 

 

Penaeus_monodon                     NKGFLAINNDGWDLKETLQTCLPAGTYCDVISGGGDGGSCTGKSVTVGGD 

Litopenaeus_vannamei_X77318         NKGFLAINNDGWDLKETLQTCLPAGTYCDVISGSKNGGSCTGKSVTVGGD 

Homo_sapiens_NM_000699              NRGFIVFNNDDWSFSLTLQTGLPAGTYCDVISGDKINGNCTGIKIYVSDD 

Sus_scrofa_NM_214195.1              NRGFIVFNNDDWQLSSTLQTGLPGGTYCDVISGDKVGNSCTGIKVYVSSD 

Xenopus_laevis_BC056841             NKGFIVFNNDDRYLDATLNTGLPSGTYCDVISGQKEGSRCTGRQINVDGN 

Tetraodon_nigroviridis_AJ42728      NRGFIIFNNDDWDLDVTLNTGLPAGTYCDVISGQKEGGRCTGKQIHVGAD 

Pseudopleuonectes_americanus_A      NRGFIVFNNDDWDLDETLNTGMPGGTYCDVISGQKEGGRCTGKQIQVGGD 

Salmo_salar_DQ331024                NRGFIVFNNDDWQLDVTLNTGMPGGAYCDVISGQRDGGRCTGKTINVGDD 

Anguilla_japonica_AB070721          NRGFIVFNNDDRHLDMTLNTGLPGGTYCDIISGQKEGSRCSGKQVTVDSD 

Drosophila_melanogaster_BAB325      SRGFVAFNNDNYDLNSSLQTGLPAGTYCDVISGSKSGSSCTGKTVTVGSD 

Ceratitis_capitata_AAO13691         SKGFVAFNGDSYDLNTSLQTCLPAGTYCDIISGVKSDSGCTGKRVEVGSD 

Bombyx_mori_strain_Nanglai_GQ2      NQAFIAFNNDAWDMDQTLQTCLPAGTYCDIISGARSGNRCTGKSIVVGSD 

Spodoptera_frugiperda_AAO13754      NAGFVAFNNEYWDLNETLQTCLPAGTYCDVISGEKSGSNCTGKRVTVGGD 

                                    . .*: :*.:   :. :*:* :*.*:***:***   .. *:*  : *. : 

 

Penaeus_monodon                     GKAYIEITTMEDDGVLAIHANSKL------- 

Litopenaeus_vannamei_X77318         GKAYIEITTMEDDGVLAIHANSKL------- 

Homo_sapiens_NM_000699              GKAHFSISNSAEDPFIAIHAESKL------- 

Sus_scrofa_NM_214195.1              GTAQFSISNSAEDPFIAIHAESKL------- 

Xenopus_laevis_BC056841             GFARFQISNTDEDPFAAIHVNAKL------- 

Tetraodon_nigroviridis_AJ42728      GRAHFRISNRDEDPFVAIHAESKL------- 

Pseudopleuonectes_americanus_A      GRAHFKISSRDEDPFVAIHAESKL------- 

Salmo_salar_DQ331024                GRAHFKISNTDEDPMVAIHADSKL------- 

Anguilla_japonica_AB070721          GRAHFNISNMDEDPFIAIHVDSKL------- 

Drosophila_melanogaster_BAB325      GRASINIGSSEDDGVLAIHVNAKL------- 

Ceratitis_capitata_AAO13691         GRATISITQAEEDGTLAIHFESKL------- 

Bombyx_mori_strain_Nanglai_GQ2      GRALIIHRSNEYDMMVAIHRGADSRL----- 

Spodoptera_frugiperda_AAO13754      GRAHISLGANEFDMVLAIHTGPEVRIFVALS 

                                    * * :       *   ***  ..         
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A������J 8  �L�
����L�&��&�����ก

� Genetic Distance %"&ก�*&ก��� ��ก�
��P&�!B!��	B�� "OP� 
 
 1  2  3  4 5 6 7 8 9 10 11 12 13 14  
1 Drosophila melanogaster 

2 Ceratitis capitata 
3 Bombyx mori strain Nanglai 
4 Spodoptera frugiperda 
5 Penaeus monodon 
6 Litopenaeus vannamei 
7 Homo sapiens  

8 Sus scrofa  
9 Xenopus laevis  

10 Tetraodon nigroviridis 
11Pseudopleuonectes americanus 
12 Salmo salar 

13 Anguilla japonica 

14 Aspergillus oryzae 

0.000 
0.197 
0.346 
0.346 
0.430 
0.413 
0.441 
0.437 
0.421 
0.442 
0.442 
0.431 
0.434 
0.886 

  
0.000 
0.336 
0.351 
0.422 
0.409 
0.428 
0.425 
0.416 
0.443 
0.437 
0.438 
0.449 
0.890 

 
 
0.000 
0.109 
0.398 
0.381 
0.404 
0.399 
0.397 
0.405 
0.417 
0.383 
0.426  
0.895 

 
 
 
0.000 
0.396 
0.379 
0.423 
0.429 
0.415 
0.433 
0.428 
0.417 
0.448 
0.899 

 
 
 
 
0.000 
0.000 
0.339 
0.336 
0.322 
0.360 
0.337 
0.355 
0.377 
0.906 

 
 
 
 
 
0.000 
0.323 
0.322 
0.309 
0.347 
0.325 
0.346 
0.362 
0.903 

 
 
 
 
 
 
0.000 
0.054 
0.129 
0.196 
0.197 
0.208 
0.183 
0.908 

 
 
 
 
 
 
 
0.000 
0.132 
0.202 
0.199 
0.207 
0.196 
0.900 

 
 
 
 
 
 
 
 
0.000 
0.165 
0.155 
0.183 
0.154 
0.893 

 
 
 
 
 
 
 
 
 
0.000 
0.063 
0.136 
0.139 
0.911 

 
 
 
 
 
 
 
 
 
 
0.000 
0.122 
0.133 
0.909 

 
 
 
 
 
 
 
 
 
 
 
0.000 
0.166 
0.898 

 
 
 
 
 
 
 
 
 
 
 
 
0.000  
0.903 

 
 
 
 
 
 
 
 
 
 
 
 
 
0.000 
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   Chordata  
 

 

 

 
 

   Arthropoda 
 
 
 

    Out group 
 
 

 

=����J 22  Phylogenic tree �� &�����������$��&�����ก

�%"&ก�*&ก��� �������P&�!B!��	B�� "OP��  � ����! Neighbor � Joining (NJ) @�กก�
��L��L� Bootstrap  
   Value 1,000  replicates  @�ก�Q
�ก
� MEGA 3.1 
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A������J 9  ก�
(Q
!�
(�!�
��� �
ก
 "�����%"&�!��"�'�"�#�(�� (PmAmy) %"&ก�*&ก��� ��	�" ��� ก�
�!��"�'�"�#�(��%"&��P&�!B!��	B�� "OP� 

 

!�J���?���A (Species) Accession number  G��	 VM�A	���� B�I�� 

(% Identity) 

�N�����BN���������#ก��� 

(Genetic distance) 

ก�*&%�������#� (Litopenaeus vannamei) 
Q��X!ก( !�� (Pseudopleuonectes americanus) 
Q���X��"� (Salmo salar) 
Q��	K���M!PQ��� (Anguilla japonica) 
ก
 (Xenopus laevis) 
#�� (Bombyx mori strain Nanglai) 
���&��!P (Drosophila melanogas) 
��"�ก
��K* (Spodoptera frugiperda ) 
Q��Q�ก(QH�@� (%!�� (Tetraodon nigroviridis) 
���&����"& (Ceratitis capitata) 

X77318 
AF252633 
DQ331024 
AB070721 
BC056841 
GQ274006 
BAB32533 
AAO13754 
AJ427289 
AAO13691.1 

95.31 
56.25 
55.05 
52.34 
58.51 
53.40 
54.66 
53.66 
54.10 
53.60 

0.000 
0.337 
0.355 
0.377 
0.322 
0.430 
0.398 
0.396 
0.360 
0.422 
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A������J 9 (	L") 
 

!�J���?���A (species) Accession number  G��	 VM�A	���� B�I�� 

 (% Identity) 

�N�����BN���������#ก��� 

 (Genetic distance) 

��K (Sus scrofa) 
�� (Homo sapiens sapiens)   
(BOY"
� (Aspergillus oryzae) 

NM214195 
NM000699 
CAA31220 

58.12 
56.56 
13.03 

0.336 
0.339 
0.906 
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9.  ก����ก��
���!�$��
G�A����������� �!���ก#$�ก#����� (PmAMY)  
 

@�กก�
��ก����
&�
*�&�Q
	!��"�'�"�#�(��%"&ก�*&ก��� ��  � �)B*�Q
�ก
�     
SWISS�MODEL (http://swissmodel.expasy.org/workspace/index.php?func=modelling_simple1)
�
�L�("�#X�$�"�'�"�#�(��(QW�("�#X�$�!P(QW� multidomain protein �	L�! catalytic domain 
��P�#Q�!P"�KL)�
KQ%"&   (α/β)8 � barrel � �  barrel �!P�! parallel β -strands ��*��Kก�*"�
"
 *�� 8 

helices (
!�ก�L� Domain A    Domain B � ���P�#Q��
&�
*�&(QW��KQ (loop)  (BOP"�ก�
 β -strands  
ก�
��� helices  �!P"�KL�� #Q  X�P&(QW�	���!P���ก
 "������!P"�KL

�(��(
L& (active site)  
�&�L��%"&�KQ
�!P�!�������(�!�&�"����
��!P@�(BOP"�ก�
��& *��%��%"&�KQ   ก
�!�!P(ก� %�Y��!Y����
�	
�@�"

��
&�
*�& �&ก�L��# *� � Crystallography ���@��
�L��!�KQ%�� )�ML(ก� %�Y�
���L�& β -strands  
3 ���  ��� helices 3 ���  X�P&��ก""ก��"�L�&(�r�# *B�   ก��L�%"&("�#X�$)�  family �!P 13  �!Y  �! 
Domain C  X�P&  Domain �!YQ
�ก"
 *�� β -strands  �����*��!P)�*(ก� ����(��!�
%"& catalytic 
domain � �@����ก�

 
�&#I� 
�'
��(
�X� ���$ (hydrophobic residues) %"& Domain  A @�ก	��
���������
O""�@�
�Q# *�L�  Domain C BL��)�ก�
@�
ก�
��
	�Y&	*�  Domain  D ��*��!P%"& 
Domain D ��&#�L�
�
��LB�   ���  Domain E (QW� Domain �!P�
)�("�#X�$�!P�L"��QH&	��"OP� #�L
(�!�&�	L)� family �!P 13  Domain �!Y�!���������M)�ก�
@�
ก�
�QH&�!P�!
KQ
L�&(QW��ก
�K� (granular)  
��� �� �L�����
��OP�(%*�#Q%*�&)�ก���(QW�

�(��(
L&%"&  cyclodextrin  glucanotransferase  # * 
(A���!P 23) 
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=����J 23  ��
&�
*�& Ribbon  model  %"&�Q
	!��"�'�"�#�(��%"&ก�*&ก��� �� (PmAMY) 
 

 

B 
A 

C 

D 

E 

E 

C 

A 

D 

B 
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10.  ก����ก��ก���!����ก��������������� �!"� �IS� �IJ�AN��e (Tissue specific)  
��"?$

 ����� RT-PCR 
 
 @�กก�
��ก��ก�
�� &""ก%"&�!��"�'�"�#�(�� PmAmy )�(�OY"(�OP"	L�&�  *�����! 
Reverse Transcription Polymerase Chain Reaction (RT-PCR) �
�L��!� PmAmy �!ก�
�� &""ก
��ก�!P�� �O" (�OY"(�OP")��L��%"&	�
"L"�(hepatopancreas) (�OY"(�OP"�!P�!ก�
�� &""ก
"&�&�� # *�กL  
��&( ��"���
�L��	*� (foregut)  ��&( ��"���
�L��ก��& (midgut) ��&( ��"���
�L���*�� 
(hindgut)  ������)@ (heart)   �L��(�OY"(�OP"�!Pก*��	� (eyestalk) ���(�&O"ก (gill) �!ก�
�� &""ก
�*"��!P��  (A���!P 24) 
                                                     
 
 

 
 
     
=����J 24  ก�
�� &""ก%"&�!��"�'�"�#�(�� PmAmy %��  1077 �KL(
�# *�กL  BL"&�!P 1 �O"    

    !("r�("��	
���%��  1 kb, BL"&�!P 2 �O" ��&( ��"���
�L��	*� (FG), BL"&   �!P 3 �O"      
   ��&( ��"���
�L��ก��& (MG), BL"&�!P 4 �O" ��&( ��"���
�L��Q��� (HG), BL"&�!P 5     
   �O" 	�
"L"� (HP), BL"&�!P 6 �O" ���)@ (HE), BL"&�!P 7 �O" ก*��	� (EY), BL"&�!P 8 �O" (�&O"ก    
   (GI)  
 
 
 
 
 
 
 
 
 
 
 

1077 bp 

500 bp 

M        FG      MG     HG     HP      HE      EY      GI 

Alpha amylase 

Beta - actin 
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��<��>	 

  

ก�
��ก����� �
�����!�"#� $%"&�!��"�'�"�#�(�� (Penaeus monodon α-Amylase 

:PmAmy) %"&ก�*&ก��� �� �
�L��!��!%��  1,647 �KL(
� (	�Y&�	L start codon @���& polyA)  � ��!�L��
�!P@���&(�
���$(QW��!� (ORF)  �!%��  1,539 �KL(
�  X�P&�" ��*"&ก�
ก�
��ก��%"& Sellos and Van 
Wormhoudt (1992)  # *���ก�
��ก����� �
�����!�"#� $%"&ก�*&%�������#�  �
�L��!�������)�
�L���!P@���&(�
���$(QW��!�  (�L�ก�
 1,539  �KL(
�   (�L�ก�
 ���(�OP"������ �
�����!�"#� $%"& 
PmAmy  ���Q�&(QW�ก
 "�����# * 512  "�����  (�L�ก�
��� �
ก
 "�����%"&ก�*&%�������#�
� �@�กก�

��&��ก�
��ก��%"& Le Moullac (1995)  �
�L�("�#X�$�"�'�"�#�(��(QW�("�#X�$
���ก�!P�
)��L��%"&  hepatopancreas  X�P&(�OP"����!��"�'�"�#�(��%"& ก�*&%�������#�  ����
�����(�ก��  (MW)  56.99 ก��� ��	�� ���(�OP"����!��"�'�"�#�(��%"&�������L����
��(�ก��  �
�L��!%�� (�L�ก�
 55 ก��� ��	��  � � Keller et al., (1971)  X�P&@�กก�
��ก��%"& 
Keller et al., (1971) �" ��*"&ก�
�L������(�ก��%"& PmAmy  �O" 56.90 ก��� ��	��  ���(�OP"
��������������L� pI � �)B*�Q
�ก
� Expasy (http://au.expasy.org)  �
�L��!�L� pI (�L�ก�
 5.04  
� � Strobl et al., (1997) # *���ก�
��ก����
&�
*�&Q��AK��%"&�!��"�'�"�#�(�� (Primary 
structure) %"&��"��ก Tenebrio molitor (TMA) X�P&@�กก�
��ก���!Y�
�L���� �
ก
 "������!
%�� (�L�ก�
 471 "����� � ��� �L������(�ก��  # *(�L�ก�
 51.3 ก��� ��	�� ����������L� pI # *
(�L�ก�
 4.3 X�P&�!�L� pI �!P)ก�*(�!�&ก�
�L� pI %"&ก�*&ก��� �� (P. monodon)   Nikapitiya  et al., (2009) 
# *���ก�
��ก����� �
�����!�"#� $	�" ���%"&�!��"�'�"�#�(��%"&�"�(Q��IOY" �
�L� �!��� �

�����!�"#� $��� 1650 �KL(
�  �Q�&(QW�ก
 "�����# * 511 "�����   ��������L������(�ก�� 
(Mw) (�L�ก�
 54  ก��� ��	�� ����������L� pI (�L�ก�
 8.3  ���(�OP"������ �
ก
 "�����%"&
("�#X�$�"�'�"�#�(��@�	*"&�
 Domain ���ก"�L�&�*"� 5 Domain X�P& Nakajima et al.,(1986) 
��� Janececk (1992) # *���ก�
��ก��#�*  �	L)���P&�!B!��	B�Y��K&@��
Q
���� 9 Domain  # *�กL 
FEW, GFAGVQVSP, DAVINH, NYND, LNDLN, GFRIDASKH, EVID, FIDNHD  ���  
GYTRVMSSY (Van Wormhoudt and Sellos, 1995) � �ก�
��ก���
�Y&�!Y�
�L���� �
ก
 "������!P 
conserve ก�
 domain ���ก �
��Y&��  9 Domain (BL�ก�� X�P& domain ��Y& 9  �!Y��&�" ��*"&ก�
 
conserve domain �!P�
)�ก�*&%�������#�"!ก *�� 
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ก�
�� &""ก%"&�!� PmAmy )�ก�*&ก��� �� @��
)�����(�OY"(�OP" *��ก�� �O" (�OY"(�OP")�
�L��%"&	�
"L"� (hepatopancreas), ��&( ��"���
�L��	*� (foregut),  ��&( ��"���
�L��ก��& 
(midgut), ��&( ��"���
�L���*�� (hindgut),  ���)@ (heart),   �L��(�OY"(�OP"�!Pก*��	� (eyestalk) ���
(�&O"ก (gill) X�P&�!� PmAmy  �!ก�
�� &""ก)���&( ��"���
  @�กก�
��ก��%"& Darnis et al., 
(1999)  # *���ก�
��ก��ก�
���������(�
���$��
&�
*�&Q��AK��%"&�!��"�'�"�#�(�� (Primary 
structure)  �
�L��!ก�
�� &""ก%"&�!��"�'�"�#�(��)��L��%"&	�
�K&  )������$  ��K mouse  
��� ��K rat  (BL�( !��ก�

��&��%"& Huvet et al., (2003)  # *���ก�
��ก��J�%"&ก�
�� &""ก
%"&�!��"�'�"�#�(��)�(�OY"(�OP"�L��	L�&�%"&�"���&
�  �
�L�ก�
�� &""ก%"&�!�
�"�'�"�#�(���K&�!P�� )��L��%"&
�

��&( ��"���
  X�P&�" ��*"&ก�
ก�
��ก��%"&  Levy et 

al., (1985)  # *���ก�
��ก��ก�
�����!��"�'�"�#�(��)� Drosophila  �
�L�)��L��%"&
��&( ��"���
�L��ก��&%"&  Drosophila   )�
���	��"L"� (lavar)  ���
���	��(	r���� (adult)  @�
�
ก�
�� &""ก%"&�!��"�'�"�#�(����ก�!P��   ���  Doyon  et al., (2002)  �
�L�ก�

�� &""ก%"&�!��"�'�"�#�(��)�

�(��	�
 (pancreatic)  %"&��K rat  �����&�� ก�
�$�L�
�"�'�"�#�(��)��L���!Y�L�@�(QW��L���!P�����M)�ก�
(ก�   post � translation  folding ����
�

ก�
��ก���!��"�'�"�#�(��)���	�$(�!Y�&�Kก *����  ��(Q
!�
(�!�
ก��  �
�L���K (pig)  �
O"��	�$
(�!Y�&�Kก *����B�� "OP��กr�!ก�
�� &""ก%"&�!��"�'�"�#�(��)�(�OY"(�OP")��L��%"&	�
 
��*�����&ก�� (Bompard-Gilles et al.,1996)  ���(�OP"������ �
%"&ก
 "�������(Q
!�
(�!�
ก�

ก��L�%"&���&  กr�
�L��!��� �
%"&ก
 "������!P��*��ก��  �	L�!ก�
�� &""ก)�(�OY"(�OP"�!P	L�&ก��
""ก#Q (Strobl  et al., 1997)    �	L�!J�ก�
� �"&# *��ก��ก�
�� &""ก%"&�!��"�'�"�#�(�� 
(PmAmy) )��L��%"&	L"��Y�����,  ก*��	�, (�&O"ก,  Semen, testis, ovary, follopian tube, ก�*��(�OY"
���, Q"  ��� adipose tissue (Marianne et al., 2006) 
 

@�กก�
��ก����
&�
*�&�Q
	!��"�'�"�#�(��%"&ก�*&ก��� ���
�L�("�#X�$�"�'�      
"�#�(��(QW�("�#X�$�!P(QW� multidomain protein �	L�! catalytic domain ��P�#Q�!P"�KL)�
KQ%"&   
(α/β)8 � barrel � �  barrel �!P�! parallel β-strands ��*��Kก�*"�
"
 *�� 8 helices (
!�ก�L� Domain 
A  (Katsuya et al, 1998 )  Domain B � ���P�#Q��
&�
*�&(QW��KQ (loop)  (BOP"�ก�
 β -strands  ก�

��� helices  �!P"�KL�� #Q  X�P&(QW�	���!P���ก
 "������!P"�KL

�(��(
L& (active site)  
�&�L��%"&�KQ�!P
�!�������(�!�&�"����
��!P@�(BOP"�ก�
��& *��%��%"&�KQ   ก
�!�!P(ก� %�Y��!Y����
�	
�@�"

��
&�
*�& �&ก�L��# *� � Crystallography ���@��
�L��!�KQ%�� )�ML(ก� %�Y�
���L�& β -strands  
3 ���  ��� helices 3 ���  X�P&��ก""ก��"�L�&(�r�# *B�  (Janecek et al., 1997 and Park et al., 
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2000)  ก��L�%"&("�#X�$)�  family �!P 13  �!Y  �! Domain C  X�P&  Domain �!YQ
�ก"
 *�� β -strands  
�����*��!P)�*(ก� ����(��!�
%"& catalytic domain � �@����ก�

 
�&#I� 
�'
��(
�X� ���$ 
(hydrophobic residues) %"& Domain  A @�ก	�����������
O""�@�
�Q# *�L�  Domain C BL��)�ก�

@�
ก�
��
	�Y&	*� (Dauter et al.,1999 and Lawson et al., 1994)  Domain  D ��*��!P%"& Domain D 
��&#�L�
�
��LB�   ���  Domain E (QW� Domain �!P�
)�("�#X�$�!P�L"��QH&	��"OP� #�L(�!�&�	L)� 
family �!P 13   Domain (Jespersen et al., 1991) �!Y�!���������M)�ก�
@�
ก�
�QH&�!P�!
KQ
L�&(QW�
�ก
�K� (granular)  ��� �� �L�����
��OP�(%*�#Q%*�&)�ก���(QW�

�(��(
L&
%"&  cyclodextrin  glucanotransferase  # * (Hofmann et al., 1989) 
 

 �&��Y�)�ก�
��ก���
�Y&�!YJ�ก�
� �"&�!P# *�" ��*"&ก�
&����@��"OP�� ���ก�
��
��� �
  �����!�"#� $�!P# *�!Y����
����#Q)B*(QW�%*"�K��OY����)�ก�
��ก��)�
� �
�K&	L"#Q 
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!�#G����$� !����� 
 

 !�#G 

      
 ก�
����� �
�����!�"#� $%"&ก�*&ก��� ��(Penaeus monodon) %"&�!� α-Amylase (PmAmy) 
� �ก�
��&(�
���$ cDNA  *��Q��� 3} ��� 5} %"&�!� *��(����� Rapid Amplification of cDNA 
Ends (RACE) �
�L��������%"&�!� PmAmy %"&ก�*&ก��� ���!P����# * 2 ����  (�OP"������ �
        
�����!�"#� $��	L"ก��# *������� 1647 bp � ��L��%"&
�����&(�
���$�Q
	!� (Open reading 
frame)  �!������� 1539 bp (�OP"�Q�&(QW�ก
 "�����Q
�ก"
 *�� 512 (
X� ���$  ������!(QQ#� $
Q
�ก"
 *�� conserve domain 9 	�����L&  # *�กL FEW, GFAGVQVSP, DAVINH, NYGD, 
LNDLN, GFRIDPSKH, EVID, FIDNHD  ���  GYTRAMSSY    (�OP"������ �
ก
 "�����%"& 
PmAmy ��(�!�
ก�
��� �
ก
 "�����%"&�!��"�'�"�#�(��%"&ก�*&%�������#� (Litopenaeus 

vanamei)  �
�L��!������*�����&ก��
*"��� 95.31 � �������!(QQ#� $%"& PmAmy �!�Y�����ก
��(�ก������L� pI �!P������# * (�L�ก�
 56.899 kDa ��� 5.04 	����� �
  �L��ก�
��ก��ก�

�� &""ก%"&�!� PmAmy )�(�OY"(�OP"	L�&�  *�����! Reverse Transcription Polymerase Chain 
Reaction (RT-PCR) �
�L��!� PmAmy �!ก�
�� &""ก��ก�!P�� )�(�OY"(�OP"	�
"L"� 
(hepatopancreas) (�OY"(�OP"�!P�!ก�
�� &""ก
"&�&�� # *�กL ��&( ��"���
�L��	*� (fore gut)  
��&( ��"���
�L��ก��& (mid gut) ��&( ��"���
�L���*�� (hind gut)  ������)@ (heart) �L��
(�OY"(�OP"�!Pก*��	� (eyestalk) ���(�&O"ก (gills) �!ก�
�� &""ก�*"��!P��  
      

 �$� !����� 

       
 )�ก�
� �"&�
�Y&�!Yก�
����� �
�����!�"#� $%"&�!� α-Amylase (PmAmy) %"&ก�*&ก��� ��
�!P# *��Y�(QW��L��%"&  Open reading frame @���&  *��Q��� 3′ ��&%� )��L��%"& *��Q��� 5′ �*�
# *)��L��%"& *��Q��� 5′ @����)�*��� �
�����!�"#� $��
K
�$��ก��P&%�Y�  �������
����#Q(QW�
%*"�K��OY����)�ก�
��ก��)�
� �
ก�@ก

�%"&("�#X�$	L"#Q# *   
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ก�
��ก��ก�
�� &""ก%"&�!� PmAmy )�(�OY"(�OP"	L�&� ��
(��P�)��L��%"&(�O" ก�*& 
(hemolymph) (�
���L�("�#X�$�"�'�"�#�(���!ก�
�� &""ก)�
�

�����!������	  X�P&"�@�!
�����������$ก�
���������	L"�
�  
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�MM���, �����������(ก�	
���	
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"
����$ @��	����
  ��� 
�L&ก��	$ ก�*���M. 2548. ����!������	��B�N��ก�<ก������ ���V�	"�  
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���	
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ก��!ก�� total RNA  
��"?$���� Trizol  reagent 
 

 1.  ���	��"�L�&(�OY"(�OP"ก�*&ก��� ���	L���L��Q
����  1  g  ��(	��  Trizol reagent  1  ml  
 
	��"�L�&)�*��("!�   ������#Q
L��!P"���AK���*"&  5  ���! 
 2.  ���	��"�L�&#QQ���(��!P�&�!P����(
r�
"
  12,000 rpm  (QW�(���  10  ���!  �!P 4oC 
 3.   K �L��)�)�L��" )��L  ���ก�
	ก	�ก"��Q
	!�� �(	��  Chloroform  200  µl  J��
)�*(%*�ก��  ��*�ก��
��" #Q��  15  ���!  ������#Q
L��!P"���AK���*"&  3  ���! 
 4.   ���	��"�L�&#QQ���(��!P�&�!P����(
r�
"
  12,000 rpm  (QW�(���  15  ���!  �!P 4oC  
 5.   K �L��)�)�L��" )��L  ���ก�
	ก	�ก"�"�
$("r�("� �(	��  Isopropyl  alcohol  500  
µl  ������#Q
L��!P � 20 oC  ��� 60  ���!  
 6.  ���	��"�L�&#QQ���(��!P�&�!P����(
r�
"
  12,000 rpm  (QW�(���  10  ���!  �!P 4oC    
 7.   K �L��)���Y&  �*�&	�ก"�"�
$("r�("� �)B* 75% ethanol  2  �
�Y&  �
�Y&��  100  µl  � �
ก��
��" #Q��(
��  ������#QQ���(��!P�&�!P����(
r�
"
  7,500 rpm  (QW�(���  10  ���!  �!P 4oC 
 8.  air dry  	�ก"��!P"���AK���*"&(QW�(���  5 � 10  ���! 
 9.  �����	�ก"�"�
$("r�("� �ก�
(	�� DEPC �
O" H2O 30  µl 
 

Reverse Transcription-Polymerase Chain Reaction (RT-PCR)    
       
ก�����G~�ก����� PCR (Polymerase Chain Reaction)  �IJ� ��J�G����> DNA 
 

1. ก�
���Q��ก�
��� PCR  
��� Complementary DNA (cDNA) �!P��&(�
���$# *��(	�� �L��Q
�ก"
	L�&� �&�!Y 
Reaction mixture: 
10X PCR buffer      10   µl 
50mM MgCl2      2.5  µl  
10mM dNTP      2     µl 
10 pmol primers (each 1 µl) B�� ��   1     µl 
Taq DNA polymerase     1     µl 
cDNA template (Dilute 1:10)    10   µl 
Distilled water (	��@�# *Q
���	
�

   50   µl  

Total      50   µl 
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���&@�ก(	
!���L��Q
�ก"
��ก"�L�&(
!�

*"���*������(%*�(�
OP"& Thermocycler  
 
RACE j PCR  

 

2. ก�
���Q��ก�
��� PCR �

 Touch down  
��� Complementary DNA (cDNA) �!P�ก� # *��(	�� �L��Q
�ก"
	L�&� �&�!Y 
Reaction mixture : 
10X Advantage 2 PCR Buffer   5  µl 
10mM dNTP mix    1  µl 
50x Advantage 2 Polymerase mix   5  µl   ((	��(QW���� �
�� �*��) 
PCR � grade water            34.5  µl  

 Total                41.5  µl 
          5k RACE j PCR Reaction               3k RACE j PCR Reaction 

10X UPM (Universal primer) 5  µl  10X UPM (Universal primer) 5  µl 
10 pmol  RACE_PSR primer 1  µl  10 pmol  RACE_PSF primer 1  µl 
5}-RACE cDNA             2.5 µl   3}-RACE cDNA             2.5  µl 
 Total             50  µl   Total             50  µl 
���&@�ก(	
!���L��Q
�ก"
��ก"�L�&(
!�

*"���*������(%*�(�
OP"& Thermocycler  
 

��ก�
�! <�  �� �M�
A�
���V�! 

 

��
����� 
1.  50X TAE Buffer (1,000ml) 
 Tris base   242   g 
  Glacial acetic acid  57.1     ml 
 0.5 M EDTA (pH 8.0)     100    ml 
 ¦L�(BOY" *��ก�
  autoclave  ���(กr
��
������!P"���AK���*"& 
 
 
 



 77 

2.  ("��( !���

#� $  0.5 µg/ml 
 ("��( !���

#� $  250   µg 
 dH2O    500   ml 
 (กr
)�%� �!�Y��	�� 
 
���!ก�
 
 1.  Q
�ก"
�� ��L"(@�(%*�ก�
X!P��! (comb)  (�OP")�*(@��!P�%r&	���!BL"& (wells)  X�P&)B*
����
�
��" 	��"�L�& 
 2.  B�P&"�ก��
� (Fistbase, )  0.4 g  J��ก�

�'('"
$  1 X TAE  Q
���	
 40 ml  @�# *"�
ก��
�����(%*�%*� 1.0% 
 3.  �����"�ก��
�� ����(%*� microwave  ���Q
���� 1 ���!  (�OP"( O" )�*���""ก��
(%�L�)�*(%*�ก��  ��*����(%*� microwave  "!ก�
�Y&  ���XY�� �&ก�L��"!ก  2-3 �
�Y&  @�ก
���P&"�ก��
���
���@�(QW���
�����)� 
 4.  Q�L"���
�����(@���Y&#�*�!P"���AK���*"&@�"�L�  ���#Q(��&
��� ��L"(@�� �
���&
#�L)�*�!'"&"�ก��(ก� %�Y�  ��Y&#�*@�ก
���Y&(@��%r&	�����(�r� 
 5.   �&X!P��!""ก@�ก(@�  �L"�� �&�JL�(@�%�Y�  ���#Q��&)�  eletrophoresis chamber  � �
��� *��BL"&��" 	��"�L�&#Q��&%�Y��
 
 6.  (	��
�'('"
$  1 X TAE  (	���&  eletrophoresis chamber  @��L��J����*�(@�%�Y���
Q
���� 2 mm 
 7.  J��  loading dye  ก�
	��"�L�& !("r�("  �
O" !("r�("��	
���  "�	
��L�� 2.0 : 10 µl  

��JL���
�'��  J��)�*(%*�ก��� �)B*#���
Q�(Q	 K 	��"�L�&%�Y��& 3 � 4 �
�Y&  ��*����#Q��" 
�&)�BL"&��" 	��"�L�& 
 8.  Q� �� eletrophoresis chamber  	L"%�Y�#''H�  ��*�(Q� ���	X$Q�L"�ก
���#''H�����	L�&
��ก�$  100V  � �)�*ก
���#''H�#��@�ก%�Y��
#Q��%�Y�
�ก	���������%"&�JL�(@� 
 9.  ��&(ก	�!%"& loading dye  (�OP"�!(��OP"��!P#Q@���& *��Q���%"&�JL�(@�)�*��� Q�L"�
ก
���#''H� 
 10. ����JL�(@�""ก#Q�*"� *��("��( !���

#� $���  15  ���!  ��*��*�& *���Y��(Q�L����  
3  ���!  (
���&#�L)�*("��( !���

#� $� �
L�&ก��) 
 11. ����JL�(@����L"& K��
 !("r�("�!P(ก� %�Y�A��)	*��&"��	
�#��"(�	  ����L��
KQ��
 !
("r�("�!P(ก� %�Y�� �)B*  Gel document Gene Genius 



 78 

Completent  Cell 

 
��
(��! 
1.  PEG  40% stock 
 PEG   0.4   g 
 dH2O   1,000      ml 
 
2.  1M  Mg2Cl    (1,000 ml) 
 Mg2Cl   203.3   g 
 dH2O   800       ml  
 �������
�����)�*(QW�(�OY"( !��ก��  Q
�
Q
���	
)�*# *  1,000  ml  ���#Qก
"&  ���¦L�
(BOY" *��ก�
  autoclave  ���(กr
��
������!P"���AK���*"&   
 
3.  10N  NaOH 
 NaOH   400   g 
     dH2O   800   ml 
 �������
�����)�*(QW�(�OY"( !��ก��  Q
�
Q
���	
)�*# *  1,000  ml  ���¦L�(BOY" *��ก�
  
autoclave  ���(กr
��
������!P"���AK���*"&   
 
4.  LB  (1,000 ml) 
 LB broth  25 g 
 dH2O   1,000   ml 
 �������
�����)�*(QW�(�OY"( !��ก��  ���¦L�(BOY" *��ก�
  autoclave  ���(กr
��
������!P
"���AK���*"&   
 
5.  TSS  solution (100 ml) 
 10%  PEG  10 g 
 5%  Dimethyl  sulfoxide 5 ml 
 20 mM  Mg2Cl  2 ml 
 (	��  LB  )�*# *  100  ml  ������#Qก
"& 
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6.  E.Coli 
 K (BOY"   30  µl  )�  LB   3   ml 
���#Q
L�)�	K*  shaker  �!P  250  rpm  37oC   (QW�(���  16  B�. 
Dilute  (BOY")�"�	
��L��  1 : 100   

L�)�	K*  shaker  �!P  250  rpm  37oC   (QW�(���  2.5  B�. 
���#Q�� �L�ก�
 K ก�O���&  (OD.)  )�*# *�L�Q
����  0.4 � 0.6 

 
���!ก�
(	
!��  completent  cell 

1. ���(BOY"  E.Coli  �!P(�!Y�&@�ก%*"  6.  )�L)���"   Centrifuge  %��   15  ml   
2. ���#Q�BL)��Y���%r&(QW�(���  10  ���! 
3. ���#QQ����!P  4,000  rpm  4 oC  (QW�(���  5  ���! 
4. (�"���
)���" ��Y& 
5. (	��  Tss  solution  5  ml  ��*����#Q  vortex  �BL)��Y���%r&(QW�(���  10  ���! 
6.  ���#QQ����!P  4,000  rpm  4 oC  (QW�(���  5  ���! 
7. (��L��)���Y& 
8. (	��  Tss  solution  1  ml  ��*����#Q  vortex     
9. �
L&)�L��" %��   1.5  ml  ��" ��  200  µl  5  ��"   (��" �!P(��O"��
(กr

�ก��

#�*�!P -80 oC  X�P&����
�(กr
# *�����&  1  ( O"� ) 
 

ก�� ?IJ��AN�?�S��� �M� ���JA$��ก��ก�� �� A��	 (ligation) 

 
��
(��!������!ก�
 

1.  2 X  Buffer  2.5   µl   
2.  p-GEM-T easy 0.5  µl   
3.  PCR Product  2 µl 
4.  T4 � DNA ligase 1 µl 

 ���#Q
L��!P  4oC  %*���O�  
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Transformation 

 
��
(��! 
1.  LB  (1,000 ml)  

LB broth  25 g 
 dH2O   1,000   ml 
 �������
�����)�*(QW�(�OY"( !��ก��  ���¦L�(BOY" *��ก�
  autoclave  ���(กr
��
������!P
"���AK���*"&   
 
2.  LA  (1,000 ml) 
 LB   1,000 ml 
 Agar          15 g 
 �������
�����)�*(QW�(�OY"( !��ก��  ���¦L�(BOY" *��ก�
  autoclave  ���(กr
��
������!P
"���AK���*"& 
 
3.  LA + AMP (1,000 ml) 
 LA + AMP     1,000  ml 

AMP          500 µl 
 
4.  X - gal  (1  ml) 
 X � gal           20 mg 
 Dimethyformamide            1 ml 
 �����)�*(QW�(�OY"( !��ก��  (กr

�ก���!P  -20oC 
 
5.  IPTG (10  ml) 
 IPTG   0.2383 g 
 dH2O           10  ml 
 ���#Qก
"&  (กr

�ก���!P  -20oC 
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���!ก�
 
1.  ���  completent  cell   50  µl  �
L&)�L)���" �!P�!  fragment  ��� control  
2.  ���#Q
L��!P  42oC  (QW�(���  30  �����!   
3.  �BL)��Y���%r&   2  ���!  
4.  (	��"���
  LB  400  µl  ��������"  *��'�
�'��  )�L�&)�'���ก$ 
5.  ���#Q
L�)�	K*  shaker  �!P  250  rpm  37oC   (QW�(���  1  B�. 
6.  ���"���
  LA + Amp (����(%*�%*� 50 �����ก
��/#���
ก
��)  #Q
L��!P  37oC  กL"�

�����)B* 
7.  J��  X � gal (����(%*�%*� 20 �����ก
��/#���
ก
��) ก�
 IPTG (����(%*�%*� 0.02 

�����ก
��/#���
ก
��) )�"�	
��L�� 5 : 1  �� �&	
&ก��&  plate  (LA + AMP)  ���#Q  spread  
plate  
"@�  plate  ��*& 

8.  ���(BOY"�!P
L�#QQ����!P  5,000  rpm  (QW�(���  1  ���! 
9.  (�"���
��Y&)�*(��O"ก*���"    ���#Q vortex  (�OP")�*	�ก"����"���
(%*�ก��  
10. ���#Q deep spin  (�OP")�*��
������&#Q"�KLก*���" ��Y&��  
11.  K ��
�������Y&�� �� �&	
&ก��&  plate  (LA + AMP + X �gal + IPTG)  ���#Q  

spread  plate  
"@�  plate  ��*&  ���#Q
L��!P  37oC  (QW�(���  16  B�. 
12. �*���&#�L# *�����)B*  )�*(กr

�ก��#�*�!P  4oC   
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ก��!ก�����!����$������  alkaline lysis 

 
��
(��! 
1.  Sol n  I  (GTE) 
 1M  glucose 
  Glucose     18 g 
  dH2O    100 ml 
 �����)�*(QW�(�OY"( !��ก��  (กr
#�*�!P"���AK���*"& 
  

GTE (40  ml)   
  50 mM  Glucose      2 ml 
  25mM  Tris- HCl (pH 8.0) 1 ml 
  10 mM  EDTA   0.8 ml 
 
2.  Sol n  II  (1.4  ml) 
  0.2  N  NaOH   30 µl 
  1%  SDS   75 µl 
  dH2O    1,395 µl 
 
3.  Sol n  III  (100  ml) 
  5M  KOAC   60 ml 
  Glacial  acetic  acid  11.5 ml 
  dH2O    28.5 ml 
 
4.  Alcohol  70% 
  Alcohol  95%   73.7 ml 
  dH2O    26.3 ml 
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���!ก�
 
1.  (�(BOY"@�ก��"   15  ml  )�L��"   1.5  ml  Q
����  1 � 1.5  ml  ���#QQ���(��!P�&�!P

13,000 rpm  (QW�(���   1  ���!   
2.  (��L��)���Y&  (	��(BOY""!กQ
����  0.5 � 1 ml  ���#QQ���(��!P�&�!P 13,000 rpm  (QW�(���   

1  ���!    
 3.  (�"���
��*� K "���
�!P(��O"""ก@���  
 4.  (	��  Sol n  I  200  µl  ���#Q  vortex  (�OP")�*(X��$�����@���  
 5.  (	��  RNase A  3  µl  ������#Q  vortex  �BL)��Y���%r&  5  ���! 
 6.  (	��  Sol n  II  400  µl  ��*�ก��
��" #Q��(
��  �BL)��Y���%r&  5  ���! 
 7.  (	��  Sol n  III  200  µl  ��*�ก��
��" #Q��(
��  �BL)��Y���%r&  15  ���!  
 8.  ���#QQ���(��!P�&�!P  12,000 rpm  4oC  (QW�(���  15  ���!       
 9.   K �L��)�)�L��"   1.5  ml  200  µl  3  �
�Y& 
 10. (	�� chloroform  500  µl  ���#Q  vortex  #�L)�*	� ก*���"  
 11. ���#QQ���(��!P�&�!P  10,000 rpm  (QW�(���  2  ���!   
 12.  K �L��)� *��
�  600  µl  )���" )��L��*�(	��  isopropanol  360  µl  (%�L�)�*(%*�
ก�� 
 13. ���#Q
L��!P"���AK���*"&(QW�(���  5  ���!   ���&@�ก��Y����#QQ���(��!P�&�!P  12,000 rpm  
4oC  (QW�(���  5  ���!    
 14.  K �L��)�)�L��" )��L��*�(	��  70% ethanol  1  ml  J��)�*(%*�ก�� 
 15. ���#QQ���(��!P�&�!P  10,000 rpm  (QW�(���  2  ���!     K ��
�����  ethanol  ""ก 
 16. ���#Q���)�*��*& *�� speed  vacumm  ���&@�ก��Y�(	���Y��  30 µl  (���)�*	�ก"������
���
ก�
ก�
���#Q  spin  down   
 17. ���#Q  Run  agarose gel  
 18. ���&@�ก# *  clone  �!P	*"&ก�
��*�  ���  clone  ��Y���	�  *��("�#X�$	� @��(���  EcoRI   
� ��!�L��J�� �&�!Y 
  H2O  7 µl   
  10 X buffer 1 µl 
  EcoRI  Enzyme 1 µl 
  Plasmid  1 µl 
  Total  10 µl 
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 19. ���#Q
L��!P  37oC  (QW�(���  1  B�. 
 20. ���#Q  Run  agarose gel  � �)B*  uncut  (QW�	��  control  � ��!�L��J�� �&�!Y 
  H2O  7 µl 
  Dye  1 µl 
  Plasmid  1 µl 
  Total  10 µl 
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