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���>p,�����*�1O� Phylogenetic tree 
GD�U� Granz-TL _��@>*���U1,�(QUB��
�+, Granzyme A/K ��
2(�'() Granzyme A '() K ��
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�+,
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�����
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�����
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Q�OU�
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'AU 1 @,_�
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AU�
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+TGD�U�1,
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+T 24 2(�
+T_����)AQ�,*���FOSH�'D	
+F�+�B+���'�*
�����
�+,O,�*,+HF2f, 11 '() 3 F
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+�D�>D�(QUB
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\��tA�BFBST�
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2(�
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Two full lengths of complementary DNAs (cDNAs) involved in program cell death (apoptosis) 

(caspase-3 and granzyme genes) of Nile tilapia immune system were discovered by searching in a Nile tilapia 
cDNA library and 5` Rapid Amplification cDNA Ends techniques. The full-length of a cDNA encoded for Nile 
tilapia caspase-3 (Casp3-TL) was 2,612 bp containing 5` and 3` untranslated region of 79 and 1,684 bp 
respectively. Open reading frame (ORF) of this cDNA was identified to be 846 bp or 282 amino acid residues. 
Structural analysis of Casp-TL revealed that this protein contained prodomian, large subunit and small subunit 
without a putative hydrophobic leader sequence. Important motifs indicating the caspase-3 characteristics which 
were found in caspase-3 genes of other organisms were well conserved. Besides, the full length of Nile tilapia 
granzyme cDNA (Granz-TL) was also cloned and characterized. The Granz-TL consisted of 1,412 bp which 
donated to 125 and 519 bp of 5` and 3` UTR. The ORF of Granz-TL was 765 bp long and equal to 255 amino 
acids. Mature protein of Granz-TL was identified to possess 3 different active sites or catalytic traids (His67-
Asp110-Ser208) of serine protease signature motifs. Phylogenetic and multiple sequence analyses indicated that 
Granz-TL was placed at the same group as granzyme A/K of fish and granzyme A and granzyme K of higher 
vertebrates. Expression analysis by RT-PCR exhibited a very low expression of Casp3-TL transcripts in every 
determined tissue of a normally experimental fish. On the other words, the highest expression level of      
Granz-TL was observed in peripheral blood leukocytes (PBLs), while mild expression levels were shown in 
head kidney, spleen and trunk kidney. No changes in expression levels of Casp3-TL mRNAs were determined 
in experimental fish injected with viable Streptococcus agalactiae. However, highly up-regulated transcripts of 
Granz-TL mRNA were clearly found in brain, head kidney, spleen and trunk kidney of S. agalactiae stimulated 
fish. Additionally, expression analysis by quantitative real-time RT-PCR also indicated that fish 
intraperitoneally injected with S. agalactiae 1x107 and 1x109 CFU/ml were not significantly changed in   
Casp3-TL mRNAs, but Granz-TL transcriptional levels were obviously up-regulated with 11- and 3- fold 
changes at hour 24 compared to control S. agalactiae uninjected fish (P<0.05).  In vitro experiment was also 
carried out, PBLs of Nile tilapia were separately incubated with two different stimuli,  Aeromonas hydrophila 
and concanavalin A. Suppressed expression of Casp3-TL was recorded at hour 48 in PBLs exposed to viable   
A. hydrophila and down-regulated was also determined in concanavalin A exposed PBLs at 48 and 72 hours 
after incubating. Unexpectedly, control PBLs, PBLs together incubated with A. hydrophila and concanavalin A 
were simultaneously exhibited high up-regulated expression of Granz-TL at 48 and 72 hours of experimental 
period and no significant differences of fold changes were evaluated at every time of quantitative real-time PCR 
detection (P>0.05).   
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18     ���F2�+�DF
+�D	��B	(���	(�
��
(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA  
    ��
�+, Granzyme ��
2(�,�( (Granz-TL) �>D��T
B+O+��AO,�*AU�
 m 
+TB+  
    ���
�,\��1, GenBank database �*�1O��2�'��B Blast X                                        84 

19     (I�*>D,��	(+��\
*? (�>���'_�D,) '()(I�*>D��*�)B��, (�>���'_�(U�
) 
+T   
    �BD���?��
 cDNA ��
�+, Granzyme 1,2(�,�( (Granz-TL)                  85 

20     ���C�AI�'C,U
��
 Hydrophobic leader sequence ��
 cDNA��
�+, 
    Granzyme 1,2(�,�( (Granz-TL)                     86 

21     ���
I�,���	�
����

QA��L�B���
�2�A+,��
�+, Granzyme 1,2(�,�(   
    (Granz-TL)                        87 

22     ���F2�+�DF
+�D(I�*>D��*�)B��,��
�+, Caspase-3 1,2(�,�(�>D(I�*>D��* 
    �)B��,��
�+, Caspase-3 ��
��T
B+O+��AAU�
 m                      93 

23     ���@>*�(QUB��
�+, Caspases 1,�(QUB��
2(� 'DU
A�B(>���)��
 Domain  
    D��F�� Prodomain                       97 

24     �	�
����
�BF(�Q(��U�

U����
�+, Caspase-3 1,2(�,�( (Nile tilapia)                         98   
25      	��B�>BG>,J?1,FO�
���>p,�����)C�U�
(I�*>D��*�)B��,��
�+, Caspase-3  

 1,2(�,�(�>D�+, Caspase-3 ��
��T
B+O+��AAU�
 m 
+T\*����
�,\��1, Genbank          
      database                                                                                                              103 
 



 

 
(5) 

���JGQR�� (IY�) 
 

R���/U M��� 

                   
26 ���F2�+�DF
+�D(I�*>D��*�)B��,��
�+, Granzyme ��
2(�,�(�>D(I�*>D��* 

�)B��,��
�+, Granzyme ��
��T
B+O+��AAU�
 m                                                               108 
27 	��B�>BG>,J?1,FO�
���>p,�����)C�U�
(I�*>D��*�)B��, (Mature protein) ��
 

�+, Granzyme 1,2(�,�( �>D�+, Granzyme ��
��T
B+O+��AAU�
 m 
+T\*����
�,\��  
1, GenBank database                      116 

28 ���'�*
�����
�+, Caspase-3 1,2(�,�(                                                                     118 
29 ���'�*
�����
�+, Granzyme 1,2(�,�(                                           119 
30 Amplification plot 1,OU�
 Exponential phase ��
2��������@�����A��@@>D 

�>PP��F�S�
'�
 (SYBR Green I Dye) ��
 Plasmid
+T
��D	��BF��B��,
+T 
',U,�, (Copy number F
U��>D 108, 107, 106 '() 105) ��
�+, Caspase-3 1, 
2(�,�(                        122 

31 Amplification plot 1,OU�
 Exponential phase ��
2��������@�����A��@@>D 
�>PP��F�S�
'�
 (SYBR Green I Dye) ��
 Plasmid 
+T
��D	��BF��B��,
+T 
',U,�, (Copy number F
U��>D 108, 107, 106 '() 105) ��
�+, Granzyme1, 
2(�,�(                                   122 

32 Amplification plot 1,OU�
 Exponential phase ��
2��������@�����A��@@>D 
�>PP��F�S�
'�
 (SYBR Green I Dye) ��
 Plasmid 
+T
��D	��BF��B��,
+T 
',U,�, (Copy number F
U��>D 108, 107, 106 '() 105) ��
�+, β-actin 1, 
2(�,�(                      123 

33 Dissociation curve '�*
	U� Melting temperature ��
 Plasmid 
+T
��D	��B 
F��B��,
+T',U,�,��
�+, Caspase-3 1,2(�,�(�*�1O�F
	,�	 Quantitative 
real-time PCR                      123 

34 Dissociation curve '�*
	U� Melting temperature ��
 Plasmid 
+T
��D	��B 
F��B��,
+T',U,�,��
�+, Granzyme 1,1,2(�,�(�*�1O�F
	,�	 Quantitative 
real-time PCR                      124 

 
 



 

 
(6) 

���JGQR�� (IY�) 
 

R���/U M��� 
 

35 Dissociation curve '�*
	U� Melting temperature ��
 Plasmid 
+T
��D	��B 
F��B��,
+T',U,�,��
 β-actin 1,2(�,�(�*�1O�F
	,�	 Quantitative real-time 
PCR                       124 

36 Standard curve 
+T1O�1,�����������'�*
�����
�+, Caspase-3 1,2(�,�( 
�*�1O�F
	,�	 Quantitative real-time PCR                     125 

37 Standard curve 
+T1O�1,�����������'�*
�����
�+, Granzyme 1,2(�,�(  
�*�1O�F
	,�	 Quantitative real-time PCR                   125 

38 Standard curve 
+T1O�1,�����������'�*
�����
�+, β-actin 1,2(�,�(�*� 
1O�F
	,�	 Quantitative real-time PCR                   126 

39 ���'�*
�����
�+, Caspase-3 1,2(�,�(L��C(>
@�����w+*��)AQ�,*���FOSH� 
S. agalactiae 
+T	��BF��B��,F
U��>D 1x107 '() 1x109 CFU AU�B�((�(�A�                         127 

40 ���'�*
�����
�+, Granzyme 1,2(�,�(L��C(>
@�����w+*��)AQ�,*���FOSH� 
S. agalactiae 
+T	��BF��B��,F
U��>D 1x107 '() 1x109 CFU AU�B�((�(�A�                   129 

41 ���'�*
�����
�+, Caspase-3 1,F^((?FBt*F(S�*���1,��)'�F(S�* 1,C(�* 

*(�
 L��C(>
@�������)AQ�,*���FOSH� A. hydrophila '() Concanavalin A               131 

42 ���'�*
�����
�+, Granzyme 1,F^((?FBt*F(S�*���1,��)'�F(S�* 1,C(�* 
      
*(�
 L��C(>
@�������)AQ�,*���FOSH� A. hydrophila '() Concanavalin A               133 

43 ���F2�+�DF
+�D(I�*>D��*�)B��,��
�+, Granz-TL �>D(I�*>D��*�)B��,��
�+, 
      Granzyme-1 ��
2(�,�(                      141 
               

 
 
 



 

 
(7) 

�Z����J���GQ,G���	+,-�Z��Y� 
 

A560  = Absorbance at 560 nanometre 
Ala (A)   = Alanine 
Arg (R)  = Arginine 
Asn (N)  = Asparagine 
Asp (D)  = Aspatic acid 
bp  = Base pair 
°C   =  Degree celcius 
cDNA  =  Complementary DNA 
Cys (C)  = Cysteine 
CFU  = Colony Forming Unit 
Da  = Dalton 
DNA  = Deoxyribonucleic acid 
dNTP  =  Deoxynucleotide tri-phosphate 
Glu (E)  = Glutamic acid 
Gln (Q)  = Glutamine 
Gly (G)  = Glycine 
His (H)  =  Histidine 
Ile (I)  = Isoleucine 
Leu (L)  = Leucine 
Lys (K)  = Lysine 
M  = Molar 
mM   =  Millimolar 
Met (M) = Methionine 
ml  =  Millilitre 
O.D.   =  Optical density 
PCR   = Polymerase Chain Reaction 
Phe (F)  = Phenylalanine 
Pro (P)  = Proline 
RNA   =  Ribonucleic acid  



 

 
(8) 

�Z����J���GQ,G���	+,-�Z��Y� (IY�) 
 

Ser (S)   = Serine 
Thr (T)  = Threonine 
Trp (W)  = Tryptophan 
Tyr (Y)  = Tyrosine 
µM  = Micromolar 
µg  = Microgram 
µl  = Microlitre 
Val (V)  = Valine 
Xaa (X)  =  Unspecified / unknown amino acid  
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(Oreochromis niloticus Linn.) 
 

Molecular Characterization of Complementary DNAs (cDNAs) and Expression 

Analyses of Caspase-3 and Granzyme Genes in Nile Tilapia  

(Oreochromis niloticus Linn.) 
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 *>
,>H,��������1,	�>H
,+H@�
B+�>A_Q2�)�
	?FGST�������	�
����

�
�����
����

Complementary DNAs (cDNAs) '()���'�*
�����
�+, Caspase-3 '() Granzyme 1,2(�
,�(C(>
@����)AQ�,*���FOSH���	C�S������)AQ�,�ST, m �*��+,
>H
��
O,�*,+HB+C,��
+TF�+T�����
�>D
�)DDL�B�	Q�B�>,�*�sU�,F^((? (Cell-mediated immunity) ^�T
F2f,L�B�	Q�B�>,��U�
@I�FG�)
+T1O�F^((?
FBt*F(S�*���D�
O,�* F2f,A>�
I�(����T
'2(�2(�BC�S�FOSH���	 �*�FwG�)���F���
I�(����
FOSH�
��	
+T�U�1C�F��*��	
+T���UL��1,F^((? ^�T
�)DDL�B�	Q�B�>,�*�sU�,���,HI�C�S��2�A+,1,,HI�F(S�* 
(Humoral immunity) \BU��B��_F���
I�(��\*� s(
+T\*�@����������1,	�>H
,+H @)��B��_
I�1C�F��*
	��B���	��BF���1@AU����A�D�,�
��
�)DDL�B�	Q�B�>,1,2(�,�(FG�TBB����H, '()��B��_
,I�\21O�F2f,���B�(GSH,��,1,���C�',�
�
2��
�>, 	�D	QB'()'��\�2�PC���
��	
+TF��*��H,�>D
2(�,�(\*���U�
B+2�)��
J�L�GAU�\21,�,�	A 
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1. FGST�
I�����	(,'()�����	Q�(>���)��
(I�*>D,��	(+��\
*?
+T�BD���?��
 
Complementary DNAs (cDNAs) ��
�+, Caspase-3 '() Granzyme 1,2(�,�( 
 

2. FGST��������2'DD���'�*
�����
�+, Caspase-3 '() Granzyme 1,2(�,�( 1, 
�L��)2�A�'()L��C(>
@�������)AQ�,*���FOSH� Streptococcus agalactiae *���F
	,�	 Reverse 
Transcription Polymerase Chain Reaction (RT-PCR) 
 

3. FGST���������'�*
�����
�+, Caspase-3 '() Granzyme 1,2(�,�( 1,�>A�?
*(�
  
(In vivo) '()1,C(�*
*(�
 (In vitro) L��C(>
@�������)AQ�,*���FOSH���	AU�
 m '()�����)AQ�,
O,�*AU�
 m *���F
	,�	 Quantitative real-time PCR 
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���I��HN����� 
 

1. 5,���, 

 

 2(�,�(F2f,2(�,HI�@S*O,�*C,�T
 @>*���U1,	��D	�>� Cichlidae B+OST�F�+��1,L����>
�|��U� 
Nile tilapia '()OST���
�����A�?F�+���U� Oreochromis niloticus ^�T
OST�F*�B	S� Tilapia nilotica �*�
��B��_@>*@I�',�(>���)
�
�,Q��B��J�,��
2(�,�(\*�*>
,+H 
 
                        Kingdom         Animalia 

           Phylum     Chordata 
                         Class          Actinopterygii  
                                Order     Perciformes 
                                       Family            Cichlidae  
                                              Genus      Oreochromis 
                                                     Species              niloticus (Nelson, 1994) 
 
1.1 (>���)
>T�\2 ���'G�U��)@��'()G|A����B��
2(�,�( 
 
      2(�,�(F2f,2(�,HI�@S*
+T���U1, Order Perciformes B+_�T,�I�F,�*F*�B���U1,
�+2'�~���� 

'()(QUB,HI�@��?'*, 2�@@QD>,GD���'G�U��)@��
>T�\2A�BC,�
 D�
 '()
)F(��D 1,2�)F
�
^�*�, ���>,*� '
,'�,�+��'()L�	GSH,F�FO+� FOU, P+T2Q�, \
� ��,�*,+F^+� ~}(�22},�?'()�����F�( 
(��G
�?, 2545) ^�T
2(�O,�*,+HF@��PFA�D�AF�t�'()F(+H�

U�� FCB�)�B
+T@),I�B�FG�)F(+H�
F2f,��U�
*+ 
@�
\*��>D	��B,��B'()F(+H�
�>,��U�
'G�UC(��  

 
      2(�,�(_��,I�F���B�1,2�)F
�\
�	�>H
'�� �*�F@��O���������A FBST�	�>H
�>
*I��
G�)

�������B�Q���O�QB��'CU
2�)F
�P+T2Q�, ^�T

�
@>*�U
F���B�
�(F�(�� � _���'*UG�)D�
�BF*t@G�)
F@�����UC>�L�B�G(�*Q(�F*O FBST��>,
+T 25 B+,�	B 2508 �,�*	��B���Fw(+T�2�)B�� 9 F^,A�FBA� 
@I�,�, 50 A>� ^�T
G�)D�
�BF*t@G�)F@�����UC>�
�
FG�)F(+H�
����G>,JQ?1,��,@�A�(*� '()
�

�2�*F�(��1C���B2�)B
,I�\2FG�)����G>,JQ?'()Fs�'G�U1C�'�UF��A���
>T�2�)F
�\
�\*�F(+H�

�>,B�@,_�
2�@@QD>, (��(2G�, 2544)  
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      2(�,�( (Oreochromis niloticus Linn.) B+(>���)F*U,	S� (I�A>��+F�+��2,,HI�A�( 
(>���)
>T�\2@)B+��2�U�
	(���2(�CB�F
� 'AU'A�AU�
�>,
+T2(�,�(B+��B��2��D,'()(U�

F�B��>, D��F��'��BB+F�(t* 4 '_� B+(���+*I�'()@Q*�+����(>D�>,\2D��F��	�+DC(>
 	�+D��, 
A�
�(�
F�(t*B+�+F��B B+(��*I�G�*���
A�B(I�A>� (B��QA, 2539) 2(�,�(@)�BD���?G>,JQ?FBST�B+���Q
2�)B�� 4 F*S�,�*�B+	��B���Fw(+T�2�)B�� 11 F^,A�FBA� ^�T
2(�O,�*,+H@)B+�>A�����
F@��PFA�D�A��
 F(+H�

U�� '�t
'�
 '()�*
,AU��L�G'�*(��B\*�*+ ��B��_s�BG>,JQ?\*�A(�*
>H
2� 
1O�F�(� 2-3 F*S�,AU�	�>H
 'AU_����C��FG+�
G�'()FCB�)�B L��1,�)�)F�(�FG+�
 1 2� @)s�B
G>,JQ?\*�_�
 6 	�>H
 2(�O,�*,+H ��B��_��,��C��\*�
>H
GSO'()�>A�? (Omnivorous) C(��C(��O,�*
FOU, G��\�,HI� A)\	�U,HI� A>��U�,��
'B(
 F2f,A�, (F@���, 2540) 2(�,�(��B��_���>����U\*�
1,OU�
���F2(+T�,'2(
�Q�CL�B�
+T	U�,���
����
 ^�T
���U�)C�U�
 11-42 �
��F^(F^+�� '()1,OU�

��
 pH �)C�U�
 4-11 'AUOU�
�Q�CL�B�'() pH 
+TFCB�)�BAU����F@��PFA�D�A
+T�Q*@)���U�)C�U�
 
25-35 �
��F^(F^+�� '() 7-10 A�B(I�*>D �*�2(�,�(��B��_
,AU��L��)���()(����

���^�F@,ATI�\*�_�
 0.1 B�((���>BAU�(�A� 1,OU�
F�(�\BU,�,,>� 'AU_��2��B�����()(����

���^�F@,ATI���U� 0.6 B�((���>BAU�(�A� @)
I�1C�F��*s(F�+�AU����F@��PFA�D�A��
2(�\*� (��G
�?, 
2545) 
  

1.2 ��	
+TGD1,2(�,�( 
 

       2(�,�(F2f,2(�
+TA(�*
>H
1,'()AU�
2�)F
�B+	��BA��
�����
��H,A�B',��,�B��

@I�,�,2�)O���
+TFG�TB��H, *>
,>H,F��A����U�,1CPU@�
F�U
FG�TB�I�(>
���s(�AAU�C,U��GSH,
+T1C�
��
��H, �*����F2(+T�,'2(
�)DD���F(+H�
F2f,�)DDC,�',U,	S� B+���2(U��2(�1,�>A��
+T
C,�',U,��
 
>H
���F(+H�
1,DU�*�,'()F(+H�
1,��)O>
 @�
F2f,��FCAQ
+T
I�1C���T
'�*(��B1,DU�F(+H�

\BUFCB�)�BAU�������U���>� 
I�1C�2(�F��*	��BF	�+�*'()�U�,'� @�
�U
s(
I�1C�F��*��	\*�
U����H,
A�B\2*��� (,,
��
�?, 2547) �*���	
+T�I�	>P\*�'�U  
 

       1.2.1 ��	
+TB+��FCAQB�@��2���AL��,�� 
 
                 2���AL��,��
+T
I��>,A���AU�2(�,�(B+C(��O,�* �*�2���A@)F���F��)1,

D��F��FC
S�� s��C,>
'()	�+D 
I�1C�2(�F��*	��B�)	��F	S�
F��*D�*'s( �U�,G��
+TF��)
D��F��C
S��@)
I�1C�B+s(AU��)DD���'(�F2(+T�,���^ 
I�1C�2(�F��*2�PC���*���^�F@,\*� �*�
B+O,�*��
2���AL��,�� *>
,+H	S�    
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  6 

                 1.2.1.1 �2��A^>� (Protozoa) G��J�1,�(QUB,+H@)����
	��BF�+�C��1,(�� 
2(�B����U�2(��,�*1CPU O,�*��
�2��A^>�
+TGDDU�� \*�'�U Trichodina sp., Ichthyophthirius 
multifilis, Epistylis sp., Scyphidia sp., Apiosoma sp. '() Ichtyobodo sp. F2f,A�, �*��2��A^>�
�(QUB,+H ��B��_����
	��B�I�	�P1C�2(� F,ST�
@�����F��*��U�,��
s��C,>
C�S�F,SH�F�ST� ^�T
@)GD
\*�1,D��F��
+T2���AFC(U�,+H��*F��) 2(�@�
'�*
������U��,HI��*�_�(I�A>��>D���
DU�C�S��>A_Q1,,HI� 

I�1C�s��C,>
F2f,'s('()_(�� �U
s(1C�FOSH���	O,�*�ST, FOU, FOSH�'D	
+F�+�F�����U�U�
���\*�
U��  
 

    1.2.1.2 2(�
1� (Monogenea) F2f,2���AL��,�� O,�*
+T�U�1C�F��*��	\*�'�U 
Gyrodactylus sp. '() Dactylogyrus sp. 2���A�(QUB,+H@)B+A>H
'AU�,�*F(t�
+TB�
*���A�F2(U�\BUFCt, 
@,_�
�,�*1CPUB����U� 3 B�((�FBA� �*���>��)
+TGD2���A�(QUB,+HB��
+T�Q*	S� FC
S�� F,ST�
@��
F2f,D��F��
+TFCB�)�B'()F2f,'C(U
'(�F2(+T�,��
���^�F@,��
2(� ^�T
B+	��B�I�	>P1,���
*I��
O+G��
2���AFOU,�>, (Lindenstrøm et al., 2004) @��,>H,@�
*�*��,F�ST�FBS��'()��
FC(�@��
F^((?1,A>�2(� 
I�1C�F��*�>,A���AU�F,SH�F�ST�D��F��
+TF��) �U
s(AU�F,ST�
1C�1C�@Q(�,
�+�?�ST, m 
��B��_F���\21,�U�
���
�
D��F��
+TF��*D�*'s(\*�FOU,�>, 
 

1.2.1.3 	�>�FAFO+�, (Crustacean) \*�'�U Argulus sp., Ergasilus sp., Lernaea sp.  
'() Lamproglena sp. 2���A1,�(QUB,+H @)1O��U�,��
��>��)
+TB+2(��'C(B��
F���\21,F,SH�2(�
FGST�OU��1,�����*F��)'()C�S���,F^((?C�S�F(S�*��
2(�F2f,��C�� ^�T
@)
I�1C�F��*�>,A���AU�
2(���U�
�Q,'�
 �U�1C�F��*D�*'s(�,�*1CPU'()��PF�+�F(S�*\*� _��B+1,2��B��B��@)
I�1C�2(�
A����U�
��*F�t� 2���A�(QUB,+HB>�GD1,2(�,�(
+TF(+H�
1,��)O>
F2f,�U�,1CPU (	��A '()�,QO�, 
2551) 
 
        1.2.2 ��	
+TB+��FCAQB�@��2���AL��1,  

    
   2���A�(QUB,+HB>�GD���U1,
�
F*�,��C��'()\BU
I��>,A���AU�2(�B��,>� ^�T
 

\*�'�U 
 

 1.2.2.1 �2��A^>� (Protozoa) O,�*
+TGD1,(I�\�� \*�'�U Eimeria sp. 2���A 
O,�*,+H _��B+F2f,@I�,�,B�� @)
I�1C�2(�s�B\*� �U�,�+�O,�*GD1,�)DDCBQ,F�+�,�(C�A \*�'�U 
Trypanosoma sp. 2���AO,�*,+H'B�@)A��@GD1,�)DDF(S�*��
2(�,�('AU�>
\BUB+���
�,',UO>*�U�

I�1C�2(�,�(2���C�S�A��\*� 



 

 

 1.2.2.2 FBA�^>� (Metazoa) \*�'�U�(QUB��
 Digene, Trematodes, Cestodes,  
Nematodes '() Acanthocephalan �*�(>���)����U���	��
2���AFC(U�,+H GD\*�1,��>��)
L�� 1, FOU, (I�\�� 
�
F*�,��C�� ��)FG�)��C�� _Q
,HI�*+ ��)FG�)2�����) F(S�* A>D F2f,A�, 
'()B+D�
O,�*
+T��
A>����U1,�(��BF,SH� 
I�1C�F��*F2f,AQUBC�S����, (Cyst) 
+T2�*�2,��H,
>T�(I�A>� _��
GD1,2��B��\BUB��,>�'()F��*1,2(�A>�FAtB�>� @)B+s(��)
D1,�)�)��� FOU, 
I�1C�2(�s�B 
�AO�� 
I�1C�2(�B+,HI�C,>�,��� F,ST�
@��2���AFC(U�,+H@)\2�>*���
�)DD���*�*^�B�����C�� _��B+
2���AO,�*,+H1,2��B��B��'()���>����UD��F���(��BF,SH�C�S�s��C,>
 @)
I�1C�F��*������)	��
F	S�
 (��A�G�, 2542) 

 
       1.2.3 ��	
+TB+��FCAQB�@��'D	
+F�+� 
 
              1.2.3.1 ��	A>�*U�
 
+TF��*@��'D	
+F�+� Flexibacter columnaris GD1,2(�,�(
+T

F(+H�
,HI�@S* �U�,2(�,�(
+TF(+H�
,HI���U��@)F2f,O,�* F. maritimus ��	,+HB>�GD1,OU�

+T�����B+���
F2(+T�,'2(
�)
>,C>, FOU, 1,OU�
�����F�t, 1,OU�
�,A�C,>�'()C(>
@������,����2(� 2(�
+T
GD�U�B+�����A>�*U�
B>�A��1,F�(��>,��*F�t� _��\BU�+D
I�����>���1C�
>,
U�

+ �>A�����A����@
��
_�
 80-100 F2��?F^t,A? L��1,F�(� 24-48 O>T��B
  

 
   1.2.3.2 ��	A�*FOSH�'D	
+F�+� Aeromonas hydrophila F2f,FOSH��U���	
+TF�+���U�  

Motile aeromonas disease FOSH� A. hydrophila F2f,'D	
+F�+�'��B(D ��2�U�
F2f,'
U
�>H,A�
 
F	(ST�,
+T\*��*�1O� Flagella F@��P\*�
>H
1,�L�GB+'()\BUB+���^�F@, ���A�*FOSH�'D	
+F�+�,+HF2f,���
A�*FOSH�1,�)DDL��1, �*�
+TFOSH�@)F�����U2(�
�
2�� 
�
s��C,>
C�S�FC
S��
+TF��*D�*'s( 1,
�L�G2�A�FOSH�@)\BU
I�1C�F��*��	 'AUFBST�2(��U�,'�FOSH�@)FG�TB@I�,�,1,�U�
�����
2(�'()
D��F��
+TF���\2AU�@��,>H,FOSH��t'G�UF�����U��)'�F(S�* ^�T
�U�1C�F��*�������
��	*>
,+H	S� 2(�@)B+
D�*'s(A�B(I�A>� 	�+D��U�, A�F(S�*C�S�B+'s(C(QB 
��
D�BB+F(S�*2,,HI�FC(S�
1,OU�

��
 A>D 
\A'()B��B�As�*2�A� F2f,A�, (O�P��
	?, 2550) 
 

   1.2.3.3 ��	�FA�2�A	�	�	^+� (Streptococcosis) 
+TF��*@��FOSH�'D	
+F�+�  
Streptococcus spp. B+���'G�U��)@����U�
����
���

>T��(�1,2(�C(��O,�*\*�'�U 2(�F
��
? 
(Oncorhynchus mykiss), 2(�	��?~ (Cyprinus carpio) '()2(�,�((��s�B (O. aureus x O. 
niloticus) �*�FwG�)1,�)DD���F(+H�
2(�'DDC,�',U, ^�T
��	,+H
I�1C�F��*	��B��PF�+�AU�
�QA��C���B���FG�)F(+H�
2(���
�(�	�*F2f,B�(	U�\BUATI���U� 150 (��,*�((U��C�>��FB����AU�2� 
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FOSH� Streptococcus spp. 
+T�U���	1,2(�B+���UC(��O,�*�*���B��_'DU
���\*�F2f, 2 �(QUB
*����>, �(QUB'��	S� Cool-water streptococcosis 	S�FOSH� Streptococcus spp. 
+T�U���	1,�L��)

+T,HI�B+�Q�CL�B�ATI���U� 15  �
��F^(F^+�� \*�'�UFOSH�'D	
+F�+� Lactococcus piscium, Vagococcus 
salmoninarum '() Carnobacterium piscicola �(QUB
+T��
	S� Warm-water streptococcosis 	S�FOSH� 
Streptococcus spp. 
+T�U���	1,�L��)
+T,HI�B+�Q�CL�B���
��U� 15 �
��F^(F^+�� ^�T
\*�'�U FOSH�
'D	
+F�+� Lactococcus garvieae, Streptococcus parauberis, Streptococcus iniae '() 
Streptococcus agalactiae (����Q '()	�), 2550) ���'G�U�)D�*��
��	
+TA�*FOSH��FA�2�A	�	-
�	^+�1,2�)F
�\
� GD
>H
���F(+H�
2(�,�(1,DU�*�,'()1,��)O>

�
L�	A)�>,���Fw+�
FC,S� 
(,�(QD( '()	�), 2545) '()FOU,F*+���>D Areechon et al. (2005) \*����
�,���'G�U�)D�*��

��	O,�*,+H1,���F(+H�
2(�,�('_DL�	�(�
 ��B
>H
1,F�AGSH,
+TL�	1A�*��� (,F�� '()	�), 2548) 

 
   FOSH�'D	
+F�+���Q( Streptococcus sp. 
+T�U�1C�F��*��	1,2(��U�,1CPU B+	��B 

��B��_1,���
I�1C�FBt*F(S�*'*
'A� 
+T'A�AU�
�>, �*���B��_'DU
���F2f, 3 'DD \*�'�U ���

I�1C�FBt*F(S�*'*
'A���U�
�BD���? (β-haemolytic) ���
I�1C�FBt*F(S�*'*
'A�\*�D�
�U�, (α-
haemolytic) '()O,�*
+T\BU��B��_
I�1C�FBt*F(S�*'*
'A�\*� (γ-haemolytic C�S� Non-
haemolytic) ^�T
(>���)*>
�(U��,+H F2f,��FCAQ�I�	>P1,���
I�1C�2(�A��\*� (,
(>���?, 2544) FOSH�
1,��Q(,+HF2f,'D	
+F�+�'��BD�� ^�T
�U�1C�F��*��	
>H
'DDF�SH��>
'()Fw+�DG(>,�*�
I�1C�F��*���
�>�F�D'()F��*D�*'s(A�B��>��)AU�
 m ��
�U�
��� (Imflammatory '() Granulomatous lesions) 
���'G�U��)@��F�����UA>�2(�F��*��H, �*�����>Bs>���
F�+�@��2(�
+T2��� ^�T
(>���)�������

��	@)'A�AU�
�>,\2A�BO,�*��
2(� 'AU@)B+(>���)�U�B
+TFCt,\*�O>*F@,	S�@)�U��,HI�FOST�
O�� �+
A>�F��B��H, A��2,A�F(S�*C�S�����QU, B+���A�F(S�*D,'sU,2}*FC
S��'()
+T��,	�+D GDD�*'s(
A�B(I�A>� 'AU1,2(�D�
O,�*
+TB+	��B\�AU�FOSH�B�� FOU, 2(��(�*C�, �*�FwG�)FBST�2(�
+TA�*FOSH�
'(��A�� '
D@)\BUGD�����L��,��1C�FCt, @)B+FG+�
D�*'s(
+TF��*��H,FG+�
F(t�,���F
U�,>H, ^�T

�U�,1CPU@)�(��F2f,'s(F2}*B+��D,�,'()B+�+F��B��D m B>�GDD��F���U�,D,��
(I�A>� 'sU,
2}*FC
S�� ��D2��C�S�D��F��OU�
�>D_U����
F�+� 2(�
+TA�*FOSH�'D	
+F�+� Streptococcus ,+H1,�)�)
F��TB'��@)B+�����A��2, '()B+F(S�*	>T
C�S�A�F(S�*1,A�D��F�� Retina ^�T
@)(Q�(�B@,��)
>T

F2f,'s(F2}*
+T��)@�A�1,
+T�Q* '()��@GDF(S�*	>T
1,F��,F(S�*D��F��FC
S��'()@)GDF^((? 
Macrophage ��BA>��>,���U1,D��F��,+HF2f,@I�,�,B�� ,��@��,+H�>
GD���A����
F^((?'()
F,SH�F�ST���
FC
S�� 1,(I�\��@)B+F(S�*	>T
 F�ST�DQO>H, Mucosa C(Q*���B����UL��1,OU�
�U�
 ��>��)
L��1,
+T\*��>Ds(��)
DB��
+T�Q*	S� B��B'()A>D ��
(
B�	S�C>�1@'()\A D��F��A>D��
2(�
+T
2�����@GD���A����
F^((?F��*��H, B��B�A'()B+�+^+* �I�C�>D2(�,�(^�T
F2f,2(�
+TB+	��B\�AU�
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��	,+H @)B+�����L��,��
+T�>
F�AFCt,\*�O>*F@,	S� A��2, 
��
D�B,HI� ^�T
L��1,B+��
FC(� 
��DOU�
�>D_U����
F�+��>�F�D'()D�B'*
 
+TD��F��	�*C�
@)D�B _���*@),�TBFC(� FBST�1O�
B+*��+*(
\2@)B+C,�
�+FC(S�
�QU,
)(>����B� �����D�B@)GD\*�
>T�\2A�B(I�A>� '()FBST�
sU�*�@)GDC,�
L��1,�(��BF,SH� �*�(>���)�����*>
�(U��@)GDB��1,2(��,�*A(�*C�S�1�(�
�)�)
+T�I�(>
@)@>D��� (,�(QD(, 2544)  
 

       1.2.4 ��	
+TF��*@��FOSH���1,2(�,�( 
        

           FOSH���
+TF2f,��FCAQ��
��	
+TGD\*��U�,1CPU \*�'�U  Aphanomyces sp. '() 
Achlya sp. (>���)�����
+T�I�	>P��
��	,+H	S�
I�1C�2(�F��*'s('()D��F��'s(@)B+F��,�+���
	(����,��H,~�F2f,��)@Q� 2(�2���@)��,��C��,���(
 ^�T
FOSH����(QUB,+HB+(>���)	(�����,HI� ���>�
���U1,'C(U
,HI�
>T�\2 F@��PFA�D�A\*�*+
+TOU�
�Q�CL�B� 20-25 �
��F^(F^+�� �*�	Q��BD>A�
+T�I�	>P
��
FOSH����(QUB,+H	S� ��B��_O�,\OF���\21,�(��BF,SH� 
)(QF���\2_�
��>��)L��1,��
2(�\*� 
�(\����F��*��		U�,���
�(>D^>D^��, '()D�
	�>H
��@GDFOSH���	O,�*�ST, m FOU, 2���A 
'D	
+F�+�'()\��>��U�B*��� �U
s(1C�	��B�Q,'�
��
��	FG�TBB����H, (��@��� '()	�), 2539) 
 
2.  �-JJR�L��a�L�G����5,�  

 
2(�F2f,�>A�?B+��)*���>,C(>

+TB+@I�,�,B��
+T�Q* FBST�F2�+�DF
+�D�>D�>A�?B+��)*���>,

C(>
�ST, m �*�B+	��BC(��C(��_�
 24,000 O,�* (��,, 2548) '()�>
_��@>*F2f,�>A�?B+��)*���>,
C(>
 (Vertebrate) O>H,ATI��Q* 
+TB+�)DDL�B�	Q�B�>,
+TG>p,�	(���	(�
�>D�>A�?B+��)*���>,C(>
O>H,��

FOU, �>A�?F(+H�
(��*���,B (Mammals) 1,C(�� m �U�, �*���B��_'DU
�)DDL�B�	Q�B�>,��
2(�
���F2f, 2 �U�,1CPU m *>
,+H	S� 
 
 2.1 �)DDL�B�	Q�B�>,
+TB+B�A>H
'AUF��* (Innate immunity) 
 

       2(���)*��'�t
F2f,��T
B+O+��A
+TGD���>����U\*�
>H
1,,HI�@S*'(),HI�F	tB �)DDL�B�	Q�B�>,
'DD Innate immunity ��
�>A�?1,�(QUB,+H_S�\*��U�B+	��B�I�	>PAU�	��B���U��*��U�
B�� F,ST�
@��
2(�
>H
C(�����>����U1,A>��(�

+TF2f,��
FC(� ^�T
F2f,'C(U
'G�U��)@��'()F2f,'C(U

+T���U��

FOSH���	C(��C(��O,�* (Jones, 2001) *>
,>H,���A�D�,�
'DD Innate immunity @)F2f,2�����
*U�,'����
���2��
�>,
+T
I�C,��
+T1,���A�D�,�
��
�)DDL�B�	Q�B�>, ^�T
�U�,1CPUF2f,���
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A�D�,�
'DD\BU@I�FG�)F@�)@
'()B+���@*@I�\*�D��
D�
�U�, (Bols et al., 2001) ^�T
�(\�
+T

I�C,��
+T1,���2��
�>,FOSH���	C�S���T
'2(�2(�BF�����U�U�
���1,�)DD,+H \*�'�U  
 
       2.1.1 �(\����2��
�>,A>��*�1O��	�
����

�
���L�G (Physical defenses) ^�T
\*�'�U 
 
   2.1.1.1 s��C,>
 (Skin) _S�F2f,*U�,'��
+T1O�2��
�>,FOSH���	C�S���T
'2(�2(�B

>H
C(��\BU1C�F���A>�2(� ^�T
�*�
>T�\2'DU
F2f, 4 O>H, \*�'�U Cuticle, Epidermis, Dermis '() 
Hypodermis �*�O>H, Cuticle @)���U,���Q*B+(>���)F2f,O>H,D�
 m ^�T
�
	?2�)��D�U�,1CPU@)
F2f,FBS�� (Mucus) 
+T_���>D���B�@��F^((?O,�* Mucus C�S� Goblet cell �I�C�>DO>H, Epidermis 1,
2(�D�
O,�*@)B+s��C,>

+T	U�,���
C,� '()'�t
'�

I�1C����AU����F���
I�(����
FOSH���	'()1,
2(��(QUB Catfish @)B+F^((?O,�*G�F��
+TF�+���U� Alarm substant cell 1,O>H, Epidermis 
+T
I�C,��
+T1,
�������
���FAS�,L>� (Alarm substance) ���B�FBST�B+���DQ��Q�C�S�_��
I�����*����>A�� (Ellis, 
2001) 
 
   2.1.1.2 FBS�� (Mucus) @>*F2f,�
	?2�)��D
+T���U,���Q*��
s��C,>
 ^�T
�>Bs>��>D
�L�G'�*(��B�*�A�
 *���	Q��BD>A�
+TFC,+��'()F2f,FBS��(ST, @�
��B��_*>�@>DFOSH���	\*���U�

\BU@I�FG�)F@�)@
'()GD�U�2(���B��_�>DFBS��\*�A(�*F�(� 
I�1C�FOSH���	
+TA�*�>DFBS��C(Q*
���\2\*� ,��@��,+H�>
GD�U�B+���F	(ST�,A>�\2B���
�2�A+,'()F^((?FBt*F(S�*
+T�I�	>PD�
O,�*
^�T
F�+T�����
�>D�)DDL�B�	Q�B�>,�)C�U�
O>H,s��C,>
��
2(�'()O>H,F�ST�FBS���+�*��� (Ellis, 2001)  
 
   2.1.1.3 F�(t* (Scales) B+A�,�I�F,�*���U
+Ts��C,>
O>H,1, (Dermis) F2f,��T
CU�CQ�B'()
2�	(QBA>�2(� F,ST�
@��(��2(�F��*1CBU'�� m @)B+s��C,>

+TF�+�D AU�B�F�(t*@)F��TBG>p,�@��
'sU,F(t� m �(B m \2F2f,F�(t*
+T�BD���?��H,A�B���Q F�(t*@�
_S�F2f,�	�
����
G�F����
2(�
+T1O�
FGST�2��
�>,�>,A���AU�
 m 
+TF2f,
>H
��
'�t
'()FOSH���	��B_�
��T
'2(�2(�BO,�*AU�
 m FG��)B+
(>���)'�t
 ^�T

I�1C����AU����DQ��Q� (Magnadottir, 2006) 
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       2.1.2 �(\����2��
�>,A>��*�1O�F^((? (Cellular defenses) 
 
   �(\�,+H_S�F2f,�U�,�I�	>P1,���A�D�,�
AU�FOSH���	C�S���T
'2(�2(�B
L��C(>
@��
+TFOSH���	C�S���T
'2(�2(�B\*�sU�,�(\�
�
���L�GF���B�'(�� �*�
+TF^((?
+T
I�
C,��
+T�I�	>P1,�)DD,+H\*�'�U Phagocytes AU�
 m FOU, Macrophage '() Polymorphonuclei (PMN) 
cell ^�T
B+�	�
����
	(����>D Neutrophil cell ��
�>A�?O>H,��
 ^�T
F^((?1,�(QUB,+H@)
I�C,��
+T1,���
�(S, (Engulfment) FOSH���	'()��T
'2(�2(�B��U�
\BU@I�FG�)F@�)@
 �*���)D�,�����, 
Phagocytosis ^�T
F2f,��)D�,���
+T
I�1C���T
'2(�2(�B_���U���(�� @���(\�L��1,F^((? 
C(>
@��
I�����U��'(�� F^((?�t@)2(U���U�,
+T_��
I�(�����B�,��F^((? (Elimination) ��U�
\��t
A�B1,�>A�?O>H,��
��B
>H
2(� �>
GD�U�F^((?FC(U�,+HB+	��B��B��_1,���@*@I����A�D�,�
AU���T

'2(�2(�B\*��+�*���'()F^((?�(QUB,+H�>

I�C,��
+T1,���FA�+�B'�,A�F@,�I�C�>DF^((?D�
�(QUB 
FGST�A�D�,�
AU���T
'2(�2(�B��U�
@I�FG�)F@�)@
 @�
F�+��F^((?�(QUB,+H�*�FwG�)F^((?1,�(QUB 
Macrophage �U� �Antigen presenting (producing) cell (APC)� (Evans et al., 2001) 
 
       2.1.3 �(\����2��
�>,A>��*�sU�,���,HI� (Humoral defenses) 
 
   ,��@�����A�D�,�
�*�1O�F^((?1,���A�D�,�
L�B�	Q�B�>,'DD\BU@I�FG�)
F@�)@
'(�� 2(��>
B+���C(>T
����2�A+,
+T�I�	>PC(��O,�* ���B�1,�)DDCBQ,F�+�,F(S�*FOU, 
F*+���>D�>A�?O>H,��
 ����2�A+,*>
�(U����B��_'DU
\*�F2f,�(QUB1CPU m *>
,+H \*�'�U �(QUB'��
I�1C�
F^((?'2(�2(�B_��@>DF2f,�(QUB '()F��*���A�A)��,\*� (Agglutinin '() Precipitin) FOU, Lectin 
like, C-type lectin '() Pentraxines (C-reative protein; CRP) �(QUB
+T��
@)GD�U�B+	��B��B��_
1,����U��s,>
F^((?��
'D	
+F�+� (Lytic enzymes) FOU, Lysozymes, Chitinases '() Cathepsins 
�(QUB
+T��B
I�C,��
+T1,��)D�,����>D�>H
���F@��PFA�D�A��
'D	
+F�+� C�S�\��>� (Growth 
inhibitors) FOU, Transferrin (Iron binding protein), Interferon (IFN) '() Mx protein F2f,A�, '()
�(QUB�Q*
���	S�G�� Protease inhibitors \*�'�U α-2 Macroglobulin ^�T
B+C,��
+T	��D	(QB����
 m 
�*���B_�
 Encapsulation 1, Protease *��� (Whyte, 2007) ,��@��,+H �>
B+����+�O,�*C,�T

+TB+
	��B�I�	>P��U�
B�� _������
��H,1,��)D�,�����)AQ�,L�B�	Q�B�>, ,>T,	S��(QUB�2�A+,��
 
Cytokines '() Chemokines ^�T
_S�\*��U�F2f,A>�	�D	QB (Control) '()F2f,A>��U
�>PP�,��

�BF(�Q( (Signaling molecules) 1,���
I�
�,�U�B�>,�)C�U�
�)DDL�B�	Q�B�>,'DD Innate immunity 
'()�)DDL�B�	Q�B�>,'DD Adaptive C�S� Acquired immunity �+�*��� (Secombes et al., 1999) 
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 2.2 �)DDL�B�	Q�B�>,
+T\*��>DL��C(>
@�������)AQ�,*���FOSH���	C�S���T
'2(�2(�B 
(Adaptive C�S� Acquired immunity) 
 
       ���A�D�,�

�
L�B�	Q�B�>,'DD,+H_S��U�B+���G>p,�
+T*+
+T�Q* ��B��_GD\*�A>H
'AU2(�
��)*���U�,
>H
C(��\2@,_�
B,Q��? ^�T
�>
\BU2����GD1,�>A�?
+T\BUB+��)*���>,C(>
 (Invertebrate) 
1,�U�,��
'B(
'()�>A�?@I�G���Q�
C�S�2� (Pasquier, 2001) �)DD���A�D�,�
'DD,+H@)F��*��H,
�tAU�FBST�B+�����)AQ�,*�����T
'2(�2(�B (Antigen) '()���A�D�,�
@)B+	��B�Q,'�
'()
��*F�t���U����A�D�,�
1,	�>H
'���*� Antigen A>�F*�B ^�T
F2f,���
I�
�,
+TB+	��B ��B��_1,
���@*@I�'()	��B@I�FG�)F@�)@
��
B�� ���A�D�,�
1,�)DD,+H@)���>����
I�
�,�U�B�>,��

�(QUBF^((?FBt*F(S�*���C(��O,�* '()@)���>��2�A+,D,s����
F^((?F2f,�ST��(�
1,���A�*AU� 
�ST����FGST����@*@I�FOSH���	C�S���T
'2(�2(�B
+TDQ��Q�F���B�1,�U�
��� (Miller and Clem, 1984; 
Abbas et al., 2000) �)DD���A�D�,�
'DD,+H��B��_'DU
���F2f, 2 O,�**����>,	S� 
 
       2.2.1 ���A�D�,�
�*�sU�,���,HI�C�S���
FC(�1,F(S�* (Humoral immune 
response) 
 
   ���A�D�,�

�
L�B�	Q�B�>,O,�*,+H@)B+F^((?FBt*F(S�*��� (Leukocytes) C(��
O,�*�U�B�>,
I�
�, ^�T
s(��
���A�D�,�
@)B+�������
�2�A+,O,�*
+T�I�	>P���B�F�+���U� 
�Antibody C�S� Immunoglobulin (Ig)� ^�T
1,�>A�?F(+H�
(��*���,B@)'DU
 Ig ���F2f, 5 O,�*\*�'�U
IgM, IgD, IgG, IgA '() IgE 'AU1,2(���)*��'�t
GD������
�,�������
 Ig FG+�
'	U 2 O,�*
F
U�,>H,	S� IgM '() IgD (Warr, 1995) 
+TB+(>���)	(��� IgM '() IgD 1,�>A�?O>H,��
 ,��@��,+H1,
2�@@QD>,�>
B+���
�, Ig O,�*1CBU
+TGD1,2(���)*��'�t
,>T,	S� IgT 
+TGD1, Rainbow trout 
(Hansen et al., 2005) '() IgZ 
+T\*�@�� Zebra fish (Danilova et al., 2000) �*�1,�)DD,+H@)B+
F^((?FBt*F(S�*���D�
O,�* 
+T
I�C,��
+T1,���A�D�,�

�
L�B�	Q�B�>,O,�*,+H^�T
\*�'�U  
 

  2.2.1.1 Antigen presenting cell (APC) 1,�>A�?O>H,��
�*�
>T�\2F^((?1,�(QUB,+H 
\*�'�U Monocytes C�S� Macrophages '() Dendritic cell ^�T
@)
I�C,��
+T1,���*>�@>D'()�(S,��,
FOSH���	C�S���T
'2(�2(�B
+TF���B�L��1,�U�
���*�����)D�,��� Phagocytosis (Secombes et al., 
1999) '(��@�
�U��'()A�'AU
�	�
����
��
 Antigen �*�@)F(S��F��FwG�)�U�,
+T��B��_��)AQ�,
L�B�	Q�B�>,\*�*+
+T�Q*F�+���U� �Epitope C�S� Antigenic determinant� \2'�*
\��
+Ts��F^((?�*����>� 
Surface protein 
+TF�+���U� �Histocompatibility complex (MHC) class II� FGST�F2f,�ST��(�
1C� T cell 
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(Helper T cell) F���B�@*@I�L��C(>
^�T
FBST� Helper T cell A��@GD Epitope ��
��T
'2(� 
2(�B'(�� @)2(*2(U�����D�
��U�

+TF�+���U� �Cytokine� ���B�FGST���)AQ�,1C��(QUB��
 
APC B+���'DU
F^((?��U�
��*F�t�'()�>
��)AQ�,1C� APC B+���A�D�,�
\*���U�
B+
2�)��
J�L�GB����H, '()D�
�U�,@)G>p,�A>�\2F2f, Memory APC FGST����A�D�,�
'()@*@I� 
Antigen A>�F*�B1,	�>H
AU�\2 (Dixon and Stet, 2001) 
 

 2.2.1.2 Lymphocytes F^((?FC(U�,+H@)B+	��B�I�	>P��U�
B��AU����A�D�,�
 
��U�
@I�FG�)F@�)@
 1,�>A�?O>H,��
��B��_'���(QUB��
 Lymphocytes \*�F2f, 2 �(QUB 	S�  
 

(1) B Lymphocytes C�S� B cells �I�C�>D���A�D�,�
��
�)DD 
L�B�	Q�B�>,'DD@I�FG�)F@�)@
,>H, B cell B+D
D�
�I�	>P��U�
��T
1,�������
���
+T
I�C,��
+T1,���
@*@I�'()
I�(����T
'2(�2(�B
+TF�+���U� Antibody �*� B cells FG+�
C,�T
�(QUB ��B��_����
 
Antibody AU� Antigen C,�T
O,�*F
U�,>H, '()2�A�'(�� B cell �>
B+�U�,
I�C,��
+TF2f, APC ^�T
FBST� B 
cell GD�>D Antigen 
+T@I�FG�)F@�)@
F2f,	�>H
'��@)B+
+T�>D Antigen 
+T@I�FG�)D,s�� B cell ,>T,	S� 
IgM 
+T���U1,��2 Membrane form ^�T
@)F2f,A>�G� Antigen F�����UF^((?�*���)D�,��� Endocytosis 
(Abbas et al., 2000) @��,>H, B cell @�
�U���(�� Antigen FGST�1C�\*� Epitope 
+TG���B@)��)AQ�,
L�B�	Q�B�>,�*�B+ MHC class II F2f,A>�G� Epitope \2\��
+Ts��F^((?FBST� Helper T cell 
+TB+	��B 
@I�FG�)AU� Epitope O,�*,+HB�@>D'()A��@GD@�
@)C(>T
����I�	>PC(��O,�*���B�FOU, Interleukin 
II FGST�
I�1C� B cell 'DU
A>�FG�TB@I�,�,F^((?��U�
��*F�t� (Proliferlation) '()B+���F2(+T�,'2(
 
(Differentiation) FGST��I�C,*C,��
+T1,�������
O,�*��
 Ig 
+T@I�FG�)'()G>p,�A>�F�
\2F2f, 
Plasma B cell 
+T��B��_����
 Antibody 
+T���U1,��2 Secreted form ���\2��U�)DDCBQ,F�+�,F(S�*
FGST�A�D�,�
AU� Antigen O,�*,>H, m 1,��)'�F(S�*C�S���>��)�ST,
+TB+ Antigen O,�*,>H, m ���U 
(Kaiser et al., 2004) ,��@��,+H�>
GD�U� B cell D�
�U�,B+���G>p,�\2F2f, Memoroy B cell FGST�
���@*@I�'()A�D�,�
AU� Antigen A>�F*�B1,	�>H
AU�\2 F��F�+�����A�D�,�
��
�)DDL�B�	Q�B 
�>,AU� Antigen 1,	�>H
'���U� �Primary immune response� �*�s(��
���A�D�,�
@)����
 Ig 
���B�1,�)*>D
+T\BUB��,>�'()���A�D�,�
@)F��*	U�,���
O�� 'AU@)GD�U�B+�������
F^((?
+TB+
	��B@I�FGST���
�>D���F���B��+�	�>H
��
 Antigen A>�F*�B 
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(2) T Lymphocytes C�S� T cells 1,�>A�?O>H,��
�*�
>T�\2'(�� 
��B��_'DU
\*� 3 O,�*	S� Helper T cell, Cytotoxic T cell '() Suppressor T cell 'AUO,�*
+T
F�+T�����
�>D�������
 Ig 	S� Helper T cell �*�B+C,��
+T@*@I� Epitope ��
 Antigen 
+T'�*
�*� 
MHC class II D,s��F^((?��
 B cell 	S� APC A>��ST, C(>
@��A��@GD Epitope 
+T@I�FG�)'(��@)
C(>T
���@I�G�� Cytokine ���B� ^�T
@)B+s(
I�1C� B cell F��*���G>p,�A>�F2(+T�,'2(
C,��
+T'()
s(�A Ig ���B�1,
+T�Q* Helper T cell @)��B��_@*@I�AU� Antigen 
+T@I�FG�)\*� @)A��
B+
+T�>DD,s��
F^((? ^�T
F2f,�2�A+,
+TF�+���U� T cell receptor (TCR) �*�@)@*@I���U�
@I�FG�)F@�)@
�>D Antigen 
O,�*1*O,�*C,�T
�*�(I�G>
\BU\*� TCR @)A��
@I��	�
����

+TF2f, Complex ^�T
F��*@�� MHC class 
II ��
 APC 
>H
C(���>D Epitope �*�@)
I�
�,�U�B�>,F2f,�(QUB��
F^((? (Clone) �(QUB1*�(QUBC,�T

F
U�,>H, s(��
���A�D�,�
*>
�(U���>

I�1C� APC B+���C(>T
���@I�G�� Interleukin I ���B� ^�T

@)B+	��B �I�	>P��U�
B��AU����G>p,�A>�'()	��B���U��*��

>H
 B '() T cells (Klein and 
Horejsi, 1997) 
 
        2.2.2 ���A�D�,�
�*�sU�,F^((? (Cell-mediated immune response) 
 
    ���A�D�,�
2�)FL
,+HB+	��B�I�	>P��U�
B��1,���+
+TB+���A�*FOSH�L��1,
F^((? �*�FwG�)��U�
��T
���A�*FOSH�
+TB+��FCAQB�@��\��>�'()F^((?
+TB+���G>p,�s�*2�A�FOU, 
Tumor C�S� Cancer �*�B+ Cytotoxic T cell (T killer cell) '()@)���>� MHC class I ^�T
��B��_GD
\*�1,F^((?
+TB+,��F	(+��
Q�O,�* F2f,A>�OU��C�S��ST��(�
1,���@*@I� �*�
>T�\2FBST�F^((?_��DQ��Q� 
*���\��>� (Viral infection) L��1,\^�AG(��^�B��
F^((?@)B+�(\�1,���A>*'()A�'AU
�,QL�	
��
\��>� (Viral paricles) 1C����U1,��2
+TF2f, Epitope 
+TFCB�)�B'(��@�
B+ MHC class I B�@>D��U�

@I�FG�)F@�)@
1,��2 Complex '(��,I� Epitope \2��
D,s��F^((? FGST���1C� Cytotoxic T cell 
+TB+ T 
cell receptor (TCR) 
+T@I�FG�)B�A��@@>D FBST�\*��>D���@*@I�*��� Cytotoxic T cell ��U�
@I�FG�)F@�) 
@
'(�� Cytotoxic T cell @�
C(>T
���G�� (Toxin) ���B�FGST�
I�(��C�S��U�F^((?
+TB+ Epitope ��
��T

'2(�2(��C�S�\��>���U�
@I�FG�)F@�)@
 
I�1C�F^((?A��'()B+s(AU�F,ST�
 
I�1C�\��>�
+T���>����U
L��1,F^((?A��'()\BU��B��_'G�U��)@��\2�>
�U�,AU�
 m ��
�U�
���\*� (Klein and Horejsi, 
1997) 
 
 
 
 



 

 

3. �5�+��LNc,,	I�� (Apoptosis) 

 
 �2�'��BF^((?A�� (Apoptosis C�S� Program cell death) 	S��(\�L��1,F^((?��

��T
B+O+��A
+T�I�@>*F^((?
+T\BUA��
��� C�S�F2f,�(\�
+T
I�(��A>�F�
FGST��>����	�
����
C�S��>���
�)*>D���	
�L�G��
F^((?�*�1O��BF(�Q(AU�
 m 
+TB+���UL��1,F^((? ^�T
1,
�
O+�F	B+���F2(+T�, 
'2(
L��1,F^((?F�+T�����
�>DC(���(\�'()C(��2�@@>� �*�(>���)��
F^((?
+TF��* Apoptosis 
F��TBA�,	S�F��*���F2(+T�,'2(
(>���)��
�>���, (Morphology) ��
F^((? 	S�B+���C*A>���

>H

F^((?\*�'�U L��1,\^�AG(�^�B F,ST�
@��F��*�����)AQ�,sU�,
�
�2�A+, Protease �U
s(1C�F��*���
'A�C>���
�	�
����
 (Cytoskeletal) L��1,F^((? @��,>H,F��*���F�+��L�G��
F�ST�CQ�BF^((? 
(Membrane) s(	S�
I�1C�s,>
F^((?�2�
G�
 (Membrane blebbing) ^�T
F�+T�����
�>D���F	(ST�,
+T��
 
Phosphatidyl serine @��L��1,F^((?�����U,��F^((? '()���F�+��L�G��
F�ST�CQ�B,��F	(+�� 
(Nuclear membrane) '(��@�
F��*���F2(+T�,'2(
L��1,,��F	(+�� F��*���C*A>���
 
Oligonucleosome '() DNA fragmentation '()���C*A>���
�	�B�A�, (Chromatin 
condensation) ^�T

I�1C�F��*(>���)
+TF�+���U� �Pyknotic nuclei� �Q*
���@�
F��*���'A�A>���
F^((?
���F2f, Apoptotic body C�S� Fragmented body (L�G
+T 1) 1,
+T�Q*@�
\BU��B��_�>����L�G
+TB+
O+��A��
F^((?\��\*� (�>A,�, 2548) 
 

���A��'DD Apoptosis @)F��*���F2(+T�,'2(
��
,��F	(+���*�FwG�) ,>T,	S� Genomic 
DNA @)_��
I�(���*��	��B�^B@)_��A>*F2f,O�H, m 'AU���A��,+H@)\BU�U�1C�F��*��)D�,���
�>�F�D (Inflammatory) F,ST�
@��F^((?
+TA��@)_��
I�(��@��F^((? Macrophage �*����>���)D�, 
���@>D��, (Phagocytosis) L��1,F^((?'()\BU�U�1C�F��*���F�+��B*Q(��
�U�
��� FG��)@I�,�,
F^((?
+TA��B+2��B��,���B��FBST�F
+�D�>D@I�,�,F^((?
>H
CB*1,�U�
���  

 
3.1 ��)D�,���
+TF�+T�����
1,���F��* Apoptosis 
 
      Apoptosis @)��B��_F��*1,C(�� m ��)D�,���FOU, ��)D�,���G>p,�\2
I�C,��
+T

��
F^((? (Differentiation) ��)D�,���G>p,���
F^((?A�B�U�,AU�
 m ��
�U�
�����
��T
B+O+��A 
��)D�,���'DU
A>���
F^((? (Proliferation) F2f,A�, '()B+2�@@>�
+T�U�1C�F��*���_����)AQ�, \*�'�U 
Cytotoxic T lymphocytes (CTL) ^�T
F�+T�����
1,��)D�,�����
�)DDL�B�	Q�B�>,, Anti cancer 
drugs, γ C�S� UV irradiation, �2�A+,1,�(QUB��
 Cytokines 
+TF�+���U� �Death factors� '()���
��*���
+TF2f,2�@@>��I�	>P��
������U��* (Deprivation of survival factors) (L�G
+T 2) �*�2�@@>�
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FC(U�,+H(��,'(��'AU��B��_
I�1C�F��*���A����
F^((?'DD Apoptosis \*� (Nagata, 1997) '()
��B��_GD���A��'DD Apoptosis 1,��)D�,���*>
AU�\2,+H	S�   

 

 
 

R���/U 1  (>���)���F2(+T�,'2(
��
F^((?1,���A����
F^((?'DD Apoptosis 
 
�/UL�: Farmer (2006) 
 

      3.1.1 Cell termination  
               ��)D�,���,+H��B��_F��*��H,\*�FBST�F^((?_��
I�(��'()���AU����^U�B'^B 

C�S�F^((?
+TA�*FOSH�\��>�C�S�A����UL��1A��L��)\BUFCB�)�BC(����U�
FOU, �����*��C��C�S�
���F��*	��BF�+�C��AU� DNA @�� Ionizing radiation C�S� Toxic chemicals ^�T
2�@@>�*>

+T�(U��B�
��B��_O>�,I�1C�F��*���A����
F^((?'DD Apoptosis �*�sU�,
�
 Tumor-suppressing gene (p53) 
^�T
�+, p53 C�S��+,�>D�>H
���F��*B)F�t
 F2f,�+,
+T
I�C,��
+T1,���	�D	QB��)D�,���_�*�C>� 

 

Nucleus 

Nucleus condensing (pyknosis) 

Blebs 

Cell shrinkage 

Nucleus fragmenting (karyorrhexis) 

 
  Phagocytes engulfs 

   Apoptotic bodies 

 

Apoptotic    

body  
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(Transcription) (�>A,�, 2548) ���A����
F^((?'DD Apoptosis ��B��_F��**���\*�*���A>�F�
 
F,ST�
B�@��F,SH�F�ST�D��F����D m C�S�@��F^((?
+TF2f,�U�,C,�T
��
�)DDL�B�	Q�B�>, 1,���+,+H
C,��
+T��
 Apoptosis @)F2f,A>�F	(ST�,����C�S�
I�(��F^((?
+TF�+�C�� FGST�2��
�>,A>�F�
 \BU1C�
�U�
����U�,'�'()�>D�>H
�������A>���
���A�*FOSH�\��>�  
 

              ���A����
F^((?'DD Apoptosis B+D
D�
1,���2��
�>,���F��*B)F�t
  
(Cancer) ^�T
_��C��F^((?\BU��B��_2�>DA>�\*�L��1A����A��'DD Apoptosis @)�U
s(1C�F��*���
�(�� (Mutation) C�S�����>D�>H
��
���O+�F	B+ (Biochemical inhibition) L��1,F^((? ^�T
F^((?
FC(U�,+H@)��B��_'DU
A>�'()G>p,�\2F2f,F,SH�
�� (Tumor) \*� FOU,���F��*A�*FOSH�\��>� 
Papilloma @)
I�1C��+,��
\��>�D�
O,�*B+���'�*
���'()F���\2�D��,���
I�
�,��
�2�A+,
p53 
+T���UL��1,F^((? �*��2�A+,,+HF2f,�B�O��
+T�I�	>P1, Apoptotic pathway ^�T
����D��,1,
	�>H
,+H ��@
I�1C�F^((?G>p,�@,�(��F2f,F^((?B)F�t
\*�1,
+T�Q* (Thompson, 1995) 
 

      3.1.2 Homeostasis  
               1,��T
B+O+��A
+T�AFAtB
+T @)B+����>����)*>D'()2��B����
F^((?
+TB+���U1C�F
U��>D

F^((?
+TA�� B+���'DU
F^((?F���B�'
,
+T\*�
>,FBST�F��*��	 '()B+���O*FO�1C��>DF^((?
+TA�� 
��)D�,����>����B*Q( (Balancing) ��
F^((?,+HF2f,�U�,C,�T
��
��)D�,��� Homeostasis ^�T

@I�F2f,AU����B+O+��A���U��
��T
B+O+��A FGST��>����)*>D	��B�B*Q(AU�
 m L��1,F^((?  

 
              Homeostasis @)F��*��H,\*���U�
�BD���? �tAU�FBST��>A�����'DU
F^((? (Rate of 

 mitosis) 1,F,SH�F�ST�,>H,�B*Q(�>DF^((?A�� _���B*Q(,+H_���D��,@��2�@@>�
+TB+s(@I�FG�)D�
��U�

+T
@)��B��_
I�1C�F��*�>,A���C�S�F��*��	��H,\*� ^�T
\*�'�U 2�@@>�
+TC,�T
 	S�B+���'DU
F^((?��U�
��* 
F�t� �U
s(1C�F��*���G>p,���
F^((?\2F2f,F,SH�
�� (Tumor) \*� 2�@@>�
+T��
 	S����'DU
F^((?
+TO��
B�� 
I�1C�F��*�����PF�+��	�
����
C�S���>��),>H, m \*� ^�T
��T
B+O+��A@I�F2f,A��
B+���F2(+T�,'2(

��U�
F2f,�>H,A�, FGST�	�D	QB1C�F��*��)D�,��� Homeostasis ��U�
_��A��
'()'BU,�I� FGST��>��� 
���B+O+��A���U��
��T
B+O+��A,>H, m ,>T,F�
 (Thompson, 1995) 

 
      3.1.3 Development  

  �2�'��BF^((?A��F2f,�U�,C,�T
��
���G>p,�F,SH�F�ST�
>H
GSO'()�>A�? �*���� 
G>p,���
��>��)'()F,SH�F�ST�@)A��
F��TBF2f,�>,*>D'�� C(>
@��,>H,@�
F��TB���'DU
F^((?'()F^((?
F��*���F2(+T�,'2(
 F2f,s(1C�F��*���A>*�
	?2�)��D
+T\BU@I�F2f,D�
�U�, (Pruned) ���\2
I�1C�
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F��*	��B_��A��
1,��>��),>H, m �*�1O����A��'DD Apoptosis ^�T
@)\BUFCBS�,�>D���A����

F^((?
+TF��*@�����D�*F@tD'AU���A��'DD Apoptosis @)
I�1C�F^((?F��*���C*A>� (Shrinkage) '()
���'A�C>���
 DNA @����)D�,���,+H �U�
�����B1C�F��*���@>D��, (Phagocytosis) �*�F^((? 
Macrophage ^�T
F^((?'()F,SH�F�ST���D m @)\BU\*��>D�>,A��� (Guerrero and Altaba, 2003)  

 

 
 
R���/U 2  2�@@>�AU�
 m 
+TF2f,A>���)AQ�,'()
I�1C�F��*���A����
F^((? (Apoptosis) 
 
�/UL�: Dash (2009) 
 

      3.1.4 Lymphocyte interaction  
               F2f,��)D�,�������
'()G>p,���
 B lymphocytes '() T lymphocytes 
+TGD

\*�1,��T
B+O+��A
+TB+��)*���>,C(>
O>H,��
 �*�F2f,��)D�,���
+T^>D^��,'()F2f,@Q*F��TBA�,��

�)DDL�B�	Q�B�>,��
�U�
��� 1,���A�D�,�
AU���T
'2(�2(�BAU�
 m 
+TF�����U�U�
��� �*�
��)D�,���,+H A��
���>���)D�,���F��*F^((?A��'DD Apoptosis ^�T
F2f,�(\�L��1,�U�
���
+T
I�
C,��
+T1,����I�@>*F^((?
+T\BU*+C�S�F^((?
+TF�+�C�� 
+TF��*1,�U�,
+T\BUA��
���C�S�@I�F2f,A��

I�(�� 
 

Viral infection 

Death Receptors  

Death receptor 

Cell Stress 

(growth factor depletion,  

cytoplasm stress, free radicals, 

serum starvation) 

  Ionizing 

Radiation 

Granzyme



 

 

F^((?,>H, m \*� (Werlen et al., 2003) �*����>��(QUBF^((?@�� T lymphocytes ^�T
F2f,O,�*
+T
F�+����U� �Cytotoxic T cell� 1,���
I�C,��
+T*>
�(U��,+H 

 
              Cytotoxic T cell F2f,F^((?FBt*F(S�*���O,�*C,�T
 
+TF�+T�����
�*�A�
1,���

��)AQ�,1C�F��*���A��'DD Apoptosis @�����A�D�,�
AU�@Q(O+GAU�
 m �*�FwG�)���A�*FOSH�
+TB+
��FCAQB�@��\��>� �*�B+C,��
+T1,���
I�(��F^((? 
+TB+'�,A�F@, (Antigen) D,s��F^((?��
��T

'2(�2(�B ^�T
���UL��\^�AG(�^�B��
F^((?sU�,
�
�2�A+,D,s��F^((?O,�* Major 
histocompatibilty complex (MHC) class I ^�T
��B��_GD\*�1,F^((?
+TB+,��F	(+��
Q�O,�*'()
���>� CD8 ^�T
F2f, Receptor 
+T���UD,s��F^((?��
 Cytotoxic T cell F2f,A>�@*@I���U�
@I�FG�)F@�)@
 
@��,>H,@�
��)AQ�,1C�F��*��)D�,��� Apoptosis �*�F��TBA�,@�����F��*�� (Pore) D,s����
F^((?
F2��CB��
+T_������
@�� Perforin (Russell and Ley, 2002) @��,>H,B+���C(>T
��
���F	B+
+T�I�	>P@�� 
Cytotoxic T cell L��1, Granules 
+TD��@Q�2�A+,@I�G�� Granzyme B sU�,��
+TB+���U ^�T
 Granzyme B 
F2f,F�,\^B?1,�(QUB��
 Serine protease 
I�C,��
+T1,�����)AQ�,F�,\^B? Caspases 
+T���U1,\^�AG
(�^�B��
F^((?F2��CB�� '(��@�
F��*��)D�,�����U�
F2f,�>H,(I�*>D@���(QUB��
 Caspases �U
s(
1C�F��*���'A�C>���
 DNA L��1,,��F	(+����
F^((?F2��CB�� 1,
+T�Q*@�
F��*���A����
F^((?
��H,  
 
 3.2 2�@@>�
+TF�+T�����
�>D���F��* Apoptosis 
 

      ��)D�,���F��* Apoptosis ��B��_F��*��H,\*�C��B+����U
�>PP����
���F	B+AU�
 m 
L��1,F^((? ^�T
����ST��>PP��FC(U�,+H GD\*�
>H
@��L��,��F^((? (Extracellularly C�S� Extrinsic 
inducers) '()
>H
@��L��1,F^((? (Intracellularly C�S� Intrinsic inducers)  
 

      ����U
�>PP����
���F	B+@��L��,��F^((? (Extracellular signals) @)2�)��D\2
*����(QUB��
���?�B, (Hormones) 
+TF�+T�����
1,����U
�>PP�,�)�)\�(, Growth factors ^�T

I�
C,��
+T1,�������
�2�A+,
+TF�+T�����
1,���F@��PFA�D�A, Nitric oxide 	S��(QUB��
���^ ^�T

I�C,��
+T
1,���F2f,����ST�2�)��
�)C�U�
F^((?L��1,�U�
��� (Brune, 2003) '()�(QUB��
 Cytokines 
+T
F2f,���,HI�AU�
 m '()C(>T
���B��*�F^((?L��1,�U�
���'()�U�,1CPU@)_������
@�� T 
lymphocytes FOU, Interferon gramma (IFN-γ) F2f,A�, '()@I�F2f,A��
B+A>��>D�>PP��^�T
���UD,s��
��
F^((?F2��CB�� 
+TB+	��B@I�FG�)F@�)@
�>D����ST��>PP��1,'AU()O,�* ���O>�,I���
����ST�
�>PP��,+H��B��_F2f,\*�
>H
A>���)AQ�,'()A>��>D�>H
 1,��)D�,�����
 Apoptosis \*� 
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      ����U
�>PP����
���F	B+@��L��1,F^((? (Intracellular signals) B+@Q*F��TBA�,
@�����A�D�,�
@��F^((?
+T\*��>D�����)AQ�,1C�F��*�L��)F	�+�* (Stress) ^�T

���
+T�Q*s(
+T
F��*��H,	S�F^((?,>H, m @)_��
I�(��(
 �I�C�>D���F���@>D��
 Nuclear receptors 1, 
Intracellular signals ,+H F��*��H,�*����>�2�@@>�
+TF�+T�����
C(��O,�* ^�T
2�)��D*����(��		��?A�-
	��*? (Glucocorticoids), 	��B���, (Heat), �>
�+ (Radiation), �����*�����C�� (Nutrient 
deprivation), ���A�*FOSH�\��>� (Viral infection) '()�����*���^�F@, (Hypoxia) ^�T
2�@@>��I�	>P
AU�
 m FC(U�,+H��B��_O>�,I�1C�F��*���C(>T
��
 Intracellular apoptotic signals @��F^((?
+T\*��>D
	��BF�+�C�� 'AUL��1,F^((?,>H, m �tB+�2�A+,
+T�I�	>P���U	S� Poly ADP ribose polymerase (PARP) 
^�T
F2f,�2�A+,
+T@I�F2f,�I�C�>D����>����L�G��
F^((? �*�
I�C,��
+TF2f,A>�^U�B'^B DNA 
+T
F�+�C�� 'AU_��C�� PARP _���U���(��*��� Caspases 
I�1C��(\����^U�B'^B'()�>����L�G
F^((?C�Q*O)
>�(
 1,
+T�Q*@�
F��*���A����
F^((?��H, (Chiarugi and Moskowitz, 2002) 

 
3.3 D
D�
��
\B�A	�,F*�+�
+TB+	��B�>BG>,J?AU����F��* Apoptosis  
 
      \B�A	�,F*�+�F2f, Organelle C,�T

+T�I�	>PAU�F^((?��
��T
B+O+��A GD\*�FwG�)1,             

\^�AG(�^�B��
F^((?1,�(QUB Eukaryote 
+T1O����^�F@,1,���C��1@ C,��
+TC(>���
\B�A	�,-
F*�+� 	S�F2f,'C(U
G(>

�,��
F^((? �*�1O� Adenosine triphosphate (ATP) ^�T

I�C,��
+T�,�U

G(>

�,����)1,F^((?��
��T
B+O+��A '()1,��)D�,���A��'DD Apoptosis \B�A	�,F*�+�F2f,
�
	?2�)��DC,�T
^�T

I�C,��
+T�*�A�
1,���F��* Intracellular signals *>
,+H	S�  

 
      FBST� Cytochrome C _��2(*2(U�����B�@��\B�A	�,F*�+� Cytochrome C @)\2@>D

�>D�2�A+, Apaf-1 C�S� Apoptosis peptidase activating factor-1 (F2f, Homolog �>D CED-4 1, 
Caenorhabditis elegans) '(��F��*�	�
����
1CBUFGST�\2@>D�>D Procaspase-9 
+T���U1,\^�AG(�^�B 
@�
\*����
+TB+�	�
����
1CBU�+�	�>H
 
+TF�+���U� �Apoptosome complex� (Adams and Cory, 2001) ^�T

@)F2f,@Q*F��TBA�,��
���F�����U��_+��
 Caspases ��
F^((? (L�G
+T 3) �*���)D�,���,+H@)F��*��U�

F2f,(I�*>D�>H,\2F�ST�� m @,\*�s(�AL>�E?A>��Q*
���	S� Caspase-3 ^�T
@)F2f,A>�\2A>* Substrate 
+T
F�+T�����
1,���^U�B'^B DNA, �2�A+,�	�
����
'() Endonuclease s(�Q*
���	S�
I�1C�F��*���
A����
F^((?�*����>� Caspase-3 (Executioner caspases) F2f,A>�����I�	>P 
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      \B�A	�,F*�+���B��_����
�2�A+,A>��ST, m FOU, Second mitochondria-derived 
activator of caspases (SMAC), Direct IAP-binding protein with low pI (DIABLO) 
+TB+C,��
+T
1,����>D�>H
 X-linked inhibitor of apoptosis (XIAPs) '() Apoptosis inducing factor (AIF) 
^�T
B+C,��
+T1,�����)AQ�,1C�F��*���A��'DD Apoptosis ^�T
��@@)���>���_+��
 Caspases C�S�\BU�t
\*� �������
	��BF�+�C��1C�F��*�>D\B�A	�,F*�+���B��_F��*��H,\*�@��C(����FCAQ FOU, 
Vesicular stomatitis virus (VSV), Ceramide, '�
�>(A��\���F(tA, �� FOU, Etoposide '() 
Staurosprin C�S����F2(+T�,'2(
��
 pH L��1,\^�AG(�^�BC�S�1,\B�A	�,F*�+�F�
 ^�T

��B��_��)AQ�,1C�F��*���2(*2(U����
 Cytochrome C @����D��F�� Membrane ��
\B�A	�,- 
F*�+� ^�T
F2f,@Q*F��TBA�,��
���F��*��)D�,�����
 Apoptosis �+���)D�,���C,�T
 (Bras et al., 
2005) 
  
       �2�A+,�(QUB Anti-apoptosis FOU, Bcl-2 '() Bcl-XL '()�2�A+,�(QUB Apo-apoptosis 
FOU, Bad '() Bax 
+T���U1,\^�AG(�^�B �2�A+,
>H
��
�(QUB,+H@>*F2f,�B�O����
 Bcl family �*�
C,��
+T��
�2�A+, Bcl family F�+T�����
1,���A�D�,�
AU����F��* Apoptosis ^�T
B+	��B��B��_

>H
1,�����)AQ�,'()�>D�>H
���F��* Apoposis FGST�1C�F��*�B*Q(L��1,F^((?F�
 �*�2�A� Bcl-2 '()    
Bcl-XL @)
I�C,��
+T1,���2�2��
��D��F��s����
\B�A	�,F*�+� _��C��\B�A	�,F*�+�_����)AQ�,
@��2�@@>�AU�
 m �(QUB�2�A+,��
 Apo-apoptosis \*�'�U Bad '() Bax @)��B��_
I�1C�F��*���
F2(+T�, '2(
�	�
����
��
 Membrane ��
\B�A	�,F*�+� s(	S�
I�1C��,�*��
��
+TF�+���U� �PT 
pore� (Permeability transition pore) ����A>�B����H, @��,>H, Cytochrome C @�
_��2(*2(U��
���B� (Tan et al., 2000) FGST�F�����U��)D�,���A����
F^((?'DD Apoptosis AU�\2 (L�G
+T 3) 
*>
,>H,2�@@>�AU�
 m 
+T
I�1C�\B�A	�,F*�+�F��*	��BF�+�C�� �t@)��B��_
I�1C�F��*��)D�,���A��
'DD Apoptosis ��
F^((?A�BB�\*�FOU,�>, 
 

      B+���
�,�����������F��* Apoptosis �U�,1CPU1,�>A�?F(+H�
(��*���,B FOU,B,Q��?'()
C,� ^�T
F�+T�����
�>D�)DDL�B�	Q�B�>,��
�U�
���
>H
��H, '()��B��_GD\*�1,��T
B+O+��A�ST, m �*�@��
���
�,��
 Kurobe et al. (2007) \*�
I������������F��* Apoptosis 
+T_����)AQ�,@���+, Fas lignd 
^�T
F2f,C,�T
1,�B�O����
 Tumour necrosis factor (TNF) 
+T
I�C,��
+TF2f, Cytokines GD�U����
'�*
�����
�+, JF-Fas lignd 1,2(� Japanese flounder ��B��_O>�,I�'()F2f,A>���)AQ�,1C�F��*
���A����
F^((?'DD Apoptosis �*����>� Cytotoxic T cell 
I�C,��
+T1,���\2�>D�>H
 Cell line 
HINAE �*����
I�(�� Genomic DNA L��1,F^((?,>H, m '()�>
B+���
�,��
 Praveen et al. 
(2006b) 
+T	�,GD�+, Cellular apoptosis susceptibility (CAS) @�� Non-specific cytotoxic cells 

    21 
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(NCC) 1,2(�,�( ^�T
�+,O,�*,+HF2f,A>�	�D	QB (Regulation) 1,�(\�
+TF�+T�����
�>D���O>�,I�1C� 
F��* Apoptosis L��1,F^((?��
2(�,�( '()@�����
�,��
 Chang et al. (2006) 
+T\*�
I���������
���'�*
�����
 TNF-related apoptosis inducing ligand (TRAIL) @����>��)AU�
 m 1, Grass 
carp 
 

      �*�1O�F
	,�	 RT-PCR GD�U���>��)
+TB+���'�*
�����
�+, TRAIL \*�'�U FC
S�� 
A>D \A�U�,C(>
 \A�U�,C,�� (I�\��'()B��B ^�T
GD�U�F2f,��>��)
+TF�+T�����
�>D�)DDL�B�	Q�B�>,

>H
��H, ,��@�� ,+H Evans et al. (2000) \*�
I���������s(��
���A�D�,�
��
 Non-specific 
cytotoxic cells (NCC) 1,2(�,�(AU������)AQ�,*������w+*�>	^+,@��FOSH�'D	
+F�+� S. iniae @��
����>*	U� Cytotoxicity activity \*�
+T GD�U� Cytotoxicity activity ��
 NCC B+	U�FG�TB��H,FwG�)1,
F^((?FBt*F(S�*���1,��)'�F(S�*F
U�,>H,  
 

 
 

R���/U 3  ����U
�>PP����
���F	B+@��L��1,F^((? (Intracellular signals) \2�>
\B�A	�,F*�+�  
  
+T��)AQ�,1C�F��*���A����
F^((?'DD Apoptosis @�����C(>T
��
 Cytochrome C 
 

�/UL�: Dash (2009) 
 

Apaf-1 

     Apoptotic signals 

 

Caspase  

Cascade 

Release of Bad 

De-phosphorylation 

 

Cytochrome C Apoptosome formation 

Caspase 9 
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4. Caspases 

 
Caspases (Cysteine aspartyl-specific proteases) F2f,�(QUBF�,\^B?
+T1O�1,����U���(��

�2�A+, (Proteolytic enzyme) ^�T
B+D
D�
�I�	>P1,�(\����A����
F^((?'DD Apoptosis �*� 
Caspases F2f,F�,\^B?
+TB+ Cysteine residue A�
AI�'C,U
�I�C�>D
I�2�������� (Active site) FGST�
I�
C,��
+T@I�FG�)AU����F�U
2����������
 Aspartate residue C�S� Specific aspartate residues ,��@��,+H
�>
B+D
D�
F�+T�����
�>D��)D�,����>�F�D�*����>��(QUB��
 Cytokines �+�*��� (Leeuwenburgh, 
2003)  
  
 @�����������	�
����
�+,1,C,�,A>��(B Caenorhabditis elegans 
I�1C�B+���	�,GD
�+, CED-3 ^�T
B+(>���)	(����>D�2�A+,1,B,Q��?
I�C,��
+TF2f,F�,\^B?
+TF�+���U� � Interleukin-1β 
converting enzyme (ICE)� '()B+(>���)
+T	(����>DF�,\^B?1,�(QUB��
 Caspases �*��2�A+,
FC(U�,+H
I�C,��
+TF2f, Pro-enzyme B+,HI�C,>��BF(�Q(2�)B�� 30-60 ���(*�(A>, _������
���UA(�* 
F�(�L��1,F^((? (Kumar, 1997) ^�T
1,�L�G2�A� Caspases @)���U1,��2
+TF2f, Inactivate 
+TGD1,
\^�AG(�^�B �*��>
\BU��B��_
+T@)
I�
�,\*� 'AU@)��B��_
I�
�, (Active) \*� FBST�@>DA>���B�>,
B����H,F2f, Heterodimer ^�T
@)
I�1C�B+D��F����
 Active sites B����H, @��,>H,@�
_�� Caspase A>�
�ST, A>�B>,F�
C�S�@)F2f,F�,\^B?O,�*�ST, F���B���)AQ�,1,��)D�,��� Proteolysis ^�T
@)
I�1C� 
Procaspase F2(+T�,F2f,F�,\^B? Caspase 
+T�BD���?
+TG���B@)
I�C,��
+T\*�AU�\2  

 
F2��CB��1,���
I�
�,��
 Caspases 
+T��B��_
I�1C�F��*���A����
F^((? \*�'�U ����U��


I�(�� Poly ADP ribose polymerase (PARP) ^�T
F2f,�2�A+,
+T
I�C,��
+T2��
�>,F^((?@�����_��

I�(��'()2�2��
,��F	(+��@�����'A�C>���
 DNA �*� Caspases @)�U�� DNA-Dependent 
protein kinase (DNA-PK) ^�T
@)B+s(\2��)AQ�,���
I�
�,��
 DNA fragmentation factor (DFF) 
�U
s(
I�1C�F��*����U���(�� DNA 1,,��F	(+��,>H, m '()�>
�U
s(AU�F,ST�
1C�F^((?\BU��B��_
^U�B'^B DNA L��1,F^((?\*�C�S�
I�1C�F��*���'���(�� (Disassemble) �	�
����
	HI�@Q,L��1,
��
F^((?�*�A�
 FOU, '���(���	�
����
F�ST�CQ�B,��F	(+�� ���2�>DF2(+T�,���@>*F�+�
A>�'()
'���(���	�
����
 (Cytoskeleton) ��
F^((? ���
I�1C�F��*���F�+��L�G (Inactivate) ��
�2�A+, 
FOU, ���F�+��L�G��
�2�A+, Bcl-2 ^�T
F2f,�2�A+,
+T
I�C,��
+T2��
�>,F^((?\BU1C�F��*���A��'DD 
Apoptosis '()�Q*
����2�A+, Caspases ��B��_�U���(��F^((?
I�1C�F��*���F2(+T�,'2(
F��*
�	�
����

+TF�+���U� �Apoptotic bodies� ^�T
@)\BU
I�1C�F��*��)D�,����>�F�D (Inflammatory) 
FG��)B+�����)AQ�,1C�F^((?
+T@)F��* Apoptosis �U
����ST��>PP��1C�F^((? Macrophage B�
+TF^((?
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F2��CB��FGST�
I�C,��
+T1,���@>D��, (Phagocytosis) FGST��I�@>*F^((?
+TA��FC(U�,+H\*���U�

>,
U�

+ 
(Leeuwenburgh, 2003; Shi, 2004) 

 
4.1 O,�*��
 Caspases  
 
      2�A�'(�� Caspases @)���U1,��2 Proenzyme (Pro-caspases) �*�B+�	�
����
C(>�

2�)��D*��� Prodomain (Pro) 
�
*��,2(�� N-terminal '()C,U���U�� (Subunit) B+�U�, Large 
subunit �,�*2�)B�� 20 kDa (���(*�(A>,) '() Small subunit B+�,�*2�)B�� 10 kDa ^�T

D��F�� Large subunit @)B+AI�'C,U
��)AQ�, (Active site) 
+TF2f, Cysteine residue 
+TB+(I�*>D��

��*�)B��, (Pentapeptide sequence) D��F�� Active site ^�T
F2f,'DD Conserved QACXG motif 
�*�
+T Q 	S� Glutamin (Gln), A 	S� Alanine (Ala), C 	S� Cysteine (Cys), X 	S���*�)B��,O,�*1*
1,��BO,�*,+H \*�'�U Arginine (Arg), Glutamine (Gln) C�S� Glycine (Gly) '()�Q*
��� G 	S� 
Glycine (Gly) 

 
      2�@@QD>,�(QUBF�,\^B?��
 Caspases 
+TB+���
�,1, Mammals B+@I�,�,��B 14 O,�* 

��B��_'DU
O,�*A�BC,��
+T'()���
I�
�,���F2f, 2 �(QUB \*�*>
,+H	S�   
 
      4.1.1 Initiator caspases C�S� Apical caspases F2f,�(QUBF�,\^B? Caspases 
+TB+ 

Prodomain �,�*1CPU��U� 100 Amino acid residues\*�'�U Caspase-1, Caspase-2,  Caspase-4,  
Caspase-5, Caspase-8, Caspase-9, Caspase-10 '() Caspase-12 �I�C�>D Prodomain ��
 Caspase
1,'AU()O,�*@)B+�	�
����
G�F�� (Structural motifs) FOU,1, Caspase-8 '() Caspase-10 B+�U�,
+T
F�+���U� �Dead effector domain� (DED) ^�T

I�C,��
+T1,���	�D	QB (Regulator) ���F��* Caspases
C�S�1, Caspase �(QUB�ST,FOU, Caspase-4, Caspase-5 '() Caspase-9 @)B+�	�
����

+TF�+���U� 
�Caspases recruitment domain (CARD)� �I�C�>D1O�1,���@>D�>D Adaptor molecule ,>T,�t	S� Fas-
asscociated death domain (FADD) C�S� Apoptosis protease-activating factor 1 (Apaf-1) FGST�1O�
I�
C,��
+T1,�����)AQ�,���
I�
�,��
 Effector caspases AU�\2 (Chen and Wang, 2002) 

 
      4.1.2 Effector caspases C�S� Executioner caspases F2f,�(QUBF�,\^B? Caspases 
+TB+ 

�,�*��
 Prodomain ,�����U� 30 ��*�)B��, 2�)��D\2*��� Caspase-3, Caspase-6, Caspase-7 
'() Caspase-14 �*�B+C,��
+TC(>�1,���'���U�����
+TF�+���U� �Death substrates� ^�T
B+	��B 
��B��_1,���AU�A��,�(\������*O+��A��
F^((? �*�����U���(���2�A+,�	�
����
AU�
 m 
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\*�'�U Actin, Fodrin '() Lamin @��,>H,@�
��)AQ�,1C�F^((?F��*���'��A>�'()
I�1C�,��F	(+��C*
A>� ^�T

>H
CB*��B��_�U
F���B���
I�
�,��
 Caspase-activated DNase/DNA fragmentation 
factor (CAD/DFF) \*� �Q*
���@�
F��*���'A�C>���
 DNA (DNA fragmentation) @������(��A>�
��
F�,\^B? Poly ADP ribose polymerase (PARP) 
+T
I�C,��
+T1,���^U�B'^B DNA '()
I�(�� 
Caspase-activated DNase Inhibitor (ICAD) '()F�,\^B?�(QUB,+H�>
��B��_�U���2�A+,1,�(\����
'DU
A>���
F^((? ^�T

I�1C����
I�
�,1,�)DDAU�
 m ��
F^((?A��
C�Q*(
 (Rehm et al., 2006) 
 

4.2 Caspase-3  
 
       F�,\^B? Caspase-3 C�S�
+T���@>��>,1,OST� CPP32, Apopain C�S� Yama F2f,C,�T
1,
�B�O����
F�,\^B? Caspases '()���U1,�(QUB��
 Effector caspases C�S� Executioner caspases ^�T

F2f,A>��(�
�I�	>P1,�(\����F��* Apoptosis L��1,F^((? ^�T
@)GD�U�B+���'�*
���B�F2f,
@I�,�,B�� 1,F^((?
+TF�+T�����
�>D�)DDL�B�	Q�B�>,��
G�� T lymphocytes C�S�T cells (Fernandes 
et al., 1994)  
 
       �*�
>T�\2'(�� Procaspase-3 @)_��A>*
+TAI�'C,U
 Arginine-9 C�S� Arginine-28 (L�G
+T 
4) @��,>H,@)��B�>, (Dimerization) F2f,F�F
���\*FB�\�F^O>, (Heterodimerization) ^�T
2�)��D 
*��� Large subunit 2 �U�, '() Small subunit 2 �U�,�*�B+AI�'C,U
��)AQ�, (Active sites) ���U
+T
D��F�� Large subunit '() Small subunit 
I�1C�F��*�	�
����
'DD Heterotetrameric 
+TB+	��B 
�I�	>PAU����
I�
�,��U�
B�� (Pokpong et al., 2007) 
 

4.3 D
D�
��
 Caspase-3 1, Apoptosis 
   
       (>���)���'A�C>���
 DNA 
+T���UL��1,,��F	(+�� @���(\� Apoptosis @I�F2f,A��
B+ 
Caspase-activated DNase (CAD) ^�T

I�C,��
+T1,���A>* DNA D,�	��B�^B ��)D�,���,+H���>�
F�,\^B? Caspase-3 F2f,A>��>DA>��Q*
�����
 Cascade 1,�(QUB��
 Caspases (L�G
+T 5) FBST����
�>
F	��)C?�2�A+, CAD 
+T\*�@��\��D�^BF��t@��H, �2�A+, Caspase-activated DNase Inhibitor 
(ICAD) @)F���@>D�>D�2�A+, CAD FGST�
I�1C����G>DA>� (Folding) ��
�2�A+,F��*��H,��U�
_��A��
 
@�
\*��2�A+,
+TB+�	�
����
FO�
^��, F�+���U� �DNA Fragmentation factor (DFF) C�S� CAD/ICAD 
complex� FBST������)AQ�,F��*��H,@��2�@@>�AU�
 m FOU, Death factor, γ-ray, Genotoxic anti-cancer 
drug C�S� Factor deprivation �(\����F��* Apoptosis L��1,F^((?@�
F��TB���
I�
�,��H, �*��(QUB
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F�,\^B? Caspases @)
I�
�,��U�
AU�F,ST�
'()F2f,(I�*>D�>H,A�, 1,�>H,'��	S� Death factor FOU, 
Fas ligand @)F���@>D�>DA>��>D
+T���UD,s��F^((?
+TF�+���U� �Fas receptor� @�
F��*�	�
����
1CBUF2f, 
Death induced signaling complex (DISC) 
+TB+A>��(�
 (Adaptor) F�+���U� �Fas-asscociated death 
domain/Mediator of receptor-induced toxicity-1 (FADD/MORT1)� 
I�1C�F�,\^B? Caspase-8 
(Procaspase-8) 
+T���U1,��2 Inactive _�� Autoactivated @�� DISC 1C�\*� Caspase-8 
+TG���B
I�
C,��
+T�*�'DU
���
I�
�,F2f, 2 'DD ^�T
'DD'��@)F��TB���A>*F�,\^B? Caspase-3 
+T���U1,��2��
 
Procaspase-3 @��,>H, Caspase-3 ^�T
B+C,��
+T1,���F2f,F�,\^B?�U���2�A+, @�
F��TB
I�C,��
+T��
B>,
F�
 *������\2A>*�2�A+, DFF C�S� CAD/ICAD complex �2�A+, CAD @�
_��2(*2(U��'()sU�,
F���\2L��1, Nuclear membrane \2
I�2���������>D�
	?2�)��DL��1,,��F	(+�� FOU, 
Topoisomerase II (Gyrase) ^�T
C,��
+TC(>���
 Gyrase 	S����A>* DNA 
I�1C�F��*���C*A>���
 
�	�B�A�,1C���B��_G>DA>����UL��1,,��F	(+��\*� 1,
+T�Q*@�
F��*���A����
F^((?'DD Apoptosis 
��H, �I�C�>DC,��
+T��
 Caspase-8 'DD
+T��
	S����\2A>*�2�A+, Bid FGST�1C�F��TB
I�
�,�*�F2f,A>�
\2��)AQ�,\B�A	�,F*�+�1C�2(*2(U�� Cytochrome C ^�T
F2f,@Q*F��TBA�,��
��)D�,���F��* 
Apoposis �+�
�
C,�T
 (Nagata, 2000) 
 

                                                                                                                                                                                                                                                                
 
 

 

 

R���/U 4  �	�
����
@I�(�
��
 Caspase-3 1,��2 Proenzyme 
+T2�)��D*��� Prodomain 
+T���U 
    
�
*��, 2(�� N-terminal '()B+�U�,��
 Large subunit �,�*2�)B�� 20 kDa �U�, 
                ��
 Small subunit 2�)B�� 10 kDa AI�'C,U

+T_��A>*D��F��@I�FG�)F@�)@
1,AI�'C,U
  

  Arginine-9 (D9) C�S� Arginine-28 (D28) 
 

�/UL�: Pokpong et al. (2007) 
 
 
 
 
 
 

PRO p17 p12  

D9 D28 D175 
227 

NH2- 

1 
- COOH 
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R���/U 5  �(\����F��* Apoptosis �*����>� Caspase-3 F2f,A>��>DA>��Q*
���1, Cascade ��
�(QUB 
               �2�A+, Caspases 
 
�/UL�: Nagata (2000) 
 

      @�����
�,��
 Cheah et al., (2005) ^�T
\*�
I���������	��B�>BG>,J?�)C�U�
��� 
����
 Neutrophil �>D���
I�
�,��
 Nuclear factor-kappa B (NF-κB) GD�U����1O�F�,\^B? 
Caspase-3 ��B��_��)AQ�, Neutrophil 
I�1C�F��*���A����
F^((?'DD Apoptosis \*� �*����

*(�
1,
���'��F��*GD�U�C�� Neutrophil 
I�
�,(U�O��(
 @)��B��_O>�,I�1C�F��*����>�F�D
'DDF�SH��>
1,A>D \2F2f,��	A>D\*� '()@�����
I�
�,
+Ts�*2�A���
 Neutrophil 1,(>���)FOU,,+H 
B+s(FOU,F*+���>D���1O� NF-κB F2f,A>�\2��)AQ�, Neutrophil �*��U
s(1C� Neutrophil 
I�
�,\*�
��U�
(U�O��FOU,F*+���>,  

 
      B+���
�,���GDF�,\^B? Caspase-3 @����T
B+O+��AC(��C(��O,�*��B
>H
1,�(QUB��


�>A�?B+��)*���>,C(>
O>H,ATI� FOU,2(� Sea bass (Dicentrarchus labrax L.) �*� Reis et al., (2007) 
\*�
I�������������	(,'()�����	Q�(>���)��
 cDNA ��
 Caspase-3 1,2(�O,�*,+H @�����
1O�F
	,�	 RT-PCR GD�U�B+���'�*
�����U�
C(��C(��1,��>��)AU�
 m @��2(�
+T\BU\*�_�� 

Death factor 

Factor deprivation 

Genotoxic 

anti-cancer drugs 

Caspase 9 

Cleavage of many 

death substrates 

γ-ray  
Caspase 8 

Caspase 3 

Mitochondria 
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��)AQ�, �*�B+���'�*
�����U�
FD�D�
F
U�,>H,1,\
B>�'()C>�1@ '()C(>
@�������)AQ�,*���
FOSH� Photobacterium damselae spp. piscicida B+���'�*
���FG�TB��H,FwG�)1,\A�U�,C,��F
U�,>H, 
�I�C�>Ds(��
��������(I�*>D��*�)B��,
+T\*�@�� Open reading frame (ORF) B+	��B���F
U��>D 
281 Residues�*�B+(I�*>D��*�)B��,	(���	(�
�>D2(� Takifugu rubripes C�S�2(� Fugu B��
+T�Q*
'()�>
B+ Pentapeptide active-site motif 	S� QACRG ^�T
 Motif *>
�(U��,+H 
I�C,��
+TF2f,AI�'C,U
 
Active site ��
F�,\^B? Caspase-3 ,>T,F�
 '()�>
B+AI�'C,U
 GSWFI '() RGD motif 
+TF2f, 
Protein binding domain �+�*��� �I�C�>D���
�,��
 Yabu et al., (2001) ^�T
\*�
I���������
	Q�(>���)��
 Caspase-3 1, Zebra fish (Danio rerio) �*����>� Ceramide F2f,A>���)AQ�,1C�F��* 
Apoptosis s(����������B��_GD Caspase-3 1,F�BD����
+T 12 O>T��B
 L��C(>
2���,J���
2(�
O,�*,+H �*����1O� Ceramide F2f,A>���)AQ�,
I�1C�F��*���A����
F^((?'DD Apoptosis ��H, 1,
��)D�,���G>p,�A>���
A>��U�,��
 Zebra fish ^�T
2�A�'(�� Ceramide @)
I�C,��
+TF2f, 
Signalling pathway sU�,F�,\^B?1,�(QUB Caspases �*�B+(I�*>D��*�)B��,
+T\*�@�� ORF B+	��B
���F
U��>D 282 Residues '()B+(>���)��
 Pentapeptide active-site motif 	S� QACRG 
FOU,F*+���>, '()@��������������	(,'()�����	Q�(>���)��
�+, Executioner Caspases FBST�
F��*���F2(+T�,'2(
�Q�CL�B� (Hyperthermia) 1,F�BD������
2(� Atlantic salmon (Salmo salar) 
s(��������GD�U���B��_	�,GD�+, Caspase \*� 5 O,�* *����>, \*�'�U Caspase-3A, Caspase-3B, 
Caspase-6A, Caspase-6B '() Caspase-7 ��B��_	�,GD(I�*>D,��	(+��\
*?F��,FAtB��
 Caspase-
3B \*� �*�B+ ORF ��
 Proenzyme F
U��>D 279 Residues 'AU1, Caspase-3A GDFG+�
D�
�U�,��
 
Sequence F
U�,>H, '()B+ ORF ��
 Caspase-7 F
U��>D 245 Residues ^�T
��*��*�)�,D�
�U�,��
 
Prodomain �>D Large subunit �I�C�>D ORF ��
 Caspase-6A '() Caspase-6B F
U��>D 294 '() 
302 Residues A�B(I�*>D ^�T
GD�U�1,�)�)���G>p,���
A>��U�, (Embryogenesis) ��
2(�C��B+
���F2(+T�,'2(
��
�Q�CL�B�
+T��
C�S�ATI���U�
s�*2�A� @)��B��_O>�,I�1C�F��*���A����
F^((?
'DD Apoptosis \*� ^�T
@)
I�1C�F��*	��BG����1,(��2(��>��U�,\*� (Takel et al., 2006) 

 
      ,��@��,+H1,�>A�?\BUB+��)*���>,C(>
 FOU,�Q�
��� C�S� White shrimp (Penaeus 

merguiensis) B+������������	(,'()���'�*
�����
 Caspase-3 @��FBt*F(S�* (Haemocytes) 
��
�Q�
��� �*�GD�U�B+(I�*>D��*�)B��,
>H
��H, 320 Residues '()B+ Conserved pentapeptide F2f, 
QACRG ^�T

I�C,��
+TF2f,D��F��@*@I� Active site ��
 Caspases FOU,F*+���>, '()s(@�����w+*
��)AQ�,*��� White spot syndrome virus (WSSV) ,�, 24 O>T��B
 GD�U�B+���'�*
�����
�+,
O,�*,+HB��
>H
1,�Q�
2�A�'()�Q�

+Tw+**��� WSSV �I�C�>D�Q�

+T1�(�A�� (Moribund) ��B��_GD���
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'�*
�����
�+, Caspase-3 \*���U�
FD�D�
\2@,_�
\BUB+���'�*
���F(� (Phongdara et al., 
2006) 

 
5. Granzyme  
  
 F�,\^B? Granzymes �*�
>T�\2'(��@)_������
@�� Cytotoxic T cells '() Natural killer 
cells 
+TF2f,���A�D�,�
1,�)DDL�B�	Q�B�>,'DD@I�FG�) (Adaptive or Acquired immunity) �*�
sU�,F^((? (Cell-mediated immune response) ^�T
 Granzymes ��B��_��)AQ�,1C�F��*���A����

F^((?'DD Apoptosis �*�1,�(\�
+TB+ Granzyme L��1,F^((?,>H,F��@)F�+���U� �Granzyme-
mediated pathways� 
+TA�D�,�
�����)AQ�,@��@Q(O+G
+T���>����UL��1,F^((? \*�'�U \��>�'()
'D	
+F�+�D�
O,�*  
 

Granzymes F2f,F�,\^B?1,�(QUB��
 Serine proteases ^�T
2(*2(U��B�@�� Cytoplasmic 
granules ��
 Cytotoxic T cells '() Natural killer cells C,��
+TC(>���
F^((?FC(U�,+H	S���B��_
��)AQ�,1C�F��*���A����
F^((?'DD Apoptosis 1,F^((?F2��CB��
+TA�*FOSH�
+TB+��FCAQB�@��\��>�
C�S�'D	
+F�+� (Obligate intracellular microbes) D�
O,�* (Bots and Medema, 2006) F^((?F2�� 
CB��@)_��
I�(���*� Cytotoxic T cells '() Natural killer cells @���������
�2�A+,
+TF�+���U� 
�Perforin� 1,�>H,A�,FBST� Perforin _��2(*2(U�����B�@��F^((?*>
�(U��,+H Perforin @)B+C,��
+TC(>�
1,�������
��D,GSH,s����
F^((?F2��CB��'(��@�
2(*2(U�� Granzymes FOU, Granzyme B 
+TD��@Q
���UL��1, Granules @��,>H, Granzyme B ^�T
F2f,F�,\^B? Serine protease @)��)AQ�,F�,\^B?1,
�(QUB��
 Caspases 
+TB+���UC(��A>�*������A>*1,�U�,
+TF2f, Aspartate residues (Buzza and Bird, 
2006) '(��@�
F��* Cascade ��
 Caspases \2@,_�
 Caspases A>��Q*
���,>T,	S� Caspase-3 1,
+T�Q*
���A����
F^((?'DD Apoptosis @�
F��*��H,  
 
 5.1 O,�*��
 Granzymes  
 

      1,2�@@QD>,1,��T
B+O+��AO>H,��
,>H, @)��B��_'DU
�(QUB��
 Granzymes \*�F2f, 5 �(QUB 
A�BO,�*��
 Substrate \*���U�
@I�FG�)F@�)@
 �*����
�,
+TGD1,B,Q��? \*�'�U Granzyme A, 
Granzyme B, Granzyme H, Granzyme K '() Granzyme M '()1,C,���B��_'DU
\*� 4 O,�* 
\*�'�U Granzyme A, Granzyme B, Granzyme K '() Granzyme M ^�T
B+�	�
����
	(���	(�
�>D 
Granzymes 1,B,Q��? (Grossman et al., 2003) �I�C�>D Granzyme C @��C,�@)B+�	�
����
	(���



 

 
30 

�>D Granzyme H 1,B,Q��?B��
+T�Q* �*� Granzyme @��C,�
+TB+���
�,
>H
��H,_�
 10 O,�* �I�C�>D
O,�*
+TFC(S�\*�'�U Granzyme E, Granzyme F, Granzyme G '() Granzyme N ,>H, �>
\BU
��D
C,��
+T'()���
I�
�,
+TO>*F@, 'AUGD���'�*
���1, Cytotoxic T lymphocytes @�� Testis ��

C,�FOU,F*+���>, (Bots and Medema, 2006) 
 

      �*����>� Substrate ��
�2�A+, Granzyme 
I�1C���B��_,I�B�@>*�(QUB��
 Granzyme 
A�B Locus 
+TGD (L�G
+T 6) 'DU
F2f, 3 �(QUB1CPU ^�T
GD\*�
>H
1,B,Q��?'()C,� (Chowdhury and 
Lieberman, 2008) \*�'�U Locus tryptase 
+T2�)��D*����(QUB��
 Granzyme A '() K 
+T���UD,
�	��B�^B'
U

+T 5 (B,Q��?) �>D�	��B�^B'
U

+T 13 (C,�) B+C,��
+T�I�	>PF2f,���F	B+1,����U�
L�B�'G�
+T����
B�@�� Mast cell ^�T

I�C,��
+T1,���\2
I�(��F,SH�F�ST�'()�>D�>H
���s(�A�2�A+,
+T
�I�	>PD�
O,�* FGST�1O��I�C�>D���G>p,�A>��U�, (Embryo), Locus chymase ^�T
\*�'�U �(QUB��
 
Granzyme B '() H D,�	��B�^B'
U

+T 14 (B,Q��?) _������
B�@�� Mast cell FOU,F*+���>,'AU

I�
�,�U�B�>D Granulocytes ^�T
F�+T�����
�>D���A�D�,�
AU�@Q(O+GC�S�2���AAU�
 m (Caughey, 
2007) '() Locus metase D,�	��B�^B'
U

+T 19 (B,Q��?) �>D�	��B�^B'
U

+T 10 (C,�) @>*���U1, 
Granzyme M ^�T

I�C,��
+TF2f,A>��(�
1C�F��*���O>�,I����A����
F^((? sU�,
�
��_+��
 Caspases 
(Kelly et al., 2004) 
 

      1,�>H,A�,
+T Granzyme sU�,F���\21,F^((?F2��CB���*����>� Receptor 
+TB+ 
Electrostatic interactions �>D Heparan sulphate ^�T
F2f, Proteoglycans �*�B+ Receptor 
+TF�+���U� 
�Mannose-6-phosphate� 
+T���UD,s��F^((? FBST� Granzyme F���\21,\^�AG(�^�B�*����>��2�A+, 
Perforin 
+TB+(>���)F2f, Pore-forming molecule ��B��_
I�1C�F��* Permeabilization 
+TF�ST�CQ�BF^((? 
@,F��*����
 Perforin @)F2f,OU�

�
1C� Granzyme sU�,F���\21,F^((?F2��CB�� �*���@),+H���U\*�
�)�)C,�T
�*�1,�U�,��
�>H,A�,���F��*��,>H, Perforin @)@>D��BA>��>, (Perimerizes) 1,�L�G
+T
B+ Calcium F2f, Cofactor ^�T
@)
I�1C�\*��	�
����

+T	(����>D Complement C9 ^�T
F^((?F2��CB��@)
��PF�+�	��B��B��_��
���	�D	QB,HI�'()F�(S�'�U\2 C(>
@��,>H, Plasma membrane ��
F^((?
@)
I����^U�B'^BA>�F�
�+�	�>H
 (Catalfamo and Henkart, 2003)  
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R���/U 6  ���@>*�(QUB��
�+, Granzymes A�B�	�
����
��
 Catalytic active site  
 
�/UL�: Chowdhury and Lieberman (2008) 
 
 5.2 D
D�
��
 Granzyme O,�*AU�
 m 1,���F��* Apoptosis L��1,F^((? 
 

      5.2.1 Granzyme A 
I�C,��
+TC(>�1,���F2f,A>���)AQ�,1C�F��*���A����
F^((? �*� 
Granzyme A F2f,F�,\^B?
I�C,��
+TF���\2A>* Single-strand DNA 1,�)C�U�
��)D�,���'DU

F^((? ,��@��,+H���A����
F^((?
+TF��*��H,@�����O>�,I�*��� Granzyme A ,+H @)\BUF�+T�����
�>D
��@���B��
F�,\^B?1,�(QUB Caspases '() Granzyme A �>
B+	��B'A�AU�
@�� Granzyme B 
+T
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AI�'C,U
��
���
I�
�, ,>T,	S� Granzyme A 
I�1C�F��*	��BF�+�C��1,�U�,��
 Inner membrane 
1,\B�A	�,F*�+� '()2(*2(U�����F	B+
+T\*�@���(\���
 Reactive oxygen species (ROS) ^�T

��B��_GD\*�1,��)D�,���C��1@��
F^((? �U�, Outer membrane �>
	
B+�L�G���U\*� '()�>
B+
D��F��
+T��B��_����
�2�A+,1,�(QUB��
 Pro-apoptotic \*�'�U Cytochrome C, High temperature 
required protein A2 (HtrA2) C�S�F�+����U� �Omi C�S� Second mitochondria-derived activator of 
Caspases/ Direct IAP-binding protein with low pI (Smac/Diablo)� ^�T
F2f,�2�A+,
+T�>
\BU\*�_��
2(*2(U�����B� (Chowdhury et al., 2006; Martinvalet et al., 2005)  
 

  @��L�G
+T 7 F2f,�(\�C,�T

+T���>� Cytotoxic T cells 1,����I�@>*F^((? Tumor  
'()F^((?
+TF��*���A�*FOSH�@��\��>� �*����2(*2(U���2�A+, Perforin 
+T����
B�@�� Cytotoxic T 
cells ^�T
�2�A+,O,�*,+HB+C,��
+T1,���@>D�>Ds,>
F^((? 
I�1C�F��*�� @��,>H, Granzyme A '() 
Granzyme B @)F���\2L��1,F^((? �*� Granzyme B @)
I�C,��
+T1,�����)AQ�,���
I�
�,��

F�,\^B? Caspases FGST�F���\2A>*�2�A+, Caspase-activated DNase Inhibitor (ICAD) 
+T2(*2(U��
B�@�� DNA Fragmentation factor 40 (DFF40) @,
I�1C�F��*���'A�C>���
 DNA 
+T���UL��1,
,��F	(+�� �I�C�>D Granzyme A ,>H, F2f,C,�T
1,F�,\^B?
+TB+���2(*2(U�����B�1,2��B��B��
@�� Cytotoxic T cells �*��(\�
+TF��*��H,,>H, Granzyme A @)
I����A>* SET complex ^�T
F2f,�(QUB
�2�A+,FO�
^��,
+T2�)��D\2*��� SET, NME1, Apurinic endonuclease 1 (Ape1), pp32 '() 
HMG2 �*�
>H
CB*F2f, Substrate 
+TB+	��B@I�FG�)AU� Granzyme A F
U�,>H, '() GD�U��+, NM23-
H1 C�S� NME1 (L�G
+T 7) @)F���\2
I�(�� DNA �*����
I�1C�F��* DNA fragmentation 
+T���UL�� 
1,,��F	(+����
F^((?F2��CB�� �*� NME1 ,+H@)F2f, Suppressor ��
�+, Tumor F2f,s(
I�1C����
F��* Tumor B+@I�,�,(*(
 (Fan et al., 2003)  
 

  C(>
@��
+T�2�A+, SET complex _��A>*'(��@)GD�U��2�A+,
+TC(Q*���B� @)
I� 
C,��
+T1,����>D�>H
���_��
I�(����
 DNA ^�T
�2�A+,FC(U�,+H@)��B��_sU�,F���\2L��1,,��	(+��-
�^B '()@)
I�
�,�U�B�>D cAMP response element binding protein (CBP) �I�C�>D�2�A+, 
Apurinic endonuclease (Ape1) FBST�C(Q*���B�@�� SET complex @)
I�C,��
+TF2f,A>�^U�B'^B	��B
F�+�C����
 DNA FOU,F*+���>D�2�A+, HMG2 @)F���\2@>D�>D��� DNA FGST�F2(+T�,'2(
�	�
 
����
��
 DNA 1C�FCB�)�B@,��B��_F��*��)D�,��� Transcription ��H,\*� 1,��) F*+���>, 
�2�A+,
+T
I�C,��
+T1,����>D�>H
 NM23-H1 
+TOST� SET @)
I�
�,�U�B�>D CBP ^�T
F2f,A>� Coactivator 
1,��)D�,��� Transcription FOU,F*+���>,'()�I�C�>D�2�A+, pp32 
I�C,��
+T�>D�>H
�+, Tumor @)
��B��_��)AQ�,���F��* Cascade ��
F�,\^B? Caspases \*��+�
�
C,�T
 F2��CB��AU�\2��
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Granzyme A 	S��2�A+, Nuclear lamins ^�T
F2f,�2�A+,�I�	>P1,����>����L�G��
F�ST�CQ�B
,��F	(+�� (Nuclear envelope) '()�2�A+, Histone H1 
I�C,��
+T�>����	�
����
��
�	��B�^B 
�*� Granzyme A @)A>*�2�A+, Nuclear lamins 
I�1C�F��*OU�

�
1,���F���1,L��1,,��F	(+�� 
'(�� Granzyme A @�
A>*�2�A+, Histone H1 1,
+T�Q*@�
F��* DNA fragmentation A�BB� 
(Lieberman and Fan, 2003) 

 
      5.2.2 Granzyme B C�S� Serine protease B F2f,F�,\^B?^�T

I�C,��
+T1,���O>�,I�1C�

F��*���A����
F^((?1,�(\� Apoptosis �*� Granzyme B @)\2A>*D��F�� Carboxyl side ��
 
Aspartate residues ��
F�,\^B? Caspases ^�T
F2f, Subtrate 
+TFwG�)F@�)@
��
 Granzyme B ^�T
@)
F��TBA�,@�����2(*2(U�� Granzyme B 
+T����
B�@�� Cytotoxic T cell C�S� Natural killer (NK) 
cell F�����UF^((?F2��CB��sU�, Perforin ^�T
F�+T�����
�>D���F��* Lytic ��
F^((? (Fan and Zhang, 
2005) 

 
  �(\����A����
F^((?'DD Apoptosis �*������)AQ�,sU�, Granzyme B @) 

F��*��H,FBST� Granzyme B F�����UL��1,\^�AG(�^�B��
F^((?'(�� Granzyme B @)\2A>*D��F�� 
Aspartate residues ��
F�,\^B? Procaspases-3 ^�T
F2f, Substrate ��
 Granzyme B 1C�F��TBA�,

I�
�, (Cullen and Martin, 2008) @��,>H, Caspase-3 @)
I�C,��
+TF2f,F�,\^B?\2A>*�	�
����

FO�
^��,��
�2�A+, �)C�U�
�2�A+, Caspase-activated DNAse (CAD) �>D�2�A+, Caspase-
activated DNase inhibitor (ICAD) 
I�1C��2�A+,
>H
��
F��*���'��A>����@���>, @��,>H, CAD 
@�
F���\21,,��F	(+��'(��F��TB
I�C,��
+T �*�@)��BA>�F����>DF�,\^B? Topoisomerase II ^�T
F2f,
F�,\^B?
+T
I�C,��
+TA>*��� DNA 
I�1C� DNA ��*C�S�'A�C>� F��*���C*A>���
�	�B�A�, 
I�1C�
F��*���'A���
��� DNA (DNA fragmentation) 1,
+T�Q*@�
F��* Apoptosis ��H, (L�G
+T 8) 

 
  ,��@��F�,\^B?1,�(QUB��
 Caspases 
+TF2f, Substrate ��
 Granzyme B �>
B+  

Substrate A>��ST, m 
+T@I�FG�)F@�)@
�+�1,���_��A>* \*�'�U Bid ^�T
F2f, Pro-apoptotic FBST� Bid _��A>* 
'(��@)F	(ST�,A>�F�
F���\21,\B�A	�,F*�+�FGST�@>D�>D Bax C�S� Bak 
+T���UD��F�� Outer 
membrane ^�T
s(
+T\*�	S����2(*2(U�� Cytochrome C ^�T
@)\2��BA>��>D Caspase-9 '()�(�� 
F2f, Apoptosome '(��@�
\2A>*�2�A+, Procaspase-3 
+T�����UFGST���)AQ�,1C�F��* Apoptosis �+�
�

C,�T
 (Cullen and Martin, 2008) 

 
 
 



 

 
34 

 

 
 

R���/U 7  �(\����
I�
�,��
 Granzyme A '() B 1,���F��* Apoptosis L��1,F^((?�*�sU�,  
  
�
Cytotoxic T lymphocytes 1,��)D�,��� Cell mediated immune responses 

 

�/UL�: Croston (2009)   
 
      5.2.3 Granzyme C '() Granzyme H _��@>*���U1,�(QUB��
F�,\^B?
+TF�+���U� �Orphan 

granzyme� F,ST�
@���>
\BUB+�����������B�(B��,>� ^�T
B+���
�,���GD�+,�(QUB,+HC(��O,�*1,C,� 
\*�'�U Granzyme C, Granzyme D, Granzyme E, Granzyme F, Granzyme G, Granzyme K, 
Granzyme L, Granzyme M '() Granzyme N _��C��F2f,�(QUB��
 Granzyme 
+TGD1,B,Q��?  
\*�'�U Granzyme H, Granzyme K '() Granzyme M �*�
>T�\2'(���(QUB Granzymes *>
�(U��GD
\*�	U�,���
,���_��F
+�D�>D Granzyme A '() Granzyme B  
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R���/U 8  D
D�
��
 Granzyme B 1,�(\� Apoptosis 
 
�/UL�: Anonymous (2009) 
 

  Granzyme C F2f,F�,\^B?A>�C,�T
1,�(QUB��
 Serine proteases 
+T_������
B� 
@�� Cytotoxic T-cell '() Natural killer cell ��
C,� ^�T
B+OST�F�+���ST,�U� Cytotoxic cell protease-2 
(CCP2) �*�F2f, Homolog �>D�+, RNKP-4 ��
C,� C,��
+T��
 Granzyme C @)F2f,A>���)AQ�,1,
�(\�
+TF�+T�����
�>D\B�A	�,F*�+� ^�T

I�1C�F��*	��BF�+�C��D��F�� Membrane ��
\B�A	�,- 
F*�+� s(
+T\*�	S�\B�A	�,F*�+�2(*2(U�� Cytochrome C ���B���)AQ�,1C�F��*�(\���
 
Apoptosis @��,>H,�>

I�
�,	(����>D Granzyme A A�

+T
I�1C�F��*�����*��
 Single-Stranded 
DNA  FOU,�>, (Johnson et al., 2003) 
 

Apoptosis 

Apoptosis 

Cytotoxic 

Effector Cell 
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    �U�, Granzyme H ,>H, @>*���U1,�(QUB��
 Locus chymase ^�T
B+(>���)�	�
 
����
	(����>D Granzyme B 'AU�U�,1CPU'(��@)
I�C,��
+T1�(�F	+�
�>D Granzyme C �*�C,��
+T'()
D
D�
�>
	
\BU',UO>*,>� 
 

      5.2.4 Granzyme K C�S� Granzyme-3 F2f,F�,\^B?�+�A>�C,�T

+T@>*���U1, Locus  
tryptase 
+TGD���UD,�	��B�^BF*+���>D Granzyme A ^�T
_��	�,GD1, RNK-16 cell line ��
C,� 
@�����F��TBF��* Apoptosis 
+TF(+H�
\��,�,��U� 14 O>T��B
 1, Cytotoxicity assay (Shi et al., 1992) 
�*� Granzyme K @)B+2��B��
+TGD,�����U� Granzyme A ��U�
\��tA�BF�,\^B?O,�*,+H B+C,��
+T
'()
I�
�,�*�\BUF�+T�����
�>D�2�A+,1,�(QUB Caspases ^�T

I�1C�\BUGD���F2(+T�,'2(
��
F^((?
'DD Apoptosis 'AU@)\2�D��,���
I�
�,��
\B�A	�,F*�+� 
I�1C�F��*�������
 Reactive 
oxygen species (ROS) ^�T
F2f,G��AU�F^((?F@��D��, ,��@��,+H Granzyme K �t\BU��B��_
I�1C�F��*
���O>�,I�1C�F��*���2(*2(U���2�A+,O,�* Pro-apoptotic FOU, Bid C�S� Bax \*�FOU,�>, (Grossman 
et al., 2003) 
 
       5.2.5 Granzyme M F2f,F�,\^B?1,�(QUB��
 Serine protease 
+T	�,GD1,B,Q��?'()C,� 
GD�U�B+	��B�>BG>,J?�>D�)DDL�B�	Q�B�>,
+TB+B�A>H
'AUF��* (Innate immunity) ^�T
GD�U�_������
B�@�� 
Natural killer cells 'AU@)'A�AU�
@�� Granzyme O,�*�ST,A�
AI�'C,U
A>*��
 Substrate F2f, 
Methionine C�S� Leucine residues '
, �I�C�>DC,��
+T'()���
I�
�,��
 Granzyme M \BU@I�F2f, 
A��
���>��2�A+,1,�(QUB��
 Caspases 'AU@)B+D
D�
\2�D��,���
I�
�,��
\B�A	�,F*�+� 
^�T
@)\BU��B��_
I�1C�F��*���'A�C>���
 DNA \*� (Chowdhury and Lieberman, 2008) '()@��
����������
 Pao et al. (2005) GD�U�C��C,���* Granzyme M 1,�>H,A�,���F2(+T�,'2(
C�S�
���G>p,�A>� (Development) '()����>����)*>D	��B�B*Q(��
F^((? (Homeostasis) @)
I�1C�F��*
���F2(+T�,'2(
��
F^((?\2F2f,F^((? Tumor \*�  
 
    @�����������U�,1CPU'(�� GD�U�B+���
�,���������+, Granzyme O,�*AU�
 m 
1,B,Q��?'()C,�F2f,�U�,1CPU �*���������@)F�+T�����
�>D����>�����	
+TF��*@��B)F�t
C�S�F,SH�

�� C�S�F��*@�����A�*FOSH�L��1,F^((? FOU,\��>� ^�T
�+, Granzyme @)F2f,A>��(�
�I�	>P
+TF��*��H,
L��1,F^((? 1,�(\����A����
F^((? ,��@��,+H@������������
 Praveen et al. (2004) \*�

I���������	Q�(>���)��
�+, Granzyme 1,2(���)*��'�t
 (Teleost) �*���B��_	�,GD�+,
O,�*,+H\*�F2f,	�>H
'�� @����������GD�U�F2f,�+,1,�(QUB Granzyme-like serine protease 
+T\*�@�� 
Cytotoxic cells 
+TF2f, Nonspecific cytotoxic cells (NCC) 1,2(� Channel catfish C�S�F�+���U� 
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�Channel catfish Granzyme-1 (CFGR-1)� ^�T
�+,O,�*,+HB+(>���)�	�
����
��
�+,	(����>D�+, 
Granzyme A '() Granzyme K FG��)B+ Substrate 
+T@I�FG�)F2f, Arginine C�S� Lysine residues 
'(���>
GD�U�B+���'�*
�����
�+,O,�*,+HB��1,F^((?FBt*F(S�*���1,��)'�F(S�* \A�U�,C,��
'()B��B '()@������������
 Praveen et al. (2006a) \*�
I����������	�
����
'()(>���)��

�+, Granzyme �+�	�>H
 �*���B��_	�,GD�+, Granzyme \*�1,2(�,�( (Nile tilapia) ^�T
����
B�@�� 
Nonspecific cytotoxic cells (NCC) '()F�+���+,O,�*,+H�U� �Tilapia granzyme-1 (TLGR-1)� s(@��
���������	�
����
��
�+,GD�U�2�)��D*��� 5 Exons '() 4 Introns ^�T
B+(I�*>D,��	(+��\
*?
+T
�BD���?��
�+, TLGR-1 
>H
CB* 2,541 bp �*�B+(I�*>D��*�)B��,
+T���U1, Open reading frame 
(ORF) F
U��>D 254 Residues '()@�����
I� Alignment �>
GDD��F��(I�*>D��*�)B��, IIXG motif 

�
*��, N-terminal ^�T

I�C,��
+T1,����U
�>PP��1,��)D�,���F��* Apoptosis ^�T
@I�FG�)
�I�C�>D�(QUB�+, Granzyme ��
��T
B+O+��AO,�*AU�
 m *��� (Bode et al., 1989) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
38 

�a5���	+,-���/��� 
 

�a5���	 

 
1.  2(�,�( (Oreochromis niloticus Linn.) A>�FAtB�>� ,HI�C,>�2�)B�� 800 ��>B @I�,�, 21 

A>� '()2(�,�(,HI�C,>�2�)B�� 40 ��>B @I�,�, 81 A>� @��L�	��O�FG�)F(+H�
�>A�?,HI� 	�)2�)B
 
BC���
��(>�F��A����A�? 

2.  ��C��FBt*�I�F�t@��2  
3.  A����)@��,�* 100 (�A� '()F	�ST�
1C������G���B�Q2���? 
4.  F	�ST�
O>T
 Mettler PJ 400  
5.  A��'OUF�S��'�t
�Q�CL�B� -20 �
��F^(F^+�� (Mirage) 
6.  A��'OUF�S��'�t
�Q�CL�B� -80 �
��F^(F^+�� (Thermo Forma) 
7.  Autoclave (Hirayama) 
8.  Centrifuge DYNAC II (Centrifuge Clay Adams) 
9.  Centrifuge tube �,�* 15 '() 50 B�((�(�A� 
10.  Cylinder �,�* 100 '() 1,000 B�((�(�A� 
11.  Electrophoresis machine, MyRun (Bioactive) 
12.  Erlenmeyer flask �,�* 125, 250 '() 1,000 B�((�(�A� 
13.  Gel documentation system (Syngene) 
14.  Glass/Teflon potter homogenizers  
15.  Green SSeriker II, VS-8480 SFN (Vision Scienctific) 
16.  Grinder (Asahi Glass Co., Ltd.) 
17.  Hot air oven (Memmert) 
18.  Incubater (Memmert) 
19.  Microwave oven (Sanyo Electric Co., Ltd.) 
20.  Microcentrifuge Mikro 200R (Hettich) 
21.  Micropipette �,�* 10, 20, 200 '() 1,000 \B�	�(�A� (Costar) 
22.  Minicentrifuge (Profuge 6K, Korea) 
23.  Monovette �,�* 92x11.5 B�((�FBA� (Sapstedt) 
24.  Orbital shaker (Forma Scientific) 
25.  Optical cap, 8X srip Qty. 120 (Stratagene) 
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26.  PCR tube �,�* 0.2 B�((�(�A� (Costar) 
27.  Pipette �,�* 10 B�((�(�A� (Gilson) 
28.  Plastic box for tube �,�* 1.5/2.0 B�((�(�A� '() 10x10 channel  
29.  96 Well polypropylene plates natural, non sterile 25 plates/case (Stratagene) 
30.  Power supply power PAC 200 (Bio-Rad) 
31.  Real-time PCR machine (Mx Pro 3000P QPCR, Stratagene) 
32.  Spectrophotometer, Spectronic 401 (Milton Roy) 
33.  Spectrophotometer, Spectronic 2000 (Bausch&Lomb) 
34.  Syringe needle No. 20, 22 '() 24 (Nipro)  
35.  Takara gradient thermal cycler (Takara) 
36.  TOMY MX-301 High speed refrigerated microcentrifuge (Meditop) 
37.  Tube �,�* 15 B�((�(�A� (Neptune) 
38.  Vortex-2 genic (Scientific Industries, USA) 
39.  Waterbath shaker 1083 (GFL) 
40.  ���F	B+�I�C�>D
�,
�
���O+��BF(�Q( 

- Absolute ethanol; C2H5OH (Merck) 
- 40% Acrylamide/Bis-solution, 19:1 (Bio-Rad) 
- Agarose gel (Conda) 
- Ampicillin sodium salt (Bio Basic Inc.) 
- 5-bromo-4 chloro-3-indoyl-β-D-thiogalactoside; X-Gal (Sigma) 
- Boric acid; H3BO3 (Merck) 

- Brilliant® II SYBR Green QPCR Master mix (Stratagene) 

- Chloroform, CHCl3 (Merck) 
- Concanavalin A (Bio basic Inc.) 
- 100 mM dNTP (Wardmedic) 
- Diethyl pyrocarbonate (DEPC), C6H10O5 (Sigma) 
- Dimethyl sulfoxide (DMSO), C6H10O5 (Amersco) 
- Ethidium bromide; EtBr (Sigma) 
- Ethylene diamine tetraacetic acid (EDTA), disodium salt dehydrate (Fluka) 
- Fetal bovine serum, standard qulity (PAA) 
- Formamide '() Formaldehyde (BDH) 
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- GeneRulerTM 100 bp DNA Ladder Plus 0.05 B�((���>B (Wardmedic) 
- Glyceral (Bio Basic Inc.) 
- Heparin sodium salt (Sigma) 
- Isopropyl-β-D-thiogalactoside; IPTG (Sigma) 
- Isopropanol (Merck)  
- Lymphoprep (Axis-shield) 
- Magnesium chloride; MgCl2 (Merck) 
- N, N, N`, N`-Tetramethylenediamide; TEMED (Bio-Rad) 
- 3-[N-morpholino] propane-sulfonic acid; MOPS (Bio basic Inc.) 
- Penicillin/Streptomycin (PAA) 
- Phospate-buffer saline (PBS)  
- RPMI medium 1640 (Gibco) 
- Sodium chloride; NaCl (Merck) 
- Sodium hydroxide; NaOH (Eka-Nobel) 
- Sterile distilled water; dH2O 
- Tri-Sodium citrate dihydrate (Scharlau) 
- Tris-base; Tris-Hydroxymethyl amino methane (Pacific science) 
- Trizol reagent (Molecular Research Center) 

41.  OQ* Kit �I�F�t@��2 
- BD SmartTM RACE cDNA Amplification Kit (BD Bioscience clontech) 
- Plasmid DNA Extraction Kit (Bioexcellence) 
- Quick Prep® Micro mRNA Purification Kit (Amersham pharmacia biotech) 
- RevertAidTM First Stand cDNA synthesis Kit (Fermentas) 
- Wizard® SV Gel and PCR Clean-Up System (Promega) 

42.  F�,\^B?A>*@I�FG�) (Restriction enzyme) '() Clonning vector  
- Bam HI (Fermentas) 
- Eco RI (Fermentas) 
- Taq DNA polymerase (Fermentas) 
- Xho I (Fermentas) 
- pGEM®-T- Easy Vector (Promega)  
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43.  ���G>,JQ?��
FOSH�'D	
+F�+� 
- Escherichia coli ���G>,JQ? JM 109  
- Streptococcus agalactiae ���G>,JQ? AQSA001 
- Aeromonas hydrophila ���G>,JQ? AQAH001 

44.  ��C��F(+H�
FOSH� (L�	s,��) 
- Luria Bertani Broth (LB Broth) 
- Luria Bertani Agar (LB Agar) 
- Trypticase Soy Broth; TSB (Difco) 
- Trypticase Soy Agar; TSA (Difco) 
- Yeast extract (Scharlau) 
- Super Optimal Culture Medium (SOC Medium) 

45.  �2�'��B	�BG��FA��?�I�C�>D�����F	��)C?(I�*>D,��	(+��\
*?'()��*�)B��, 
- BLASTN and BLASTX program  

http://www.ncbi.nlm.nih.gov/blast/BlastN 
http://www.ncbi.nlm.nih.gov/blast/BlastX 

- CLUSTALW program  
http://www.ebi.ac.uk/Tools/clustalw/index.html 

- DAS transmembrane prediction program  
http://www.sbc.su.se/~miklos/DAS/ 

- EMBOSS Pairwise alignment algorithms 
http://www.ebi.ac.uk/emboss/align/ 

       - ExPASy Proteomics Server  
    http://au.expasy.org/tools/ protparam.html 

- MatGat version 2.01 
- MEGA program version 3.0 
- MxProTM QPCR software version 4.0 
- Genetyx® version 7.0 
- PROSITE predictions                

    http://au.expasy.org//prosite  
- PSIPRED Protein Structure Prediction Server  
           http://bioinf.cs.ucl. ac.uk/psipred/psiform.html 
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- Vecscreen  
http://www.ncbi.nlm.nih.gov/VecScreen/VecScreen.html 

 
I�����/U 1  \G�FB��?'()(I�*>D,��	(+��\
*?��
\G�FB��?
+T1O�1,���
*(�
  
 

Oligonucleotide primers        Sequence 5`                 3` 

T3 primer  ATTAACCCTCACTAAAGGGA 

T7 primer TAATACGACTCACTATAGGG 

M13F primer  TTGTAAAACGACGGCCAGTG 

M13R primer  CCTTTGTCGATACTGGTACT 

Caspase F1 primer  GGACCTGGAGTGGACGATACA 

Caspase R1 primer  AGGGGAGAAGGCGTAGAGGA 

Caspase F2 primer ACAGATCTGGATCCAGGCAT 

Caspase R2 primer ATCACTGATCCCTGAAGCCA 

Caspase F3 primer TGCAGGCAACGCCATGAGAGTATT 

Caspase R3 primer TACTGAGCCGTCCGTACCAAAGAA 

Granzyme F1 primer  ACGTCGCTGATACCTGTCAAG 

Granzyme R1primer  ATGTGGTGGACTAGCCAAGTG 

Granzyme F2 primer  ACAGGTATCAGCGACGTTTGTACC 

Granzyme R2 primer  GACTGATGCTGGTGGTTTCACACA 

β-actin F1 primer  GGTCATCACCATTGGCAATG 

β-actin R1 primer  GAGTAACCGTACCGAAGTCA 

β-actin F2 primer  ACAGGATGCAGAAGGAGATCACAG 

β-actin R2 primer  GTACTCCTGCTTGCTGATCCACAT 
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���/��� 

 
1. �����,�+,-
�����a�,G���-���,Z�.GJ����,/��W�.	�/U�LJ���	��� Complementary DNAs 

(cDNAs) ����/� Caspase-3 +,- Granzyme 4�5,���, 

 

1.1 ���FA�+�B�>A�?
*(�
 
 

       ,I�2(�,�(A>�FAtB�>�,HI�C,>�2�)B�� 800 ��>B @I�,�, 1 A>� 
+T\BUB+�������
��	      
B�F(+H�
1,A����)@��,�*2�)B�� 100 (�A� 1,��
FG�)F(+H�
�>A�?,HI� L�	��O�FG�)F(+H�
�>A�?,HI�      
	�)2�)B
 BC���
��(>�F��A����A�? FGST�2�>D�L�G2(�,�(1C�	Q�,F	��>D��T
'�*(��B1CBU �*�
1C���C���I�F�t@��2 2 	�>H
AU��>, F�(�FO��'()F�t, F2(+T�,_U��,HI�'()*�*A)��,
Q� m 2 �>, 1C������
A(�*F�(�2�)B�� 1 �>2*�C? 
 

1.2 ���F�tDA>���U�
F,SH�F�ST�'()���FA�+�B Total RNA  
 
       
I����F�tDA>���U�
F,SH�F�ST�\A�U�,C,����
2(�,�( �*�1O����\��
+T�U�FOSH�'(��A>*F2f,

O�H,F(t� m (��
F,SH�F�ST�*��� RPMI medium '(��1�U(
1, Microcentrifuge tube �,�* 1.5 B�((�(�A� 
1C�\*�2��B�A� 50-100 B�((���>B FA�B Trizol Reagent (Molecular Research Center) 2��B�A� 1 
B�((�(�A� 'OU1,,HI�'�t
 @��,>H,1�U(
1, Glinder FGST�
I����D*F,SH�F�ST�1C�()F�+�* 
I�(�� Genomic 
DNA �*�1O�F�tBw+*��FD��? 24 *�*��H,(
2�)B�� 10-15 	�>H
 DUB
+T�Q�CL�B�C��
,�, 5 ,�
+ '(��@�

��>* Total RNA A�B��J+�����
D���>
 Molecular Research Center �*�FA�B Cholroform 2��B�A� 
0.2 B�((�(�A�AU�2��B�A���
 Trizol Reagent 1 B�((�(�A� s�B1C�F����>,�*�����(>DC(�*\2B�
,�, 15 ��,�
+ '(��@�
DUB
+T�Q�CL�B�C��
 F2f,F�(� 3 ,�
+ ,I�\22��,FC�+T�

+T	��BF�t���D 12,000 
rpm 
+T�Q�CL�B� 4 �
��F^(F^+�� F2f,F�(� 15 ,�
+ @��,>H,*�*�U�,1�*��,D,^�T
F2f,O>H,��
 RNA 
\21�U1, Microcentrifuge tube �,�* 1.5 B�((�(�A� C(�*1CBU '(��FA�B Isopropyl alcohol 0.5 
B�((�(�A� s�B1C�F����>,�*�����(>DC(�*\2B� '(��@�
DUB
+T�Q�CL�B�C��
 F2f,F�(� 10 ,�
+ ,I�\2
2��,FC�+T�

+T	��BF�t���D 12,000 rpm 
+T�Q�CL�B� 4 �
��F^(F^+�� F2f,F�(� 10 ,�
+ F
�U�,1�
*��,D,
�H
 @��,>H,FA�B 75% Ethanol 2��B�A� 1 B�((�(�A� FGST�F�tD�>��� Total RNA '(��@�
,I� 
Total RNA 
+T\*�\2F�tD
+T�Q�CL�B� -80 �
��F^(F^+��  
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1.3 ����>*	��BF��B��,��
 Total RNA  
 

       ,I� Total RNA 
+TF�tD���U1, 75% Ethanol B�2��,FC�+T�

+T	��BF�t���D 7,500 rpm 
+T
�Q�CL�B� 4 �
��F^(F^+�� F2f,F�(� 5 ,�
+ *�*�U�,1���
 75% Ethanol ��� '(��@�
FA�B DEPC 
water FGST�()(��A)��, '(��*�*���()(�� Total RNA 2��B�A� 2 \B�	�(�A�\2s�B�>D DEPC 
water 2��B�A� 68 \B�	�(�A� 1�U1, Microcentrifuge tube �,�* 1.5 B�((�(�A� C(�*1CBU @��,>H,
,I����()(��()(��
+T\*�\2�>*	U����*�*�(S,'�
 (Absorbance) �*�1O�F	�ST�
 Spectrophotometer 

+T	��B���	(ST, 260 ,��,FBA� (A260) '()
+T	��B���	(ST, 280 ,��,FBA� (A280) FGST��>*	��B
F��B��, �*�1O��>A���U�, A260: A280 _��	U�
+T\*����U1,OU�
 1.65-1.85 '�*
�U�B+ DNA 2,���U 'AU_��
	U�
+T\*�B����U� 1.85 '�*
�U�\*� RNA 	U�,���
D���Q
J�K 'AU_��\*�,�����U� 1.65 '�*
�U�B+�2�A+,
C�S�~�,�( (Phenol) 2,���U1, Total RNA 
I����	I�,��C�	U�	��BF��B��,��
 RNA \*�@����A� 
(Sambrook et al., 1989)  

 
      	��BF��B��,��
 RNA (\B�	���>BAU�\B�	�(�A�) = A260 x dilution factor x 40 
 
1.4 ���A��@��D	Q�L�G Total RNA �*���J+ Formaldehyde agarose gel electrophoresis 
 

FA�+�B 1% Formaldehyde agarose gel 2��B�A� 50 B�((�(�A� 1, 1X MOPS buffer �*�
���O>T
 Agarose 0.5 ��>B ()(��1, 1X MOPS buffer �*�FA�+�B@�� 10X MOPS 2��B�A� 4.73 
B�((�(�A� '() DEPC 2��B�A� 42.58 B�((�(�A� '(��,I�\2A�B@,()(��F2f,F,SH�F*+���>, @��,>H,FA�B 
Formaldehyde 2.68 B�((�(�A� (
1,F@( s�B1C�F����>, '(��F
(
1,_�* 
�H
\��@,F@('�t
A>� '(��@�


I����FA�+�B Total RNA reaction �*�1O��U�,s�B*>
,+H	S� Total RNA (@����� 1.3) �*�1O� Total 
RNA 
+T	��BF��B��, 10 \B�	���>BAU�2��B�A� 3.5 \B�	�(�A� FA�B(
1, 50% Formaldehyde 
2��B�A� 5 \B�	�(�A� s�B�>D 10X MOPS 2��B�A� 1.5 \B�	�(�A� '() 2.2 M Formaldehyde 
2��B�A� 2 \B�	�(�A� F��U�1C�F����>, ,I�\2A�B
+T�Q�CL�B� 65 �
��F^(F^+�� F2f,F�(� 5 ,�
+ '(��

I�1C�F�t,(

>,
+1,,HI�'�t
 @�
FA�B Loading dye 2��B�A� 3 \B�	�(�A� (
1,C(�*A>���U�
 
I���� 
load Total RNA reaction 
+T\*�(
1, 1% Formaldehyde agarose gel 
+TFA�+�B\��D,F	�ST�
 
Electrophoresis 
+T��)'�\~~�� 50 ��(A? ,�, 90 ,�
+ 
I����A��@��D�*����'OUF@(1, 
Ethidium bromide 
+T	��BF��B��, 0.5-1.0 \B�	���>BAU�B�((�(�A� ,�, 15 ,�
+ '(��@�
(��
���*���
,HI��(>T, A��@��D	Q�L�G�*�*��,�*��
'_D Total RNA L��1A��>
�+ Ultraviolet D>,
��s(*���
F	�ST�
 Gel documentation system (Syngene) 
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1.5 �����>* mRNA  
 

       
I������>* mRNA @�� Total RNA 
+T\*�*��� Quick Prep®  Micro mRNA Purification 
Kit (Amersham pharmacia biotech) A�B��J+�����
D���>
 �*�
I����FA�B���()(�� Extraction 
buffer 2��B�A� 400 \B�	�(�A� (
1, Total RNA 
+TB+2��B�A� 50 \B�	�(�A� '(��FA�B���()(�� 
Elution buffer 2��B�A� 750 \B�	�(�A� ,I��U�,s�B
>H
CB*1�U(
1, Oligo (dT)-cellulose 
2��B�A� 1 B�((�(�A� 
+TFA�+�B\��1, Microcentrifuge tube �,�* 1.5 B�((�(�A� F��U�FD� m ,�, 3 
,�
+ '(��,I�\22��,FC�+T�

+T	��BF�t���D 13,000 rpm F2f,F�(� 10 ��,�
+ *�*�U�,1�*��,D,
�H
 (��

A)��,
+TFC(S�*��� High-salt buffer 2��B�A� 1 B�((�(�A� 
>H
CB* 5 	�>H
 @��,>H,(��
A)��,*��� 
Low-salt buffer 2��B�A� 1 B�((�(�A� @I�,�, 3 	�>H
 �*�	�>H
�Q*
���FA�B Low-salt buffer 2��B�A� 
0.3 B�((�(�A� '(��@�
*�*���(��1�U(
1, Microspin column 
+T��
D, Microcentrifuge tube �,�* 
1.5 B�((�(�A� C(�*1CBU ,I�\22��,FC�+T�

+T	��BF�t���D 13,000 rpm F2f,F�(� 10 ��,�
+ F
��
 
FC(��U�,1�*��,(U�
��,C(�*
�H
 '(��FA�B Low-salt buffer 2��B�A� 0.3 B�((�(�A� 
I�^HI� 2 	�>H
 
@��,>H,���� Microspin column B�1�U1, Microcentrifuge tube �,�* 1.5 B�((�(�A� C(�*1CBU '(��
FA�B���()(�� Elution buffer 2��B�A� 200 \B�	�(�A� 
+TB+�Q�CL�B� 65 �
��F^(F^+�� ,I�\22��,
FC�+T�

+T	��BF�t���D 13,000 rpm F2f,F�(� 10 ��,�
+ 
I�^HI� 2 	�>H
 @)\*�2��B�A� 400 \B�	�(�A� 
@�

I����A�A)��, mRNA *������FA�B���()(��\�(�	F@, (Glycogen solution) 2��B�A� 10 
\B�	�(�A� '(��FA�B���()(���G'
�F^+�B�)^�FAA (Potassium acetate solution) 2��B�A� 40 
\B�	�(�A� �Q*
���FA�B 95% Ethanol 2��B�A� 1 B�((�(�A� '(��@�
F�tD\��
+T�Q�CL�B� -80 �
��-
F^(F^+�� @,��U�@)1O� 

 
1.6 ����>
F	��)C? First strand cDNA ��
 5` RACE '()���C�(I�*>D,��	(+��\
*?  

cDNA ��
�+, Caspase-3 '()�+, Granzyme *�����J+ Rapid Amplification of cDNA Ends (RACE) 
 
       ,I� mRNA 
+T\*�@����� 1.5 B�F2f,A�,'DD����>
F	��)C? First strand cDNA ��
 5` 

RACE *��� BD SmartTM RACE cDNA Amplification Kit (BD Bioscience Clontech) A�B��J+���
��
D���>
 @��,>H,,I� First strand cDNA ��
 5` RACE 
+T\*�B�1O�F2f, Template 1,���
I�
2�������� PCR FGST�C�(I�*>D,��	(+��\
*?
�
*��, 5` ��
 Caspase-3 cDNA ^�T
@)1O� Caspase R1 
primer (A���

+T 1) '()(I�*>D,��	(+��\
*?
�
*��, 5` ��
 Granzyme cDNA @)1O� Granzyme R1 
primer (A���

+T 1) F2f, Specific primers ^�T
���'DD@��(I�*>D,��	(+��\
*?D�
�U�,��
 cDNA 
��
�+, Caspase-3 �	(, HK 115 (Accession no. FF27959755138633) '()(I�*>D,��	(+��\
*?
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D�
�U�,��
 cDNA ��
�+, Granzyme �	(, HK 28 (Accession no. FF27953355138569) @��
C��
�BQ* cDNA ��
2(�,�( (F��G(, 2551) �U�B�>D Universal primer 1,���
I�2�������� PCR 
�*��U�,s�B��
���
I�2��������2��B�A���B 30 \B�	�(�A� B+�U�,2�)��D*>
,+H	S� 

 
Takara LA Taq     0.25  \B�	�(�A� 
10X LA Buffer     2.50  \B�	�(�A� 
25 mM MgCl2                          2.50  \B�	�(�A� 

dNTP       4.00  \B�	�(�A� 
Universal primer         2.50  \B�	�(�A� 
Specific primer (Caspase-3 C�S� GranzymeR1 primer)       

2.50  \B�	�(�A� 
,HI�
+T�U�FOSH�'(��                                                    13.25  \B�	�(�A�  
First strand cDNA ��
 5` RACE                             2.50  \B�	�(�A�  
2��B�A���B                  30.00  \B�	�(�A� 

  
        @��,>H,,I�\2FG�TB2��B�� DNA *���F	�ST�
 Thermal cycler (Takara) 
+T�I�C,*�L��)
���
I�
�,*>
,+H	S� OU�
'����
2��������1O��Q�CL�B� 94 �
��F^(F^+�� F2f,F�(� 1 ,�
+ �U�,OU�

+T
��
1O��Q�CL�B�
+T 94 �
��F^(F^+�� F2f,F�(� 30 ��,�
+ 
+T�Q�CL�B� 68 �
��F^(F^+�� F2f,F�(� 30 
��,�
+ '() 72 �
��F^(F^+�� F2f,F�(� 3 ,�
+ @I�,�, 30 ��D '()OU�
�Q*
���1O��Q�CL�B� 72   
�
��F^(F^+�� F2f,F�(� 5 ,�
+ @��,>H,,I� PCR product F�tD�>���
+T�Q�CL�B� 4 �
��F^(F^+�� 
 

       
I����A��@��D PCR product 
+T\*�*��� 1.5% Agarose gel 1, 1X TBE buffer (Tris-
Borate-EDTA) 
+T��)'�\~~�� 50 ��(A? '(��@�
,I�F@(\2'OU1, Ethidium bromide 
+T	��BF��B��, 
0.5-1.0 \B�	���>BAU�B�((�(�A� ,�, 15 ,�
+ '(��@�
(��
���*���,HI��(>T, @��,>H,A��@��Ds(
L��1A��>
�+ Ultraviolet D>,
��s(*���F	�ST�
 Gel documentation system (Syngene) 
 

1.7 �����>* DNA @�� Agarose gel  
 
       ��>* DNA @�� Agarose gel �*� Wizard® SV Gel and PCR Clean-Up System A�B

��J+��
D���>
 Promega �*�A>*F@(
+TB+'_D DNA (L��1A�'�
 Ultraviolet) 
+TA��
���1�U(
1, 
Microcentrifuge tube �,�* 1.5 B�((�(�A� ,I�\2O>T
'(��@�
FA�B Membrane binding solution 2��B�A� 
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10 \B�	�(�A�AU� 10 B�((���>B ��
,HI�C,>�F@( Vortex FGST�()(��C�S�A�B
+T�Q�CL�B� 50-60 �
��-
F^(F^+�� F��U�F2f,�)�) m @,��U�@)()(�� '(��,I�\21�U1, Minicolumn DUB
+T�Q�CL�B�C��
,�, 1 
,�
+ ,I�\22��,FC�+T�

+T	��BF�t���D 14,000 rpm F2f,F�(� 1 ,�
+ F
�U�,1�
�H
 '(��FA�B Membrane 
wash solution 2��B�A� 700 \B�	�(�A� ,I�\22��,FC�+T�

+T	��BF�t���D 14,000 rpm F2f,F�(� 1 
,�
+ �+�	�>H
 @��,>H,F
�U�,1�
�H
 FA�B Membrane wash solution 2��B�A� 500 \B�	�(�A� ,I�\2
2��,FC�+T�

+T	��BF�t���D 14,000 rpm F2f,F�(� 1 ,�
+ F
�U�,1�
�H
�+�	�>H
 @�
���� Minicolumn \2
1�U1, Microcentrifuge tube �,�* 1.5 B�((�(�A� C(�*1CBU '(��@�
2��,FC�+T�

+T	��BF�t���D 14,000 
rpm ,�, 1 ,�
+ '(��FA�B Nuclease free water 2��B�A� 50 \B�	�(�A� DUB
+T�Q�CL�B�C��
F2f,F�(� 
1 ,�
+ @�

�H
 Minicolumn �Q*
���@)\*����()(�� DNA ,I�\2F�tD�>���
+T�Q�CL�B� 4 �
��F^(- 
F^+��  

 
1.8 ���FOST�BAU� DNA fragment @�� PCR product F�����U Cloning vector (Ligation) 
 
       ,I� PCR product 
+TA��
���B�FOST�BAU�F�����U pGEM T-Easy vector (Promega, USA) 

*������,I����()(�� DNA 
+T
I�1C�D���Q
J�K'(�� (@����� 1.7) 2��B�A� 1.5 \B�	�(�A� FA�B
F�,\^B? T4 DNA ligase 2��B�A� 0.5 \B�	�(�A� '(��FA�B 2X Rapid ligation buffer 2��B�A� 2.5 
\B�	�(�A� �Q*
���FA�B pGEM T-Easy vector (L�G
+T 9) 2��B�A� 0.5 \B�	�(�A� *+*FD� m *���BS� 
'(��,I�\22��,FC�+T�
��U�
��*F�t� DUB
+T�Q�CL�B� 4 �
��F^(F^+�� ���B	S,  

 
1.9 ���FA�+�B Competent cell  
 
       ,I�FOSH� Escherichia coli ���G>,JQ? JM 109 B�F(+H�
D,��C�� LB agar DUBFOSH�
+T 

�Q�CL�B� 37 �
��F^(F^+�� F2f,F�(� 1 	S, '���	�(,+F*+T��B�F(+H�
AU�1,��C��FC(� LB broth 
2��B�A� 1 B�((�(�A� DUBFOSH�1, Water bath 
+T�Q�CL�B� 30 �
��F^(F^+�� ,�, 1 	S, FBST�FOSH���H,'(��
FA�B 9 B�((�(�A���
 LB broth F(+H�
AU��+� 3 O>T��B

+T�L��)F*�B @�
'DU
1�U Microcentrifuge tubes 
�,�* 1.5 B�((�(�A� @I�,�, 6 C(�* ,I�FOSH�B�'OUF�t,1,,HI�'�t
,�, 10 ,�
+ 2��,FC�+T�

+T	��BF�t�
��D 3,000 rpm ,�, 3 ,�
+ 
+T�Q�CL�B� 4 �
��F^(F^+�� F
�U�,1�
�H
 FA�B 0.1 M ��
 CaCl2 
2��B�A� 312.5 \B�	�(�A� s�BFD� m�*�1O� Micropipette '(��'OU1,,IH�'�t
�+� 30 ,�
+ ,I�\22��,
FC�+T�

+T�L��)F*�B�+�	�>H
 F
�U�,1�
�H
 '(��FA�B 0.1 M CaCl2 
+TB+ 15% Glycerol 2��B�A� 187.5 
\B�	�(�A� s�B���()(��1C�F����>, '(��'DU
1�U1, Microcentrifuge tubes �,�* 1.5 B�((�(�A� 
F�tD
+T�Q�CL�B� -80 �
��F^(F^+�� @,��U�@)1O� 
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R���/U 9  's,
+T��
 DNA G�C) (Cloning vector) '()(I�*>D,��	(+��\
*?
+T���U1,AI�'C,U
  
               Polylinker ��
 pGEM-T Easy vector 
 
�/UL�: Promega (2009)  
 

1.10 ���,I� DNA (��s�BF�����U'D	
+F�+�F@��D��, (Transformation)  
 

        1O���J+ Heat shock �*�,I� Competent cell @����� 1.9 2��B�A� 100 \B�	�(�A� s�B
�>D Ligation product @����� 1.8 2��B�A� 5 \B�	�(�A� *+*FD� m *���BS� '(��'OU1,,IH�'�t
,�, 25 
,�
+ 
I���� Heat shock 
+T�Q�CL�B� 42 �
��F^(F^+�� F2f,F�(� 50 ��,�
+ '()'OU1,,IH�'�t

>,
+
,�, 2 ,�
+ FA�B��C�� Super Optimal Culture (SOC) Medium 2��B�A� 0.9 B�((�(�A� 2}**���  
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Parafilm DUBFOSH�1, Water bath 
+T�Q�CL�B� 37 �
��F^(F^+�� ,�, 1 O>T��B
 30 ,�
+ ,I�\22��,
FC�+T�

+T	��BF�t���D 6,000 rpm ,�, 5 ,�
+ 
+T�Q�CL�B� 28 �
��F^(F^+�� (*2��B�A���

���()(��1C�FC(S�2�)B�� 100 \B�	�(�A� '(��*�*��H,(
�*�1O� Micropipette '(��@�
,I�\2F�(+T�
1C�
>T�D,��C�� LB Ampicillin, X-gal'() IPTG plate 
+TF�(+T�*��� IPTG 	��BF��B��, 100 mM 
2��B�A� 100 \B�	�(�A� '() X-gal 	��BF��B��, 50 B�((���>BAU�B�(((�(�A� 2��B�A� 20 
\B�	�(�A� (
D,��C�� LB agar \���U�,'(�� DUBFOSH�
+T�Q�CL�B� 37 �
��F^(F^+�� F2f,F�(� 18 
O>T��B
  
 

1.11 ���
I� Master plate C�S� Replica plate  
 
        @����� 1.10 �	�(,+
+T	�*�U�@)B+ Insert @)B+�+��� �U�,�	�(,+
+T\BUB+ Insert @)B+�+~�� 

@�

I����	>*F(S��F���	�(,+�+���F
U�,>H, '(��1O�\B�@�HB~�,
+T�U�FOSH�'(��F�+T��	�(,+ (
1, LB 
Ampicillin plate 1CBU DUBFOSH�
+T�Q�CL�B� 37 �
��F^(F^+�� F2f,F�(� 18 O>T��B
  
 

1.12 ���A��@��Ds(��
����	(, 
 
        
I����A��@��Ds(��
����	(, 
+T\*�@��'D	
+F�+�1, Master plate *���F
	,�	 

Polymerase Chain Reaction (PCR) �*����1O� Universal primer 2 O,�* 	S� M13F primer '() 
M13R primer (A���

+T 1) 1O� DNA 1,'D	
+F�+��	�(,+F*+T��
+T��H,D, Master plate F2f, Template 
�*�
I����F�+T��	�(,+��
'D	
+F�+�@�� Master plate (
1,C(�* PCR tubes ^�T
B+���F	B+
+T1O�
�I�C�>D
I� PCR ���U'(�� �*�1O�\B�@�HB~�,
+T�U�FOSH�'(�� �*��U�,s�B��
���
I�2��������2��B�A�
��B 15 \B�	�(�A� B+�U�,2�)��D*>
,+H	S� 

 
5 U/UI Taq DNA polymerase             0.20 \B�	�(�A�  
10X Taq  buffer + (NH4)2SO4- MgCl2            1.50  \B�	�(�A�    
1.25 mM MgCl2                                  1.875 \B�	�(�A�    

2.5 mM dNTP                          1.60  \B�	�(�A�    
10 µM M13F primer    1.50  \B�	�(�A�   
10 µM M13R primer      1.50  \B�	�(�A�    
,HI�
+T�U�FOSH�'(��                                        6.825 \B�	�(�A� 
2��B�A���B           15.00 \B�	�(�A� 



 

 
50 

        @��,>H,,I�\2FG�TB2��B�� DNA 1,F	�ST�
 Thermal cycler (Takara) F2f,F�(� 2 O>T��B
 
10 ,�
+ 
+T�I�C,*�L��)���
I�
�,*>
,+H	S� OU�
'����
2��������1O��Q�CL�B� 95 �
��F^(F^+�� F2f,
F�(� 5 ,�
+ �U�,OU�

+T��
1O��Q�CL�B�
+T 95 �
��F^(F^+�� F2f,F�(� 30 ��,�
+ 
+T�Q�CL�B� 55 �
��-
F^(F^+�� F2f,F�(� 30 ��,�
+ '() 72 �
��F^(F^+�� F2f,F�(� 1 ,�
+ 30 ��,�
+ @I�,�, 30 ��D '()
OU�
�Q*
���1O��Q�CL�B� 72 �
��F^(F^+�� F2f,F�(� 5 ,�
+ @��,>H,,I� PCR product F�tD�>���
+T
�Q�CL�B� 4 �
��F^(F^+�� 

 
        A��@��Ds(
+T\*�*��� 1.5% Agarose gel 1, 1X TBE buffer (Tris-Borate-EDTA) 
+T

��)'�\~~�� 50 ��(A? ,I�F@(\2'OU1, Ethidium bromide 
+T	��BF��B��, 0.5-1.0 \B�	���>BAU�
B�((�(�A� ,�, 15 ,�
+ '(��@�
(��
���*���,HI��(>T, @��,>H,A��@��Ds(L��1A��>
�+ Ultraviolet 
D>,
��s(*���F	�ST�
 Gel documentation system (Syngene) 
 

1.13 �����>*G(��B�* (Plasmid extraction) 
  
         ,I�'D	
+F�+�
+T	�*�U�@)B+O�H, Insert @����� 1.12 B�
I������>*G(��B�* �*�1O� 
Plasmid DNA extraction A�B��J+��
D���>
 Bioexcellence �*�,I��	�(,+'D	
+F�+�@�� Master 
plate 
+T,I�\2A��@��D*���F
	,�	 PCR '()B+�,�*��
 PCR product 1�(�F	+�
�>D�,�*��
O�H, 
Insert 
+TA��
��� B�F(+H�
1, LB Ampicillin broth 2��B�A� 3 B�((�(�A� 1, Water bath 
+T�Q�CL�B� 37 
�
��F^(F^+�� F2f,F�(� 12-18 O>T��B
 @��,>H,,I�'D	
+F�+�
+TF(+H�
\�����B	S,B� Vortex '(��'DU
1�U 
Microcentrifuge tubes �,�* 1.5 B�((�(�A� ,I�\22��,FC�+T�

+T	��BF�t���D 12,000 rpm ,�, 3 ,�
+ 

+T�Q�CL�B� 25 �
��F^(F^+�� F
�U�,1�
�H
 
I�^HI��+�	�>H
 '(��()(��A)��,*������FA�B Cell 
suspension solution 2��B�A� 200 \B�	�(�A� '(��1O� Micropipette *�*���()(����H,(
@,A)��,
()(��CB* @��,>H,FA�B Cell lysis solution 2��B�A� 200 \B�	�(�A� s�B1C�F����>,�*��(>DC(�*
\2B�O�� m '(��'��A)��,*������2��,FC�+T�

+T	��BF�t���D 12,000 rpm ,�, 5-10 ,�
+ @�
*�*
���()(���U�,1�1�U Microcentrifuge tubes �,�* 1.5 B�((�(�A� C(�*1CBU (�)�>
��U�1C�A)��,�+
���A�*B�) FA�B Isopropanol 2��B�A� 600 \B�	�(�A� '(���(>DC(�*O�� m �+�	�>H
 ,I�\22��,FC�+T�


+T	��BF�t���D 12,000 rpm ,�, 5-10 ,�
+ 
+T�Q�CL�B� 25 �
��F^(F^+�� (��
A)��,*������FA�B 
70% Ethanol �(>DC(�*\2B�C�S�F��U� FGST��I�@>*F�(S�
+TA�	��
 @��,>H,2��,FC�+T�

+T	��BF�t���D 
12,000 rpm ,�, 5-10 ,�
+ 
+T�Q�CL�B� 25 �
��F^(F^+�� '(��F
�U�,1����O�� m ^>D 70% Ethanol 
*�����)*��^>D 
I����A��A)��,1C�'C�
G�CB�*
+T�Q�L�B�C��
@, Ethanol �)FC�CB* ()(��
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A)��,*��� TE buffer 2��B�A� 20 \B�	�(�A� _��A)��,\BU()(��1C�DUB
+T�Q�CL�B� 65 �
��
F^(F^+�� F��U�F2f,�)�) m �Q*
���F�tDG(��B�*
+T�Q�CL�B� -20 �
��F^(F^+�� 
 

1.14 ���
I� Restriction enzyme digestion  
 

        
I����A��@��DG(��B�* 
+TB+O�H, Insert '()�,�*��
O�H, Insert 
+T��>*\*��*����1O�
F�,\^B?A>*@I�FG�) Eco RI ^�T
B+AI�'C,U
���U�,�D���
O�H, Insert 1, pGEM-T Easy vector (L�G
+T 9) 
�*��U�,s�B��
���
I�2��������2��B�A���B 10 \B�	�(�A� B+�U�,2�)��D*>
,+H	S� 
 

10X buffer      2.00 \B�	�(�A� 
Eco RI       0.25 \B�	�(�A� 
G(��B�* DNA      2.00 \B�	�(�A� 
,HI�
+T�U�FOSH�'(��      5.75 \B�	�(�A� 
2��B�A���B                           10.00 \B�	�(�A�  
 

        ,I��U�,s�B
>H
CB*1�U(
1, Microcentrifuge tubes �,�* 0.6 B�((�(�A� @��,>H,
,I�\2DUB
+T�Q�CL�B� 37 �
��F^(F^+�� F2f,F�(� 6 O>T��B
 '(��@�
,I�\2A��@��Ds(FGST�C��,�*
��
 Insert *��� 1.5% Agarose gel 1, 1X TBE buffer (Tris-Borate-EDTA) 
+T��)'�\~~�� 50 
��(A? ,I�F@(\2'OU1, Ethidium bromide 
+T	��BF��B��, 0.5-1.0 \B�	���>BAU�B�((�(�A� ,�, 15 
,�
+ '(��@�
(��
���*���,HI��(>T, @��,>H,A��@��Ds(L��1A��>
�+ Ultraviolet D>,
��s(*���F	�ST�
 
Gel documentation system (Syngene) 

 
 1.15 ���C�(I�*>D,��	(+��\
*?��
 cDNA �	(, (DNA sequencing)  
 
         ,I�G(��B�* 
+TB+O�H, Insert 
+TB+�,�*1�(�F	+�
�>D�,�*��
 PCR product ��
 5` 
RACE B�
I����A��@��D(I�*>D,��	(+��\
*? �*�1O� Themo Sequence Fluorescent Labeled 
Primer Cycle Sequencing Kit (Amersham pharmacia biotech) �*� Macrogen, Inc. (Korea) 
 
 



 

 
52 

2. �����N���-M	,Z�.GJ����,/��W�.	�/U�LJ���	��� cDNA ���N5�/�JN�/�J,Z�.GJ����,/��W�.	 ,Z�.GJ

��.�-L���+,-���
�������L�GL�G��	NS�����Gj���������/� Caspase-3 +,-�/� Granzyme 4�

5,���,�GJ��U�L/S/��IIY�� k  
 

2.1 �����F	��)C?(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+, Caspase-3 '()�+, 
Granzyme 1,2(�,�( 

 
      ,I�s(��
(I�*>D,��	(+��\
*?
+T\*� B�
I����A>*�U�,
+TF2f,(I�*>D,��	(+��\
*?��
 

Vector '() Adaptor 
+T���U1,��2��
 Chromatogram file �*�1O��2�'��B Gentyx version 7.0 '(��
@�
,I�(I�*>D,��	(+��\
*?
+T\*�1,'AU()�	(, B�
I����F2�+�DF
+�D�>D(I�*>D,��	(+��\
*?��
�+,
+T
���
�,\��1, GenBank database (http://www.ncbi.nlm.nih.gov/) �*�1O��2�'��B BlastN 
+T
�I�C,*1C�B+	��BFCBS�,��
(I�*>D,��	(+��\
*?B����U� 100 	�UFD� '()A��
B+	U�	��B,U�@)F2f,
��
���F��* Random matching (E-value) ,�����U� 10-4 '(��@�
1O��2�'��B BlastX FGST�
I����
F2�+�DF
+�D	��BFCBS�,��
(I�*>D��*�)B��, �*�D��F��
+TFCBS�,�>,A��
B+@I�,�,��
 
��*�)B��,\BU,�����U� 10 Residues '()B+F2��?F^t,A?	��BFCBS�,\BU,�����U� 45% �*�B+	��B
,U�@)F2f,��
���F��* Random matching (E-value) 
+T,�����U� 10-4 (Cao et al., 2001) 
 

      ,I�s(
+T\*�@�����F2�+�DF
+�D(I�*>D,��	(+��\
*?
+T���
�,\��1, GenBank database 
^�T
F2f,�+, Caspase-3 '() Granzyme B�
I� Alignment �>D(I�*>D,��	(+��\
*?D�
�U�,��
 cDNA 
��
�+, Caspase-3 �	(, HK 115 (Accession no. FF27959755138633) '()(I�*>D,��	(+��\
*?
D�
�U�,��
 cDNA ��
�+, Granzyme �	(, HK 28 (Accession no. FF27953355138569) @��
C��
�BQ* cDNA ��
2(�,�( (F��G(, 2551) FGST�1C�\*�(I�*>D,��	(+��\
*?
+T�BD���? (Full-length) 
��
�+,
>H
��
1,2(�,�( 

 
2.2 ���F2�+�DF
+�D	��B	(���	(�
�>,��
(I�*>D,��	(+��\
*?'()(I�*>D��*�)B��,'()

��������	��B�>BG>,J?FO�
���>p,������
�+, Caspase-3 '() Granzyme 1,2(�,�(�>D��T
B+O+��A
AU�
 m  

 
     ,I�(I�*>D,��	(+��\
*?
+T�BD���? (Full-length) ��
�+, Caspase-3 '() Granzyme 1,

2(�,�( FwG�)�U�,
+TF2f, Open Reading Frame (ORF) ^�T
A>* Leader peptide ���'(�� B�F2�+�D 
F
+�D	��B	(���	(�
��
(I�*>D,��	(+��\
*?'()(I�*>D��*�)B��,�>D��T
B+O+��AAU�
 m 
+T���
�,1, 
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GenBank database (http://www.ncbi.nlm.nih.gov/) �+�	�>H
�*�1O��2�'��B ClustalW 
(http://www.ebi.ac.uk/Tools/clustalw/index.html) '()�2�'��B Emboss pairwise alignment 
algorithms (http://www.ebi.ac.uk/emboss/align/) A�B(I�*>D @��,>H,
I����C�D��F�� Hydrophobic 
leader sequence @��(I�*>D��*�)B��, *����2�'��B �DAS-Transmembrane prediction� 
(http://www.sbc.su.se/~miklos/DAS/) '(��@�
C�	��B�>BG>,J?FO�
���>p,������
�+,*����2�'��B 
MEGA version 3.1 (Kumar et al., 2004) *�����J+ UPMGA �*�B+	U� Bootstrap F
U��>D 1,000 	�>H
 
 
3. ���
�������+�.��������/� Caspase-3 +,- Granzyme 4�5,���,�/UW.��GJNSTl� S. agalactiae 

�.�4S�N����� Reverse Transcription Polymerase Chain Reaction (RT-PCR) 

 

3.1 ���FA�+�B�>A�?
*(�
  
 
      ,I�2(�,�(A>�FAtB�>�,HI�C,>�2�)B�� 800 ��>B @I�,�, 2 A>� 
+T\BUB+�������
��	AU�
 m 

B�F(+H�
1,�L��)F*+���>D��� 1.1 
 
3.2 ���FA�+�BFOSH�'D	
+F�+��I�C�>D���
*(�
 
 
      ,I�FOSH� Streptococcus agalactiae ���G>,JQ? AQSA001 B�F�+T�D,��C�� Tryptic soy  

agar (TSA) DUBFOSH�
+T�Q�CL�B� 37 �
��F^(F^+�� F2f,F�(� 24 O>T��B
 '���	�(,+F*+T��B�F(+H�
AU�1,
��C��FC(� Tryptic soy broth (TSB) DUBFOSH�
+T�Q�CL�B� 37 �
��F^(F^+�� F2f,F�(� 24 O>T��B
 
@��,>H,,I�\22��,FC�+T�

+T	��BF�t���D 2,500 rpm F2f,F�(� 15 ,�
+ @)F��*���'��O>H,�)C�U�

A)��,'D	
+F�+� D��F����,C(�*�>D��C��F(+H�
FOSH��U�,1�*��,D, F
�U�,1�
�H
 '(��(��
A)��,
'D	
+F�+�*���,HI�F�(S� 0.85% 2��,FC�+T�

+T	��BF�t���D 2,500 rpm F2f,F�(� 15 ,�
+ @I�,�, 2 	�>H
 
'(��
I����2�>D	��BF��B��,��
'D	
+F�+�1C�B+	��BF��B��,2�)B�� 1x108 CFU AU�B�((�(�A� 
+T
	��B���	(ST, 540 ,��,FBA� 
+T Absorbance F
U��>D 0.15 @�
,I�'D	
+F�+�
+TFA�+�B\*�\2w+*F���
D��F��OU�

��
 (Intraperitoneal injection) 1,2(�,�(A>�'�� 
+T2��B�A� 0.5 B�((�(�A� '()2(�A>�
+T
FC(S�w+**���,HI�F�(S� 0.85% 2��B�A� 0.5 B�((�(�A� FOU,�>, @��,>H,F(+H�
2(�,�('()1C���C��AU�\2
F2f,F�(� 3 �>, �>
F�A�������
2(�A(�*���F(+H�
 FGST�FA�+�B��>* Total RNA 1,�>H,A�,AU�\2 
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3.3 ���F�tDA>���U�
F,SH�F�ST�'()���FA�+�B Total RNA  
 

      FBST�	�D 3 �>, 
I����F�tDA>���U�
F,SH�F�ST�1,2(�2�A�
+Tw+**���,HI�F�(S�'()2(�,�(
+Tw+*
FOSH� S. agalactiae @I�,�, 12 ��>��) ^�T
\*�'�U �B�
 (Brain), FC
S�� (Gills), ��>��)����
F^((?
�SDG>,JQ? (Gonad), \A�U�,C,�� (Head kidney), C>�1@ (Heart), (I�\�� (Intestine), A>D (Liver), 
�(��BF,SH� (Muscle), F^((?FBt*F(S�*���1,��)'�F(S�* (Peripheral blood leukocytes), B��B 
(Spleen), ��)FG�)��C�� (Stomach) '()\A�U�,C(>
 (Trunk kidney) A�B(I�*>D �*�1O����\��
+T
�U�FOSH�'(�� A>*F,SH�F�ST�F2f,O�H,F(t� m (��
F,SH�F�ST�*��� RPMI medium '(��'��1�U(
1, 
Microcentrifuge tubes �,�* 1.5 B�((�(�A� FA�B Trizol Reagent (Molecular research center) 
2��B�A� 1 B�((�(�A� 'OU1,,HI�'�t
 @��,>H,1�U(
1, Glinder FGST�
I����D*F,SH�F�ST�1C�()F�+�* 
I�(�� 
Genomic DNA �*�1O�F�tBw+*��FD��? 24 *�*��H,(
2�)B�� 10-15 	�>H
 DUB
+T�Q�CL�B�C��
,�, 5 
,�
+ '(��@�
��>* Total RNA A�B��J+���1,��� 1.2 

 
3.4 ����>*	��BF��B��,��
 Total RNA  

 
      ,I� Total RNA 
+T��>*\*�@��F,SH�F�ST�AU�
 m @����� 3.3 B��>*	��BF��B��,��
 Total  

RNA A�B��J+���1,��� 1.3  
 

3.5 ���A��@��D	Q�L�G Total RNA �*���J+ Formaldehyde agarose gel electrophoresis 
   
      ���A��@��D	Q�L�G Total RNA ��
F,SH�F�ST�AU�
 m 
+T\*�@����� 3.4 B�A��@��D

	Q�L�G Total RNA �*���J+ Formaldehyde agarose gel electrophoresis A�B��J+���1,��� 1.4 
 
3.6 ����>
F	��)C? First stand cDNA @�� Total RNA  

 
       ����>
F	��)C? First stand cDNA @�� Total RNA ��
F,SH�F�ST�AU�
 m L��C(>
@�����

A��@��D	Q�L�G Total RNA �*�1O� RevertAidTM First stand cDNA synthesis A�B��J+�����

D���>
 Fermentas �*�
I����FA�+�B�U�,s�B1,���
I�2��������1�U(
1, PCR tubes 2�)��D\2
*��� Total RNA ��
F,SH�F�ST�AU�
 m 2��B�A� 2 \B�	���>B G���B�>DFA�B Oligo (dT)18 primer (0.5 
\B�	���>BAU�\B�	�(�A�) 2��B�A� 1 \B�	�(�A� 1�U DEPC-treat water @,	�D 12 \B�	�(�A� 
s�B1C�F����>,�*����2��,FC�+T�
��U�
��*F�t� 3-5 ��,�
+ @��,>H,DUB
+T�Q�CL�B� 70 �
��F^(F^+�� 
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,�, 5 ,�
+ '(��
I�1C�F�t,(

>,
+�*�@QUB1,,IH�'�t
 FA�B 5X Reaction buffer 2��B�A� 4 \B�	�(�A� 
'(��@�
FA�B RiboLockTM Ribonuclease inhibitor (20U AU�\B�	�(�A�) 2��B�A� 2 \B�	�(�A� '()
FA�B 10 mM ��
 dNTP mix 2��B�A� 1 \B�	�(�A� s�B���()(��
>H
CB*1C�F����>,*������2��,
FC�+T�
��U�
��*F�t� 3-5 ��,�
+ ,I�\2DUB
+T�Q�CL�B� 37 �
��F^(F^+�� F2f,F�(� 5 ,�
+ �Q*
���FA�B 
RevertAidTM M-MuLV Reverse Transcriptase (200U AU�\B�	�(�A�) 2��B�A� 1 \B�	�(�A� ^�T
@)
\*����()(��2��B�A���B 20 \B�	�(�A� ,I�\2DUB
+T�Q�CL�B� 42 �
��F^(F^+�� ,�, 60 ,�
+ '(��
C�Q*2��������*���	��B���,
+T�Q�CL�B� 70 �
��F^(F^+�� ,�, 10 ,�
+ ^�T
@)
I�1C�\*� First stand 
cDNA template @��,>H,F�tD
+T�Q�CL�B� -20 �
��F^(F^+�� @,��U�@)1O� 
 

3.7 �����������'�*
�����
�+, Caspase-3 '() Granzyme 1,2(�,�(2�A�'()2(�,�(
L��C(>
@����)AQ�,*���FOSH� S. agalactiae �*�1O�F
	,�	 RT-PCR 
 

       
I������������'�*
�����
�+, Caspase-3 '() Granzyme 1,2(�,�(2�A�'()2(�
,�(C(>
@����)AQ�,*���FOSH� S. agalactiae �*�1O�F
	,�	 RT-PCR @�� First stand cDNA 
+TFA�+�B
\*�@��F,SH�F�ST�AU�
 m F2f, Template '()1O� Specific primer 
+T���'DDB�@��(I�*>D,��	(+��\
*?
D�
�U�,��
 cDNA ��
�+, Caspase-3 '() Granzyme @I�,�, 2 	�U \*�'�U Caspase F1 primer 	�U�>D 
Caspase R1 primer '() Granzyme F1 primer 	�U�>D Granzyme R1 primer (A���

+T 1)  
 

      '(��,I�\2F2�+�DF
+�D�>D���'�*
�����
�+, β-actin �*�B+ Specific primer 	S� β-
actin F1 primer 	�U�>D β-actin R1 primer (A���

+T 1) ^�T
@)1O�F2f, Internal control �*�1O��L��)
���
I�2�������� PCR FOU,F*+���>D�����������'�*
�����
�+, Caspase-3 '() Granzyme 1,
2(�,�( 

 
      �U�,s�B��
���
I�2��������2��B�A���B 25 \B�	�(�A� B+�U�,2�)��D*>
,+H	S� 

  5 U/UI Taq DNA polymerase             0.2  \B�	�(�A�  
10X Taq  buffer + (NH4)2SO4- MgCl2            2.5   \B�	�(�A�    
1.25 mM MgCl2                                      0.8   \B�	�(�A�    

2.5 mM dNTP                          1.5   \B�	�(�A�    
10 µM Forward primer    1.0   \B�	�(�A�   
10 µM Reverse primer      1.0   \B�	�(�A�    
,HI�
+T�U�FOSH�'(��                                            17.0    \B�	�(�A� 
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First stand cDNA (Template)   1.0   \B�	�(�A� 
2��B�A���B               25.0   \B�	�(�A� 

 
      1�U���AU�
 m (
1, PCR tubes �,�* 200 \B�	�(�A� @��,>H,,I�\2FG�TB2��B�� DNA 

1,F	�ST�
 Thermal cycler (Takara) 
+T�I�C,*�L��)���
I�
�,*>
,+H	S� OU�
'����
2��������1O�
�Q�CL�B� 95 �
��F^(F^+�� F2f,F�(� 5 ,�
+ �U�,OU�

+T��
1O��Q�CL�B�
+T 95 �
��F^(F^+�� F2f,
F�(� 30 ��,�
+ 
+T�Q�CL�B� 55 �
��F^(F^+�� F2f,F�(� 30 ��,�
+ '() 72 �
��F^(F^+�� F2f,F�(� 1 
,�
+ @I�,�, 25 ��D '()OU�
�Q*
���1O��Q�CL�B� 72 �
��F^(F^+�� F2f,F�(� 5 ,�
+ @��,>H,,I� PCR 
product F�tD�>���
+T�Q�CL�B� 4 �
��F^(F^+�� '(��@�
,I�\2A��@��Ds( PCR product *��� 1% 
Agarose gel 1, 1X TBE buffer (Tris-Borate-EDTA) 
+T��)'�\~~�� 50 ��(A? ,I�F@(\2'OU1, 
Ethidium bromide 
+T	��BF��B��, 0.5-1.0 \B�	���>BAU�B�((�(�A� ,�, 15 ,�
+ '(��@�
(��
���*���
,HI��(>T, @��,>H,A��@��Ds(L��1A��>
�+ Ultraviolet D>,
��s(*���F	�ST�
 Gel documentation 
system (Syngene) '()F2�+�DF
+�D�,�*��
'_D PCR products 
+TF��*@�����1O� Specific primers 
��
�+, Granzyme, Caspase-3 '() β-actin 
+T\*�1,��>��)AU�
 m ��
2(�
>H
��
A>�    

 
4. ���
������5+JJ���+�.��������/� Granzyme +,- Caspase-3 4�IG�5,���, R��M,G�H��

W.��GJNSTl� S. agalactiae (In vivo) �.�4S�N����� Quantitative real-time PCR 

 
4.1 ���
*(�
1,A>��>A�?
*(�
 (In vivo) 
 
      4.1.1 ���FA�+�B�>A�?
*(�
 
 

 ,I�2(�,�(,HI�C,>�2�)B�� 40 ��>B @I�,�, 81 A>� 
+T\BUB+�������
��	 
B�F(+H�
1,�L��)F*+���>D��� 1.1 @��,>H,,I�2(�B�'DU
F(+H�
1,A����)@��,�* 100 (�A� A��() 9 A>� 
@I�,�, 9 A��  

 
      4.1.2 ���FA�+�BFOSH�'D	
+F�+��I�C�>D���
*(�
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 ,I�FOSH� S. agalactiae ���G>,JQ? AQSA001 B�F(+H�
A�B��J+1,��� 3.2 '(��
I���� 
2�>D	��BF��B��,��
'D	
+F�+�1C�B+	��BF��B��,
+T'A�AU�
�>,�*�'DU
F2f, 2 	��BF��B��,	S� 
+T 
	��BF��B��,��
'D	
+F�+�F
U��>D 1x107 CFU AU�B�((�(�A� '()	��BF��B��,��
'D	
+F�+�F
U��>D 
1x109 CFU AU�B�((�(�A�  

 
      4.1.3 �����
's,���
*(�
FGST��������2'DD���'�*
�����
�+, Caspase-3 '() 

Granzyme 1,2(�,�( L��C(>
@�������)AQ�,*���FOSH� S. agalactiae (In vivo) �*�1O�F
	,�	 
Quantitative real-time PCR 
 

 ,I�2(�,�(
+TFA�+�B\��1,��� 4.1.1 B�'DU
���F2f, 3 �(QUB���
*(�
 ('AU()�(QUB 
���
*(�

I� 3 ^HI� �*�'��F(+H�
@I�,�, 3 A��) '()
I����FA�+�B�L�G��
���
*(�
*>
,+H 
  

 �(QUB
+T 1 F2f,�(QUB	�D	QB (Control) ,I�2(�,�(
Q�A>�1,�(QUB	�D	QB
>H
CB* 27  
A>� B�w+**���,HI�F�(S� 0.85% A>�() 0.5 B�((�(�A� �*�w+*F���D��F��OU�

��
 (Intraperitoneal 
injection)  

 
 �(QUB
+T 2 F2f,�(QUB
*(�
 (Treatment 1) ,I�2(�,�(
Q�A>�1,�(QUB
+T 2 
>H
CB*  

27 A>� B�w+**���FOSH� S. agalactiae 
+T	��BF��B��, 1x107 CFU AU�B�((�(�A� A>�() 0.5 B�((�(�A� �*�
w+*F���D��F��OU�

��
  
 

 �(QUB
+T 3 F2f,�(QUB
*(�
 (Treatment 2) ,I�2(�,�(
Q�A>�1,�(QUB
+T 3 
>H
CB* 27  
A>� B�w+**���FOSH� S. agalactiae 
+T	��BF��B��, 1x109 CFU AU�B�((�(�A� A>�() 0.5 B�((�(�A� �*�w+*
F���D��F��OU�

��
  
 

 
I����F(+H�
2(�
*(�
AU�\2 �*��)C�U�
,+H
I����F�tDF,SH�F�ST�\A�U�,C,��FGST� 
FA�+�B��>* Total RNA @��2(�
>H
 3 �(QUB���
*(�
 �*�,I�2(�,�(
+T'DU
F(+H�
@��'AU()A�� A��() 1 
A>� 
>H
CB* 9 A>� B�F�tDF,SH�F�ST�\A�U�,C,��A�BOU�
F�(�*>
AU�\2,+H	S�
+TO>T��B

+T 0, 1, 3, 6, 9, 12, 
24, 48 '() 72 A�B(I�*>D �*��)C�U�

+T
I����F�tDF,SH�F�ST� F(+H�
2(�,�(
+TFC(S�'()1C���C��AU�\2
@,��U�@)
I����
*(�
F��t@��H, 
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      4.1.4 ���F�tDA>���U�
F,SH�F�ST�'()���FA�+�B Total RNA  
 

 ,I�A>���U�
F,ST�F�ST�\A�U�,C,����
2(�,�(@��
>H
 3 �(QUB���
*(�
1,OU�
F�(� 
AU�
 m B�
I������>*F�� Total RNA �*�1O����\��
+TsU�,����U�FOSH�'(�� A>*F,SH�F�ST���
\A�U�,
C,��F2f,O�H,F(t� m ,HI�C,>�2�)B�� 0.5 ��>B (��
F,SH�F�ST�*��� RPMI medium '(��'��1�U(
1, 
Microcentrifuge tubes �,�* 1.5 B�((�(�A� FA�B Trizol Reagent (Molecular research center) 
2��B�A� 1 B�((�(�A� 'OU1,,HI�'�t
 @��,>H,1�U(
1, Glinder FGST�
I����D*F,SH�F�ST�1C�()F�+�* 
I�(�� 
Genomic DNA �*�1O�F�tBw+*��FD��? 24 �*����*�*��H,(
2�)B�� 10-15 	�>H
 DUB
+T�Q�CL�B�C��

,�, 5 ,�
+ '(��@�
��>* Total RNA A�B��J+���1,��� 1.2 

 
      4.1.5 ����>*	��BF��B��,��
 Total RNA 
 

 ,I� Total RNA 
+T��>*\*�@��F,SH�F�ST�AU�
 m @����� 4.1.4 B��>*	��BF��B��,��
  
Total RNA A�B��J+���1,��� 1.3  

 
      4.1.6 ���A��@��D	Q�L�G Total RNA �*���J+ Formaldehyde agarose gel 

electrophoresis 
 

 A��@��D	Q�L�G Total RNA ��
F,SH�F�ST�AU�
 m 
+T\*�@����� 4.1.4 B�A��@  
��D	Q�L�G ��
 Total RNA �*� Formaldehyde agarose gel electrophoresis A�B��J+���1,��� 1.4 
 
                    4.1.7 ����>
F	��)C? First stand cDNA @�� Total RNA  
         

 �>
F	��)C? First stand cDNA @�� Total RNA ��
F,SH�F�ST�\A�U�,C,����
2(� 
1,'AU()�(QUB���
*(�
 1,OU�
F�(�AU�
 m L��C(>
@�����A��@��D	Q�L�G��
 Total RNA 
�*�1O� RevertAidTM First stand cDNA synthesis ��
D���>
 Fermentas A�B��J+���1,��� 3.6  

 
      4.1.8 �����������'�*
�����
�+, Caspase-3 '() Granzyme 1,2(�,�( L��C(>


@�������)AQ�,*���FOSH� S. agalactiae (In vivo) �*�1O�F
	,�	 Quantitative real-time PCR 
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 ,I� First stand cDNA 
+TFA�+�B\*�@��F,SH�F�ST���
\A�U�,C,����
2(�1,'AU() 
�(QUB���
*(�
 
+TF�tD1,OU�
F�(�AU�
 m @����� 4.1.7 B�F2f, Template '()1O� Specific primers 
+T
���'DDB�@��(I�*>D,��	(+��\
*?D�
�U�,��
 cDNA ��
�+, Caspase-3 '() Granzyme @I�,�, 
2 	�U ^�T
\*�'�U Caspase F3 primer 	�U�>D Caspase R3 primer '() Granzyme F2 primer 	�U�>D 
Granzyme R2 primer (A���

+T 1) FGST�,I�B�1O�1,���
I�2��������1,�>H,A�,��
 Real-time PCR  
 

 s(
+T\*�@)_��,I�\2F2�+�DF
+�D�>D���'�*
�����
�+, β-actin �*�B+ Specific  
primers 
+T���'DDB�@��(I�*>D,��	(+��\
*?D�
�U�,��
 cDNA �	(, HK 1101 (Accession no. 
FF28049155139527) ��
�+, β-actin (β-actin F2 primer 	�U�>D β-actin R2 primer; A���

+T 1) ^�T

@)1O�F2f, Normalizer�*�1O��L��)���
I�2�������� FOU,F*+���>D�����������'�*
�����
�+, 
Caspase-3 '() Granzyme ^�T
B+�U�,s�B��
���
I�2�������� 2��B�A���B 25 \B�	�(�A� �*�B+
�U�,2�)��D*>
,+H	S� 
 
   2X Brilliant II SYBR Green QPCR master mix    12.5   \B�	�(�A�  

 10 µM Forward primer    1.0   \B�	�(�A�   
 10 µM Reverse primer      1.0   \B�	�(�A�    
 ,HI�
+T�U�FOSH�'(��                                               9.5   \B�	�(�A� 
 First stand cDNA (Template)   1.0   \B�	�(�A� 
 2��B�A���B                25.0   \B�	�(�A� 

 
 1�U���AU�
 m ���
A�, (
1, 96 Well polypropylene plates @��,>H,,I�\2
I� 

2��������1,F	�ST�
 Mx ProTM 3000P QPCR (Stratagene) 
+T�I�C,*�L��)���
I�
�,*>
,+H	S� OU�
 
'����
2��������1O��Q�CL�B� 95 �
��F^(F^+�� F2f,F�(� 10 ,�
+ �U�,OU�

+T��
1O��Q�CL�B�
+T 95 
�
��F^(F^+�� F2f,F�(� 30 ��,�
+ 
+T�Q�CL�B� 56 �
��F^(F^+�� F2f,F�(� 30 ��,�
+ '() 72 �
��-
F^(F^+�� F2f,F�(� 1 ,�
+ @I�,�, 40 ��D '()OU�
�Q*
���1O��Q�CL�B� 95 �
��F^(F^+�� F2f,F�(� 1 
,�
+ 
+T�Q�CL�B� 55 �
��F^(F^+�� F2f,F�(� 30 ��,�
+ �Q*
���
+T�Q�CL�B� 95 �
��F^(F^+�� F2f,F�(� 
30 ��,�
+ @I�,�, 1 ��D D>,
��s(��
 Thrshold cycle C�S�	U� CT @���2�'��B MxPro

TM QPCR 
version 4.0 FGST�,I�B�1O�1,�����F	��)C?��2'DD���'�*
�����
�+,
>H
��
O,�*AU�\2 
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      4.1.9 �����F	��)C?s(
+T\*�@��1O�F
	,�	 Real-time PCR '()�����F	��)C?���B�(
�

�_�A� 

 
   ,I�	U� CT 
+T\*�@��
Q� m �(QUB���
*(�
1,'AU()OU�
F�(� B�
I����	I�,��FGST�
C�	U� Relative expression ratio A�B��J+�����
 Livak and Schmittgen (2001) �*���B��_	I�,�� 
\*�@����A�  
 

    Relative expression ratio = 2-(∆∆CT) 

 
   FBST� ∆CT 	S�	��B'A�AU�
��
	U� CT ��
�+, Granzyme '() Caspase-3 �>D	U� 
CT ��
�+, β-actin 
+T
I����
*(�
1,'AU()OU�
F�(� �*���B��_F�+�,F2f,�B��� \*�*>
,+H	S�  
 
   Relative expression ratio ��
�+, Caspase-3 ∆CT  = CT Caspase-3 - CT β-actin  

 Relative expression ratio ��
�+, Granzyme ∆CT  = CT Granzyme - CT β-actin 
   @��,>H,,I�	U� ∆CT @�����
*(�

+TF�(� 0 O>T��B
 (∆CT 
+TF�(� 0) 1O�F2f, 
Calibrator FGST�2�>D	U� ∆CT ��
���
*(�
1,'AU()O>T��B
 (∆CT 
+TF�(� X) 1C�F2f,B�A���,F*+�� 
�>, �*�	U�
+T\*�@�����	I�,��*>
�(U��,+H	S� ∆∆CT '()��B��_F�+�,F2f,�B��� \*�*>
,+H	S�  
 
    ∆∆CT = ∆CT 
+TF�(� X - ∆CT 
+TF�(� 0 
 
   @��,>H,@�
'
,	U� ∆∆CT (
1,�B��� FGST�C�	U� Relative expression ratio  
   '(��@�

I������F	��)C?	U�	��B'A�AU�
��
�)*>D���'�*
�����
�+, Caspase-
3 '() Granzyme �)C�U�
�(QUB���
*(�
 1,'AU()O>T��B
�*�'���>, �*�1O���J+��F	��)C?	��B
'2�2��, (Analysis of variance) A�B's,���
*(�
'DD�QUBA(�* (Completely randomized 
design) '()F2�+�DF
+�D	��B'A�AU�
��
	U�Fw(+T�1,'AU()O>T��B
1,�(QUB���
*(�
��
'AU()�+, 
�*�1O���J+ Duncan`s new multiple range test (�,>,AO>�, 2542) 
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5. ���
������5+JJ���+�.��������/� Caspase-3 +,- Granzyme 4�Nc,,	NLX.N,T�.���4�

��-+�N,T�. 4�M,�.�.,�� (In vitro) R��M,G�H�������-Ia��.���NSTl� A. hydrophila +,- 

Concanavalin A �.�4S�N����� Quantitative real-time PCR 
 

5.1 ���
*(�
1,C(�*
*(�
 (In vitro) 
 

      5.1.1 ���FA�+�B�>A�?
*(�
 
 

 ,I�2(�,�(A>�FAtB�>�,HI�C,>�2�)B�� 800 ��>B @I�,�, 18 A>� 
+T\BUB+�������
 
��	AU�
 m B�F(+H�
1,�L��)F*+���>D��� 1.1  

 
      5.1.2 ���FA�+�BFOSH�'D	
+F�+��I�C�>D���
*(�
 
 

 ,I�FOSH� Aeromonas hydrophila ���G>,JQ? AQAH001 B�F�+T�D,��C�� Tryptic  
soy agar (TSA) DUBFOSH�
+T�Q�CL�B� 37 �
��F^(F^+�� F2f,F�(� 24 O>T��B
 '���	�(,+F*+T��B�F(+H�

AU�1,��C��FC(� Tryptic soy broth (TSB) DUBFOSH�
+T�Q�CL�B� 37 �
��F^(F^+�� F2f,F�(� 24 
O>T��B
 @��,>H,,I�\22��,FC�+T�

+T	��BF�t���D 2,500 rpm F2f,F�(� 15 ,�
+ @)F��*���'��O>H,
�)C�U�
A)��,'D	
+F�+� D��F����,C(�*�>D��C��F(+H�
FOSH��U�,1�*��,D, F
�U�,1�
�H
 '(��(��

A)��,'D	
+F�+�*���,HI�F�(S� 0.85% 2��,FC�+T�

+T	��BF�t���D 2,500 rpm F2f,F�(� 15 ,�
+ @I�,�, 
2 	�>H
 @�

I����()(��A)��,'D	
+F�+�
+T\*�1,,HI�F�(S� 0.85% 2�>D	��BF��B��,��
'D	
+F�+��*�
1O�F	�ST�
 Spectrophotometer 
+T	��B���	(ST, 540 ,��,FBA� '()B+	U� Absorbance F
U��>D 0.1 @)
\*�FOSH�'D	
+F�+�B+	��BF��B��,2�)B�� 1x105 CFU AU�B�((�(�A� 
 

      5.1.3 ���FA�+�BF^((?FBt*F(S�*��� 
 

 ,I�2(�,�(�,�*2�)B�� 800 ��>B 
+TFA�+�B\��@I�,�, 18 A>�B�
I����*�*F(S�*  
�*�1O�F�tBw+*��FD��? 24 A>�() 9 B�((�(�A� 1C�\*�F(S�*2��B�A�
>H
CB* 162 B�((�(�A� @��,>H,,I�
F(S�*
>H
CB*
+T\*�B�s�B�>D Medium A (Penicillin/Streptomycin solution 2��B�A� 200 B�((�(�A�, 
Heparin 	��BF��B��, 200 unit AU� Fecal carp serum 
+T
I���� Inactivated *���	��B���,
+T�Q�CL�B� 
56 �
��F^(F^+�� ,�, 30 ,�
+ 2��B�A� 1 B�((�(�A�, RPMI No.1640 2��B�A� 19 B�((�(�A�) 1,
�>A���U�,F(S�* 2��B�A� 1 B�((�(�A�AU� Medium A 2��B�A� 2 B�((�(�A� @)\*�F(S�*
+TF@S�@�
'(��
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>H
CB*2��B�A���B 486 \B�	�(�A� s�B���()(��AU�
 m 1C�F����>,*������F��U�FD� m @��,>H,
I�
���'��O>H,FBt*F(S�*�*�*�*F(S�*
+TF@S�@�
'(�� 2��B�A� 3 B�((�(�A� 'DU
1�U(
1, Tube 
>H
CB* 54 
C(�* �,�* 15 B�((�(�A� 
+TD��@Q Lymphoprep (Axis-shield) 2��B�A� 3 B�((�(�A� ���U*��,��,
C(�* 1,�>A���U�, 1:1 (C��BF��U�) '(��@�
,I�\22��,FC�+T�

+T	��BF�t���D 400 xg (1,500 rpm) F2f,
F�(� 30 ,�
+ 
+T�Q�CL�B� 25 �
��F^(F^+�� *��� Swing rotor @��,>H,FBt*F(S�*@)F��*���'��O>H, 
I�
���*�*�U�,�+F
�
+TF2f,D��F��
+T��BA>��>,��
F^((?FBt*F(S�*��� ���B�1�U Tube �,�* 15 
B�((�(�A� �>,1CBU '(��@�
FA�B Phosphate buffer saline (PBS) 2��B�A� 3 B�((�(�A� s�B1C�F����>,
�*�1O� Micropipette '(��2��,FC�+T�

+T	��BF�t���D 200 xg (1,200 rpm) F2f,F�(� 10 ,�
+ 
+T�Q�CL�B� 
25 �
��F^(F^+�� F
�U�,1�
�H
 '(��FA�B PBS 2��B�A� 3 B�((�(�A� FGST�
I����(��
F^((?FBt*F(S�*��� 
F
���()(�� PBS *��,D,
�H
 �Q*
���@)\*�A)��,�+�����
F^((?FBt*F(S�*��� FA�B PBS 2��B�A� 
200 \B�	�(�A� s�B1C�F����>,FD� m �*�1O� Micropipette ^�T
@)\*�F^((?FBt*F(S�*���
>H
CB* 54 
C(�* 

 
              5.1.4 �����
's,���
*(�
 
 

,I�F^((?FBt*F(S�*���1,��)'�F(S�* 
+TFA�+�B\��
>H
CB* 54 C(�* B�'DU
��� 
F2f, 3 �(QUB���
*(�
 �(QUB���
*(�
() 6 C(�* ('AU()�(QUB���
*(�

I� 3 ^HI�) �*�1,'AU()
C(�*@)B+F^((?FBt*F(S�*���
+T()(��1, PBS C(�*() 200 \B�	�(�A� '()B+	��BC,�',U,��

F^((?F
U��>D 2x107 F^((? AU�@��,>H,,I�F^((?FBt*F(S�*���1,��)'�F(S�*
+T\*�B�@>*�(QUB���
*(�

*>
,+H 
 

 �(QUB
+T 1 F2f,�(QUB	�D	QB (Control) ,I�F^((?FBt*F(S�*���1,��)'�F(S�*
+T 
()(��1, PBS 
+TB+	��BC,�',U,��
F^((?F
U��>D 2x107 F^((? B�FA�B Medium A 2��B�A� 2 
B�((�(�A� FG+�
��U�
F*+�� �*�@)\*�F^((?FBt*F(S�*���1,��)'�F(S�*B+	��BC,�',U,�Q*
���
2�)B�� 9x106 F^((?  
 

 �(QUB
+T 2 F2f,�(QUB
*(�
 (Treatment 1) ,I�F^((?FBt*F(S�*���1,��)'�F(S�*
+T 
()(��1, PBS 
+TB+	��BC,�',U,��
F^((?F
U��>D 2x107 F^((? B�FA�B Medium A 2��B�A� 2 
B�((�(�A� 
+TB+FOSH� A. hydrophila 	��BF��B��, 2x105 CFU AU�B�((�(�A� FGST�1C�\*�	��BF��B��,
�Q*
���2�)B�� 1x105 CFU AU�B�((�(�A�  
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 �(QUB
+T 3 F2f,�(QUB
*(�
 (Treatment 2) ,I�F^((?FBt*F(S�*���1,��)'�F(S�*
+T 
()(��1, PBS 
+TB+	��BC,�',U,��
F^((?F
U��>D 2x107 F^((? B�FA�B Medium A 2��B�A� 2 
B�((�(�A� 
+TB+ Concanavalin A ^�T
B+	��BF��B��, 20 \B�	���>BAU�B�((�(�A� FGST�1C�\*�	��BF��B��,
�Q*
���2�)B�� 10 \B�	���>BAU�B�((�(�A�  

 
 ,I�F^((?FBt*F(S�*���1,��)'�F(S�*
+TFA�+�B\��
>H
CB* 3 �(QUB���
*(�
 B� 

F(+H�
1,A��DUB
+T�Q�CL�B� 25 �
��F^(F^+�� F��U�A(�*F�(��*�1O�	��BF�t���D 25 rpm '(��@�
F��TB
F�tDF^((?FBt*F(S�*���1,��)'�F(S�* FGST�FA�+�B��>* Total RNA �*�F�tD@��'AU()�(QUB���

*(�
 @��'AU()OU�
F�(� �(QUB() 1 C(�* 
>H
CB* 9 C(�* �*�B+OU�
F�(�
+TF�tD*>
AU�\2,+H	S�
+T 
0, 6, 12, 24, 48 '() 72 O>T��B
 A�B(I�*>D �)C�U�
,+HF(+H�
F^((?FBt*F(S�*���1,��)'�F(S�* 
+TFC(S�
1,�L��)F*�B @,��U�@)
I����
*(�
F��t@��H,  
 

      5.1.5 ���F�tDA>���U�
F^((?FBt*F(S�*���1,��)F�F(S�*'()�����>* Total RNA 
 

 ,I�A>���U�
F^((?FBt*F(S�*���1,��)'�F(S�*@��
>H
 3 �(QUB���
*(�
 'DU
1�U 
(
1, Microcentrifuge tubes �,�* 1.5 B�((�(�A� ,I�\22��,FC�+T�

+T	��BF�t���D 7,500 rpm F2f,
F�(� 15 ,�
+ 
+T�Q�CL�B� 25 �
��F^(F^+�� FGST�A�A)��,F^((?FBt*F(S�*���1,��)'�F(S�* F
��� 
()(���U�,1�
�H
 '(��@�
FA�B Trizol Reagent (Molecular research center) 2��B�A� 1 B�((�(�A� 'OU
1,,HI�'�t
 @��,>H,D*F^((?FBt*F(S�*���1,��)'�F(S�*1C�()F�+�**���
+TD*FBt*F(S�*
+T�U�FOSH�'(�� 
'(��@�

I�(�� Genomic DNA �*�1O�F�tBw+*��FD��? 24 *�*��H,(
2�)B�� 10-15 	�>H
 DUB
+T�Q�CL�B� 
C��
F2f,F�(� 5 ,�
+ '(��@�
��>* Total RNA A�B��J+���1,��� 1.2 
 

      5.1.6 ����>*	��BF��B��,��
 Total RNA 
 

 ,I� Total RNA 
+T��>*\*�@��F^((?FBt*F(S�*���1,��)'�F(S�* @����� 5.1.5  
B��>*	��BF��B��,��
 Total RNA A�B��J+���1,��� 1.3  
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      5.1.7 ���A��@��D	Q�L�G Total RNA �*���J+ Formaldehyde agarose gel 
electrophoresis 

 
 A��@��D	Q�L�G Total RNA ��
F^((?FBt*F(S�*���1,��)'�F(S�* 
+T\*� 

@����� 5.1.6 B�A��@��D	Q�L�G Total RNA �*���J+ Formaldehyde agarose gel electrophoresis 
A�B��J+���1,��� 1.4 

 
                    5.1.8 ����>
F	��)C? First stand cDNA @�� Total RNA  
         

  ,I� Total RNA 
+T��>*\*�@��F^((?FBt*F(S�*���2(�1,'AU()�(QUB���
*(�
 @�� 
��� 5.1.5 1,'AU()OU�
F�(�B��>
F	��)C? First stand cDNA L��C(>
@�����A��@��D	Q�L�G 
Total RNA �*�1O� RevertAidTM First stand cDNA synthesis ��
D���>
 Fermentas A�B��J+���1,
��� 3.6  

 
            5.1.9 �����������'�*
�����
�+, Caspase-3 '() Granzyme 1,F^((?FBt*F(S�*���
1,��)'�F(S�* 1,C(�*
*(�
 L��C(>
@�������)AQ�,*���FOSH� A. hydrophila '() Concanavalin 
A �*�1O�F
	,�	 Quantitative real-time PCR 
 

 ,I� First stand cDNA 
+TFA�+�B\*�@��F^((?FBt*F(S�*���1,��)'�F(S�* 1,'AU() 
�(QUB���
*(�
 
+TF�tD1,'AU()OU�
F�(� @����� 5.1.8 B�F2f, Template '()1O� Specific primers 
+T
���'DDB�@��(I�*>D,��	(+��\
*?D�
 �U�,��
 cDNA ��
�+, Caspase-3 '() Granzyme \*�'�U 
Caspase F3 primer 	�U�>D Caspase R3 primer '() Granzyme F2 primer 	�U�>D Granzyme R2 primer 
(A���

+T 1) FGST�,I�B�1O�1,���
I�2����������
 Real-time PCR A�B��J+���1,��� 4.1.8 C(>
@��,>H,
s(��
���'�*
�����
�+,
+T\*�,I�\2F2�+�DF
+�D�>D���'�*
�����
�+, β-actin �*�B+ 
Specific primers (β-actin F2 primer 	�U�>D β-actin R2 primer; A���

+T 1) ^�T
@)1O�F2f, Normalizer 
�*�1O��L��)���
I�2�������� FOU,F*+���>D�����������'�*
�����
�+, Caspase-3 '() 
Granzyme FOU,F*+���>D1,��� 4.1.8 

 
 �U�,s�B��
���
I�2��������2��B�A���B 25 \B�	�(�A� B+�U�,2�)��D'() 

�L��)��
���
I�
�,��
F	�ST�
 Mx ProTM 3000P QPCR (Stratagene) A�B��J+���1,��� 4.1.8 
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      5.1.10 �����F	��)C?���B�(
�
�_�A� 
 

    ,I�	U� CT 
+T\*�@��
>H
 3 �(QUB���
*(�
1,'AU()OU�
F�(� B�
I����	I�,��FGST�
C�	U� Relative expression ratio �*�
I������F	��)C?	U�	��B'A�AU�
��
���'�*
�����
�+, 
Caspase-3 '() Granzyme 1,F^((?FBt*F(S�*���1,��)'�F(S�* 1,C(�*
*(�
 A�B��J+���1,��� 
4.1.9  
 

�`���/U+,-�-�-N�,��Z������HG� 

 
C��
2��D>A�������@>*����Q�L�G�>A�?,HI� L�	��O�FG�)F(+H�
�>A�?,HI� 	�)2�)B
 

BC���
��(>�F��A����A�? �*�*I�F,�,���
I���@>�1,�)C�U�
F*S�,�>,���, 2550 - J>,��	B 2552 
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V,+,-��H���	 
 

V, 

    

1. �����,�+,-���
�����a�,G���-���,Z�.GJ����,/��W�.	�/U�LJ���	��� Complementary 

DNAs (cDNAs) ����/� Caspase-3 +,- Granzyme 4�5,���, 

 
@�������������'�*
�����
�+,@��\A�U�,C,��'()B��B1, cDNAs library ��
2(�,�(

C(>
@��_����)AQ�,*���FOSH� Streptococcus agalactiae �*�1O�F
	,�	 Expressed sequence Tags 
(ESTs) �*�������
�,��
 Srisapoome et al. (2008) GD�U�(I�*>D,��	(+��\
*?
+TB+���D>,
��\��1,
��,���B�( GeneBank Database (Direct submittion, Accession no. A>H
'AU FF27951855138554- 
FF28060355139639 
+T\*������1,\A�U�,C,��'() Accession no. A>H
'AU FF28060455139640- 
FF28169055140732 
+T\*������1,B��B FBST�,I�(I�*>D,��	(+��\
*?D�
�U�,��
 ESTs �	(,FC(U�,+H
B�A��@��D�*����,I�\2F2�+�DF
+�D	��B	(���	(�
�>,��
(I�*>D,��	(+��\
*?'()(I�*>D��* 
�)B��, (Blast N '() Blast X) �>D��T
B+O+��AAU�
 m 
+TB+���
�,1, GenBank database GD�U�L��C(>

@�������)AQ�,*���FOSH� S. agalactiae B+���'�*
�����
�(QUB�+,
+TF�+T�����
�>D�(\����F��*
��)D�,��� Apoptosis ���UC(��O,�* C,�T
1,@I�,�,,>H,	S����	�,GD(I�*>D,��	(+��\
*?D�
�U�,
��
 cDNA ��
�+, Caspase-3 (�	(, HK 115, Accession no. FF27959755138633) '()�+, 
Granzyme (�	(, HK 28, Accession no. FF27953355138569) ^�T
GDFwG�)1, cDNA library ^�T

����
@��\A�U�,C,����
2(�,�(F
U�,>H, 

 
FBST�,I� cDNA �	(, HK 115 B�
I����A>**���F�,\^B?A>*@I�FG�) Xho I '() Eco RI '(��

,I�\2A��@��DD, Agarose gel GD�U� cDNA �	(, HK 115 ,+H B+�,�*��
O�H, Insert 2�)B�� 
1,000 bp (L�G
+T 10) '()FBST�
I����A��@��D(I�*>D,��	(+��\
*?D�
�U�,��
 cDNA �	(, HK 
115 �*����,I�\2
I����C�(I�*>D,��	(+��\
*? (Sequencing) �*�1O� Universal primers O,�* 
M13F primer '() M13R primer (A���

+T 1) 
I�1C�\*�(I�*>D,��	(+��\
*? 721 bp '() 1,042 bp 
A�B(I�*>D '()FBST�,I�B�
I� Multiple alignment FGST�C��U�,
+T^��,
>D�>, �(>D2�����U�\BU��B��_
C��U�,
+T^��,
>D*>
�(U��\*� ^�T
FBST�G�@����_�
C(>�	��B@��
@���,�*��
 Insert size '(��\BU,U�
F2f,\2\*�C�S���@F2f,\2\*��U�(I�*>D,��	(+��\
*?��
 cDNA �	(, HK 115 ��@B+�,�*1CPU��U� 
1,000 bp s����@>�@�

I�������'DD Forward '() Reverse primers [Caspase F2 primer '() Caspase 
R2 primer (A���

+T 1)] '(��,I�\2FG�TB@I�,�, DNA 1,2�������� PCR �*�1O�G(��B�*�	(, HK 
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115 F2f,'BU'DD (Template) 
I�1C�\*� PCR products �,�*2�)B�� 1,500 bp (L�G
+T 11a) FBST�,I� 
PCR products ,+H\2
I�����	(,'()A��@��D(I�*>D,��	(+��\
*? GD�U�B+�,�*F
U��>D 1,503 bp 
'()L��C(>
@��,I�F��(I�*>D,��	(+��\
*?
+T\*�,+H\2
I� Multiple alignment �>D(I�*>D,��	(+��\
*?

+T\*�@�����A��@��D(I�*>D,��	(+��\
*?�*�1O� M13 Forward '() M13 Reverse primers 
I�1C�

��D�U�(I�*>D,��	(+��\
*?
>H
CB*��
 cDNA �	(, HK 115 B+	��B���F
U��>D 2,612 bp (L�G
+T 
11b) '()
I����A>H
OST� cDNA ,+H�U� �Casp3-TL�  
 
                                                                   M          HK 115 

 
 
R���/U 10  �,�*��
O�H, Insert ��
 cDNA �	(, HK 115 L��C(>
@�����A>**���F�,\^B?A>* 
                 @I�FG�) Xho I '() Eco RI D, Agarose gel �*�
+T M 	S� 100 bp DNA Ladder  
 
 
 
 
 
 
 
 
 
 



 

 

Partial cDNA (721 bp)                               Partial cDNA (1,042 bp)                               

Amplification PCR product (1,503 bp)                                      

end 

end 

68 

                 Amp  5` end                                                                                                              3`  
                               
 
                           �	(, HK 115           (Accession no. FF27959755138633)           �	(, HK 115  
 
 
 
                    
                                  
                           5` end                                                                                                             3`   
 
 

            (a)                                                                           (b) 
 
R���/U 11  'DD's,����	(,(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+, Caspase-3 1,  
                 2(�,�( (Casp3-TL) (a) '_D DNA ��
 Amplification PCR product @�����C�(I�*>D        
                 ,��	(+��\
*?AI�'C,U
OU�
�(�
��
 cDNA ��
�+, Casp3-TL 1,2(�,�( (b) 's,L�G            
                 ����	(,(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+, Casp3-TL '()AI�'C,U
��
  
                 Specific primers (Caspase F2 primer '() Caspase R2 primer)  
 

FBST�,I� Plasmid ��
 cDNA �	(, HK 28 
+T\*�@�������������'�*
�����
�+,@��\A
�U�,C,��1, cDNA library  ��
2(�,�(C(>
@��_����)AQ�,*���FOSH� S. agalactiae �*�1O�F
	,�	 
Expressed sequence Taqs (ESTs) (F��G(, 2551) ,>H, B�
I����A>**���F�,\^B?A>*@I�FG�) Xho I 
'() Eco RI '(��,I�\2A��@��DD, Agarose gel GD�U� cDNA �	(, HK 28 B+�,�*��
 Insert  
	�U�� m 2�)B�� 850 bp (L�G
+T 12) '()FBST�,I� Plasmid ,+H\2C�(I�*>D,��	(+��\
*? (Sequencing) 
�*�1O� Universal primers O,�* M13F primer '() M13R primer (A���

+T 1) GD�U� cDNAs ,+HB+
�,�*F
U��>D 847 bp ��U�
\��tA�B FBST�,I�\2
I����F2�+�DF
+�D	��B	(���	(�
�>,��
(I�*>D,��	(+-
��\
*?'()��*�)B��, �*����1O��2�'��B Blast X 1, GenBank database GD�U� cDNA �	(, 
HK 28 ,+HD��@Q(I�*>D,��	(+��\
*?D�
�U�,��
�+, Granzyme 1,2(�,�(
�
*��, 3` F
U�,>H, @�

I�
������'DD Specific primer FGST�1O�1,��� Amplify (I�*>D,��	(+��\
*?�U�,
+TFC(S�
�
*��, 5` 
�*����1O�F
	,�	 5` RACE (Rapid Amplification of cDNA Ends) A�B��J+�����
D���>
 BD 
SmartTM RACE cDNA Amplification kit (BD Bioscience Clontech) 
I�1C�\*� PCR product 

AAAAAA Full-length of Caspase-3 cDNA (Casp3-TL) 

Caspase R2 primer Caspase F2 primer 

AAAAAA Caspase-3 cDNA of Nile Tilapia (2,612 bp) 
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2�)B�� 1,000 bp (L�G
+T 13a) '(��@�
,I� PCR product 
+T\*�\2
I�����	(,F�����U pGem T Easy 
vector '()C�(I�*>D,��	(+��\
*? (Sequencing) �*����1O� M13 Forward '() M13 Reverse 
primers GD�U� PCR product 
+T\*�,+HB+�,�*F
U��>D 1,050 bp '()FBST�,I�(I�*>D,��	(+��\
*?
+T\*�,+H\2

I���� Alignment �>D(I�*>D,��	(+��\
*?
�
*��, 3` 
+T\*��U�,C,��,+H 
I�1C�\*�(I�*>D,��	(+��\
*?
+T
�BD���?��
 cDNA ��
�+, Granzyme 1,2(�,�(B+	��B���
>H
��H,��B 1,412 bp (L�G
+T 13b) @�


I����A>H
OST� cDNA ,+H�U� �Granz-TL�  

 
                              M              HK 28 

 
R���/U 12  �,�*��
O�H, Insert ��
 cDNA �	(, HK 28 L��C(>
@�����A>**���F�,\^B?A>* 
                 @I�FG�) Xho I '() Eco RI D, Agarose gel �*�
+T M 	S� 100 bp DNA Ladder 
                  

 
 
 
 
 
 
 
 
 
 



 

 

5`RACE PCR product (1,050 bp)                                      

Partial cDNA (847 bp)                               
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          5`RACE   5` end                                                                                                          3` end 
                             

   
                                                                        �	(, HK 28 (Accession no. FF27953355138569)       
 
 
 
                           5` end                                                                                                           3` end 
 
        

           (a)                                                                           (b) 
 

R���/U 13  'DD's,����	(,(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+, Granzyme      
                 (Granz-TL) 1,2(�,�( (a) '_D DNA ��
 5` RACE PCR product (b) 's,L�G��� 
                 �	(,(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+, Granz-TL '()AI�'C,U
��
  
                  Reverse primer (Granzyme R1 primer)  
 
2. �����N���-M	,Z�.GJ����,/��W�.	�/U�LJ���	��� cDNA ���N5�/�JN�/�J,Z�.GJ����,/��W�.	 ,Z�.GJ

��.�-L���+,-���
�������L�GL�G��	NS�����Gj���������/� Caspase-3 +,-�/� Granzyme 4�   

5,���,�GJ��U�L/S/��IIY�� k  

 
2.1 �����F	��)C?(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+, Caspase-3 (Casp3-TL) 

'() Granzyme (Granz-TL) 1,2(�,�( 
       
      FBST�,I�s(��
(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+, Caspase-3 1,2(�,�( 

(Casp3-TL) 
+T\*�@����� 1 \2
I����F2�+�DF
+�D(I�*>D,��	(+��\
*?'()(I�*>D��*�)B��,*���
�2�'��B Blast X �>D��T
B+O+��AO,�*�ST, m 
+TB+������
�,\��1, GenBank database GD�U�(I�*>D     
,��	(+��\
*?
+T�BD���?��
 Casp-3 TL B+	��B	(���	(�
�>D(I�*>D,��	(+��\
*?'()��*�)B��,
��
�+, Caspase-3 ��
2(� European sea bass (Dicentrarchus labrax) B��
+T�Q* (L�G
+T 14) �*�B+
	U� E-values ��
�Q*F
U��>D 2e-126 ��
(
B�	S��+, Caspase-3 ��
2(� Large yellow croaker 
(Larimichthys crocea) ^�T
B+	U� E-values F
U��>D 4e-126 (A���

+T 2)  

 

Granzyme R1 primer 

AAAAAA Full-length of Granzyme cDNA (Granz-TL) 

AAAAAA Granzyme cDNA of Nile Tilapia (1,412 bp) 

Universal primer 



 

 
71 

 

 

                                                                                                  

 
gb|ABC70996.1|  caspase-3 [Dicentrarchus labrax] 

gb|ABC70996.1|  caspase-3 [Dicentrarchus labrax] 

Length=281 

 

 Score =  458 bits (1178),  Expect = 2e-126 

 Identities = 223/277 (80%), Positives = 244/277 (88%), Gaps = 1/277 (0%) 

 Frame = +2 

 

Query  95   SGPGVDDTDAKPGNGKRSAGSSSASVPMDVDAKPQSHSFRYRLDFPSIGQCIIINNKNFD  274 

            +GPG D TDA+ G+G+ S  S SAS PMDVDAKP S SFRY L++PS+GQCIIINNKNFD 

Sbjct  4    NGPGEDSTDARRGDGQESEASFSASGPMDVDAKPNSRSFRYSLNYPSMGQCIIINNKNFD  63 

 

Query  275  RSTGMNQRNGTDVDAGNAMRVFKNLGYNVKMYNDQTVDQMMNVLTDASKEDHSNSASFVC  454 

            R TGMNQRNGTDVDAGNAM+VF  LGY  K+YNDQTV+QM  VL   SKEDHS +ASF+C 

Sbjct  64   RRTGMNQRNGTDVDAGNAMKVFTKLGYKTKIYNDQTVEQMKQVLISVSKEDHSCNASFIC  123 

 

Query  455  ILLSHGDEGVFFGTDGSVALKHLTSLFRGDRCKSLVGKPQLFFIQACRGTDLDPGIETDS  634 

            +LLSHGDEGVFFGTDGSV LK+LTSLFRG+ C SLVGKP+LFFIQACRGTDLDPGIETDS 

Sbjct  124  VLLSHGDEGVFFGTDGSVELKYLTSLFRGNHCISLVGKPKLFFIQACRGTDLDPGIETDS  183 

 

Query  635  ETDG-VKIPVEANFLYAFSPAPGYYSWRNTMTGSWFIQSVCDMISKYGKELEILHIMTRV  811 

              DG  KIPVEA+FLYAFS APGYYSWRNT TGSWFIQS+CD+ISKYGKELE+ HIMTRV 

Sbjct  184  GEDGTTKIPVEADFLYAFSTAPGYYSWRNTTTGSWFIQSLCDLISKYGKELELQHIMTRV  243 

 

Query  812  NHKVAVEFESASNSPGFDAKKQIPCIVSMLTKEMYFS  922 

            NHKVAVEFES SNSPGF+AKKQIPCIVSMLTKEMYFS 

Sbjct  244  NHKVAVEFESISNSPGFNAKKQIPCIVSMLTKEMYFS  280 

 
R���/U 14  ���F2�+�DF
+�D	��B	(���	(�
��
(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+,  
                 Caspase-3 ��
2(�,�( (Casp3-TL) �>D��T
B+O+��AO,�*�ST, m 
+TB+���
�,\��1,  
                 GenBank database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) �*�1O��2�'��B Blast X 
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I�����/U 2  ���F2�+�DF
+�D	��B	(���	(�
�>,��
(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
  
                  �+, Caspase-3 1,2(�,�( (Casp3-TL) �>D��T
B+O+��AO,�*�ST, m 
+TB+	U� E-value ��
�Q* 5  
                  �>,*>D'�� �*�1O��2�'��B Blast X  
 
 

 Putative genes         Closest species               E-values        Score       Length         Accession  

                      (bits)     (residues)        number   
Caspase-3                      Dicentrarchus labrax    2e-126           458          281             DQ345773    
Caspase-3            Larimichthys crocea      4e-126           457          285             EU878546 
Caspase 3B                   Oryzias latipes               3e-121           441          280             AB032608 
Caspase-3 precursor     Salmo salar                    1e-120           438          284              BT059710 
Caspase 3                    Takifugu rubripes           2e-119            434          280             AF042797 

 
      FBST�
I����G�@����'(��GD�U�(I�*>D,��	(+��\
*?
+T�BD���?��
 Casp3-TL 1,2(�,�( 

B+	��B�����B
>H
��H, 2,612 bp (L�G
+T 15) ��B��__�*�C>�F2f,��*�)B��, (Open reading frame 
C�S� ORF) B+	��B�����B 846 bp '()B+(I�*>D��
,��	(+��\
*?
�
*��,2(�� 5` '()2(�� 3` 
Untranslated region (UTR) 
+T\BUF�+T�����
�>D�������
�2�A+, B+	��B���F
U��>D 79 '() 1,684 bp 
A�B(I�*>D �*�(I�*>D,��	(+��\
*?
+T'�*
���F��TBA�,���'2(�C>� (Start codon C�S� ATG) ���U1,
AI�'C,U
(I�*>D,��	(+��\
*?(I�*>D
+T 80 bp '()��B��_GDAI�'C,U
��
(I�*>D,��	(+��\
*?
+TF2f, 
ATTTA (Instability) motif ^�T

I�C,��
+TF�+T�����
�>D���	
�L�G��
 mRNA ���U
�
*��,2(�� 3` 
UTR @I�,�, 2 AI�'C,U
 �*����UCU�
@��(I�*>D��
 Poly A tail 
�
*��,2(�� C-terminal F
U��>D 
377 '() 1,150  bp A�B(I�*>D '()(I�*>D,��	(+��\
*?
+TF2f, Polyadenylation signal sites 
(AATAAA) @I�,�, 1 AI�'C,U
 �*����UCU�
@��(I�*>D��
 Poly A tail F
U��>D 38 bp �U�, (I�*>D     
,��	(+��\
*?
+T'�*
�����H,�Q*���_�*�C>� (Termination codon C�S� TAA) ���UCU�
@��(I�*>D��
 
Poly A tail 2�)B�� 1,684 bp (L�G
+T 15)  

       
      '()FBST�
I����A��@��D1,�U�,��
(I�*>D,��	(+��\
*?
+T��B��__�*�C>�F2f,

��*�)B��, (ORF) GD�U���*�)B��,��
 Casp3-TL B+	��B�����B
>H
��H, 282 Residues @��,>H,

I����C�D��F�� Hydrophobic leader sequence @��(I�*>D��*�)B��, *����2�'��B �DAS-
Transmembrane prediction� (http://www.sbc.su.se/~miklos/DAS/) '(��GD�U�\BU��B��_C�
AI�'C,U

+TF2f,AI�'C,U
��
 Hydrophobic leader sequence \*� (L�G
+T 16) ��U�
\��tA�B�(>DGD�U�
(I�*>D��*�)B��,1,OU�
 Residues 
+T 121-130 F2f,D��F��
+T'�*
AI�'C,U
��
 Hydrophobic  
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sequence ��U�
O>*F@, '()FBST�
I����C�D��F��
+TF2f, Catalytic domain �*�1O��2�'��B 
PROSITE predictions (http://au.expasy.org//prosite) GD�U���B��_'DU
�	�
����
��
�2�A+,��

�+, Casp3-TL ���F2f, 2 �U�, 	S� Large subunit C�S� Caspase family p20 domain (p20) '() 
Small subunit C�S� Caspase family p10 domain (p10) '(���>
GDAI�'C,U
A>*��
 Histidine active 
site �+�C,�T
AI�'C,U
�*�B+(I�*>D��
��*�)B��,*>
,+H	S� H117snsaSfvCiLLSHG131 (A���

+T 3) ^�T

F2f,OU�

+T���UA�
�>D Hydrophobic sequence G�*+ �*�
>T�\2'(���+, Caspases 
+T@>*���U1,�(QUB 
Effector caspase ^�T
\*�'�U Caspase-3, Caspase-6 '() Caspase-7 ��
��T
B+O+��A1,�(QUB Vertebrate 
@)\BUGD Prodomain ^�T
�*�2�A�'(��@)���UD,AI�'C,U
��
 Hydrophobic leader sequence �*��+, 
Caspases 1,�(QUB,+H @)'A�AU�
@���(QUB��
 Initiator caspases '() Inflammatory caspases 
�*�FwG�) Initiator caspases @)B+ Domain �I�	>P m D��F��AI�'C,U
��
 Prodomain FOU, Caspase 
activation recruitment domain (CARD) C�S� Death effector domain (DED) F2f,A�, (Takle and 
Andersen, 2007) ,��@��,+Hs(�����F	��)C?(I�*>D��*�)B��,
+TF2f, Open reading frame GD�U�B+
��*�)B��, Cysteine (Cys C�S� C) 
>H
CB* 6 AI�'C,U
 	S�AI�'C,U

+T C56, C125, C157, C172, C225 '() 
C269 A�B(I�*>D '(���>
��B��_GDAI�'C,U
��
 Glycosylation site (NXT C�S� NXS) �*� N 	S� 
Asparagine (Asn), T 	S� Threonine (Thr), S 	S� Serine (Ser) '() Xaa (X) 	S���*�)B��,O,�*�ST, 
m _�
 2 AI�'C,U
*����>,  \*�'�U Asn-Gly-Ser (N4GS) '() Asn-Gly-Thr (N74GT) A�B(I�*>D (L�G
+T 
16)  

 



 

 

 

 

  

 

 
 

 

I�����/U 3  ���F2�+�DF
+�D�	�
����

+TF2f, Catalytic domain '()D��F����*�)B��,��
AI�'C,U
A>* (Active site) ��
�(QUB Caspase family '()�+,  
                  Caspase-3 1,2(�,�( (Casp3-TL) �>D�+, Caspase-3 ��
2(�O,�*AU�
 m �*�1O��2�'��B PROSITE predictions (http://au.expasy.org//prosite)  
 
 Putative genes              Common name                                               Catalytic domain                       Proteolytic clevage site         Amino acid            

                                                                                                      Large Subunit      Small subunit         (Histidine active site)                                                                                              
    
  Caspase-3                         Nile tilapia                                                   p20                  p10                       Histidine/ 117-131            HsnsaSfvCiLLSHG  
  Caspase-3                         European sea bass                                        p20                  p10           Histidine/ 115-129            HscnaSfiCvLLSHG 
                                                                                                                                                                       Cysteine/ 161-172             KPKLFFIQACRG 
  Caspase-3                Large yellow croaker                                     p20                 p10                        Histidine/ 119-133            HscyaSfvCvLLSHG 
              Cysteine/ 165-176              KPKLFFIQACRG 
  Caspase-3                         Zebra fish                                                      p20                 p10                       Histidine/ 111-125           HsrcaSlvCvLLSHG 
                   Cysteine/ 157-168            KPKLFFIQACRG  
  Caspase-3                        White cloud mountain minnow                      p20                p10                        Cysteine/ 157-168            KPKLFFIQACRG 
  Caspase-3B                     Japanese medaka                                            p20                 p10                       Histidine/ 115-129            HsdsaSfvCiLLSHG 
                    Cysteine/ 161-172            KPKLFFIQACRG 
  Caspase- 3 precursor       Atlantic salmon                                             p20                  p10                       Histidine/ 117-131           HscsaSfvCvLLSHG 
                             Cysteine/ 163-174             KPKLFFIQACRG 
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I�����/U 3  (AU�) 
 
 Putative genes                Common name                                              Catalytic domain                     Proteolytic clevage site           Amino acid            

                                                                                                      Large Subunit      Small subunit         (Histidine active site)                                                                                              
    
  Caspase-3                         Fugu rubripes                                               p20                  p10                         Histidine/ 114-128            HsacaSfvCvLLSHG 
                             Cysteine/ 160-171            KPKLFFIQACRG 
  Caspase-3 precursor         Northern pike                                               p20                  p10                         Histidine/ 119-133           HsqsaSfvCvLLSHG  
                 Cysteine/ 165-176            KPKLFFIQACRG   
  Caspase-3 precursor         Sablefish                                                     p20                   p10                          Histidine/ 129-143           HsdraSfvCvLLSHG 
                             Cysteine/ 175-186             KPKLFFIQACRG          
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1      GGCACGAGGGAGGCCTTCTCTTTGTCACATAGAGAGCGCGAATTTGTTTGGTTAGCGTTT     60 

61     AATTACTTGCCTGTGAAAAATGTCGGAAAACGGATCCGGACCTGGAGTGGACGATACAGA    120  

(1)                       M  S  E  N  G  S  G  P  G  V  D  D  T  D       (14)               

 

121    CGCAAAGCCAGGCAATGGAAAACGATCAGCGGGCTCTTCGTCTGCTTCTGTCCCCATGGA    180  

(15)    A  K  P  G  N  G  K  R  S  A  G  S  S  S  A  S  V  P  M  D    (34) 

 

181    CGTGGATGCCAAGCCCCAGTCACACAGCTTCAGATACCGCCTCGATTTCCCCAGCATTGG    240  

(35)    V  D  A  K  P  Q  S  H  S  F  R  Y  R  L  D  F  P  S  I  G    (54) 

 

241    CCAGTGTATCATTATCAACAACAAGAACTTTGACAGGAGTACAGGCATGAATCAGCGAAA    300  

(55)    Q  C  I  I  I  N  N  K  N  F  D  R  S  T  G  M  N  Q  R  N    (74) 

 

301    CGGTACTGACGTGGATGCAGGCAACGCCATGAGAGTATTTAAAAATTTAGGTTATAATGT    360  

(75)    G  T  D  V  D  A  G  N  A  M  R  V  F  K  N  L  G  Y  N  V    (94) 

 

361    GAAGATGTACAATGACCAGACAGTCGATCAGATGATGAATGTTTTAACTGATGCATCTAA    420  

(95)    K  M  Y  N  D  Q  T  V  D  Q  M  M  N  V  L  T  D  A  S  K   (114) 

 

421    GGAAGATCACAGCAACTCAGCCTCTTTTGTCTGCATTCTTTTGAGTCACGGGGATGAAGG    480  

(115)   E  D  H  S  N  S  A  S  F  V  C  I  L  L  S  H  G  D  E  G   (134) 

 

481    CGTGTTCTTTGGTACGGACGGCTCAGTAGCGCTCAAACACCTAACTTCACTTTTTCGAGG    540  

(135)   V  F  F  G  T  D  G  S  V  A  L  K  H  L  T  S  L  F  R  G   (154)   

   

541    CGATCGCTGTAAATCACTGGTGGGAAAACCCCAGCTCTTCTTCATCCAGGCTTGCAGAGG      600  

(155)   D  R  C  K  S  L  V  G  K  P  Q  L  F  F  I  Q  A  C  R  G   (174) 

 

601    TACAGATCTGGATCCAGGCATTGAAACAGACAGCGAAACTGATGGTGTTAAGATCCCTGT    660  

(175)   T  D  L  D  P  G  I  E  T  D  S  E  T  D  G  V  K  I  P  V   (194) 

   

661    GGAAGCAAACTTCCTCTACGCCTTCTCCCCTGCCCCAGGTTACTACTCCTGGAGGAATAC    720  

(195)   E  A  N  F  L  Y  A  F  S  P  A  P  G  Y  Y  S  W  R  N  T   (214) 

  

721    AATGACTGGGTCCTGGTTCATCCAGTCGGTGTGCGACATGATCAGCAAGTACGGAAAAGA    780  

(215)   M  T  G  S  W  F  I  Q  S  V  C  D  M  I  S  K  Y  G  K  E   (234) 

 

781    ACTGGAGATCCTGCACATCATGACCCGAGTGAACCACAAGGTGGCAGTAGAGTTTGAGTC    840  

(235)   L  E  I  L  H  I  M  T  R  V  N  H  K  V  A  V  E  F  E  S   (254) 

 

841    TGCCTCCAATTCTCCAGGGTTTGATGCAAAGAAACAAATCCCCTGTATTGTGTCAATGCT    900  

(255)   A  S  N  S  P  G  F  D  A  K  K  Q  I  P  C  I  V  S  M  L   (274) 

 

901    GACCAAAGAGATGTATTTTTCTCGTTAATGTCAGAAAACTAGAAGAAAGGCTTTGGGAGT    960  

(275)   T  K  E  M  Y  F  S  R  *                                    (282) 

 

R���/U 15  (I�*>D,��	(+��\
*? (�>���'_�D,) '()(I�*>D��*�)B��, (�>���'_�(U�
) 
+T�BD���? 
                 ��
 cDNA ��
�+, Caspase-3 1,2(�,�( (Casp3-TL) �*����D�+TFC(+T�B
�
*��,  
                 5` UTR '�*
_�
 Start codon (ATG) '()
�
*��, 3` UTR '�*
_�
 Stop codon (TAA)  
                 �
�(B'�*
_�
 Cysteine residues 
>H
CB* 6 AI�'C,U
 A>��>���
�DC,�F�,'()�+*F��, 
                 1A�'�*
_�
AI�'C,U
 N-glycosylation site (NXT C�S� NXS) @I�,�, 2 AI�'C,U
 '() 
                 A>��>���
�DC,�'()�+*F��,1A�'�*
_�
AI�'C,U
��
 Polyadenylation signal site  
                 (AATAAA) '() ATTTA motif 
�
*��,2(�� C-terminal 
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961    GCTTGATTTTTTTTTGATTTTTTTTTTTAATGTACACTTTGTAACTCAATATCTCTTCTA   1020  

1021   ACTTTCATATTGCTTGGAGGGCAGACACGATGCAAATGTCAGTCATTCTTCACCACCTTG   1080  

1081   GCATTATTAAGTTTATTCAGTGTTGAGTAGTTATGTAAGTATGGCATTCACTTTTATCCC   1140  

1141   AGCAGCAGGCCCTTTAACCAAAATGAAAGTTATTTTTCACATACCAACATGACACAAAAC   1200 

1201   CTACAGATGTCTACAAGTAACAACAGGCTTGAATTTCCGGGCCTGAGTGTGTTGCCTTTT   1260 

1261   TGCTGTTTACACTACACATTTCAGGGACATTGTTGTGAGTCAGTTTGATAGGAAATTTGA   1320 

1321   CCTTTTGCATTTTGTGTTAGTCATGAAACCATAAATGGCCTGATTGTCACCAGCAGCAAT   1380 

1381   ATTTCATACATGAGGAGTTTATTGTAACTTAAGTGTCTAAGCACGATGACGGTCTGTCTT   1440 

1441   TATTTGTTTTCGTCTCTATTTACATTTTTATTTGTCTCCATTGTTGTGTGAGTGATGTCA   1500 

1501   TTCACTGGATCGGTACCTGATGCGTTGTGCAAAGCCTAAATTAAAGCACCGCCTGAACCT   1560 

1561   GGTGGGTAAATTATTATGTAGCAAATTCAAGAGGATCCTGTAAGTTAAATGTATGTGGGT   1620 

1621   TAGAAAGCTCAGAATTACGTTCTTTATTTTCTGGCTTTTCTGGTCGATTTCTTTCTCTTG   1680 

1681   CTTGTGAAAATCTTTGATGGGAAAGCAGGTTTAATAGCCTGCATGGGAAATGCTCAGCAA   1740 

1741   CCCGCACAATGCTGTTTTTTGAGCCATATTTTAACACGTTAGACATACTTGAACTTTTTT   1800 

1801   TTATTTCACTACTCTTTTCATGGTTTCTTGACTGGGCCGATTAACCTCATAGGTAGTCCA   1860 

1861   CGGTGCAAAGTGTTAGACATTTCAGGATGTGGTTAGTTTAATTAGTCAGACAACCGGAAC   1920 

1921   TACAAAGATGGATTTGTTCAGACAGGTGATACTTTCACTTTGTTTTTTATCTTGTGTAGA   1980 

1981   CACAAAGCGTAGTACATCCTTTCCCCGTAAACTTAAGAGGTTTGCCTGCCTGGTGGTCAG   2040 

2041   ACCAAACATGATCTTTGAATATGTTCACTTTGGCTTCAGGGATCAGTGATAATCCTTTTT   2100 

2101   CCACAAACAATGAGCCAGTAAAAGAAATATTGAATATTGATGGAAAAAAGCTTTTGGTTG   2160 

2161   CAGCCTTAAAGAAACGTTCATGGTGGCTTTTTTTTTTTTTTTAAATTAATAATTAACAAA   2220 

2221   TGAAATGCAAATTTACTAAAGACATTTTGTACTTCAGTGATGCAATTTTCTTAATAACCA   2280 

2281   CAAGCAAACTGAGTAAAAGTTCTTCTGCAAAGCTCATGTCACCATGAATATCAAATAATT   2340 

2341   CATAAGAGATGAAGCACAGTTTGATTGCACATTGATCCTGTTTTTACATGTGACAAATCA   2400 

2401   TGAAAATGCGATTGTTTATGTACACCAAGACAGCTGTATCTGTCACTTGTGCTTTTAAAT   2460 

2461   AAATTCATCGTTGCATGTTTGACATGCACTTCTCAATTTGGCTTTTTTGTAAAATCATGA   2520 

2521   TTTTGTAAACAGCTGTGATGTAAGGTTGATGTACTGTGTTTCACGCAAAATAAAGACCAC   2580 

2581   TTTGTATTCTGAAAAAAAAAAAAAAAAAAAAA                               2612 

 

R���/U 15  (AU�) 
 

                                                                                          Potential transmembrane segments 

                                                                                            Start    Stop     Length     ~    Cutoff 
                                                                                             121     130         10         ~       1.7 
                                                                                             123     128          6          ~       2.2 
 
 

 
 
 
 
 
 

R���/U 16  ���C�AI�'C,U
��
 Hydrophobic leader sequence ��
 cDNA ��
�+, Caspase-3 1, 
                  2(�,�( (Casp3-TL) �*�1O��2�'��B �DAS�- Transmembrane Prediction  
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      FBST�
I������F	��)C?(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
 Casp3-TL 1,2(�
,�( �*����1O��2�'��B ExPASy Proteomics Server (http://au.expasy.org/tools/protparam. html) 
'(�� GD�U� Casp3-TL 1,2(�,�(B+,HI�C,>��BF(�Q(��
�2�A+,O,�*,+H2�)B�� 70,105.8 Da '()B+
	U� Theoretical isoelectric point (pI) F
U��>D 5.09 ^�T
	U� pI C�S�@Q*\��^�+F(t�A��� F2f,	U�
+TD��_�

	U�2�)@Q��
��*�)B��,C�S��2�A+, �I�C�>D�2�A+,
+T2�)��D\2*�����*�)B��,C(��O,�*,>H, 
@)
I�1C�B+CB�U�)A�B
+T'A�A>�\*����UC(���(QUB*����>, 	U� pI ��
�2�A+,@�
��H,���U�>D�>A���U�,
	��BF��B��,��
��*�)B��,
+TB+���'A�A>���
CB�U R �U�@)F2f,��*C�S�*U�
 ���G�@����2�)@Q
�Q
J���
�2�A+,1,���()(��
I�\*��*�G�@�����U�_��C��	U� pH ��
���()(��B����U�	U� pI ��

�2�A+, �2�A+,@)B+2�)@Q�Q
J�F2f,(D '()_�� pH ��
���()(��,�����U�	U� pI ��
�2�A+, 
�2�A+,@)B+2�)@QF2f,D�� �*�GD�U�	U� pI ��
�2�A+, Casp3-TL 1,2(�,�(B+	U�1�(�F	+�
�>D
�2�A+, Alblumin 1, Serum 	S�B+	U� pI F
U��>D 4.9 (G�
�B, 2545)  

 
      �*�
>T�\2'(���	�
����
��
�2�A+,B+\*�_�
 4 �)*>D \*�'�U�	�
����
2�BL�B� 

(Primary structure), �	�
����

QA��L�B� (Secondary structure), �	�
����
AA��L�B� (Tertiary 
structure) '()�	�
����
@AQ�L�B� (Quarternary structure) A�B(I�*>D �I�C�>D�	�
����

QA�L�B� C�S�
�	�
����
(I�*>D
+T 2 	S�(>���)�	�
��2 (Conformation) AU�
 m ��
'AU()�U�,��
���FG2\
*?
+T
F��*@�����B��, ����*C�S����
D�>,��
���FG2\
*?,>H, m 1,�	�
����

QA��L�B�(>���)
+TGD
B��
+T�Q*B+���U��
O,�*	S� α-helix '() β-plated sheet C�S� β-strand (G�
�B, 2545) ��������
	�>H
,+H@�

I����
I�,���	�
����

QA�L�B���
 Casp3-TL @�� PSIPRED Protein Structure 
Prediction Server (http://bioinf.cs.ucl. ac.uk/psipred/psiform.html) GD�U��	�
����

QA��L�B���

�2�A+,��
�+, Casp3-TL 1,2(�,�(2�)��D*����U�,
+TF2f, α-helix C�S� H @I�,�, 8 �U�, 
�I�C�>D�U�,
+TF2f, β-strand C�S� E @I�,�, 10 �U�, '()�U�,
+TFC(S�@)F2f, Random coil C�S� C 
(L�G
+T 17) 
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R���/U 17  ���
I�,���	�
����

QA��L�B���
�2�A+,��
�+, Caspase-3 1,2(�,�( (Casp3-TL)  
                 �I�C�>D α-helix '
,*����>��� H �I�C�>D β-strand '
,*����>��� E '() Random  

    coil '
,*����>��� C  
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      �I�C�>D(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+, Granzyme 1,2(�,�( 
(Granz-TL) 
+T\*�@������	(,1,��� 1 ,>H, FBST�,I�\2
I����F2�+�DF
+�D(I�*>D,��	(+��\
*?'()
��*�)B��,*����2�'��B Blast X �>D��T
B+O+��AO,�*�ST, m 
+TB+���
�,\��1, GenBank database 
'(��GD�U�(I�*>D,��	(+��\
*?
+T�BD���?,+H B+	��B	(���	(�
�>D(I�*>D��
��*�)B��,��
�+, 
Granzyme I-1 1,2(� Bastard halibut (Paralichthys olivaceus) (L�G
+T 18) �*�B+	U� E-values 
��
�Q*F
U��>D 4e-73 ^�T
B+	U�F
U��>D Granzyme III-1 1,2(� Bastard halibut (P. olivaceus) FOU,*+���>, 
'()��
(
B�	S��+, Granzyme II 1,2(� Bastard halibut (P. olivaceus) �*�B+	U� E-values F
U��>D 
2e-69 (A���

+T 4)  

 
      FBST�G�@����(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
 Granz-TL 1,2(�,�( '(��

GD�U� cDNA ,+HB+	��B�����B
>H
��H, 1,412 bp ��B��__�*�C>�F2f,��*�)B��, (Open reading 
frame C�S� ORF) B+	��B�����B 765 bp '()B+(I�*>D��
,��	(+��\
*?
+TF2f, Untranslated region 

�
2(�� 5` '()2(�� 3` ^�T
\BUF�+T�����
�>D�������
�2�A+, B+	��B���F
U��>D 125 '() 519 bp 
A�B(I�*>D �*�(I�*>D,��	(+��\
*?
+T'�*
���F��TBA�,���_�*�C>� (Start codon C�S� ATG) ���U1,
AI�'C,U
(I�*>D,��	(+��\
*?(I�*>D
+T 126 bp '()��B��_GDAI�'C,U
��
(I�*>D,��	(+��\
*?
+TF2f, 
ATTTA motif ���U
�
*��,2(�� 3` UTR @I�,�, 2 AI�'C,U
 �*����UCU�
@��(I�*>D��
 Poly A tail 

�
*��,2(�� C-terminal F
U��>D 215 '() 400 bp A�B(I�*>D '()�>
GD�+��U�(I�*>D,��	(+��\
*?
+T
F2f, Polyadenylation signal sites (AATAAA) @I�,�, 1 AI�'C,U
 �*����UCU�
@��(I�*>D��
 Poly A 
tail 2�)B�� 105 bp �U�,(I�*>D,��	(+��\
*?
+T'�*
�����H,�Q*���_�*�C>� (Termination codon 
C�S� TAA) ���UCU�
@��(I�*>D��
 Poly A tail 2�)B�� 519 bp (L�G
+T 19)  

 
      '()FBST�
I����A��@��D(I�*>D,��	(+��\
*?FwG�)�U�,
+T��B��__�*�C>�F2f,��* 

�)B��, (ORF) F
U�,>H, GD�U���B��_'2(
F2f,(I�*>D��*�)B��,B+	��B�����B
>H
��H, 255 
Residues @��,>H,
I����C�D��F�� Hydrophobic leader sequence @��(I�*>D��*�)B��, *���
�2�'��B �DAS-Transmembrane prediction� (http://www.sbc.su.se/~miklos/DAS/) '(��GD�U� 
cDNA ��
�+, Granz-TL 1,2(�,�(B+	��B�����
 Signal peptide 
>H
CB* 19 Residues 
I�1C�\*�
(I�*>D��*�)B��,1,�U�,��
 Mature protein ��
�+,F
U��>D 236 Residues (L�G
+T 19) @��,>H,
I�
���C�D��F��
+TF2f, Catalytic domain �*�1O��2�'��B PROSITE predictions (http://au.expasy. 
org/prosite) GD�U��+, Granz-TL ��
2(�,�( @>*���U1,�(QUB��
 Serine protease domain O,�*  
Trypsin family �*�(I�*>D��*�)B��,
+T_�*�C>�F2f, Trypsin domain B+	��B�����B 227 
Residues '(���>
GDAI�'C,U
A>* (Active site) ��
�+, Granz-TL 1,2(�,�(\*��+� 2 AI�'C,U
	S� 
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Histidine active site 
+TB+(I�*>D��
��*�)B��,F2f, L63TAAHC68 '() Serine active site 
+TB+(I�*>D
��
��*�)B��,F2f, D202TcqGDSGGPLL213 (A���

+T 5)  

 
      @��,>H,@�

I������F	��)C?(I�*>D��*�)B��,
+TF2f, Open reading frame GD�U�

�	�
����
�2�A+, Granz-TL ��
2(�,�( B+��*�)B��, Cysteine (Cys C�S� C) 
>H
CB* 11 
AI�'C,U
 	S�AI�'C,U

+T C13  ^�T
���U1, Leader sequence '() C52, C68, C114, C115, C144, C174 ,C192, C204, 
C214 '() C228 A�B(I�*>D ^�T
���U1, Mature Protein '(���>
��B��_GDAI�'C,U
��
 Glycosylation 
site (NXT C�S� NXS) _�
 5 AI�'C,U
*����>, \*�'�U Asn-Phe-Ser (N6FS), Asn-Glu-Ser (N84ES), 
Asn-Gln-Ser (N155QS), Asn-Val-Thr (N165VT)  '() Asn-Gly-Ser (N196GT) A�B(I�*>D (L�G
+T 19) 
�*�AI�'C,U
 Glycosylation site AI�'C,U
'��	S� Asn6-Phe-Ser (NFS) ���U1,�U�,��
 Putative 
signal peptide C�S� Leader sequence  
 
I�����/U 4  ���F2�+�DF
+�D	��B	(���	(�
�>,��
(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+,  
                  Granzyme 1,2(�,�( (Granz-TL) �>D��T
B+O+��AO,�*�ST, m 
+TB+	U� E-value ��
�Q* 5  

     �>,*>D'�� �*�1O��2�'��B Blast X 

 
 

 Putative genes         Closest species             E-values      Score     Length           Accession  

                 (bits)     (residues)         number   
Granzyme I-1       Paralichthys olivaceus        4e-73           280           260            AB191196.1 
Granzyme III-1     Paralichthys olivaceus        4e-73          280           261            AB191198.1 
Granzyme II         Paralichthys olivaceus         2e-69          267          261             AB191194.1 
Granzyme A                 Salmo salar                  1e-59          235          262         NM_001141037.1 
Granzyme A precursor Salmo salar                  1e-58          231          262             BT048690.1 
 
 
 
 
 



 

 

 

 

 

 

 

I�����/U 5  ���F2�+�DF
+�D�	�
����

+TF2f, Catalytic domain '()D��F����*�)B��,��
AI�'C,U
A>* (Active site) ��
�(QUB Serine protease ��
�+,  
                  Granzyme 1,2(�,�( (Granz-TL) �>D�+, Granzyme 1,2(�O,�*AU�
 m �*�1O��2�'��B PROSITE predictions (http://au.expasy.org//prosite)  
 
   Putative                        Common name                                Serine protease                        Position of active site                           Amino acid    

      gene                                  of fish                                                Domain                                                                                                  motif 
 

 Granzyme                        Nile tilapia                                                                                            Histidine / 63-68                                  LTAAHC            
                     Serine / 202-213                                  DTcqGDSGGPLL              
                
 Granzyme                        Channel catfish                                                                                     Histidine / 60-65                                  LTAAHC 
 
 Granzyme-like I              Channel catfish                                                                                     Histidine / 62-67                                  LTAAHC 
                     Serine / 201-212                                  GAcqGDSGGPLV 
 
 Granzyme-like III            Channel catfish                                                                                    Histidine / 59-64                                  LTAAHC  
                                                                     
 Granzyme I-1                  Bastard halibut                    Histidine / 62-67                                  LTAAHC 
                                                                                        Serine / 205-216                                   DTcqGDSGGPLM 
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Trypsin  

Trypsin  

Chymotrypsin 

Trypsin  

Trypsin  

 



 

 

 

 

 

 

 

I�����/U 5  (AU�) 
 
   Putative                        Common name                                Serine protease                           Position of active site                  Amino acid    

      gene                                 of fish                                                 Domain                                                                                            motif 
 

 Granzyme II                     Bastard halibut             Histidine / 62-67                        LTAAHC 
                                           Serine / 205-216                        ATcaGDSGGPLM        
 
 Granzyme III-1                Bastard halibut             Histidine / 62-67                        LTAAHC 
                 Serine / 205-216                        ATckGDSGGPLM 
 
 Granzyme  A                   Atlantic salmon             Histidine / 64-69                        LTAAHC 
                 Serine / 206-217                        DScqGDSGGPLV  
 
 Granzyme A precursor    Northern pike             Histidine / 68-73                       LTAAHC 

                Serine / 210-221                       DAckGDSGGPLM 
 

 Granzyme-1                     Nile tilapia             Histidine / 62-67                       LTAAHC 
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Trypsin  

Trypsin  

Trypsin  

Chymotrypsin  

Trypsin  
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dbj|BAD91570.1|  granzyme I-1 [Paralichthys olivaceus] 

dbj|BAD91571.1|  granzyme I-2 [Paralichthys olivaceus] 

Length=260 

 

 Score =  280 bits (715),  Expect = 4e-73 

 Identities = 145/257 (56%), Positives = 178/257 (69%), Gaps = 5/257 (1%) 

 Frame = +3 

 

Query  126  MSSLKNFSLLISCVLLFIIQPGRGSRIINGKEVEPHSLPYMAYLRTVTNSWCGGTLIHPQ  305 

            M  L++F+   SC++L I+    GS IING EV P+SLPYMA L+T T   CGG LI P  

Sbjct  1    MFCLRDFTGFFSCMVLLIVHSSHGSEIINGTEVTPNSLPYMALLQT-TKPVCGGILIDPS  59 

 

Query  306  WVLTAAHCTGSYWVILGAHSRTKNESSKHQRV-VEKSFPHPDYCCAKIDNDLMLLKL-KE  479 

            WVLTAAHC G   V+LG HS    E +  Q V VEK F HP Y   +  ND+MLLKL K  

Sbjct  60   WVLTAAHCKGIKTVLLGVHSIKAGEKNSRQLVKVEKHFAHPCYDPDEKVNDIMLLKLGKR  119 

 

Query  480  PVRKTRAVQWLEFGDTVRDPAAGSTCLVAGWGATENN--QSSDVLMSVNVTVVDRQTCNS  653 

             V++T+ V+ L+ G+ ++DP AG++C+VAGWG T N   + SDVLMS NVTVVDR TCNS 

Sbjct  120  SVKETKTVKCLKLGNVIKDPPAGTSCIVAGWGYTNNEVKKMSDVLMSANVTVVDRGTCNS  179 

 

Query  654  RDYYNHRPEITKHMICAGSNGTNVADTCQGDSGGPLLCDGALVGVTSYGAGCGVITKPGI  833 

            R YYN +P IT  MICAGS+G    DTC GDSGGPL+C+G L GVTS+G  CG   KPG+ 

Sbjct  180  RQYYNSKPVITSGMICAGSDGKKNTDTCGGDSGGPLMCNGVLAGVTSFGHKCGQKEKPGV  239 

 

Query  834  YSFISEKQLYWIKTTMK  884 

            Y+++S KQL WIK TMK 

Sbjct  240  YTYLSVKQLSWIKKTMK  256 

 

R���/U 18  ���F2�+�DF
+�D	��B	(���	(�
��
(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+,  
    Granzyme ��
2(�,�( (Granz-TL) �>D��T
B+O+��AO,�*AU�
 m 
+TB+���
�,\��1, Genbank  
     database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) �*�1O��2�'��B Blast X 
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1      CGGGGCAGTGAATTGTATACGACTCACTATAGGGCGAATTCGATTTTACATCCTATAGGG          
61     CAAGCAGTGGTATCAACGCAGAGTACGCGGGGGCATTCAGCATCTGCTAAAAGAAGGAAG     

121    AAGAAATGTCGTCTCTGAAAAATTTCAGTCTTCTCATCTCATGTGTGCTCCTGTTCATCA    

(1)         M  S  S  L  K  N  F  S  L  L  I  S  C  V  L  L  F  I  I    
 

181    TCCAGCCAGGTCGTGGATCTAGGATTATTAATGGGAAAGAGGTCGAGCCACACTCACTGC     

(20)      Q  P  G  R  G  S  R  I  I  N  G  K  E  V  E  P  H  S  L  P      (39) 
 

241    CTTATATGGCCTATCTTAGAACTGTGACAAATTCTTGGTGTGGAGGGACATTAATCCATC      300 

(40)     Y  M  A  Y  L  R  T  V  T  N  S  W  C  G  G  T  L  I  H  P      (59) 
 

301    CACAGTGGGTGCTGACAGCTGCCCACTGCACTGGGAGTTATTGGGTGATCCTGGGAGCAC      360 
(60)     Q  W  V  L  T  A  A  H  C  T  G  S  Y  W  V  I  L  G  A  H     (79) 
 

361    ACTCCAGAACGAAAAACGAAAGTTCCAAGCATCAAAGAGTCGTTGAGAAAAGTTTTCCTC       420 
(80)     S  R  T  K  N  E  S  S  K  H  Q  R  V  V  E  K  S  F  P  H     (99)     
 

421    ATCCTGACTACTGTTGTGCAAAGATAGACAATGACCTCATGTTGCTGAAGCTTAAAGAAC     480 

(100)    P  D  Y  C  C  A  K  I  D  N  D  L  M  L  L  K  L  K  E  P    (119)  
     

481    CGGTGAGGAAAACCAGGGCAGTGCAGTGGCTCGAGTTTGGCGACACTGTGAGAGACCCGG     540 

(120)    V  R  K  T  R  A  V  Q  W  L  E  F  G  D  T  V  R  D  P  A    (139)  
 

541    CAGCTGGCAGCACGTGCCTGGTGGCTGGATGGGGAGCAACTGAAAACAACCAATCATCAG        600 
(140)    A  G  S  T  C  L  V  A  G  W  G  A  T  E  N  N  Q  S  S  D    (159)   
     

601    ACGTCCTCATGTCTGTCAATGTGACTGTGGTGGACAGACAGACGTGCAACTCTCGTGATT       660 
(160)    V  L  M  S  V  N  V  T  V  V  D  R  Q  T  C  N  S  R  D  Y    (179)     
     

661    ATTACAACCACAGACCTGAGATCACCAAACACATGATATGTGCTGGTTCAAATGGTACAA       720 
(180)   Y  N  H  R  P  E  I  T  K  H  M  I  C  A  G  S  N  G  T  N     (199) 
     

721    ACGTCGCTGATACCTGTCAAGGGGATTCAGGAGGGCCGCTGTTGTGCGATGGAGCGCTGG      780 
(200)    V  A  D  T  C  Q  G  D  S  G  G  P  L  L  C  D  G  A  L  V    (219) 
 

781    TTGGAGTCACTTCTTATGGAGCAGGCTGTGGTGTCATTACAAAACCTGGAATCTACTCAT        840 
(220)    G  V  T  S  Y  G  A  G  C  G  V  I  T  K  P  G  I  Y  S  F    (239) 
  

841    TTATCTCAGAAAAACAGCTGTACTGGATCAAAACTACGATGAAGTTATTCTAAATGTGTG     900 
(240)    I  S  E  K  Q  L  Y  W  I  K  T  T  M  K  L  F  *             (255) 
 

901     AAACCACCAGCATCAGTCTGCATGATTTGATGTTATATCTGTCAGTGTTGTCTCTGTAGA       960 
961    CCATTATTCAGTTTATCATTTTACTGTTCCTCTTACAGTTTATGATCATTTAGTTTCTGC     1020              

1021   CAGCTTGCTATACTTTTTAAAAAATAGATTCTGCACTTGGCTAGTCCACCACATGAACCA     1080 

1081   CATTTTAGACCTACTGAGAACAAAATTGAAAACACTGTTTGAAATTTTACCATCTTTCAC     1140 

1141   CACACAAACCAGACAGAAACATGGTTATATCTAATCATCATTTTTCCAAATAATTTAAAG     1200 

1201   AATTCACAAACACGAGTGCTCCTGGTTGTTGCAGATGAGTGCGGCTGCAGTAAAACCAGG     1260 

1261   GAGAAGCAATTTTTATGTACACTCAAAAGCCATGATTGTAAAATAAAAAAGAGATTATTC     1320 

1321   AGACTGTCAAACAGACAGATTCAACGGCTCATATACAACCAACTGAACCTGAAAATGAGG     1380 

1381   CCTGCGGACAGGATTGTTGAAAAAAAAAAAAA                                 1412 

       

R���/U 19  (I�*>D,��	(+��\
*? (�>���'_�D,) '()(I�*>D��*�)B��, (�>���'_�(U�
) 
+T�BD���? 
                ��
 cDNA ��
�+, Granzyme 1,2(�,�( (Granz-TL) �*����D�+TFC(+T�B
�
*��, 5` UTR  
                '�*
_�
 Start codon (ATG) '()
�
*��, 3` UTR '�*
_�
 Stop codon (TAA) ��*�)B�- 
                �,
+T�+*F��,1A� '�*
_�
AI�'C,U
��
 Putative signal peptide @I�,�, 19 residues �
�(B 
                '�*
_�
 Cysteine residues 
>H
CB* 11 AI�'C,U
 A>��>���
�DC,�F�,'()�+*F��,1A� 
                '�*
_�
 N-glycosylation site (NXT C�S� NXS) @I�,�, 5 AI�'C,U
 '()A>��>���
�D 
                C,�'()�+*F��,1A� '�*
_�
AI�'C,U
��
 Polyadenylation signal site (AATAAA) '()  
                ATTTA motif 
�
*��,2(�� C-terminal           

   60               

  120 

  180 

(19) 
 

 240 
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Potential transmembrane segments 
                               Start    Stop    Length   ~    Cutoff 
                                                                                                   8        19 12        ~     2.2 
                                                                                                   8        20 13        ~        1.7  
                                                                                                  71       75   5        ~     1.7 
                                                                                                163      166   4        ~     1.7 
                                                                                                215       224 10        ~     1.7 

 
 
 
 

 
R���/U 20  ���C�AI�'C,U
��
 Hydrophobic leader sequence ��
 cDNA ��
�+, Granzyme 1, 
                 2(�,�( (Granz-TL) �*�1O��2�'��B �DAS�- Transmembrane Prediction 
                 

      FBST�
I������F	��)C?(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+, Granzyme 1,
2(�,�( (Granz-TL) �*����1O��2�'��B ExPASy Proteomics Server (http://au.expasy.org/tools/ 
protparam.html) '(��GD�U��	�
����
�2�A+,��
 Granz-TL 1,2(�,�(B+,HI�C,>��BF(�Q(��

�2�A+,2�)B�� 62,996.4 Da '()B+	U� Theoretical isoelectric point (pI) F
U��>D 5.12 FBST�G�@����
'(��GD�U�B+	U�1�(�F	+�
�>D�2�A+,��
�+, Caspase-3 1,2(�,�(FOU,�>,  

 
      @��,>H,
I����
I�,���	�
����

QA��L�B�C�S��	�
����
(I�*>D
+T 2 �*�1O� PSIPRED 

Protein Structure Prediction Server (http://bioinf.cs.ucl.ac.uk/psipred/psiform.html) GD�U�
�	�
����
(I�*>D
+T 2 ��
�2�A+,��
�+, Granz-TL 1,2(�,�(2�)��D*����U�,
+TF2f, α-helix 
C�S� H @I�,�, 4 �U�, �I�C�>D�U�,
+TF2f, β-strand C�S� E @I�,�, 15 �U�, '()�U�,
+TFC(S�@)F2f, 
Random coil C�S� C (L�G
+T 21) *>
,>H,O,�*'()(I�*>D���F�+�
A>���
��*�)B��,1,�2�A+, @�
B+
D
D�
�I�	>PAU����
I�C,��
+T
�
O+�L�G��
�2�A+, �I�C�>D�2�A+, Caspase-3 '() Granzyme 
1,2(�,�(,>H,@>*\*��U�F2f,�2�A+,
+T
I�C,��
+TF2f,F�,\^B? 1,��)D�,�����
2��������
�
O+�F	B+
D�
2�)FLG
+T@I�FG�)L��1,F^((?1C�F��*��H,\*���U�
��*F�t� �*�B+C,��
+TF�+T�����
�>D�������
C�S�
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�(��G>,J)��
���O+��BF(�Q(@I�,�,B�� \*�'�U \��D,��	(+F�� (Ribonuclease) '()
��2^�, 
(Trypsin) F2f,A�, (G�
�B, 2545)  
 
       1,2�@@QD>,(I�*>D,��	(+��\
*?
+T�BD���?��

>H
 Casp3-TL '() Granz-TL ��
2(�,�(
\*�_��D>,
��\��'(��1,��,���B�( GenBank database �*�B+(I�*>D Accession no. F2f,       
GQ421464 '() FJ429322 A�B(I�*>D 
 

 

                                     
 
R���/U 21  ���
I�,���	�
����

QA��L�B���
�2�A+,��
�+, Granzyme 1,2(�,�( (Granz-TL)  
                 �I�C�>D α-helix '
,*����>��� H �I�C�>D β-strand '
,*����>��� E '() Random  

    coli '
,*����>��� C (http://bioinf.cs.ucl.ac.uk/psipred/psiform.html) 
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2.2 ���F2�+�DF
+�D	��B	(���	(�
�>,��
(I�*>D,��	(+��\
*? (I�*>D��*�)B��,'()��� 
�����	��B�>BG>,J?FO�
���>p,������
�+, Caspase-3 (Casp3-TL) '() Granzyme (Granz-TL) 1,
2(�,�(�>D��T
B+O+��AAU�
 m  
  
        FBST�,I�(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
 Casp3-TL 1,2(�,�( \2
I����
F2�+�DF
+�D	��B	(���	(�
�>,��
(I�*>D,��	(+��\
*?'()(I�*>D��*�)B��, (Homology) ��
 
Casp3-TL 1,2(�,�( �>D�+, Caspase-3 ��
��T
B+O+��AO,�*�ST, m 
+TB+���D>,
��\��1, GenBank 
database *>
,+H	S� Zebra fish (Danio rerio); AB047003, European sea bass (Dicentrarchus labrax); 
DQ345773, White cloud mountain minnow (Tanichthys albonubes); GQ406344, Japanese 
medaka (Oryzias latipes); AB032608, Atlantic salmon (Salmo salar); BT059710, Fugu rubripes 
(Takifugu rubripes); AF042797, Large yellow croaker (Larimichthys crocea); EU878546, 
Northern pike (Esox lucius); BT079078, Sablefish (Anoplopoma fimbria); BT082348, 
Chimpanzee (Pan troglodytes); AY665274, Bolivian squirrel monkey (Saimiri boliviensis); 
AY665229, Human (Homo sapians); BC016926, Chinese hamster (Cricetulus griseus); 
FJ940732, Pig (Sus scrofa); AB029345, Norway rat (Rattus norvegicus); BC081854, House 
mouse (Mus musculus); BC038825, Dog (Canis lupus familiaris); AB085580, Chicken (Gallus 
gallus); AF083029, Domestic cat (Felis catus); AB090246, Cattle (Bos taurus); BC123503, Gray 
short-tailed opossum (Monodelphis domestica); DQ296557, African clawed frog (Xenopus 
laevis); D89784, Zebra Finch (Taeniopygia guttata); XM_002191258, Caligus clemensi; 
BT080223 '() Rabbit (Oryctolagus cuniculus); AF506008 A�B(I�*>D '(��@�
F��TB
I����
F2�+�DF
+�D	��BFCBS�,'()	��B	(���	(�
��
(I�*>D,��	(+��\
*?'()(I�*>D��*�)B��,,I�B�
I� 
Multiple sequence alignment *����2�'��B Clustal W (http://www.ebi.ac.uk/Tools/clustalw2/ 
index.html) '()�2�'��B MatGat 2.01 (http://bitincka.com/ledion/matgat) '(��@�

I���������
	��B�>BG>,J?FO�
���>p,������
�+,�*��������
 Phylogenetic tree �*�,I�(I�*>D��*�)B��,��

�+, Caspase-3 ��
2(�,�('()��T
B+O+��A*>
�(U�����
A�, ��B
>H
�+, Caspases ��
 Banana Prawn 
(Fenneropenaeus merguiensis); AY839873 '() Black tiger shrimp (Penaeus monodon); 
DQ846887 ^�T
@)1O�F2f, Out group B�����
 Phylogenetic tree *����2�'��B MEGA 3 version 3.1 
A�B��J+��
 UPGMA �*�1O�	U� Bootstrap 
+T 1,000 Replicates 
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        @�����F2�+�DF
+�D	��B	(���	(�
�>,��
(I�*>D��*�)B��,��
�+, Caspase-3 1,
2(�,�(�>D(I�*>D��*�)B��,��
�+, Caspase-3 �>D��T
B+O+��AO,�*�ST, m @�����
I� Multiple 
sequence alignment *����2�'��B Clustal W GD�U�	Q�(>���)��
(I�*>D��*�)B��,��
�+, 
Caspase-3 1,2(�,�(B+	��B�����
(I�*>D��*�)B��BF
U��>D 282 Residues ^�T
B+�,�*1�(�F	+�
�>D
cDNA ��
�+, Caspase-3 ��
2(� European sea bass 	S�F
U��>D 281 Residues (Reis et al., 2007) 
�*�
+T(I�*>D��*�)B��,��
�+, Caspase-3 1,�(QUB��
2(�O,�*AU�
 m B+@I�,�,��*�)B��,���U
1,OU�
 279-299 Residues '()B+@I�,�,(I�*>D��*�)B��,1�(�F	+�
�>D�(QUB��
�>A�?F(+H�
(��*���,B
	S����U1,OU�
 274-283 Residues '()FBST�
I����G�@����_�
(>���)�	�
����
�BF(�Q(�2�A+,��

�+, Caspase-3 1,2(�,�( GD�U�2�)��D\2*��� 2 �U�,C(>� 	S��U�,��
 Prodomain 
�
*��,
2(�� N-terminal 
+TB+	��B�����
(I�*>D��*�)B��,F
U��>D 34 Residues '()�U�,��
 Domain 
C�S� Catalytic domain ^�T
��B��_'DU
���F2f, 2 �U�,�U�� \*�'�U Large subunit C�S� Caspase 
family p20 domain (P17) 
+TB+�,�*�BF(�Q(2�)B�� 20 kDa ^�T
F2f,��*�)B��,@I�,�, 125 
Residues�*�F��TB@��(I�*>D��*�)B��,AI�'C,U

+T S52 @,_�
 D176 A�B(I�*>D '() Small subunit C�S� 
Caspase family p10 domain (P12) ^�T
F2f,��*�)B��,@I�,�, 92 Residues �*�F��TB@��(I�*>D
��*�)B��,AI�'C,U

+T K191 @,_�
 R282 A�B(I�*>D 	�*F2f,�2�A+,�,�*2�)B�� 10 kDa (L�G
+T 22) 
 

       �*�
>T�\2�(QUB�+, Caspases ��
2(���B��_'DU
���F2f, 3 �(QUB1CPUA�B(>���)
�	�
����
D��F�� Prodomain ^�T
\*�'�U �(QUB��
 Inflammatory caspases @)B+ Domain 
+TF�+���U� 
PYRIN domain (PYD) C�S� DAPIN (Domain in apoptosis and interferon response) 1,�U�,��
 
Prodomain 
�
*��, N-terminal ��
�BF(�Q(�*�F2f,�2�A+,
+T@>*���U1,��)D�,��� Apoptosis 
'()����>�F�D  (Fairbrother et al., 2001) ,��@��,+H�>
B+�+, Caspase-A (Caspy), Caspase-B 
(Caspy2) C�S� Caspase-B like '() Caspase-C C�S� Caspase-C like @>*���U1,�(QUB,+H*��� Caspase 
�(QUB
+T��
	S��(QUB
+T\BUB+ Prodomain @)F�+���U� �Cell death execution� �+,
+T@>*���U1,�(QUB,+H\*�'�U 
Caspase-3, Caspase-6 '() Caspase-7 A�B(I�*>D '()�(QUB�Q*
���	S��(QUB��
 Cell death initiation 
2�)��D\2*��� Promain 
+T�I�	>P	S� Caspase activation recruitment domain (CARD) '() Death 
effector domain (DED) 
+T@>*���U1, Superfamily ��
 Six-helix bundle death domain-fold (DD) 
�*� Domain FC(U�,+HF2f,AI�'C,U
@>D�>D Adaptor molecule ��
�2�A+,
+T1O�1,�����)AQ�, Effector 
caspases AU�
 m �*��+, Caspase 
+T@>*���U1,�(QUB,+H\*�'�U Caspase-8a/Caspase-8b/Caspase-
8/Caspase-8 like, Caspase-8a like, Caspase-8, Caspase-10a C�S� Caspase-10c, Caspase-10, 
Caspase-9 '() Caspase-2 A�B(I�*>D (Takle and Andersen, 2007) (L�G
+T 23)  
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      '()FBST�G�@����_�
(I�*>D��*�)B��,
+T���U1,D��F�� Large subunit ��B��_GD
AI�'C,U
(I�*>D��*�)B��,�I�	>P m 
+TF2f,(>���)FwG�)��
�(QUB�+, Caspase family 1,��T
B+O+��A
O,�*AU�
 m ^�T
\*�'�U Histidine active site ^�T
B+(I�*>D��*�)B��,��
�+, Caspase-3 1,2(�,�(F2f, 
HsnsaSfvCiLLSHG �*����U1,OU�
(I�*>D��*�)B��,
+T 117-131 '()�>
GD�U�(I�*>D��*�)B��,1,
D��F��,+H	U�,���
	(���	(�
�>,FBST�F2�+�DF
+�D�>D�+, Caspase-3 ��
��T
B+O+��AO,�*AU�
 m �*�B+
(>���)��
 Consensus pattern *>
,+H	S� His -Xaa (4)-Ser-Xaa(2)- Cys-Xaa-Leu-Leu-Ser/Thr-His-
Gly (HXXXXSXXCXLLS/THG) ^�T
 Xaa 	S���*�)B��,O,�*1* m '()A>�F(�1,�
F(tD	S�@I�,�,
��*�)B��, �*�AI�'C,U
A>*��
 Histidine active site @)F2f, Histidine residues (I�*>D
+T��
��

(I�*>D��*�)B��,1, Motif ,+H '()(I�*>D��*�)B��,
+TF�+���U� Integrin-recognition motif C�S� 
Arginine-Glycine-Aspatate motif (Arg-Gly-Asp C�S� RGD) 
+T��B��_GD\*�1,
Q� m ��T
B+O+��A 
��*�)B��,D��F��,+H
I�C,��
+TF2f, Adhesion protein @>D��T
'2(�2(�B ^�T
���>� Receptor 
+T���UD,
s��F^((? FOU, Ligand fibrinogen F2f,A�, (Adderley and Fitzgerald, 2000) '()��B��_GD(I�*>D
��*�)B��, QACXG C�S� Pentapeptide active-site motif C�S� Cysteine active site F2f,AI�'C,U

A>*��
 Active site aspatate residue 
+T���UD��F��2(�� C-terminal AI�'C,U
A>*,+H@)F2f,A>�'DU
'��
�)C�U�
 Large '() Small subunit �*�B+	��B Conserved �>,��
1,��T
B+O+��A
Q�O,�* ^�T
��B��_
GD\*�1,D��F��(I�*>D��*�)B��,
+T 170-174 Residues ��
�+, Caspase-3 1,2(�,�( (L�G
+T 22) 
'()1,�U�,��
 Small subunit ��B��_GD(I�*>D��*�)B��, Tryptophan (Trp C�S� W) 2 AI�'C,U

	S�
+T W214 '() W222  ^�T
F2f,AI�'C,U

+T'�*
_�
���F�+�
A>�1CBU (Rearrangement) 
I�1C��(��F2f,
�+, Caspase-3 
+T Active '(�� (Park et al., 2004) '()�Q*
���(I�*>D��*�)B��,
+TF2f, Protein 
binding domain 	S�F2f,D��F�� Active site �+�AI�'C,U
C,�T

+T
I�C,��
+T@>D�>D�2�A+,��
��T
B+O+��A
�ST, m (Monteiro et al., 2009) �*�B+��*�)B��,F2f, Glycine-Serine-Tryptophan-Phenylalanine-
Isoleucine (Gly-Ser-Trp-Phe-Ile C�S� GSWFI) A�
AI�'C,U
 Residues 
+T 220-224 ^�T
GD���U

�
*��,2(�� C-terminal '()GD�U�B+	��B Conserved �>,	U�,���
��
 ^�T
��B��_�>
F�A\*���U�

O>*F@, (L�G
+T 22) 

 
       FBST�G�@�����	�
����
�*���B�*����>����B�(���
A�, 
I�1C���B��_��Q2\*��U� 

Casp3-TL B+(>���)�	�
����
�BF(�Q(
+T	(���	(�
�>D Caspase-3 ��
��T
B+O+��AO,�*�ST, m ^�T

�*�
>T�\2'(�� �+, Caspase-3 @>*F2f,�+,
+T���U1,�(QUB Effector caspases ^�T
L��C(>
@�����F��*
��)D�,��� Translation �2�A+,
+T\*�@)���U1,��2��
 Procaspase-3 ^�T
���U1,�L�G
+TF�+���U�  
�Zymogen�  C�S��2�A+,
+T�>
\BU��B��_
I�
�,\*� (Inactive) �*�@)���UF2f,����)FG+�
�BF(�Q(F*+�� 
(Monomer) @��,>H,�BF(�Q(F*+T����
�2�A+,,+H@)_��A>* (Cleave) 1,AI�'C,U
 Aspatate residues 
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(Asp C�S� D) ��U�
@I�FG�)^�T
1, Casp3-TL �BF(�Q( @)B+
>H
CB* 3 AI�'C,U
 \*�'�U D14, D34 '() 
D178 �*� Caspase-9 FGST�1C� Procaspase-3 F2(+T�,�L�G1C����U1,��2��
�2�A+,
+TG���B@)
I�
�, 
(Active) '()B+	��BF�_+����
'(��F��*�����BA>��>,��
 Large subunit '() Small subunit F2f, 2 
�BF(�Q(1,(>���)
+TF2f, Dimer C�S� Heterodimer ^�T
G���B
+T@)\2
I�C,��
+T1,��� Activated 
substrate \*���U�
@I�FG�)F@�)@
AU�\2 1,�(\����
I�
�,L��1,F^((? (Walters, 2009) (L�G
+T 24) 
 
        s(@�����F2�+�DF
+�D	��BFCBS�,'()	��B	(���	(�
��
(I�*>D,��	(+��\
*?'()
(I�*>D��*�)B��,��
 Casp3-TL 1,2(�,�(�>D�+, Caspase-3 ��
��T
B+O���AAU�
 m *����2�'��B 
MatGat 2.01 '()FBST�G�@����_�
	��BFCBS�,�>,��
(I�*>D��*�)B��, (Amino acid identity) ��
 
Casp3-TL 1,2(�,�( �>D�+, Caspase-3 ��
��T
B+O+��A1,�(QUB2(� (Fish) GD�U�B+	U����U1,OU�
 57.9-
79.9% �*�B+	U�	��BFCBS�,�>,��
�Q*�>D�+, Caspase-3 ��
2(�  European sea bass '()B+	U�
1�(�F	+�
�>,�>D�+, Caspase-3 ��
2(� Large yellow croaker 	S�F
U��>D 79.3% ��
(
B�	S��+, 
Caspase-3 ��
2(� Fugu rubripes (76.4%), �+, Caspase-3B ��
2(� Japanese medaka (75.9%), 
�+, Caspase-3 precursor ��
2(� Atlantic salmon (75.7%), �+, Caspase-3 ��
2(� Zebra fish 
(71.1%), �+, Caspase-3 ��
2(� White cloud mountain minnow (70.7%), �+, Caspase-3 precursor 
��
2(� Northern pike (58.9%) '()B+	U�ATI��Q*1,�+, Caspase-3 precursor ��
2(� Sablefish 
(57.9%) A�B(I�*>D '()FBST�
I����F2�+�DF
+�D	��BFCBS�,�>,��
(I�*>D��*�)B��,��
 Casp3-
TL ��
2(�,�( �>D�+, Caspase-3 ��
��T
B+O+��A1,�(QUB�>A�?F(+H�
(��*���,B (Mammals), ��T
B+O+��A
1,�(QUB�>A�?2�� (Avians) '()��T
B+O+��A1,�(QUB Invertebrates GD�U�B+	U����U1,OU�
 51.7-57.3%, 
55.9-57.6%  '() 58.4% A�B(I�*>D FBST�
I����F2�+�DF
+�D	��B	(���	(�
��
(I�*>D��*�)B��, 
(Amino acid similarity) ��
�+, Casp3-TL 1,2(�,�(�>D�+, Caspase-3 ��
��T
B+O+��A1,�(QUB2(� 
(Fish) GD�U�B+	U����U1,OU�
 71.6-87.2% '()B+	U�	��B	(���	(�
��
�Q*�>D�+, Caspase-3 1,2(� 
European sea bass �*�B+	U�F
U��>D 87.2% '()B+	U�1�(�F	+�
�>D�+, Caspase-3 1,2(� Large yellow 
croaker 	S�F
U��>D 86.3% ��
(
B�	S��+, Caspase-3 1,2(� Puffer fish (85.8%), �+, Caspase-3B 
1,2(� Japanese medaka (84.4%), �+, Caspase-3 1,2(� White cloud mountain minnow (84.4%), 
�+, Caspase-3 1,2(� Zebra fish (83.3%), �+, Caspase-3 precursor 1,2(� Atlantic salmon 
(83.1%), �+, Caspase-3 precursor 1,2(� Northern pike (76.6%) '()B+	U�ATI��Q*1,�+, Caspase-3 
precursor 1,2(� Sablefish (71.6%) A�B(I�*>D '()FBST�
I����F2�+�DF
+�D	U�	��B	(���	(�
��

(I�*>D��*�)B��,��
�+, Casp3-TL 1,2(�,�(�>D��T
B+O+��A1,�(QUB
+TF2f,�>A�?F(+H�
(��*���,B 
(Mammals), ��T
B+O+��A1,�(QUB�>A�?2�� (Avians) '()��T
B+O+��A1,�(QUB Invertebrates GD�U�B+	U����U
1,OU�
 68.4-71.6%, 72.4-74.5% '() 78.0% A�B(I�*>D (A���

+T 6) 
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      ,��@��,+H s(@����������'()��F	��)C?�>
GD�U�	U�	��BFCBS�,�>,��
(I�*>D,��	(+-
��\
*? (Nucleotide identity) B+	U����U1,OU�
 58.0-81.7% FBST�F2�+�DF
+�D�>D�+, Caspase-3 1,�(QUB
��
2(� �*�B+	U�	��BFCBS�,�>,��
(I�*>D,��	(+��\
*?��
�Q*�>D�+, Caspase-3 1,2(� European 
sea bass (81.7%) FOU,F*+���>, '()FBST�
I����F2�+�DF
+�D	��BFCBS�,�>,�>D��T
B+O+��A1,�(QUB��

�>A�?F(+H�
(��*���,B ��T
B+O+��A1,�(QUB�>A�?2�� '()��T
B+O+��A1,�(QUB Invertebrates GD�U�B+	U����U
1,OU�
 59.0-62.5%, 38.6-62.7% '() 63.2% A�B(I�*>D �*�GD�U�	U�
+T\*�	(���	(�
'()F2f,\21,

I�,�
F*+���>,�>D	U�	��BFCBS�,'()	U�	��B	(���	(�
�>,��
(I�*>D��*�)B��,��
 Casp3-TL 
1,2(�,�( �>D��T
B+O+��AO,�*�ST, m *>

+T�(U��B�'(�����
A�, (A���

+T 6) 
 
 
 
 
 
 



 

 

 
 

Nile tilapia                ----MSEN--GSGPGVDDTDAKPGNGKRSAGSSS----ASVPMDVDAKPQ----SHSFRYRLDFPSIGQCIIINNKNFDRSTGMNQRNGT   

European sea bass           ----MSLN--GPG--EDSTDARRGDGQESEASFS----ASGPMDVDAKPN----SRSFRYSLNYPSMGQCIIINNKNFDRRTGMNQRNGT   

Large yellow croaker        ----MSAN--GPGPGEDCADARRGDGQESEPSSSSA--ASSYMDVDARPG----SHSFRYSLNYPCIGQCIIINNKNFDRSTGMNQRNGT   

Fugu rubripes               ----MSAN--GPSPGGDFTDAKKGAGQQSGSSSG-------RVTVDAKPA----AYSFRYSLDFPNMGHCIIINNKNFDRRTGMNTRNGT  73 

Japanese medaka             ----MASN--RPG--EDSTDARKDNGELAAGASP----APDRMDVDGKPS----SHSFRYSLNFPTIGLCIIINNKNFDRGTGMNQRNGT  74 

Zebra fish                  -------------MNGDCVDAKRVDTTDASKDGAS---ASQPMQVDAKPQ----SHAFRYSLNYPNIGHCIIINNKNFDRRTGMNPRNGT  70 

White cloud mountain minnow -------------MNGDCVDARREGSTNSGTDGAS---GLQPMQVDAKPQ----SHAFRYSLNYPKIGHCIIINNKNFDRTTGMNQRNGT  70 

Atlantic salmon             ----MSAA--NDLSAGDCVDARRGDGQES-EGPCG---GSGSMQVDAKPQ----SHSFRYSLSYPSIGQCIIINNKNFDRRTGMNVRNGT  76 

Northern pike               -----MDH--GAGSQGDHVDAKGVPAQRP-LCPSLPHFSTEDNKMDATPS----ADVYKYNMNYPSIGQCVIINNKNFDKITGMSCRSGT  78 

Sablefish                   MAEFSGDE--DMQSGGDTVDALRFFGKRPNITPQGSRRTAEEMDSASSSSKTDGSDPYRYRMDYPCIGSCLIINNKNFDSNTSMSARNGT  88 

Caligus clemensi            --------------MSDLVDAKCITAQWP-GSPSLPRFTIENQKVDARPP----ADMYTYKMNYPSLGQCVIINNKNFDRRTGMSSRKGT  71 

Dog                         ----MENT-------ENSVDAKSFKNAETKILHGS-------KSMD--SG---MSFDNSYKMDYPEMGLCIIINNKNFHKSTGMAPRSGT  67 

Domestic cat                ----MENS-------ENSVDAKSIKNSETKIFHGS-------KSMD--SG---IYMDNSYKMDYPEMGLCIIINNKNFHESTGMPSRSGT  67 

Chimpanzee                  ----MENT-------ENSVDSKSIKNLEPKIIHGS-------QSMD--SG---ISLDNSYKMDYPEMGLCIIINNKNFHKSTGMTSRSGT  67 

Human                       ----MENT-------ENSVDSKSIKNLEPKIIHGS-------ESMD--SG---ISLDNSYKMDYPEMGLCIIINNKNFHKSTGMTSRSGT  67 

Bolivian squirrel monkey    ----MENT-------ENSVDSKSIKNSEPKIIHGS-------KSVD--SG---ISLDNSYKMDYPEMGLCIIINNKNFHKSTGMASRSGT  67 

Pig                         ----MENN-------KTSVDSKSIKTLETKILHGS-------KSMD--SG---ISLDVSYKMDYPEMGLCIIINNKNFDKNTGMACRSGT  67 

Cattle                      ----MENT-------ENSVDSKSIKTSETKILHGS-------KSMD--SG---ISLEESYKMDYPEMGLCIIINNKNFHENTGMACRSGT  67 

Norway rat                  ----MDNN-------ETSVDSKSINNFETKTIHGS-------KSMD--SG---IYLDSSYKMDYPEMGLCIIINNKNFHKSTGMSARNGT  67 

House mouse                 ----MENN-------KTSVDSKSINNFEVKTIHGS-------KSVD--SG---IYLDSSYKMDYPEMGICIIINNKNFHKSTGMSSRSGT  67 

Rabbit                      ----MENN-------ETSVDAKSIKNLETQTIHGS-------KSMD--SG---KYLDNSYKMDYPEMGLCIIINNKNFHKNTGMSSRSGT  67 

Chinese hamster             ----MENN-------ETSVDSKSIKNFEVKTIHGS-------KSMD--SG---MYLDNSYKMDYPEMGVCIIINNKNFHKSTGMTPRSGT  67 

Gray short-tailed opossum   ----MEDT-------GTTVDAKSTKNSGVKLFHGS-------KSVE--SG---LSSD-SYKMDYPEMGLCIIINNKNFHPNTGMSFRSGT  36 

Chicken                     ---MMTDIKDGPRSGEDVSDARSFPGSKGMNLPAS-------KSVD--SG---ILPDDSYRMDYPEIGVCVIINNKNFHRDTGLSSRSGT  75 

Zebra finch                 ----MTDIGDGAHLGKDLADTKSIPGFKGKNLPAS-------KSMD--SG---ILPDYSYRMDYPEMGECIIINNKNFHRYTGMSPRSGT  74 

African clawed frog         ----MEESQNGVKYGGDATDAKEYFTIQPRSLQNCD-----LKDIERKTK---FAHLQNYRTNYPEMGMCLIINNKNFHSSN-MAVRNGT  78 

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

 

R���/U 22  ���F2�+�DF
+�D(I�*>D��*�)B��,��
�+, Caspase-3 1,2(�,�(�>D(I�*>D��*�)B��,��
�+, Caspase-3 ��
��T
B+O+��AAU�
 m �*�
+T�>P(>���? (*)   
                 '�*
AI�'C,U
��
��*�)B��,
+TB+	��BFCBS�,�>, (:) '�*
AI�'C,U
��
��*�)B��,
+TB+	��B	(���	(�
�>,��
 (.) '�*
AI�'C,U
��
��*�)B��,
+TB+ 
                 	��B	(���	(�
�>,ATI� (           ) '�*
AI�'C,U
��
 Prodomain (          ) '�*
AI�'C,U
��
 Large subunit (          ) '�*
AI�'C,U
��
 Small subunit          
                 '()���D�+TFC(+T�B '�*
AI�'C,U
��
 Active site, Conserve sequence '() Motif AU�
 m 93

Prodomain Large subunit C�S� P17   D14          D34       
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Nile tilapia                DVDAGNAMRVFKNLGYNVKMYNDQTVDQMMNVLTDASKEDHSNSASFVCILLSHGDE-GVFFGTDGSVALKHLTSLFRGDRCKSLVGKPQ  

European sea bass           DVDAGNAMKVFTKLGYKTKIYNDQTVEQMKQVLISVSKEDHSCNASFICVLLSHGDE-GVFFGTDGSVELKYLTSLFRGNHCISLVGKPK  

Large yellow croaker        DVDAANVMKVFAKLGYRAKVYNDQTVDQMRQVLTSVAKEDHSCYASFVCVLLSHGDE-GVFFGTDGSIELKYLTSLFRGDRCKSLVGKPK  

Fugu rubripes               DVDAANAMKVFLSLGYKVKVHNDQTVNQMKQLLVSAAEEDHSACASFVCVLLSHGDE-GVFFGTDGSVELKYLTSLFRGDRCKSLVGKPK 162 

Japanese medaka             DIDAASAMKVFSKLGYRVKIYNDQTVKQIKQLLTDVSRMDHSDSASFVCILLSHGDE-GVFFGTDGSIELKTLTSLFRGDHCKSLVGKPK 163 

Zebra fish                  DVDAGNVMNVFRKLGYIVKVYNDQTVAQIMQVLTTVAHDDHSRCASLVCVLLSHGDE-GVFFGTDTSVDLKSLTSLFRGDRCPSLVGKPK 159 

White cloud mountain minnow DVDAGNVMNVFKKLGYVVKVYNDQTVMQIKQVLTAVAHDDHSRCASLVCVMPSHGDD-GVFFGTDGAVELKALTSLFRGDRCQSLVGKPK 159 

Atlantic salmon             DVDAGNVMKVFGKLGYKVKVYNDQTVDQIKHVLTTASKEDHSCSASFVCVLLSHGDD-GVFFGTDASIELKSLTSLFRGDRCNSLVGKPK 165 

Northern pike               DVDAAHAMKLFTGLGYKIKFVNDQSVKQIQDLLLKVSQEDHSQSASFVCVLLSHGDD-GVLYGTDGIVQLKKLTSLFKGDCCKTLVGKPK 167 

Sablefish                   DVDAAAAVQAFSKLGYKVNVANDQTVKQMKQLLYDASREDHSDRASFVCVLLSHGDE-GVIYGTDGFERFEDLTIYFKGDRCRSLVGKPK 177 

Caligus clemensi            DVDAGYARKVFERLGYNVKVANDQTVQQIQQLLYTVSQDNHSQSASFVCVMLSHGGE-GVFYGTDGNVELRKLTGLFRGDRCKTLVGKPK 160 

Dog                         DVDAANLRETFTNLKYEVRNKNDLTCEEILELMNSVSKEDHSKRSSFVCVLLSHGDE-GIIFGTNGPVDLRKVTGFFRGDYCRSLTGKPK 156 

Domestic cat                DVDAANLRETFTNLKYEVRNKNDLTREQIVALLDSVSREDHSKRSSFICVLLSHGEE-GIIYGTNGPVDLKKLTGFFRGDYCRSLTGKPK 156 

Chimpanzee                  DVDAANLRETFRNLKYEVRNKNDLTREEIVELMRDVSKEDHSKRSSFVCVLLSHGEE-GIIFGTNGPVDLKKITNFFRGDRCRSLTGKPK 156 

Human                       DVDAANLRETFRNLKYEVRNKNDLTREEIVELMRDVSKEDHSKRSSFVCVLLSHGEE-GIIFGTNGPVDLKKITNFFRGDRCRSLTGKPK 156 

Bolivian squirrel monkey    DVDAANLRETFMNLKYEVRNKNDLTREEIVELMRNVSKEDHSKRSSFVCVLLSHGEE-GIIFGTNGPVDLKKITSFFRGDCCRSLTGKPK 156 

Pig                         DVDAANLRETFTNLKYEVRNKNDLTREEILELMHSVSKEDHSKRSSFICVLLSHGEE-GKIFGTNGPVDLKKLTSFFRGDCCRTLTGKPK 156 

Cattle                      DVDAANLRETFMNLKYEVRIKNDLTCKEMLELMSNVSKEDHSKRSSFICVLLSHGEE-GIIFGTNGPVNLKKLASFFRGDYCRSLTGKPK 156 

Norway rat                  DVDAANLRETFMALKYEVRNKNDLTREEIMELMDSVSKEDHSKRSSFVCVILSHGDE-GVIFGTNGPVDLKKLTSFFRGDYCRSLTGKPK 156 

House mouse                 DVDAANLRETFMGLKYQVRNKNDLTREDILELMDSVSKEDHSKRSSFVCVILSHGDE-GVIYGTNGPVELKKLTSFFRGDYCRSLTGKPK 156 

Rabbit                      DVNAANLGETFMNLKYEVRNKNDLTREEIMELMYNVSKEDHSKRSSFICVILSHGDE-GVIYGTNGPIELKKLTSFFRGDYCRSLTGKPK 156 

Chinese hamster             DVDAANLRETFMRLKYEVRNKNDLTCGEIVELMKNVSKEDHSRRSSFICVILSHGEE-GVIFGTDGPVDLKKLTTYFRGDYCRSLTGKPK 156 

Gray short-tailed opossum   DVDAASLSDTFRSLKYEVRIKNDLTCNEITELLNSVSKEDHSQRSSFICVILSHGEE-GVIFGTDRSVELKRLTCFFRGDKCRSLTGKPK 155 

Chicken                     DADAASVREVFMKLGYKVKLNNDLSSRDIFKLLKNVSEEDHSKRSSFVCVLLSHGDE-GLFYGTDGPLELKVLTSLFRGDKCRSLAGKPK 164 

Zebra finch                 DADAASVREVFMKLGYKIKINNDLSCEGIFNLLKNVSEEDHSKRSSFVCVLLSHGDE-GLIYGTDGPLELKALTSLFRGDRCRSLAGKPK 163 

African clawed frog         DVDALKLHETFTGLGYEVMVCNDQKSSDIIGRLKKISEEDHSKRSSFVCAILSHGEEDGSICGVDVPIHIKNLTDLFRGDRCKTLVGKPK 167 
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Histidine active site   
(The Caspase family signature) 

RGD motif 

 

165    

163    

167 

 



 

 

 
 

 

 

Nile tilapia                LFFIQACRGTDLDPG---------IETDSETDG------VKIPVEANFLYAFSPAPGYYSWRNTMTGSWFIQSVCDMISKYGKELEILHI 240 

European sea bass           LFFIQACRGTDLDPG---------IETDSGEDGT-----TKIPVEADFLYAFSTAPGYYSWRNTTTGSWFIQSLCDLISKYGKELELQHI 239 

Large yellow croaker        LFFIQACRGTDLDAG---------IETDSADDGT-----TKIPVEADFLYAYSTAPGYYSWRNTMTGSWFMQSLCDMISKYGKEVELQHI 243 

Fugu rubripes               LFFIQACRGNDLDGG---------IETDSAADSST----TKIPVEADFLYAFSTAPGYYSWRNTTSGSWFMQSLCDAISKYGKELELQHI 239 

Japanese medaka             LFFIQACRGTELDDG---------IEADSKEDT------TKIPVEADFLYAFSTAPGYYSWRNTMTGSWFINSLCEMLSKYGKELELLHI 238 

Zebra fish                  LFFIQACRGTELDPG---------VETDHTDHPDIPDGRERIPVEADFLYAYSTVPGYYSWRNTMTGSWFIQSLCEMMTKYGSELELLQI 240 

White cloud mountain minnow LFFIQACRGTELDPG---------VEADAGSS---SDGSVRIPVEADFLYAYSTVPGYYSWRNTMTGSWFIQSLCDMMAKYGKELELMQI 237 

Atlantic salmon             LFFIQACRGTDLDRG---------IEADSSSD----GSSTRIPVEADFLYAYSTAPGYYSWRNTQTGSWFIQSLCEMIGKYSKELEVQHI 242 

Northern pike               LFFIQACRGSELD---------GGIETDSVANDS----QERIPVEADFLYAYSTAPGYYSWRNTQNGSWFMQALFKMFQQYGKTLEVMQI 244 

Sablefish                   LFFIQACRGSDLDDG-------SSIETDSVDAQT----SERIPVEADFLYAYSTAPGYYSWRNTQNGSWFMQSLCEMLLRFNRELELMQI 256 

Caligus clemensi            LFFIQACRGSDLDCGIETDSAAGGIETDSVAGNY----PERIPVEADFLYAYSTAPGYYSWRNTDKGSWFIQALCEMLQRYGKQLDIMQI 246 

Dog                         LFIIQACRGTELDCG---------IETDSGIEDD--MACQKIPVEADFLYAYSTAPGYYSWRNSKDGSWFIQSLCAMLKLYAHKLEFMHI 235 

Domestic cat                LFIIQACRGTELDCG---------IETDSGTEDD--IACQKIPVEADFLYAYSTAPGYYSWRNSKDGSWFIQSLCSMLRLYAHELEFMHI 235 

Chimpanzee                  LFIIQACRGTELDCG---------IETDSGVDDD--MACHKIPVEADFLYAYSTAPGYYSWRNSKDGSWFIQSLCAMLKQYADKLEFMHI 235 

Human                       LFIIQACRGTELDCG---------IETDSGVDDD--MACHKIPVEADFLYAYSTAPGYYSWRNSKDGSWFIQSLCAMLKQYADKLEFMHI 235 

Bolivian squirrel monkey    LFIIQACRGTELDCG---------IETDSGVDDD--MACHKIPVEADFLYAYSTAPGYYSWRNSRDGSWFIQSLCAMLKQYAHKLEFMHI 235 

Pig                         LFIIQACRGTELDCG---------IETDSGTEDD--MACQKIPVEADFLYAYSTAPGYYSWRNSKDGSWFIQSLCAALKQYVHKLELMHI 235 

Cattle                      LFIIQACRGTELDCG---------IETDSGAEDD--MACQKIPVEADFLYAYSTAPGYFSWRNAKNGSWFIQALCEMLKKHAHRLELMHI 235 

Norway rat                  LFIIQACRGTELDCG---------IETDSGTDDD--MACQKIPVEADFLYAYSTAPGYYSWRNSRDGSWFIQSLCAMLKLYAHKLEFMHI 235 

House mouse                 LFIIQACRGTELDCG---------IETDSGTDEE--MACQKIPVEADFLYAYSTAPGYYSWRNSKDGSWFIQSLCSMLKLYAHKLEFMHI 235 

Rabbit                      LFIIQACRGTELDSG---------IETDSGVDYD--MACQKIPVEADFLYAYSTAPGYYSWRNSEEGSWFIQSLCAMLKEYAHKLEFMHI 235 

Chinese hamster             LFIIQACRGTELDCG---------IETDSGTDDD--MACQKIPVEADFLYAYSTAPGYYSWRNSKDGSWFIQSLCAMLKLYAHKLEFMHI 205 

Gray short-tailed opossum   LFIIQACRGTELDCG---------VETDSGTDED--IACQKIPVEADFLYAYSTAPGYYSWRNSKDGSWFIQALCAVLKQHAHKLEIMQI 234 

Chicken                     LFFIQACRGTELDSG---------IEADSGPDE---TVCQKIPVEADFLYAYSTAPGYYSWRNAAEGSWFIQSLCRMLKEHARKLELMQI 242 

Zebra finch                 FFFIQACRGTELDSG---------IETDSGSEE---TMCQKIPVEADFLYAYSTAPGYYSWRNSAEGSWFIQSLCKMLKEHARKLELMQI 241 

African clawed fog          IFFIQACRGTELDSG---------IETDSCSEPR--EEIQRIPVEADFLYAYSTVPGYCSWRDKMDGSWFIQSLCKMIKLYGSHLELIQI 246 
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Small subunit C�S� P12    W214        W222  

Protein binding domain (GSWFI)  (QACXG) Pentapeptide active-site motif  

  D178        



 

 

 

 

Nile tilapia                MTRVNHKVAVEFESASNSPGFDAKKQIPCIVSMLTKEMYFSR-  282 

European sea bass           MTRVNHKVAVEFESISNSPGFNAKKQIPCIVSMLTKEMYFSP-  281 

Large yellow croaker        MTRVNHKVAVEFESISHSPGFHAKKQIPCIVSMLTKEMYFSP-  285 

Fugu rubripes               LTRVNHKVAVDFESVSNLPGFDAKKQIPCIVSMLTKEMYFS--  280 

Japanese medaka             MTRVNHMVAVEFESISTLPGFHAKKQIPCIVSMLTKEMYFYP-  280 

Zebra fish                  MTRVNHKVALDFESTSNMPGFDAKKQIPCIVSMLTKEMYFTP-  282 

White cloud mountain minnow MTRVNHKVALDFVSTSNMPDFDSKKQIPCIVSMLTKEMYFSA-  279 

Atlantic salmon             LTRVNHKVATEFESASNSPGFDAKKQIPCIVSMLTKEMYFTP-  284 

Northern pike               MTRVNHMVALNFESSSSTPGFSCKKQIPCIVPMLTKELYFPS-  286 

Sablefish                   MTRVNCKVALHFESASGLPGYSGKKQIPCIVSMLTKDFYFPQK  299 

Caligus clemensi            MTRVNHKVAHDFEASAN-------KQIPCIVSMLTKHLYFPQ-  281 

Dog                         LTRVNRKVATEFESFSLDSAFHGKKQIPCIVSMLTKELYLYH-  277 

Domestic cat                LTRVNRKVATEFESFSLDSAFHGKKQIPCIVSMLTKELYFYH-  277 

Chimpanzee                  LTRVNRKVATEFESFSFDATFHAKKQIPCIVSMLTKELYFYH-  277 

Human                       LTRVNRKVATEFESFSFDATFHAKKQIPCIVSMLTKELYFYH-  277 

Bolivian squirrel monkey    LTRVNRKVATEFESSSFDATFHAKKQIPCIVSMLTKELYFYQ-  277 

Pig                         LTRVNRKVAVEFESFSTDSTFHAKKQIPCIVSMLTKELYFYH-  277 

Cattle                      LTRVNRKVAIEYESFSTDSAFHAKKQIPCIMSMLTKELY----  274 

Norway rat                  LTRVNRKVATEFESFSLDATFHAKKQIPCIVSMLTKELYFYH-  277 

House mouse                 LTRVNRKVATEFESFSLDSTFHAKKQIPCIVSMLTKELYFYH-  277 

Rabbit                      LTRVNRKVATEFESYSLDATFHAKKQIPCIVSMLTKELYFYH-  277 

Chinese hamster             LTRVNRKVAIEFESFSLDSTFHAKKQIPCIVSMLTKELYFYQ-  277 

Gray short-tailed opossum   LTRVNRKVATEFESYSLDISFHAKKQVPCIMSMLTKELYFSH-  276 

Chicken                     LTRVNRRVA-EYESCSTRQDFNAKKQIPCIVSMLTKEFYFPC-  283 

Zebra finch                 LTRVNRRVA-EYESCSTRQDFNAKKQIPCIVSMLTKEFYFPS-  282 

African clawed fog          LTCVNHMVALDFET------FHAKKQIPCVVSMLTKSFYFFK-  282 
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Inflammation 

Caspase-A (Caspy)                              PYRIN                              Large           Small              Zf 
Caspase-B (Caspy 2/-B like)               PYRIN                              Large           Small              Zf 
Caspase-C/-C like                                                                          Large           Small             Zf/Zf 
 

Cell death execution 

Caspase-7                                                                                       Large           Small              Zf 
Caspase-7                                                                                       Large           Small              As 
Caspase-3                                                                                       Large           Small            Fish 
Caspase-6                                                                                       Large           Small            Fish 
 

Cell death initiation  

Caspase-8a/8b/-8/-8 like                    DED            DED             Large             Small         Zf/Me/As 
Caspase-8a like                                                                            Large            Small              Zf 
Caspase-8                                             CARD                             Large            Small             Cc 
Caspase-10a/10c                                  CARD                             Large            Small             Zf 
Caspase-10                                        DED             DED             Large             Small             Bh          
Caspase-9                                             CARD                            Large             Small             Fish 
Caspase-2                                             CARD                            Large             Small             Zf 
 

Unknown 

Caspase-14                                                                                  Large             Small             As 
 
R���/U 23  ���@>*�(QUB��
�+, Caspases 1,2(� �*�'DU
A�B(>���)��
 Prodomain�*�
+T As 	S� 
                 Atlantic, Bh 	S� Bastard halibut, Cc 	S� Channel catfish, Me 	S� Medaka '() Zf 	S�  
                 Zebrafish 
 
�/UL�: Takle and Andersen (2007) 
 
 



 

 

= Cysteine active site  

Pro 

Folding and dimerization 

Cleavage and activation 

Asp14 Asp34 

Pro 

= Asp C�S� Aspatate 

Asp178 

Homodimer or heterotetramer 

(a)          Prodomain                  Large subunit (p12)                                                Small subunit (p17)      (Monomer)               
 
 
 

(b) 
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@�� Walters (2009)  98

cleavage sites 
Asp34 Asp178 Asp14 

(QACXG) 
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 Common names                Putative genes                    Scientific name                               Amino acid                  Nucleotide             Accession  

                                                                                                                                    Identity (%)      Similarity (%)   Identity (%)            number        

 Mammals             
 Human                                  Caspase-3                           Homo sapians                       57.0                    71.3                         62.5                     BC016926  
 Chimpanzee                          Caspase-3                           Pan troglodytes                     57.0                    71.3                         62.4                    AY665274   
 Bolivian squirrel monkey     Caspase-3                           Saimiri boliviensis                56.6                     71.3                         62.0                     AY665229   
 Chinese hamster                    Caspase-3                           Cricetulus griseus                 56.6                    69.9                         62.1                     FJ940732  
 Pig                                         Caspase-3                           Sus scrofa                             55.9                    70.6                         59.0                    AB029345  
 Norway rat                            Caspase-3                           Rattus norvegicus                 57.3                     69.9                        62.4                    BC081854 
 House mouse         Caspase-3                           Mus musculus                       56.3                     69.5                        60.1                    BC038825  
 Dog                                       Caspase-3                           Canis lupus familiaris          56.3                     69.1                        61.8                    AB085580  
 Domestic cat                         Caspase-3                           Felis catus                            57.0                     69.5                        60.4                    AB090246 
 Cattle                                     Caspase-3                           Bos taurus                            54.5                     70.6                        59.9                    BC123503 
 Gray short-tailed opossum    Caspase-3-like protein 1    Monodelphis domestica       54.2                      71.6                        60.5                    DQ296557 
 African clawed frog              XCPP32                              Xenopus laevis                    51.7                      68.4                        59.6                    D89784  
 Rabbit                                    Cysteine protease CPP32   Oryctolagus cuniculus        56.3                       71.3                        60.6                   AF506008 
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 I�����/U 6  (AU�) 
 
 Common names                      Putative genes                    Scientific name                          Amino acid                 Nucleotide             Accession  

                                                                                                                                    Identity (%)      Similarity (%)   Identity (%)           number        

  Avian           
 Chicken                                        Caspase-3                        Gallus gallus                      55.9                   72.4                         38.6                  AF083029  
 Zebra Finch                                  Caspase-3                        Taeniopygia guttata           57.6                   74.5                         62.7                  XM_002191258   
 Fish 

 Zebra fish                                     Caspase-3                        Danio rerio                  71.1                  83.3                         70.0                   AB047003  
 European sea bass                        Caspase-3              Dicentrarchus labrax         79.9                  87.2                          81.7                  DQ345773  
 White cloud mountain minnow   Caspase-3                        Tanichthys albonubes         70.7                  84.4                          69.5                  GQ406344  
 Japanese medaka                         Caspase-3B                      Oryzias latipes                    75.9                  84.4                         58.0                  AB032608  
 Atlantic salmon                           Caspase-3 precursor         Salmo salar                         75.7                  83.1                         75.6                  BT059710  
 Puffer fish                                    Caspase-3                        Takifugu rubripes                76.4                  85.8                         76.6                  AF042797  
 Large yellow croaker                   Caspase-3                        Larimichthys crocea           79.3                  86.3                         81.2                  EU878546  
 Northern pike                               Caspase-3 precursor        Esox lucius                          58.9                  76.6                         66.5                  BT079078  
 Sablefish                                      Caspase-3 precursor        Anoplopoma fimbria           57.9                  71.6                         63.7                  BT082348 
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 Common names                      Putative genes                    Scientific name                         Amino acid                 Nucleotide             Accession  

                                                                                                                                    Identity (%)      Similarity (%)   Identity (%)            number        

 Invertebrate 
 Fish lice                                 Caspase-3 precursor              Caligus clemensi                 58.4                    78.0                         63.2                    BT080223 
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      @����������	��B�>BG>,J?FO�
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 Phylogenetic tree A�B��J+��
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      1,�U�,��
(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+, Granzyme 1,2(�,�( 
(Granz-TL) ,>H, FBST�
I����F2�+�DF
+�D	��B	(���	(�
�>,��
(I�*>D,��	(+��\
*?'()(I�*>D��* 
�)B��,��
�+, Granz-TL 1,2(�,�( �>D�+, Granzyme O,�*AU�
 m @����T
B+O+��A
+TB+���D>,
��\��
1, GenBank database *>
,+H	S� House mouse granzyme M (Mus musculus); AB015728, House 
mouse granzyme K (Mus musculus); AB032200, House mouse granzyme N (Mus musculus); 
AB049454, Bastard halibut granzyme II (Paralichthys olivaceus); AB191194, Bastard halibut 
granzyme I-1 (Paralichthys olivaceus); AB191196, Bastard halibut granzyme III-1 (Paralichthys 
olivaceus); AB191198, Platypus granzyme (Ornithorhynchus anatinus); AF275653, Chicken 
granzyme A precursor (Gallus gallus); AJ544060, Horse granzyme B (Equus caballus); 
AM183299, Channel catfish granzyme (Ictalurus punctatus); AY286012, Nile tilapia granzyme-1 
(Oreochromis niloticus); AY918866, Channel catfish granzyme-like I (Ictalurus punctatus); 
AY942183, Channel catfish granzyme-like III (Ictalurus punctatus); AY942184, Norway rat 
granzyme A (Rattus norvegicus); B082125, House mouse granzyme B (Mus musculus); 
BC002085, Human granzyme K (Homo sapiens); BC035802, House mouse granzyme C (Mus 
musculus); BC120757, Norway rat granzyme B (Rattus norvegicus); BC127475, Northern pike 
granzyme A precursor (Esox lucius); BT079306, Pig-tailed macaque granzyme K (Macaca 

nemestrina); EU526083, Pig granzyme H (Sus scrofa); FJ439673, House mouse granzyme G 
(Mus musculus); J02872, House mouse granzyme D (Mus musculus); J03255, House mouse 
granzyme F (Mus musculus); J03257, Cattle granzyme A (Bos taurus); NM_001099095, Atlantic 
salmon granzyme A (Salmo salar); NM_001141037 '() Norway rat granzyme-like protein III 
(Rattus norvegicus); X76996 A�B(I�*>D '(��@�
F��TB
I����F2�+�DF
+�D	��B	(���	(�
��
(I�*>D    
��*�)B��, �*����,I�B���F	��)C? Multiple sequence alignment *����2�'��B Clustal W 
(http://www.ebi.ac.uk/Tools/ clustalw2/index.html) '()�2�'��B MatGat 2.01 
(http://bitincka.com/ledion/matgat) '(��@�
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(I�*>D��*�)B��BF
U��>D 256 Residues ^�T
GD�U�(>���)(I�*>D��*�)B��,,>H,
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	(���	(�
�>D�+, Granzyme 1,�(QUB��
2(� Bastard halibut \*�'�U�+, Granzyme-I, �+, Granzyme 
II '()�+, Granzyme III-1 A�B(I�*>D '()GD�U�	��B���(I�*>D��*�)B��,��
�+, Granzyme 
+T@>*
���U1,�(QUB2(�O,�*�ST, m B+@I�,�,��*�)B��,���U1,OU�
 254-263 Residues '()B+@I�,�,(I�*>D
��*�)B��,1�(�F	+�
�>D�+, Granzyme ��
�(QUB�>A�?F(+H�
(��*���,B	S�GD�U����U1,OU�
 239-264 
Residues '()1,�(QUB��
 Avian 	��B�����
(I�*>D��*�)B��,��
�+, Granzyme A 1, Chicken 
B+	U�F
U��>D 260 Residues FBST�
I����G�@����_�
(>���)�	�
����
�BF(�Q(�2�A+,��
�+, Granz-
TL 1,2(�,�(GD�U�2�)��D\2*��� 2 �U�,C(>� m *>
,+H	S��U�,��
 Prodomain C�S� (Proprotein) 

�
*��,2(�� N-terminal 
+TB+	��B�����
(I�*>D��*�)B��,
>H
��H, 19 Residues '()�U�,��
 
Domain C�S� Catalytic domain (Mature protein) @)F��TBA�,A>H
'AU +1 �*�@)B+��*�)B��,F��TBA�,
F2f, Isoleucine-Isoleucine-Xaa-Glycine (Ilu-Ilu-X-Gly C�S� IIXG) conserve sequence '()
AI�'C,U
��
(I�*>D��*�)B��, Proline-Histidine-Serine-Arginine-Proline-Tyrosine-Methionine-
Alanine (Pro-His-Ser-Arg-Pro-Tyr-Met-Ala C�S� PHSRPYMA) motif ^�T

>H
��
 Motif ,+H��B��_
GD\*�
>T�\21,�+,�(QUB Serine protease 
+TB+���'�*
���1, Hemapoietic tissues ��
�>A�?B+
��)*���>,C(>
�*�
>T�\2 (Praveen et al., 2006a, Hwang et al., 2007) @���������� Granz-TL 1,
	�>H
,+H��B��_GD��*�)B��, Cysteine (Cys C�S� C) _�
 11 AI�'C,U
 �*����U1,D��F�� Mature 
protein _�
 10 AI�'C,U
 '()GD�U���*�)B��, Cysteine FC(U�,+H���U1,AI�'C,U

+T	(���	(�
 
(Conserved) �>D�+, Granzyme ��
��T
B+O+��A�ST,_�
 6 AI�'C,U
 '()�>
B+	��B�I�	>P
+T1O�1,�������

G>,J) Disulfide \*�
>H
CB* 3 	�U 	S� C52-C68, C144-C214 '() C174-C192 A�B(I�*>D ,��@��,+HF2f,
+T
,U��,1@F2f,��U�
��T
�U�s(@�������F	��)C?�	�
����
��
�+, Granz-TL 1,2(�,�( �*�1O�
�2�'��B PROSITE predictions ��B��_GDG>,J) Disulfide ^�T
F��*@����*�)B��, Cysteine �+� 
1 	�U 	S�
+TAI�'C,U
 C204-C228 ^�T
AI�'C,U
��
 Cysteine 
>H
��
,+H@) Conserved FwG�)�>D�+, 
Granzyme ��
��T
B+O+��A1,�(QUB��
2(�'() Granzyme M ��
 House mouse F
U�,>H, (Taniguchi 
et al., 1999) (L�G
+T 26)  
 

      '()FBST�G�@�����	�
����
�2�A+, Granz-TL ��
2(�,�( A�B���
�,�U�,C,��,+H �>

GD(I�*>D��*�)B��,
+T
I�C,��
+TF2f,D��F��F�U
 (Active site) ^�T
@)F2f,D��F��
+T
I�1C�F��*���B��,
G>D��
��� Polypeptide GD�U��	�
����
�2�A+,��
�+, Granz-TL 1,2(�,�( @)B+D��F�� Active 
site 3 AI�'C,U
 FOU,F*+���>D
+TGD1,��T
B+O+��AO,�*�ST, m (Pilat et al., 1994; Rotonda and Calvo, 
2001) ^�T
1C�s(AU�
\2@�����
I�,���*����1O��2�'��B PROSITE predictions 
+T'�*
AI�'C,U

��
 Active site FG+�
 2 AI�'C,U
F
U�,>H, �*�1,D��F�� Active site 
+T 1 @)B+��*�)B��, Histidine 
(His) AI�'C,U
 Active site 
+T 2 @)B+��*�)B��, Aspatate (Asp) '()AI�'C,U
 Active site 
+T 3 @)B+
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��*�)B��, Serine (Ser) (H67-D110-S208) ^�T
@)F2f,(I�*>D��*�)B��,
+TF2f,F2��CB��
+T1O�1,���
'�*
(>���)'()
I�C,��
+T��
�+,1,�(QUB Serine protease  
+TF�+���U� Catalytic traids (Chowdhury 
and Lieberman, 2008) �*�GD�U�AI�'C,U
 Active site 
+T 1, 2 '() 3 B+	��B�����
(I�*>D��*�)B�-
�,F
U��>D 21 (N54SWCGGTLIHPQWVLTAAHCT74), 12 (D110LMLLKLKEPV R121) '() 14 
(D202TCQGDSGGPLLCD215) Residues A�B(I�*>D (L�G
+T 26) 
 

      s(�����������F2�+�DF
+�D	��BFCBS�,'()	��B	(���	(�
��
(I�*>D,��	(+��\
*?
'()(I�*>D��*�)B��,��
�+, Granz-TL 1,2(�,�(�>D�+, Granzyme O,�*AU�
 m ��
��T
B+O���A
@I�,�,
>H
CB* 27 O,�* *����2�'��B MatGat 2.01 GD�U��+, Granz-TL 1,2(�,�(B+	U�	��B
FCBS�,�>,��
(I�*>D��*�)B��, (Amino acid identity) �>D�+, Granzyme I-1 ��
2(� Bastard 
halibut B��
+T�Q* ^�T
B+	U�F
U��>D 55.6% ��
(
B�	S��+, Granzyme III-1 ��
2(� Bastard halibut 
(55.3%), �+, Granzyme II ��
2(� Bastard halibut (53.1%), �+, Granzyme  A ��
2(� Atlantic 
salmon (49.6%), �+, Granzyme A precursor ��
2(� Northern pike (47.7%), �+, Granzyme ��

2(� Channel catfish (40.7%), �+, Granzyme-1 ��
2(� Nile tilapia (35.9%), �+, Granzyme-like 
III ��
2(� Channel catfish (35.3%) '()B+	U�ATI��Q*F
U��>D 31.5% �>D�+, Granzyme-like I 1,2(� 
Channel catfish A�B(I�*>D '()FBST�
I����F2�+�DF
+�D	��BFCBS�,�>,��
(I�*>D��*�)B��,��

�+, Granzyme �>D��T
B+O+��A1,�(QUB
+TF2f,�>A�?F(+H�
(��*���,B (Mammals) GD�U�B+	U����U1,OU�
 31.6-
42.2% '()B+	U�F
U��>D 42.9% FBST�F2�+�DF
+�D�>D��T
B+O+��A1,�(QUB��
�>A�?2�� (Avian) ^�T
B+FG+�

O,�*F*+�� ,>T,	S��+, Granzyme A 1,\�U (Chicken) '()FBST�F2�+�DF
+�D	��B	(���	(�
��
(I�*>D
��*�)B��, (Amino acid similarity) ��
�+, Granz-TL 1,2(�,�( �>D�+, Granzyme ��
��T
B+O+��A
1,�(QUB2(� (Fish) GD�U�B+	U����U1,OU�
 50.8-70.5% ^�T
B+	U�	��B	(���	(�
��
�Q*�>D�(QUB�+, 
Granzyme III-1 1,2(� Bastard halibut (70.5%), Granzyme I-1 1,2(� Bastard halibut (70.0%) 
'()�+, Granzyme II 1,2(� Bastard halibut (69.3%) A�B(I�*>D '()FBST�
I����F2�+�DF
+�D	U�
	��B	(���	(�
��
(I�*>D��*�)B��,��
�+, Granzyme 1,2(�,�(�>D��T
B+O+��A1,�(QUB
+TF2f,�>A�?
F(+H�
(��*���,B (Mammals) '()��T
B+O+��A1,�(QUB�>A�?2�� (Avian) GD�U�B+	U����U1,OU�
 46.7-60.2% 
'()B+	U�F
U��>D 61.5% A�B(I�*>D ,��@��,+Hs(@����������	U�	��BFCBS�,�>,��
(I�*>D,��	(+-
��\
*? (Nucleotide identity) GD�U�B+	U����U1,OU�
 52.4-68.8% 1,��T
B+O+��A1,�(QUB��
2(� (Fish) 
�*�B+	U�	��BFCBS�,�>,��
(I�*>D,��	(+��\
*?��
�Q*�>D�+, Granzyme II 1,2(� Bastard halibut 
(68.8%) FOU,F*+���>, '()FBST�
I����F2�+�DF
+�D	��BFCBS�,�>,��
(I�*>D,��	(+��\
*?�>D
��T
B+O+��A1,�(QUB��
�>A�?F(+H�
(��*���,B (Mammals) GD�U�B+	U����U1,OU�
 50.9-55.1% '()B+	U�
F
U��>D 56.1% 1,�+, Granzyme A 1,\�U A�B(I�*>D �*�GD�U�	U�
+T\*�	(���	(�
'()F2f,\21,
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I�,�
F*+���>,�>D	U�	��BFCBS�,'()	U�	��B	(���	(�
�>,��
(I�*>D��*�)B��,��
�+, Granz-
TL 1,2(�,�( �>D��T
B+O+��AO,�*AU�
 m *>

+T�(U��B�'(�����
A�, (A���

+T 7)  

 



 
 

IIXG conserve sequence PHSRPYMA motif  Disulfide bridge                                                                                                                                                                                                                                                                                                         
 

Nile tilapia Granzyme                --MSSLKNFSLLISCVLLFIIQPGRGSRIINGKEVEPHSLPYMAYLRTV----TNSWCGGTLIHPQWVLTAAHCT-----   

Bastard halibut Granzyme I-1         --MFCLRDFTGFFSCMVLLIVHSSHGSEIINGTEVTPNSLPYMALLQT-----TKPVCGGILIDPSWVLTAAHCK-----   

Bastard halibut Granzyme II          --MFCLRDFTGFFSCMVLLIVHSSHGSEIIDGTEVTPHSLPYMALLQT-----TEPVCGGILIDPSWVLTAAHCG-----   

Bastard halibut Granzyme III-1       --MFCLRDFTGFFSCMVLLIVHSSHGSEIIDGTEVTPHSLPYMALLQT-----TEPVCGGILIDPSWVLTAAHCK-----  73 

Atlantic salmon Granzyme A           --MILSTAASFWTSTMILLYLHSGDCAEIIGGKEVTPHSLPYMALLEDNK-GNK--MCGGILIHQQWVLTAAHCT-----  75 

Northern pike Granzyme A precursor   MTMILSMAASFWTSAVLLLCLHSGDCTEIIGGKEVTPHSLPYMALLENND-GRSRSNCGGILIHQQWVLTAAHCS-----  79 

Channel catfish Granzyme             ----MHVQQRSLLLILTLFQATACSGSFIIGGREVK-KPKPWMASVQSN----NSHICGGTLIHQQWVLTAAHCKT---F  71 

Channel catfish Granzyme-like III    --MFFSSALLVLSVLSLCGG----MKSGIIGGNEVDRHSRPYMASVQFK----KAHMCGGFLIRKDYVLTAAHCVDNIDH  70 

Channel catfish Granzyme-like I      ---MKALHILLLAAAFISLTFNATHGEEIINGKKAKKNSFQYMASVQSK----GKHICGGFLISPSYVLTAAHCF-----  73 

Nile tilapia Granzyme-1              --MMHAVHDLMFVYLLTCLGQHG-HGSEIINGKNVPQNSMQYMASVQID----GKHVCGGFLVSEDFVLTAAHCY-----  73 

House mouse Granzyme D               ----MPPILILLTLLLPLRA----GAEEIIGGHVVKPHSRPYMAFVMSVDIKGNRIYCGGFLIQDDFVLTAAHCKNSSVQ  72 

House mouse Granzyme G               ----MPPILILLTLLLPLRA----GAEEIIGGHEVKPHSRPYMAFIKSVDIEGKKKYCGGFLVQDDFVLTAAHCRNR---  72 

House mouse Granzyme F               ----MPPILILLTLLLPLRA----GAEEIIGGHEVKPHSRPYMARVRFVKDNGKRHSCGGFLVQDYFVLTAAHCTGS---  72 

House mouse Granzyme N               ----MLPVLILLIFLLPVGD----GAEEVIGGHEVKPHSRPYMALVVFLKVNGIGSSCGGFLVQDYFVLTAAHCIGS---  72 

Norway rat Granzyme-like protein III ----MKLLLLLLSFSLAPKT----EAGEIIGGHEAKPHSRPYMAYLQIMDEYSGSKKCGGFLIREDFVLTAAHCSGS---  72                      

Norway rat Granzyme B                ----MKVLLLLLTVSLAPTT----EAGEIIGGHEAKPHSRPYMAYLQIMDEDSGSTMCGGFLIQEDFVLTAAHCLGS---  72 

House mouse Granzyme B               ----MKILLLLLTLSLASRT----KAGEIIGGHEVKPHSRPYMALLSIKDQQP-EAICGGFLIREDFVLTAAHCEGS---  71 

House mouse Granzyme C               ----MPPVLILLTLLLPLRA----GAEEIIGGNEISPHSRPYMAYYEFLKVGGKKMFCGGFLVRDKFVLTAAHCKGS---  72 

Pig Granzyme H                       ----MQPVLLSLAFLLSPGLGWPFLAEEIIGGHEAKPHSRPYMAFVRFLDKES-VKRCGGVLVRKDFVLTAAHCRGS---  75 

Horse Granzyme B                     ----MQLLLLLLAFLLSPGT----EAGEIIGGHEARPHSRPYMALVQFLVEEK-KHRCGGVLVRQDFVLTAAHCWGS---  71 

Platypus Granzyme                    --------MFLLSLLFPLEQ-----GWEIIGGREVKPHSRPYMAYLKYY-KNGKVHECGGFLVRKDFVLTAAHCRGS---  66 

Norway rat Granzyme A                MRNPCAPWVSSLTTVIFLLLIPEGGCERIIGGDTVVPHSRPYMVLLKLK----PDSICAGALIAKNWVLTAAHCI-----  76 

Cattle Granzyme A                    MRNSSTFLAATLSIVVF-LLIPEDLCEKIIGGNQVTPHSRPYMVLLDG------GNICAGALIAKDWVLTAAHCS-----  73 

Chicken Granzyme A precursor         MG---VFFTLSTSAAIVLLILPGDLCVDIIGGHEVAPHSRPFMAMLKG------KEFCGGALIKPSWVLTAAHCN-----  71 

Human Granzyme K                     MTKFSSFSLFFLIVGAY--MTHVCFNMEIIGGKEVSPHSRPFMASIQYG----GHHVCGGVLIDPQWVLTAAHCQYR--F  74 

Pig-tailed macaque Granzyme K        MTKFSSFSLFFLIAGAC--MTPVCFNMEIIGGKEVSPHSRPFMASIPYG----GHHVCGGVLIDPQWVLTAAHCQYP--F  74 

House mouse Granzyme K               MEHRAVFTR----------RSALSFHTEIIGGREVQPHSRPFMASIQYR----SKHICGGVLIHPQWVLTAAHCYSW--F  66 

House mouse Granzyme M               --MEVCWSLLLLLALKTLWAAGNRFETQIIGGREAVPHSRPYMASLQKA----KSHVCGGVLVHRKWVLTAAHCLSEP--  74 

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

 

R���/U 26  ���F2�+�DF
+�D(I�*>D��*�)B��,��
�+, Granzyme ��
2(�,�(�>D(I�*>D��*�)B��,��
�+, Granzyme ��
��T
B+O+��AAU�
 m �*�
+T�>P(>���? (*)   
                 '�*
AI�'C,U
��
��*�)B��,
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��
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Nile tilapia Granzyme                ---GSYWVILGAHSRTKNE-SSKHQRVVEKSFPHPDYCCAKID-NDLMLLKL-KEPVRKTRAVQWLEFGDTVRDPAAG-ST 146 

Bastard halibut Granzyme I-1         ---GIKTVLLGVHSIKAGEKNSRQLVKVEKHFAHPCYDPDEKV-NDIMLLKLGKRSVKETKTVKCLKLGNVIKDPPAG-TS 146 

Bastard halibut Granzyme II          ---GIKTVLLGVHSIKADEKNSRQLIKVKKHFAHPCYDPDEMV-NDIMLLKLGKRSVKETKTVKCLKLGNVIKDPPAG-TS 146 

Bastard halibut Granzyme III-1       ---GIKTVLLGVHSIKANEKNSRQLIKVEKHFPHPDYDPTKHV-NDIMLLKLGKESVKETKTVKCLKLGNAIKDPPAG-TS 146 

Atlantic salmon Granzyme A           ---DINKVFLGVHSIKQEEKETRQVRKVKGRIPHPCYDPDIKV-NDIMLLKLDKK-VKPTKAVKPLALPVPVADVQAG-TN 148 

Northern pike Granzyme A precursor   ---HMKKVLLGVHAINKEEKETRQVRKVKSEVPHPCFDHNSTV-NDIMLLKLDKK-VKLSKAVNIPPLPDSVDDVPAG-TV 152 

Channel catfish Granzyme             LQFKPIEVLLGAHSLTKDK--NAMRVKVLCFHISPKFSATTRV-HDIMLLKLQDKVQLKKNKVDVKKIPKSGKDIPAG-TK 147 

Channel catfish Granzyme-like III    SGKDKLEVLLGAHNINQKE-SQQQRIQVQKYILHPCYERGERP-NDIMLLKLKSK-AKENKFVKVIALPKKDENLPAR-QE 150 

Channel catfish Granzyme-like I      -QSN-LSVVLGTQNIDAKR-NELRRYAVKSMHIHPSYKENPRYGSDIMLLKFSGK-VNLNKDLKVIKISSNHKRVKPN-TK 146 

Nile tilapia Granzyme-1              -KNSPMEVVIGTHNLKKVN-NNKMRYSVKTCK-HPRY-DKVESGNDIMLLKLSRK-LQLDKKVKPIQLARKEIKAKDN-VK 145 

House mouse Granzyme D               S---SMTVTLGAHNITAKE-ETQQIIPVAKDIPHPDYNATIFY-SDIMLLKLESK-AKRTKAVRPLKLPRSNARVKPG-DV 149 

House mouse Granzyme G               ----SMTVTLGAHNIKAKE-ETQQIIPVAKAIPHPAFNRKHGT-NDIMLLKLESK-AKRTKAVRPLKLPRPNARVKPG-DV 145 

House mouse Granzyme F               ----SMRVILGAHNIRAKE-ETQQIIPVAKAIPHPAYDDKDNT-SDIMLLKLESK-AKRTKAVRPLKLPRPNARVKPG-HV 145 

House mouse Granzyme N               ----SMTVTLGAHNLRAQE-ETQQIIPVNKALPHPDYNPLDHT-NDIMLLKLESK-AKGTRDVRPLKLPGPKDKVNPG-DV 145 

Norway rat Granzyme-like protein III ----KINVTLGAHNIKEQE-KMQQIIPVVKIIPHPAYNSKTIS-NDIMLLKLKSK-AKRSSAVKPLNLPRRNVKVKPG-DV 145 

Norway rat Granzyme B                ----KITVTLGAHNIKEQE-KMQQVIPVVKIIPHPAYNSKKYS-NDIMLLKLKSK-AKRTRAVKTLSLPRSNFKVKPG-DV 145 

House mouse Granzyme B               ----IINVTLGAHNIKEQE-KTQQVIPMVKCIPHPDYNPKTFS-NDIMLLKLKSK-AKRTRAVRPLNLPRRNVNVKPG-DV 144 

House mouse Granzyme C               ----SMTVTLGAHNIKAKE-ETQQIIPVAKAIPHPDYNPDDRS-NDIMLLKLVRN-AKRTRAVRPLNLPRRNAHVKPG-DE 145 

Pig Granzyme H                       ----SINVTLGAHNIKKQE-ETQQVIPVRKAIRHPDYNEKRIS-NDIMLLQLERK-AKLTKAVKTLGLPGAKARVKPG-QV 148 

Horse Granzyme B                     ----SFKVTLGAHDIEKQE-TTQQNFSVKAAIPHPDYNPKNYS-NDIMLLKLERK-AKLTVAVRTLSLPRAKAQVRPR-QV 144 

Platypus Granzyme                    ----KMGVLLGAHSIAYRE-ATQQRIPVAEKFSH-DYNNRTHV-NDIMLLKLAHT-ANMTKEVNVIRLPLPVTNVKPG-TT 138 

Norway rat Granzyme A                -PGKKSEVILGAHSIKKE--PEQQILSVKKAYPYPCFDKHTHE-GDLQLLRLKKK-ATLNKNVAILHLPKKGDDVKPG-TR 149 

Cattle Granzyme A                    -LNQKSQIILGAHSRNKEE-PEKQIMFVKKEFPYPCYDPDTHE-GDLKLLKLNKK-ATLNKNVAILQLPKEGKDVEPG-TA 147 

Chicken Granzyme A precursor         -LKG-GRVILGAHSRTKRE-EEEQVIEIAEEIRYPDYCPERKE-HDIMLLKLKKR-AKINSAVKVIPLPTSGDDLKQG-TI 145 

Human Granzyme K                     TKGQSPTVVLGAHSLSKNE-ASKQTLEIKKFIPFSRVTSDPQS-NDIMLVKLQTA-AKLNKHVKMLHIRSK-TSLRSG-TK 152 

Pig-tailed macaque Granzyme K        TKGQSPTVVLGAHSLSKNE-ASKQILEIKKFIPFPRFTSDPQS-NDIMLVKLQTA-AKLNKHVKLLHVRSK-TYLRSG-TK 152 

House mouse Granzyme K               PRGHSPTVVLGAHSLSKNE-PMKQTFEIKKFIPFSRLQSGSAS-HDIMLIKLRTA-AELNKNVQLLHLGSK-NYLRDG-TK 144 

House mouse Granzyme M               --LQNLKLVLGLHNLHDLQ-DPGLTFYIREAIKHPGYNHKYEN--DLALLKLDRR-VQPSKNVKPLALPRKPRSKPAEGTW 150 
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Nile tilapia Granzyme                CLVAGWGAT--ENNQSSDVLMSVNVTVVDRQTCNSRDYYNHRPEITKHMICAGSNGTNVADTCQGDSGGPLLCD-GALVGV 221                     

Bastard halibut Granzyme I-1         CIVAGWGYTNNEVKKMSDVLMSANVTVVDRGTCNSRQYYNSKPVITSGMICAGSDGKKNTDTCGGDSGGPLMCN-GVLAGV 224 

Bastard halibut Granzyme II          CIVAGWGYTNNKVQKMSDVLMSAKVTVVDRGTCNSRQYYNSKPVITSGMICAGSDGKKNTATCAGDSGGPLMCN-GVLAGV 224 

Bastard halibut Granzyme III-1       CMVAGWGITNYEVKKMSDVLMSANVTVVDREKCNSPQYYNRNPVITSGMICAGSDGEKNTATCKGDSGGPLMCN-GVLVGV 224 

Atlantic salmon Granzyme A           CSVSGWGATKNNAKTMSDVLKSTIVTVIDRRKCNSAEYYNMSPIITYSMLCAGSVDNTRVDSCQGDSGGPLVCG-GELRGV 225 

Northern pike Granzyme A precursor   CSVSGWGLTKDSTKAMSNVLKSANLTVIDRRKCNSPEYYNMKPIITYKMLCAGFLDDIKVDACKGDSGGPLMCG-GKLRGV 229 

Channel catfish Granzyme             CEVRGWGTTHVKNPKACDTLQELEVTVVDRELCN--CYYNSKPTITANMLCAGNK-QRDKDACWGDSGGPLECK-KNIVGV 222 

Channel catfish Granzyme-like III    CSIAGWGKTKQNSAESS-VLREVKLKLENNSQCKI---FWQNYFDTDNMICTVS--DGKKAFCQGDSGSPLICG-NEPQGI 221 

Channel catfish Granzyme-like I      CQVAGWGKT-ETQ-KTVNDLMVTDVSTIDITVCKKQWNKE-NVELPAKILCAGGY-GTKSGACQGDSGGPLVCS-GLAVGI 220 

Nile tilapia Granzyme-1              CQVAGWGFT-ETNGKAVDVLRWVDVPLIDLNVCKRKLKG----KLPKGVICAGGS-DTKNGFCQGDSGGPLVCN-GTAVGV 217 

House mouse Granzyme D               CSVAGWGSRSINDTKASARLREVQLVIQEDEECKK----RFRYYTETTEICAGDL-KKIKTPFKGDSGGPLVCH-NQAYGL 221 

House mouse Granzyme G               CSVAGWGKTSINATKASARLREAQLIIQEDEECKK----LWYTYSKTTQICAGDP-KKVQAPYEGESGGPLVCD-NLAYGV 217 

House mouse Granzyme F               CSVAGWGRTSINATQRSSCLREAQLIIQKDKECKK----YFYKYFKTMQICAGDP-KKIQSTYSGDSGGPLVCN-NKAYGV 217 

House mouse Granzyme N               CSVAGWGKTSINTTEGSALLEEAELIIQENKECKK----QFRHYSKITEICAGDP-NKIEAPSKGDSGGPLVCN-NKAHGV 217 

Norway rat Granzyme-like protein III CYVAGWGKLGPMGKYSD-TLQEVELTVQEDQKCES---YLKNYFDKANEICAGDP-KIKRASFR-VSWVSVPCK-LSGRGK 216                     

Norway rat Granzyme B                CNVAGWGKLGPMGKFPD-KLQEVELTVQEDQECET---YFKKAYNKANQICAGDP-KIKRASFGGDSGGPLVCK-KVAAGI 217                     

House mouse Granzyme B               CYVAGWGRMAPMGKYSN-TLQEVELTVQKDRECES---YFKNRYNKTNQICAGDP-KTKRASFRGDSGGPLVCK-KVAAGI 216 

House mouse Granzyme C               CYVAGWGKVTPDGEFPK-TLHEVKLTVQKDQVCES---QFQSSYNRANEICVGDS-KIKGASFEEDSGGPLVCK-RAAAGI 217 

Pig Granzyme H                       CSVAGWGQVAR-GIQTS-TLQEAKLRVQDDVACEFP--FPSGYYHRASQICVGNP-RDMKTSFKGDSGGPLVCK-NVVQGI 219 

Horse Granzyme B                     CRVAGWGRVSLMGSFSD-TLQEVELTVQQDRECES---YLRNYYNSTTQLCVGDP-KEKKSSFKGDSGGPLVCK-NVIQGI 216 

Platypus Granzyme                    CSVAGWGMMGANGPKTS-TLQEVQLEVMPPAQCSF-----YRSFQPSCQLCVGNP-NRISPPTRGDSGGPMVCG-KQAQGI 208 

Norway rat Granzyme A                CHVAGWGRFHNK-SPPSDTLREVNITVIDRKICNDEKHYNFNPVIGLNMICAGNL-RGGKDSCYGDSGGPLLCE-GIFRGI 224 

Cattle Granzyme A                    CRVAGWGQFYNN-SPVSKILREVNVTIIDRKICNDQSHYNYNPVIGLNMICAGSL-QGGKDSCHGDSGSPLICK-DTFRGI 222 

Chicken Granzyme A precursor         CSVAGWGQISKRGNKMSDTLREVNVTVISRRICNDKKHYRKEPRITDNMICAGSK-RGDKDSCRGDSGGPLICN-NVMKGI 220 

Human Granzyme K                     CKVTGWGATDPDSLRPSDTLREVTVTVLSRKLCNSQSYYNGDPFITKDMVCAGDA-KGQKDSCKGDSGGPLICK-GVFHAI 227 

Pig-tailed macaque Granzyme K        CEVTGWGATDPDFLRPSDTLREVTVTVLSRKLCNSQSYYNRDPFITKDMVCAGDA-KGQKDSCKGDSGGPLICK-GVFHAI 227 

House mouse Granzyme K               CQVTGWGTTKPDLLTASDTLREVTVTIISRKRCNSQSYYNHKPVITKDMICAGDA-RGQKDSCKGDSGGPLICK-GIFHAL 219 

House mouse Granzyme M               CSTAGWGMTHQGGPRAR-ALQELDLRVLDTQMCNNS--RFWNGVLIDSMLCLKAG-SKSQAPCKGDSGGPLVCGKGQVDGI 224 

                                     *   ***            *    :       *.               :*               *  .: *      .                     
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Nile tilapia Granzyme                TSYG-AG-CGVITKPGIYSFISEKQLYWIKTTMKLF------ 255 

Bastard halibut Granzyme I-1         TSFG-HK-CGQKEKPGVYTYLSVKQLSWIKKTMKKSDI---- 260 

Bastard halibut Granzyme II          TSFGPKI-CGQNKNPPVFTYLSEKQLSWIKKTMKKSDI---- 261 

Bastard halibut Granzyme III-1       TSFGPKI-CGQNKNPPVFTYLSEKQLSWIKETMKKSDI---- 261 
Atlantic salmon Granzyme A           VSFG-IK-CGIKTKPGVYTLISRMYLDWINKTMRKSLID--- 262 

Northern pike Granzyme A precursor   VSFG-EG-CGVKTKPGVYTLVT-KYLDWIKKTMGKKH----- 263 

Channel catfish Granzyme             VSGGSG--CGNPKKPGVYTLLSKEHIDWINKIIKK------- 255 

Channel catfish Granzyme-like III    AAYTHPHDCLNPTYPGVYMKIS-YFLPWIKQVIH-------- 254 

Channel catfish Granzyme-like I      VSFNLHDNCSYPNVPNVYTEIS-AYADWINKVIKRDA----- 256                       

Nile tilapia Granzyme-1              VSFNINGNCKYPNYPNVYTDIS-KHLSWIKNILNKKQC---- 254 

House mouse Granzyme D               FAYAK----NGTISSGIFTKVV-HFLPWISWNMKLL------ 252 

House mouse Granzyme G               VSYGI----NRTITPGVFTKVV-HFLPWISTNMKLL------ 248 

House mouse Granzyme F               LTYGL----NRTIGPGVFTKVV-HYLPWISRNMKLL------ 248 

House mouse Granzyme N               LSYVK----SKKISSGVFTKVV-HFLPWISTNMKLL------ 248 

Norway rat Granzyme-like protein III GIWDL----EIQTSRDSFTPWL-FSFSLVRAGTNN------- 246                                                  

Norway rat Granzyme B                VAYGS----KNGSAPEAFTKVS-TFLSWIKETMKKS------ 248 

House mouse Granzyme B               VSYGY----KDGSPPRAFTKVS-SFLSWIKKTMKSS------ 247 

House mouse Granzyme C               VSYGQ----TDGSAPQVFTRVL-SFVSWIKKTMKHS------ 248                                                     

Pig Granzyme H                       FSYGK----MDGTPPGVFTKVS-HFLPWIKKTMKPL------ 251 

Horse Granzyme B                     VSYGR----NNGTPPRAFTKVS-SFLPWIKKTMKSL------ 247 

Platypus Granzyme                    VSYGR----WAGKPPNVYTRIS-FYLPWIKEILQKN------ 239 

Norway rat Granzyme A                TAFGLEGRCGDPKGPGIYTLLSDKHLDWIRKTAKGAV----- 261 

Cattle Granzyme A                    TAFGIPGRCGDPRGPGVYTLLSKKHLNWIVKTMKQAV----- 259 

Chicken Granzyme A precursor         TSFGKS-PCGDPGGPGVYTRITDKYLKWIRKTIGGDLLTGF- 260 

Human Granzyme K                     VSGGHE--CGVATKPGIYTLLTKKYQTWIKSNLVPPHTN--- 264 

Pig-tailed macaque Granzyme K        VSGGHE--CGVAKKPGIYTLLNKKYQTWIKSNLAPPHTN--- 264 

House mouse Granzyme K               VSQGYK--CGIAKKPGIYTLLTKKYQTWIKSKLAPSRAH--- 256 

House mouse Granzyme M               LSFSSKT-CTDIFKPPVATAVA-PYSSWIRKVIGRWSPQSLV 264 

                                                                 :              
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C228 



 
 

I�����/U 7  ���F2�+�DF
+�D	��BFCBS�,'()	��B	(���	(�
�>,��
(I�*>D,��	(+��\
*?'()(I�*>D��*�)B��,��
�+, Granzyme 1,2(�,�(�>D��T
B+O+��AAU�
  
 
 Common names                      Putative genes                    Scientific name                         Amino acid                 Nucleotide             Accession  

                                                                                                                                    Identity (%)      Similarity (%)   Identity (%)            number        

  Mammals 
  Human                                    Granzyme K                        Homo sapiens                       41.0                     58.7                       54.1                 BC035802 
  Pig-tailed macaque                 Granzyme                            Macaca nemestrina              40.9                     58.3                       54.5                 EU526083 
  Platypus                                  Granzyme                           Ornithorhynchus anatinus     36.5                     52.9                      51.8                  AF275653 
  Cattle                                      Granzyme A                       Bos taurus                              41.1                     58.7                      52.6                  NM_001099095 
  Pig                                           Granzyme H                      Sus scrofa                               37.5                     53.7                      53.7                  FJ439673 
  House mouse                           Granzyme D                     Mus musculus                         35.7                      55.3                      50.8                 J03255 
  House mouse                           Granzyme F                      Mus musculus                         36.6                      54.5                      52.5                 J03257 
  House mouse                           Granzyme G                     Mus musculus                         35.9                      55.7                      52.2                 J02872 
  House mouse                           Granzyme B                     Mus musculus                         39.1                      54.5                      53.5                 BC002085  
  House mouse                           Granzyme M                    Mus musculus                          31.6                      51.9                      51.6                  AB015728 
  House mouse                           Granzyme C                     Mus musculus                         37.5                      52.5                      50.9                  BC120757 
  House mouse                           Granzyme N                    Mus musculus                          36.1                     56.5                      51.6                 AB049454 
  House mouse                           Granzyme K                    Mus musculus                          40.7                     60.2                      55.1                 AB032200 
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  Common names                  Putative genes                      Scientific name                          Amino acid                  Nucleotide              Accession  

                                                                                                                                     Identity (%)       Similarity (%)   Identity (%)             number        

  Mammals (Continuous) 
  Horse                                     Granzyme B                           Equus caballus                   38.4                    52.5                       52.2                     AM183299  
  Norway rat                             Granzyme A                          Rattus norvegicus               42.2                    57.1                       52.5                     B082125                                                         
  Norway rat                             Granzyme -like protein III     Rattus norvegicus              33.7                    46.7                       51.8                      X76996  
  Norway rat                             Granzyme B                           Rattus norvegicus              38.8                    53.7                       53.0                      BC127475  
  Avian 
  Chicken                                  Granzyme A precursor          Gallus gallus                      42.9                    61.5                        56.1                    AJ544060 
  Fish 
  Channel catfish                      Granzyme                              Ictalurus punctatus             40.7                    60.4                       54.9                     AY286012  
  Channel catfish                      Granzyme-like I                    Ictalurus punctatus             31.5                    50.8                       52.4                     AY942183 
  Channel catfish                      Granzyme-like III                  Ictalurus punctatus             35.3                    54.1                       52.9                    AY942184 
  Bastard halibut                       Granzyme I-1                        Paralichthys olivaceus        55.6                    70.0                       66.7                    AB191196 
  Bastard halibut                       Granzyme II                          Paralichthys olivaceus        53.1                    69.3                       66.8                    AB191194 
  Bastard halibut                       Granzyme III-1                     Paralichthys olivaceus        55.3                    70.5                       68.5                    AB191198 
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  Common names                     Putative genes                    Scientific name                          Amino acid                 Nucleotide               Accession  

                                                                                                                                   Identity (%)      Similarity (%)         Identity (%)             number        

  Fish (Continuous) 
  Atlantic salmon                       Granzyme A                         Salmo salar                      49.6                    61.5                       58.8                    NM_001141037 
  Northern pike                          Granzyme A precursor         Esox lucius                       47.7                    63.5                       58.2                    BT079306  
  Nile tilapia                               Granzyme-1                         Oreochromis niloticus       35.9                    54.1                       52.6                   AY918866 
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      s(@����������	��B�>BG>,J?FO�
���>p,�����*����1O�(I�*>D��*�)B��,��
�+, 
Granz-TL 
+T\*�@��2(�,�(�>D��T
B+O+��AO,�*AU�
 m �*��������
 Phylogenetic tree A�B��J+��
 
UPGMA 
+TB+	U� Boostrap F
U��>D 1,000 	�>H
 FGST������_�
	��B�>BG>,J?FO�
���>p,������
�+, 
Granzyme 1,2(�,�(�>D��T
B+O+��AO,�*AU�
 m ��B
>H
��H, 28 O,�* ^�T
s(@����������C�
	��B�>BG>,J?��
��T
B+O+��A@���������
 Phylogenetic tree ,+H GD�U���B��_'DU
	��B�>BG>,J?FO�

���>p,������
�+, Granzyme 1,��T
B+O+��A���F2f, 3 �(QUB1CPU 	S� �(QUB
+T 1 F2f,�(QUB��
�+, 
Granzyme ^�T
2�)��D*��� Granzyme ��
�>A�?F(+H�
(��*���,B 2�)��D*��� Granzyme K ��
 
Human, Pig-tailed macaque '() House mouse, Granzyme A ��
\�U Norway rat '() Cattle '()
Granzyme ��
2(� �*�GD�U� Granz-TL ��
2(�,�(�t_��@>*���U1,�(QUB,+HFOU,F*+���>, �*�B+
	��B�>BG>,J?1�(�O�*�>D Granzyme I-1, II '() III-1 ��
2(� Bastard halibut '() Granzyme A 
��
2(� Atlantic salmon '()2(� Northen pike A�B(I�*>D '()�>
B+�+, Granzyme ��
2(� 
Channel catfish �+�C,�T
O,�*
+TB+	��B�>BG>,J?'��@�� Granzyme ��
��T
B+O+��A*>
�(U�����
A�,  
��)
+T�(QUB
+T 2 2�)��D*����+, Granzyme ��
��T
B+O+��A1,�(QUB�>A�?F(+H�
(��*���,B ^�T

2�)��D*��� House mouse Granzyme B, C, D, F, G, N, Norway rat Granzyme like protein III 
'() Granzyme B, Pig Granzyme H '() Horse Granzyme B F2f,A�, '()F2f,
+T,U��>
F�A�U�1,
�(QUB,+H�>
B+�B�O��F2f,�+, Granzyme ��
2(� Channel catfish (Channel catfish Granzyme-like III) 
��)
+T�(QUB
+T 3 @)2�)��D*��� Channel catfish Granzyme-like I '() Nile tilapia Granzyme-1 
+T
\*����
�,\���U�,C,��,+H (Praveen et al., 2006a) (L�G
+T 27) 
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R���/U 27  	��B�>BG>,J?1,FO�
���>p,�����)C�U�
(I�*>D��*�)B��, (Mature protein) ��
�+,  
                 Granzyme 1,2(�,�( �>D�+, Granzyme ��
��T
B+O+��AAU�
 m 
+T\*����
�,\��1, Genbank  
                 database *��,C(>
OST���B>P��
��T
B+O+��A'�*
_�
CB��F(� Accession number  
 
 

 Bastard halibut Granzyme I-1 (AB191196) 
 Bastard halibut Granzyme II (AB191194) 
 Bastard halibut Granzyme III-1 (AB191198) 
  Atlantic salmon Granzyme A (NM_001141037) 
  Northern pike Granzyme A precursor (BT079306)
 Nile tilapia Granzyme (FJ429322)
 Human Granzyme K (BC035802)
 Pig-tailed macaque Granzyme K (EU526083) 
 House mouse Granzyme K (AB032200) 
 Chicken Granzyme A precursor (AJ544060) 
 Norway rat Granzyme A (B082125) 
 Cattle Granzyme A (NM_001099095) 
 Channel catfish Granzyme (AY286012) 
 Channel catfish Granzyme-like III (AY942184) 
 Platypus Granzyme (AF275653) 
 Norway rat Granzyme-like protein III (X76996)
 House mouse Granzyme F (J03257) 
 House mouse Granzyme G (J02872)
 House mouse Granzyme D (J03255)
 House mouse Granzyme N (AB049454) 
 Pig Granzyme H (FJ439673) 
 Horse Granzyme B (AM183299) 
 House mouse Granzyme C (BC120757) 
 House mouse Granzyme B (BC002085) 
 Norway rat Granzyme B (BC127475) 
 House mouse Granzyme M (AB015728) 
 Channel catfish Granzyme-like I 
(AY942183)  Nile tilapia Granzyme-1 (AY918866) 

100

85
100 

69

98

100

81

100

100 

100

80

59
69

60

59

99

99

92

87 

86

43

30

91

88

63

0.00.10.20.30.4
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3. ���
�������+�.��������/� Caspase-3 +,- Granzyme 4�5,���,�/UW.��GJNSTl� S. agalactiae 

�.�4S�N����� Reverse Transcription Polymerase Chain Reaction (RT-PCR) 
 

3.1 �����������'�*
�����
�+, Caspase-3 1,2(�,�(2�A�'()2(�,�(L��C(>
@��
��)AQ�,*���FOSH� S. agalactiae �*�1O�F
	,�	 RT-PCR  
       

      s(�����������'�*
�����
�+, Caspase-3 1,2(�,�(2�A� @��F,SH�F�ST�
>H
CB* 12 
��>��) ^�T
\*�'�U �B�
 (Brain), FC
S�� (Gills), ��>��)����
F^((?�SDG>,JQ? (Gonad), \A�U�,C,�� 
(Head kidney), C>�1@ (Heart), (I�\�� (Intestine), A>D (Liver), �(��BF,SH� (Muscle), F^((?FBt*F(S�*
���1,��)'�F(S�* (Peripheral blood leukocytes), B��B (Spleen), ��)FG�)��C�� (Stomach) '()
\A�U�,C(>
 (Trunk kidney) A�B(I�*>D �*�1O�F
	,�	 RT-PCR '()1O� Specific primer 
+T���'DD
@��(I�*>D,��	(+��\
*?��
�+, Caspase-3 	S� Caspase F1 primer '() Caspase R1 primer (A���

+T 
1) GD�U�1,2(�
+Tw+**���,HI�F�(S� 0.85% B+���'�*
�����
�+, Casp3-TL ��U�
FD�D�
1,
Q�
��>��)
+T
I����A��@��D'AU@)FCt,'_D PCR �,�*2�)B�� 594 bp 	U�,���
O>*
+T�B�
 ��>��)
�SDG>,JQ? \A�U�,C,�� (I�\�� F^((?FBt*F(S�*���1,��)'�F(S�* (PBLs) B��B ��)FG�)��C��'()  
\A�U�,C(>
 F
U�,>H, '()FBST�,I�s(
+T\*�\2F2�+�DF
+�D�>D2(�
+T\*��>D���w+*��)AQ�,*���FOSH�
'D	
+F�+� S. agalactiae 
+T�)*>D	��BF��B��, 1x108 CFU AU�B�((�(�A�GD�U���B��_�>
F�AFCt,'_D 
PCR ��
���'�*
�����
�+, Casp3-TL 'A�AU�
@��2(�
+Tw+*��)AQ�,*���,HI�F�(S� 0.85% FG+�

F(t�,��� �*���B��_�>
F�AFCt,'_D PCR O>*F@,��H,1,�U�,��
 PBLs '()'_D'D,
+TFD�D�
1,
FC
S�� \A�U�,C,�� C>�1@ (I�\�� '()��)FG�)��C��F
U�,>H, �U�,1,��>��)�ST, m ,>H,\BU��B��_
�>
F�A'_D PCR \*�F(� (L�G
+T 28) �U�,���'�*
�����
�+, β-actin 
+T1O�F2f, Internal control 
,>H,��B��_GD���'�*
���\*�1,
Q� m ��>��)��
2(�,�( ^�T
1C�'_D PCR product 
+TB+	��B
C,�1�(�F	+�
�>, �*�B+�,�*2�)B�� 594 bp (L�G
+T 28)  
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(a)                   M    BR     G    GO     HK     H      IN      L     M     PBLs   SP    ST    TK 
 
 
      

(b)                  M     BR     G     GO     HK     H      IN      L     M     PBLs   SP     ST    TK  
 
                                                                                                                                                             
                                                                                             
R���/U 28  ���'�*
�����
�+, Caspase-3 1,2(�,�( (a) @��2(�,�(
+Tw+**���,HI�F�(S� 0.85% (b)  
                 @��2(�,�(
+Tw+**���FOSH� S. agalactiae 
+T	��BF��B��, 108 CFU AU�B�((�(�A��*�1O� 
                 F
	,�	 RT-PCR 1, 12 ��>��)�*�
+T M; 100 bp Ladder marker, BR; Brain, G; Gill,  
                 GO; Gonad, HK; Head kidney, H; Heart, IN; Intestine, L; Liver, M; Muscle, PBLs;  
                 Peripheral blood leukocytes, SP; Spleen, ST; Stomach '() TK; Trunk kidney              
                 A�B(I�*>D    
 

3.2 �����������'�*
�����
�+, Granzyme 1,2(�,�(2�A�'()2(�,�(L��C(>
@��
��)AQ�,*���FOSH� S. agalactiae �*�1O�F
	,�	 RT-PCR 
 

      s(�����������'�*
�����
�+, Granzyme 1,2(�,�(2�A� @��F,SH�F�ST�
>H
CB* 12 
��>��) ^�T
\*�'�U �B�
 (Brain), FC
S�� (Gills), ��>��)����
F^((?�SDG>,JQ? (Gonad), \A�U�,C,�� 
(Head kidney), C>�1@ (Heart), (I�\�� (Intestine), A>D (Liver), �(��BF,SH� (Muscle), F^((?FBt*F(S�*
���1,��)'�F(S�* (Peripheral blood leukocytes), B��B (Spleen), ��)FG�)��C�� (Stomach) '()
\A�U�,C(>
 (Trunk kidney) A�B(I�*>D �*�1O�F
	,�	 RT-PCR ^�T
1O� Specific primer 
+T���'DD
@��(I�*>D,��	(+��\
*?��
�+, Granz-TL GD�U�1,2(�2�A�
+Tw+**���,HI�F�(S� 0.85% B+���
'�*
�����
�+, Granz-TL B��
+T�Q*1, PBLs �*��>
F�A@��	��BC,���
'_D PCR ^�T
B+�,�* 
396 bp '()�(QUB��
��>��)
+TB+���'�*
���2�,�(�
 \*�'�U\A�U�,C,�� B��B'()\A�U�,C(>
 
��)
+T�(QUB
+TB+���'�*
�����U�
FD�D�
 \*�'�U�B�
 FC
S�� (I�\��'()��)FG�)��C�� �U�,
��>��)
+T\BUB+���'�*
�����
�+, Granz-TL F(� 	S���>��)����
F^((?�SDG>,JQ? C>�1@ A>D'()
�(��BF,SH� '()FBST�,I�s(���
*(�

+T\*�\2F2�+�DF
+�D�>D2(�,�(
+Tw+*��)AQ�,*���FOSH� S. 
agalactiae 	��BF��B��, 108 CFU AU�B�((�(�A� GD�U��+, Granz-TL 1,2(�,�(B+���'�*
���
FG�TB��H,��U�
FCt,\*�O>*F@, 1,��>��)*>
AU�\2,+H	S��B�
 ��>��)����
F^((?�SDG>,JQ? \A�U�,C,�� 
C>�1@ (I�\�� B��B'()\A�U�,C(>
 A�B(I�*>D 1,��)
+T PBLs �>
FCt,���'�*
�����U�
C,�',U,

Casp3-TL 

β-actin 

594 bp 
 529 bp 

594 bp 

529 bp β-actin 

Casp3-TL 



 

                                                                                    
119 

FOU,F*+���>D
+TGD1,�(QUB	�D	QB �U�,1,��)FG�)��C��F2f,��>��)F*+��
+TGD�U�B+���'�*
���
,���(
@,'
D\BU��B��_�>
F�A\*� ��)
+TA>D'()�(��BF,SH� �>
F2f,��>��)
+T\BUGD���'�*
���
��
�+,,+HF(� (L�G
+T 29)  
 
(a)                   M      BR     G     GO   HK     H     IN      L     M     PBLs  SP     ST    TK                                                                       
 
 
        

(b)                 M     BR     G     GO     HK     H      IN      L      M     PBLs  SP     ST     TK  
 
                                                                                                                                                             
                                                                                             
R���/U 29  ���'�*
�����
�+, Granzyme 1,2(�,�( (a) @��2(�,�(
+Tw+**���,HI�F�(S� 0.85% (b)  
                 @��2(�,�(
+Tw+**���FOSH� S. agalactiae 
+T	��BF��B��, 108 CFU AU�B�((�(�A��*�1O� 
                 F
	,�	 RT-PCR 1, 12 ��>��)�*�
+T M; 100 bp Ladder marker, BR; Brain, G; Gill,  
                 GO; Gonad, HK; Head kidney, H; Heart, IN; Intestine, L; Liver, M; Muscle, PBLs;  

    Peripheral blood leukocytes, SP; Spleen, ST; Stomach '() TK; Trunk kidney  
    A�B(I�*>D    
 

  
 
 
 
 
 
 
 
 
 
 
 

396 bp Granz-TL 

β-actin 529 bp 

396 bp 

529 bp β-actin 

Granz-TL 
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4. ���
������5+JJ���+�.��������/� Caspase-3 +,- Granzyme 4�IG�5,���, R��M,G�H��

���W.��GJNSTl� S. agalactiae (In vivo) �.�4S�N����� Quantitative real-time PCR 
 

F
	,�	 Quantitative real-time PCR �*�
>T�\2,>H, B+	��B'A�AU�
@�����1O�F
	,�	 
Polymerase chain reaction (PCR) A�

+T\*�
I����G>p,�	��B��B��_1,���A��@C�2��B�� PCR 
products1,���()(���*����1O����F�S�
'�
 (Fluorescence reporters) O,�*AU�
 m '()���G>p,�
F	�ST�
 Thermocycler J��B*�
+T��B��_FG�TB(*�Q�CL�B�A�B�)�)F�(�
+T�I�C,* B�F2f,F	�ST�
 Real-
time thermocycler 
+TB+���FG�TB�U�,
+TF2f,'C(U
�I�F,�*'�
FGST�F2f,'C(U
�U������B'�
��
 PCR 
products ��B_�
�U�,���A��@�>*���F�S�
'�

+TF��*@�� PCR products L��1,C(�*2�������� 
*>
,>H,���1O�F
	,�	 Real-time PCR @�
F2f,���FG�TB2��B�� DNA F2��CB�� '()��B��_
I����
A��@�>*2��B�� PCR products 
+TF��*��H,@��
 � F�(�,>H, m 
I�1C���B��_A�*A�B���F��* PCR 
products 1,OU�
 Exponential phase \*���U�
'BU,�I� ,I�\2��U����>*2��B��\*� �*�B+�B�����
 
PCR *>
,+H  

 
Xn = X0 (1 + E)

n 
 
�*�    Xn 	S� 2��B�� PCR product 
+T Cycle 
+T n 
           X0 	S� 2��B��F��TBA�,��
 Template  
           E 	S� Amplification efficiency 
           n 	S� Cycle number  
 
 ���1O� Quantitative real-time PCR @)A��
F��TBA�,�*����FA�+�B Templates ��
�+,
+TF��
�,1@ 1,��������	�>H
,+H@)1O� Plasmids 
+TB+ cDNA ��
�+,
+TA��
���A��@��D'()
��D	��B
F��B��,
+T',U,�,'(�� ^�T
\*�'�U�+, Caspase-3, Granzyme '() β-actin 1,2(�,�(B�F2f, Templates 
�I�C�>D���C�	U�	��BF��B��,��
�+,
>H
 3 *>
�(U��,+H 
I�\*��*�����>*	��BF��B��,��
 Plasmid 
*���F	�ST�
 Spectrophotometer FGST�1C�\*�	��BF��B��,
+T',U,�, '(��@�
,I�B�	I�,��C�	U� Copy 
number @���2�'��B DNA concentration to copy number version 1.5 (http://stanice.euweb.cz/ 
bio/DNAtoCopy.html) 
I����FA�+�B Plasmid 1C�\*�	��BF��B��,*>
AU�\2,+H 	S�
+T	��BF��B��,��
  
Copy number F
U��>D 108, 107, 106 '() 105 A�B(I�*>D 
I������F	��)C?s(�*����1O�F	�ST�
 Real-
time PCR (Mx3000p, Stratagene) @���2�'��B MxProTM QPCR version 4.0 FGST�
I����C�
2��B�� Template 
+T\*�@��������A��@@>D���F�S�
'�
 (Fluorescence reporters) 1,���
*(�
,+H
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@)1O����F�S�
'�
 SYBR Green I Dye s(
+T\*�@)'�*
���B���2'DD��
 Amplification plot 1,
'AU()�+, (L�G
+T 30-32) �*�GD�U��2�'��B MxProTM QPCR version 4.0 @)'�*
s(��
	U� 
Melting temperature 1,'AU()�+, ���B�1,��2��
 Dissociation curve 	U� Melting temperature 
+T
\*�@��'AU()�+,,+H @)1O�1,���G�@����_�
(>���)��
 PCR product 
+TF��*��H, ^�T
��B��_A��@GD
\*�
>,
+C(>
@����)D�,���F��* PCR F��t@��H,(
 �*����A��@@>D���F�S�
'�
 (Fluorescence) 
GD�U� DNA @�� Plasmid ��
�+,'AU()O,�* @)B+ Melting temperature (Tm) FwG�)A>� �*�	U� Tm 
,+H@)F2f,@Q*
+T	�UFD���
,��	(+��\
*?@)'��A>����@���>,2�)B��	��T
C,�T
��

>H
CB* ���
A��@@>D���F�S�
'�
@)(*(
��U�
w>DG(>, � @Q*,>H, �*��Q�CL�B�,+H@)��H,�>D	��B���'()2��B�� 
G '() C 
+TB+1, DNA F2��CB����
�+,'AU()O,�* *>
,>H,@�
��B��_1O�'�� PCR product ���@�� 
Product �ST,
+T2,F2���,\*� ���~
+T\*�@)F��* Peak �I�C�>D�+,'AU()A>� PCR product 
+T_��A��
@)
'�*
 Peak F*+��
+T�Q�CL�B���
 (L�G
+T 33-35) �*�
>T�\2@)��
��U� 80°C 1,��)
+T Non-specific 
product C�S� Primer-dimer @)1C� Peak 
+TB+�,�*����

+T�Q�CL�B�ATI���U� (���
>�, 2549) 
 

�*�F��@),I����~ Amplification plot ,+H\2
I����C�	U�	��BO>, (Slope) ��
���~
B�A���, (Standard curve) AU�FGST�,I�B�1O�1,���	I�,��C�	U� PCR Efficiency @����A�  
 

PCR Efficiency (E) = 10 (-1/Slpoe) 
 
�*�     E 	S� 2�)��
J�L�G��
2�������� PCR 
+T��B��_F��*��H,\*� 
            Slope 	S� 	U�	��BO>,��
���~1, Log scale 1, Exponential phase ��
2�������� 
 

�*�
>T�\2'(�� Efficiency ��
 PCR 	��B+	U����U
+T 90-100% (Ideal slope = -3.322 ^�T

F2f, 100% �*� Efficiency @)CB��_�
���
+T DNA F2��CB��,>H,\*�B+���FG�TB@I�,�,F2f, 2 Copy 
Q�
��D 1,��)
+TC�� Slope = -3.462, Efficiency @)F
U��>D 1.95 ,>T,	S�\*� 1.95 Copy/Cycle) �*�
GD�U�(>���)	��Bs>,'2�
+TB+s(AU�	U� Efficiency ��
 PCR ��B��_F��*��H,\*� FOU, 	��B�����
 
Amplicon, Secondary structure '()������'DD Primer F2f,A�, (Kubista et al., 2006) �*�1,
��������	�>H
,+H��B��_A��@��D	U� Efficiency ��
�+,
>H
 3 \*�@�����~B�A���, (L�G
+T 36-39)  
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R���/U 30  Amplification plot 1,OU�
 Exponential phase ��
2��������@�����A��@@>D�>PP�� 
                 F�S�
'�
 (SYBR Green I Dye) ��
 Plasmid 
+T
��D	��BF��B��,
+T',U,�, (Copy  
                 number F
U��>D 108, 107, 106 '() 105) ��
�+, Caspase-3 1,2(�,�(  
 

 
 
R���/U 31  Amplification plot 1,OU�
 Exponential phase ��
2��������@�����A��@@>D�>PP�� 
                 F�S�
'�
 (SYBR Green I Dye) ��
 Plasmid 
+T
��D	��BF��B��,
+T',U,�, (Copy  
                 number F
U��>D 108, 107, 106 '() 105) ��
�+, Granzyme 1,2(�,�(  

108 
107 

106 
105 

108 
107 

106 
105 
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R���/U 32  Amplification plot 1,OU�
 Exponential phase ��
2��������@�����A��@@>D�>PP��  

F�S�
'�
 (SYBR Green I Dye) ��
 Plasmid 
+T
��D	��BF��B��,
+T',U,�, (Copy     
number F
U��>D 108, 107, 106 '() 105) ��
�+, β-actin 1,2(�,�(  

 

 
 
R���/U 33  Dissociation curve '�*
	U� Melting temperature ��
 Plasmid 
+T
��D	��BF��B��,
+T 
                 ',U,�,��
�+, Caspase-3 1,2(�,�(�*�1O�F
	,�	 Quantitative real-time PCR 

108 
107 

106 
105 
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R���/U 34  Dissociation curve '�*
	U� Melting temperature ��
 Plasmid 
+T
��D	��BF��B��,
+T 
                  ',U,�,��
�+, Granzyme 1,2(�,�(�*�1O�F
	,�	 Quantitative real-time PCR 
 

 
 
R���/U 35  Dissociation curve '�*
	U� Melting temperature ��
 Plasmid 
+T
��D	��BF��B��,
+T 
                  ',U,�,��
�+, β-actin 1,2(�,�(�*�1O�F
	,�	 Quantitative real-time PCR 
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R���/U 36  Standard curve 
+T1O�1,�����������'�*
�����
�+, Caspase-3 1,2(�,�(�*�1O� 
                 F
	,�	 Quantitative real-time PCR 
 

 
 
R���/U 37  Standard curve 
+T1O�1,�����������'�*
�����
�+, Granzyme 1,2(�,�(�*�1O� 
                 F
	,�	 Quantitative real-time PCR 

Y = -3.004(LogX) + 33.96 
R2 = 0.948 

Y = -2.990(LogX) + 33.93 
R2 = 0.991 



 

                                                                                    126 

 
 

R���/U 38  Standard curve 
+T1O�1,�����������'�*
�����
�+, β-actin 1,2(�,�(�*�1O� 
                 F
	,�	 Quantitative real-time PCR 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Y = -2.921(LogX) + 48.69 
R2 = 0.984 
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4.1 �����������'�*
�����
�+, Caspase-3 1,\A�U�,C,����
2(�,�( L��C(>
@��
�����)AQ�,*���FOSH� S. agalactiae (In vivo) �*�1O�F
	,�	 Quantitative real-time PCR 

       
      @�������������'�*
�����
�+, Casp3-TL 1,\A�U�,C,����
2(�,�( L��C(>
 

@�������)AQ�,*���FOSH� S. agalactiae 
+T	��BF��B��, 1x107 '() 1x109 CFU AU�B�((�(�A� 
F2�+�DF
+�D�>D�(QUB��
2(�2�A�
+T\*��>D���w+**���,HI�F�(S� 0.85% (Control) GD�U�A(�*
�)�)F�(���
���
*(�
2��B�� mRNA 
+T'�*
���1,2(�
>H
 3 �(QUB �*��>
F�A@��	U� Relative 
expression ratio B+	U�\BU'A�AU�
�>,A(�*�)�)F�(���
���
*(�
 A>H
'AUO>T��B

+T 0 @,_�
O>T��B

+T 
96 (P>0.05) (L�G
+T 39) 

 
 
R���/U 39  ���'�*
�����
�+, Caspase-3 1,2(�,�(L��C(>
@�����w+*��)AQ�,*���FOSH�  
                 S. agalactiae 
+T	��BF��B��,F
U��>D 1x107 '() 1x109 CFU AU�B�((�(�A� F2�+�DF
+�D�>D       
                 2(�,�(
+Tw+**���,HI�F�(S� 0.85% (Control) �*�1O�F
	,�	 Quantitative real-time PCR  
                 (P>0.05)  
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4.2 �����������'�*
�����
�+, Granzyme 1,\A�U�,C,����
2(�,�( L��C(>
@��
�����)AQ�,*���FOSH� S. agalactiae (In vivo) �*�1O�F
	,�	 Quantitative real-time PCR 
        

       @�������������'�*
�����
�+, Granz-TL 1,\A�U�,C,����
2(�,�( L��C(>

@�������)AQ�,*���FOSH� S. agalactiae 
+T	��BF��B��, 1x107 '() 1x109 CFU AU�B�((�(�A� 
F2�+�DF
+�D�>D�(QUB��
2(�2�A�
+T\*��>D���w+**���,HI�F�(S� 0.85% (Control) GD�U�L��C(>
@��
���w+*��)AQ�,A>H
'AU O>T��B

+T 1 @,_�
O>T��B

+T 6 2��B�� mRNA ��
�+, Granz-TL 
+T'�*
���
1,2(�
>H
 3 �(QUB �*��>
F�A@��	U� Relative expression ratio B+	U�Fw(+T�\BU'A�AU�
�>, (P>0.05) 
�*�B+',��,�B	U�,���
	

+T'()ATI�(
F(t�,���FBST�F2�+�DF
+�D�>D�)*>D���'�*
����U�,���

*(�
 ��U�
\��tA�B 1,O>T��B

+T 12 ��
���
*(�
 2(�1,�(QUB
+T\*��>D���w+*��)AQ�,*���FOSH� S. 
agalactiae 	��BF��B��, 1x107 CFU AU�B�((�(�A� F��TBB+	U� Relative expression ratio ��
�+, Granz-
TL 'A�AU�
�>,��U�
B+,>��I�	>P�>D�(QUB	�D	QB'()�(QUB
+T\*��>D���w+*��)AQ�,*���FOSH� S. 
agalactiae 	��BF��B��, 1x109 CFU AU�B�((�(�A� (P<0.05) (L�G
+T 40) '()�*�FwG�)��U�
��T
 1,
O>T��B

+T 24 ��
���
*(�
 2(�1,�(QUB
+T\*��>D���w+*��)AQ�,*���FOSH� S. agalactiae 	��BF��B��, 
1x107 CFU AU�B�((�(�A� @)B+���'�*
���FG�TB��
��H,��U�
FCt,\*�O>* ^�T
B+�)*>D���'�*
���
B����U��U�,���
*(�
2�)B�� 7 F
U� '()�>
B+	U���
��U��(QUB	�D	QB'()�(QUB
+T\*��>D���w+*
��)AQ�,*���FOSH� S. agalactiae 	��BF��B��, 1x109 CFU AU�B�((�(�A� _�
 11 F
U� '() 3 F
U� 
A�B(I�*>D (P<0.05) ,��@��,+H2(�1,�(QUB
+T\*��>D���w+*��)AQ�,*���FOSH� S. agalactiae 	��B
F��B��, 1x109 CFU AU�B�((�(�A� �>
B+���'�*
���
+TFG�TB��
��H,'()B����U��(QUB	�D	QB��U�
B+
,>��I�	>P
�
�_�A� (P<0.05) 2�)B�� 3 F
U� *���FOU,�>, (L�G
+T 40) ��U�
\��tA�B1,O>T��B

+T 48 
	U� Relative expression ratio ��
�+, Granz-TL 1,�(QUB��
2(�
+T\*��>D���w+**���FOSH� S. 
agalactiae 
>H
��
�(QUBB+	U�(*ATI�(
1�(�F	+�
�>D�(QUB	�D	QB'()\BUB+	��B'A�AU�
�>,��U�
B+
,>��I�	>P
�
�_�A� (P>0.05) \2@,_�
O>T��B

+T 72 '() 96 ��
���
*(�
 A�B(I�*>D  
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R���/U 40  ���'�*
�����
�+, Granzyme 1,2(�,�(L��C(>
@�����w+*��)AQ�,*���FOSH�  
                 S. agalactiae 
+T	��BF��B��,F
U��>D 1x107 '() 1x109 CFU AU�B�((�(�A� F2�+�DF
+�D�>D       
                 2(�,�(
+Tw+**���,HI�F�(S� 0.85% (Control) �*�1O�F
	,�	 Quantitative real-time PCR  
 
ML��NMIa  G�>PO,)L����>
�|�
+T�I��>DD,'
U
���~1,'AU()OU�
F�(�
+T'A�AU�
�>, '�*
�U�B+ 
                  	��B'A�AU�
�>,��U�
B+,>��I�	>P
�
�_�A� (P<0.05) 
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5. ���
������5+JJ���+�.��������/� Caspase-3 +,- Granzyme 4�Nc,,	NLX.N,T�.���4�

��-+�N,T�. 4�M,�.�.,�� (In vitro) R��M,G�H�������-Ia��.���NSTl� A. hydrophila +,- 

Concanavalin A �.�4S�N����� Quantitative real-time PCR 
 

5.1 �����������'�*
�����
�+, Casp3-TL 1,F^((?FBt*F(S�*���1,��)'�F(S�* 1,
C(�*
*(�
 L��C(>
@�������)AQ�,*���FOSH� A. hydrophila '() Concanavalin A �*�1O�F
	,�	 
Quantitative real-time PCR  
  
       �����������'�*
�����
�+, Casp3-TL 1,F^((?FBt*F(S�*���
+T'��\*�@����)'�
F(S�* '()_����)AQ�,*���FOSH� A. hydrophila 
+T	��BF��B��, 1x105 CFU AU�B�((�(�A� '() 
Concanavalin A 	��BF��B��, 10 \B�	���>BAU�B�((�(�A� 1,C(�*
*(�
 GD�U�1,O>T��B

+T 6, 12 
'() 24 ��
���
*(�
 �)*>D���'�*
�����
 mRNA ��
�+, Casp3-TL 1,
Q�OQ*���
*(�
B+
2��B��(*(
F(t�,���FBST�F
+�D�>D�U�,���
*(�
 '()\BUGD�U�	U� Relative expression ratio ��

�+, Casp3-TL 1,'AU()OQ*���
*(�
B+	��B'A�AU�
�>,��U�
B+,>��I�	>P
�
�_�A� (P>0.05) 
��U�
\��tA�B1,O>T��B

+T 48 	U� Relative expression ratio ��
�+, Casp3-TL 1,�(QUB��
FBt*F(S�*
�����
2(�
+T\*��>D�����)AQ�,*���FOSH� A. hydrophila 
+T	��BF��B��, 1x105 CFU AU�B�((�(�A� B+	U�
(*ATI�(
 ^�T
��,
�
�>D�(QUB	�D	QB
+TB+���'�*
���FG�TB��
��H,1�(�F	+�
�>D�U�,���
*(�
 '()
FBST�
I������F	��)C?
�
�_�A�'(��GD�U�OQ*���
*(�

+T\*��>D�����)AQ�,*���FOSH� A. hydrophila B+
�)*>D Relative expression ratio ��
�+, Casp3-TL ATI���U��(QUB	�D	QB'()�(QUB
+T_����)AQ�,*��� 
Concanavalin A ��U�
B+,>��I�	>P
�
�_�A� (P<0.05) 2�)B�� 3 '() 2 F
U� A�B(I�*>D 'AUFBST�F�����U
O>T��B

+T 72 ��
���
*(�
FBt*F(S�*�����
2(�1,�(QUB	�D	QB'()�(QUB
+T_����)AQ�,*��� A. 
hydrophila �(>DB+	U� Relative expression ratio FG�TB��
��H,'()'A�AU�
��U�
B+,>��I�	>P
�
�_�A��>D
�(QUB
+T\*��>D�����)AQ�,*��� Concanavalin A 1,�)*>D2�)B�� 3 '() 4 F
U� A�B(I�*>D (P<0.05)  
(L�G
+T 41)       
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R���/U 41  ���'�*
�����
�+, Caspase-3 1,F^((?FBt*F(S�*���1,��)'�F(S�* 1,C(�*
*(�
 

   L��C(>
@�������)AQ�,*���FOSH� A. hydrophila '() Concanavalin A F2�+�DF
+�D�>D 
   F^((?FBt*F(S�*���1,��)'�F(S�*
+T\BU\*��>D�����)AQ�, (Control) �*�1O�F
	,�	  
   Quantitative real-time PCR  
 

ML��NMIa  G�>PO,)L����>
�|�
+T�I��>DD,'
U
���~1,'AU()OU�
F�(�
+T'A�AU�
�>, '�*
�U�B+ 
                  	��B'A�AU�
�>,��U�
B+,>��I�	>P
�
�_�A� (P<0.05) 
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5.2 �����������'�*
�����
�+, Granz-TL 1,F^((?FBt*F(S�*���1,��)'�F(S�* 1,
C(�*
*(�
 L��C(>
@�������)AQ�,*���FOSH� A. hydrophila '() Concanavalin A �*�1O�F
	,�	 
Quantitative real-time PCR 
 
       �����������'�*
�����
�+, Granz-TL 1,F^((?FBt*F(S�*���
+T'��\*�@����)'�
F(S�* '()_����)AQ�,*���FOSH� A. hydrophila 
+T	��BF��B��, 1x105 CFU AU�B�((�(�A� '() 
Concanavalin A 	��BF��B��, 10 \B�	���>BAU�B�((�(�A� 1,C(�*
*(�
 GD�U�1,OU�
O>T��B

+T 6 
_�
 24 ��
���
*(�
 �)*>D Relative expression ratio ��
�+, Granz-TL ��
FBt*F(S�*�����

2(�1,
Q� m �(QUBB+',��,�BFG�TB��
��H,A�B�)�)F�(���
���
*(�
 'AU�t\BUGD	��B'A�AU�
�>,

�
�_�A��)C�U�
OQ*
*(�
'AU��U�
1* (P>0.05) 'AUFBST�F�����UO>T��B

+T 48 �)*>D Relative 
expression ratio ��
�+, Granz-TL 1,2(�
Q��(QUB B+	U�FG�TB��
��H,��U�
��*F�t� '()'A�AU�
�>,�>D 
Relative expression ratio ��
�+, Granz-TL FBST��U�,F��TB���
*(�
 2�)B�� 11, 15 '() 18 F
U� 
A�B(I�*>D 'AU�t\BUGD	��B'A�AU�
�>,
�
�_�A��)C�U�
�(QUB
*(�
'AU��U�
1* (P>0.05) 
FOU,F*+���>DO>T��B

+T 72 FBt*F(S�*�����
2(�1,�(QUB	�D	QB'()�(QUB
+T\*��>D�����)AQ�,*��� A. 
hydrophila �>
B+',��,�B��
	U� Relative expression ratio ��
�+, Granz-TL FG�TB��
��H,�+� ��)
+T
�(QUB
+T\*��>D�����)AQ�,*��� Concanavalin A B+',��,�B(*(
 �*�1,O>T��B

+T 72 ,+H FBt*F(S�*���
��
2(�1,'AU()�(QUB�>
B+	U� Relative expression ratio ��
�+, Granz-TL 
+T\BU'A�AU�
�>,��U�
B+
,>��I�	>P
�
�_�A� (P>0.05) �*�B+	U���
��U�FBST�F��TBA�,���
*(�
F2f, 15, 18 '() 12 F
U� 
A�B(I�*>D (L�G
+T 42)  
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R���/U 42  ���'�*
�����
�+, Granzyme 1,F^((?FBt*F(S�*���1,��)'�F(S�* 1,C(�*
*(�
 
   L��C(>
@�������)AQ�,*���FOSH� A. hydrophila '() Concanavalin A F2�+�DF
+�D�>D 
    F^((?FBt*F(S�*���1,��)'�F(S�*
+T\BU\*��>D�����)AQ�, �*�1O�F
	,�	 Quantitative  

              real-time PCR (P>0.05) 
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��H���	 

 
1. ,Z�.GJ����,/��W�.	�/U�LJ���	��� cDNA +,-���
�������L�GL�G��	NS�����Gj���������/� 

Caspase-3 +,-�/� Granzyme 4�5,���,�GJ��U�L/S/��IIY�� k  
 

1.1 Caspase-3 
  
      �+,1,�(QUB Caspases @>*F2f,�(QUB��
�+, (Family) 
+TF�+���U� Cysteine-dependent  

aspatate specific protease 
+TB+	��B	(���	(�
�>,
>H
1,(I�*>D��
��*�)B��,'()�	�
����
��
�+, 
^�T
�*�
>T�\2'(����B��_'DU
���F2f, 2 �(QUB1CPU m 	S� 1) Cytokine processor '() 2) Apoptosis 
initiator or effector (Fink and Cookson, 2005) �*�1,D��*��+, Caspases ,+H Caspase-3 _S�F2f,�+,

+TB+	��B�I�	>P
+T�Q*1,���	�D	QB���F��* Apoptosis L��1,�U�
�����
��T
B+O+��A ^�T
�*�
>T�\2 
��B��_GD\*�1, Cytoplasm '() Mitochondrial intermembrane space ��

Q�F^((? ^�T
1,�L�G
F^((?2�A� Caspase-3 ,>H,@)���U1,��2��
 Inactive zymogen �,�*2�)B�� 32 kDa '()G���B@)

I�
�,1,��)D�,���F��* Apoptosis 1,C(�� m Pathway FBST�_����)AQ�,'()�(��F2f, Active 
form (Nicholson et al., 1995; Fink and Cookson, 2005) �*�
+T Activated caspase-3 _S�F2f,�BF(�Q(

+T
I�C,��
+T�I�	>P1,���F2f,��,�?�(�
��
���F��*��)D�,��� Apoptosis �*����A>*'()����>D�>H

�BF(�Q(��
�2�A+,C(��O,�* ^�T
F�+T�����
�>D��)D�,������F��* Apoptosis L��1,F^((?
+T_��
��)AQ�,1C�F��*���A����
F^((?'DD Program cell death  

 
      1,2�@@QD>, cDNA ��
�+, Caspase-3 ,>H,\*�_��	�,GD1,��T
B+O+��AC(�� m O,�* 

�*�FwG�)1,�(QUB��
2(�,>H,B+���	�,GD'(����U� 9 O,�* ^�T
\*�'�U Zebra fish (AB047003), 
European sea bass (DQ345773), White cloud mountain minnow (GQ406344), Atlantic salmon 
(BT059710), Fugu rubripes (AF042797), Large yellow croaker (EU878546), Northern pike 
(BT079078), Sablefish (BT082348) '() Gudgeon (FJ612583) ^�T
\*��>D���A+G�BG?'(��FG+�
 3 
O,�* 	S� Zebra fish (Yabu et al., 2001), Atlantic salmon (Takle et al., 2006) '() European sea 
bass (Reis et al., 2007) '()FBST�G�@����_�
�,�*��
 Full-length ��
 cDNA ��
�+, Caspase-3 
(Casp3-TL) ��
2(�,�( F2�+�DF
+�D�>D��T
B+O+��AO,�*�ST, m GD�U�B+�,�*1�(�F	+�
�>,A>H
'AU 829-
900 bp '()B+�,�*��
�2�A+,2�)B�� 274-299 Residues �*�GD�U� Caspase-3 ��
�>� (Cattle) B+
�,�*�>H,
+T�Q*	S� 274 Residues '() Caspase-3 ��
 Sable fish B+�,�*���
+T�Q*	S� 299 Residues 
��)
+T Casp3-TL B+	��B���F
U��>D 282 Residues        
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       '()FBST�G�@����_�
	��BFCBS�,'()	��B	(���	(�
�>,��
(I�*>D,��	(+��\
*?'()
��*�)B��,��
�+, Caspase-3 @����T
B+O+��AO,�*�ST, m �>D Casp3-TL ��
2(�,�( GD�U� Casp3-TL 
B+	U�	��BFCBS�,�>,��

>H
(I�*>D,��	(+��\
*?'()��*�)B��, ��B
>H
	��B	(��� 	(�
�>,��

��*�)B��, �>D European sea bass B��
+T�Q* '�*
1C�FCt,�U��+, Caspase-3 ��
��T
B+O+��A
>H
��

O,�*,+HB+	��B�>BG>,J?�>,1,FO�
���>p,����B��
+T�Q* 
>H
,+H��@F2f,FG��)�U�
>H
 Nile tilapia '() 
European sea bass ���U1, Order F*+���>,	S� Order Perciformes (Nelson, 1994) ��U�
\��tA�BFBST�
G�@����_�
	��B�>BG>,J?�>,1,FO�
���>p,�����(>DGD�U� Casp3-TL ��
2(�,�(�(>DB+	U�	��B 
�>BG>,J?1,FO�
���>p,������
�>D�+, Caspase-3 ��
2(� Atlantic salmon '()2(� Large yellow 
croaker FOU,�>, ,��FC,S�@��2(� European sea bass  
 
       FBST�G�@����_�
�	�
����
��
�2�A+, GD�U��2�A+,��
�+, Caspase-3 ��
��T
B+O+��A

Q�O,�*��B
>H
 Casp3-TL ��
2(�,�(\BUB+D��F��
+TF2f, Hydrophobic leader sequence FCBS�,�>D

+TGD1,�+,O,�*�ST, m 'AU�	�
����
��
�2�A+,
>H
CB*@)2�)��D*��� Prodomain '() Catalytic 
domain ^�T
2�)��D*��� Large subunit p20 '() Small subunit p10 FOU,F*+���>, ^�T
��*	(��
�>D
���
�,��
 Grütter (2000) 
+T\*�
I���������\���U�,C,��,+H ��U�
\��tA�BFBST�
I����A��@��D 
Hydrophobic sequence *����2�'��B �DAS�- Transmembrane Prediction �(>DGD�U�(I�*>D
��*�)B��,A>H
'AU 117-131 (HsnsaSfvCiLLSHG) F2f,D��F��
+TA��@GD Hydrophobic region ^�T

@�����A��@��D*����2�'��B PROSITE prediction GD�U�D��F����
AI�'C,U
��*�)B��,1,
D��F��,+HF2f,D��F��
+TF�+���U� Histidine active site ^�T
@>*F2f,�U�,
+TB+	��B�I�	>P1,���@I�',��(QUB
��
�+,1,�(QUB Caspases (Caspase family signature) ,>T,F�
 (Reis et al., 2007) ,��@��,+H�>
GD�U� 
Pentapeptide active site (QACRG) '() Aspatic acid 
+TAI�'C,U
 Residues 
+T 178 ^�T
F2f,D��F��
+T
'DU
'���)C�U�
 Large �>D Small subunit ���@���>,^�T
B+	��BFCBS�,�>, (Conserved) 1,
Q�
��T
B+O+��A
+T
I����A��@��D'()AI�'C,U
��
 Aspatic acid 
+T
I�,���*� Nicholson et al. (1995) 
^�T

I�C,��
+T1,���A>*'DU
�)C�U�
 Prodomain, Large '() Small subunit ��B��_GD\*�1, Casp3-
TL FOU,�>,1,AI�'C,U
 Asp14, Asp34 '() Asp178 '�*
1C�FCt,�U��	�
����
��
 Proenzyme ��
 
Casp3-TL 1,2(�,�(B+(>���)	(����>D Proenzyme ��
�2�A+,��
�+, Caspase-3 ��
��T
B+O+��A
�ST, m �U�,F2(+T�,��2F2f, Active form ^�T
B+�	�
����
F2f,'DDF*+���>, FOU,F*+���>D RGD motif 
+T
GD�U�B+	��B	(���	(�
�>,��
�)C�U�
��T
B+O+��AO,�*AU�
 m _�
'B��U�C,��
+T��
 RGD motif ,+H�>
\BU

��D',UO>*'AU@�����
�,��
 Pasqualini et al. (1995) GD�U� Aspatate-Aspatate-Xaa motif ^�T
���U
1�(��>DD��F�� Asp178 ��B��_@>D�>D RGD motif FGST���)AQ�,��)D�,������F2(+T�,'2(
�	�
 
����
'()��)D�,���_����)AQ�,L��C(>

+T_��F2(+T�,��2F2f, Active form (Buckley et al., 1999)  
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 1.2 Granzyme 
  
       ����������	�
���
���������������� Granzyme (Granule enzymes) ���	�
�%���&'()�����

&�*��&*����*�+)%��%�������%���& Serine proteases (���)&�% 1+
)�2�3�����
42�*�5	%�
��'�()%��
%�6���%��7��'()	1��8��� Apoptosis ���3�+
)��
	%�
��'�()��642�*�5���6��:;&<*��&%��'()
4<
)&�=��<7��
&�%�6�;%4��3��) �+)(��>?(@����������%���&��A��A�&������42�*�5��%��	�
�	(�@1&8��
=�%
�2��2��3�	%<�%��7��'()	1��8:�������)%�� (Cell death-inducing enzymes) ��6H����
�@�����
H��7��'()��� Granzymes ��A� �6>;%4���)��6	%I�@����	&I� Granule '()	1��8 ��%���& Cytotoxic 
T lymphocytes ��6 Natural  killer cells 	�����A� 	=��	����%��H��7��'()��� Perforin ��6�6&�%��
������(�((%&��2����	1��8��
&�%����%��%'()	=?A(H�*H��	PQ�6@���4��6��*��	�����)=�<� 
��&>+)	1��8	�?A()(%��6&6	�I) (Tumor and cancer cells) ���� �+)(��>?(@����������%���&'() 
Granzyme ��A� �6&������42�*�5��A)���6��:;&<*��&%����
	�
� Innate ��6 Adaptive immunity ���� 
H���2�3�����
�7%7��)%��(���)=��	���� 3 Pathways ��%��7��'()	1��8��� Apoptosis 
(Chowdhury and Lieberman, 2008) 
 
       �(%��%��A������)�2�3�����
��%��*��*�&�6��:;&<*��&%�� H��%��*��*�&%��(�;��(�
'() Activated lymphocytes ��6%�6���%��%��(�%	4� (Inflammation) H��%���2��\<%<�<��%��
H*�)4���)'()4�����%��(&��
	'��&�:�������)%�� ��6��%���)��%��]+%^�����������Q���� 
4�&��>*��Q���� Granzyme ��*���6��3�;������6&�_ 5 (A, B, H, K ��6 M ) ��6 10 =�<� 
(A, B, C, D, E, F, G, H, L, M ��6 N ) 7�&�2���� H�����	3�����A�64���)��%%���&'()��� (Cluster) 
'����35���6&�_ 3 %���& ��6	&?
(Q<���_���%%�����)������������ Q������� Granzyme A ��6 
Granzyme B ��A� 	�
�=�<���
&�%���4�)((%&�&�%��
4�� ��4���'() Granzyme B ��A� >?(@�����
	�
������
&�%��]+%^�&�%��
4��	&?
(	����%�� Granzyme =�<�(?
� i ��6	�
�	(�@1&8��
&�*�_��%^_6
42�*�5��%��7�� Substrates ��72��3��)3��)%��(6&<H� Aspatic acid (Asp) (���)�2�	Q�6 (���)@�%I
7�&����������	�<
&&���%�<�����
@��	�<
&�2�%��]+%^���� Granzyme =�<�(?
� i (���)��<)��)&�%�<
)'+A�
7�&�2����     
 

      1,2�@@QD>,1,�(QUB��
2(� \*�B+���
�,���	�,GD cDNA ��
�+,O,�*,+H\*�FG+�
 6 
O,�* 	S��+, Granzyme I-1 (AB191196), Granzyme II (AB191194) '() Granzyme III-1 
(AB191198) 1, Bastard halibut, �+, Granzyme (AY286012), Granzyme-like I (AY942183) '() 
Granzyme-like III (AY942184) 1, Channel catfish, �+, Granzyme A (NM_001141037) 1, 
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Atlantic salmon, �+, Granzyme A precursor (BT079306) 1, Northern pike, �+, Granzyme like 1, 
Atlantic cod (AY661884) '() Granzyme-1 (AY918866) 1, Nile tilapia ^�T
B+���A+G�BG?'(��FG+�
 
3 O,�*	S� Channel catfish (Praveen et al., 2004), Atlantic cod (Wernersson et al., 2006) '() Nile 
tilapia (Praveen et al., 2006a) '()FBST�G�@����_�
�,�*��
 Full-length ��
 cDNA ��
�+, 
Granzyme (Granz-TL) ��
2(�,�( F2�+�DF
+�D�>D��T
B+O+��AO,�*�ST, m GD�U�B+�,�*1�(�F	+�
�>,
A>H
'AU 720-795 bp '()B+�,�*��
�2�A+,2�)B�� 239-264 Residues �*�GD�U� Granzyme ��

AQU,2��F2f* (Platypus) B+�,�*�>H,
+T�Q*	S� 239 Residues '() Granzyme K ��
	, (Human), 
Granzyme K ��
 Pig-tailed macaque '() Granzyme M ��
 House B+�,�*���
+T�Q*	S� 264 
Residues ��)
+T Granz-TL B+	��B���F
U��>D 255 Residues  
 
       FBST�G�@����_�
�	�
����
��
�2�A+, GD�U��2�A+,��
�+, Granzyme ��
��T
B+O+��A

Q�O,�*��B
>H
 Granz-TL ��
2(�,�(1,B+D��F��
+TF2f, Hydrophobic leader sequence FCBS�,�>D

+TGD1,�+, Granzyme O,�*�ST, m ^�T
FBST�G�@����*����2�'��B �DAS�- Transmembrane 
prediction GD�U� Hydrophobic leader sequence ��
 Granz-TL B+�,�*2�)B�� 19 Amino acid 
residues '�*
1C�FCt,�U� Granz-TL ,+H@>*F2f,�2�A+,
+TF2f,F�,\^B?
+T_������
���B�'(��C(>T
��� 
\2,��F^((?1,��2 Secrete protein ^�T
 Hydrophobic leader sequence ,+H@)B+	��B�I�	>PAU����
F	(ST�,A>�F���\21, Rough endoplasmic recticulum '()���F���\2���U1, Exocytic granules ��

F^((? (Jenne and Tschopp, 1988) '()FBST�
I����F2�+�DF
+�D�	�
����
��
�2�A+, Granz-TL ��

2(�,�(�>D�+, Granzyme ��
��T
B+O+��A�ST, �*����
I� Multiple sequence alignment GD�U�AI�'C,U

��
 IIXG '() PHSRPYMA motif B+	��B Conserved �>,��
B���)C�U�
 Granzyme ��
��T
B+O+��A 
FOU,F*+���>D
+TGD1,2(� Channel catfish '() Nile tilapia (Praveen et al., 2004; Praveen et al., 
2006a) A�B(I�*>D ,��@��,+H��*�)B��,
+T_S��U�B+	��B�I�	>P'()F2f,�>P(>���?��
 Catalytic 

traid (Charge relay system) ��
�+,1,�(QUB Serine protease ^�T
\*�'�U His67, Asp110 '() Ser208 �>
B+
	��B Conserved �>,��
B����B
>H
(I�*>D��*�)B��,
+T���U��D m ��*�)B��,FC(U�,+HGD�U�B+	��B 
Conserved �>,��
FOU,F*+���>, ,��@��,+H�>
GD�U�AI�'C,U
��
(I�*>D��*�)B��, Cysteine ^�T
B+
	��B�I�	>PAU����G>DA>�'()�����)AQ�,���
I�
�, ^�T
�*�2�A�'(��1, Granzyme O,�*�ST, m @)B+
���UFG+�
 3 	�U (Disulfide bonds) F
U�,>H, ^�T
@) Form A>�F2f, Disulfide bridges FOST�BAU��)C�U�

�	�
����
��
�2�A+, ��U�
\��tA�B@����������	�>H
,+H Granz-TL ��
2(�,�(@)B+ Disulfide 
bridge FG�TBB��+� 1 Residue �*�F��*@����*�)B��, Cysteine AI�'C,U

+T 204 '() 228 A�B(I�*>D 
^�T
(>���)*>
�(U��,+H @)F2f,(>���)
+TGD1,�+, Granzyme A, K '() M F
U�,>H, �*� Disulfide 
bridges 
+TF��*@����*�)B��, Cysteine AI�'C,U

+T 204 '() 228 @)
I�
�,�U�B�>D��*�)B��, 
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Cysteine AI�'C,U

+T 52 '() 68 1,���FOST�B�)C�U�
 Primary '() Secondary substrate-binding 
sites FGST�����
AI�'C,U
@I�FG�)
+TF�+���U� S1 subsites 1, Granzyme 
>H
 3 O,�*,+H (Sattar et al., 2003)    
 

      ,��@��,+H F2f,
+T,U��,1@�U� Granz-TL ��
2(�,�(@)B+��*�)B��, Cysteine 
+TFG�TB
��H,B��+� 2 Residues 1,AI�'C,U

+T 103 '() 104 ^�T
FBST�G�@����F2�+�DF
+�D�>D�+, Granzyme ��

�>A�?F(+H�
(��*���,B@)GD�U�B+FG+�
 Granzyme A F
U�,>H,
+TB+ Additional cysteine 
+TFG�TB��H,B�FGST�
I�
C,��
+T1,���@>D�>D Granzyme A �+� 1 �BF(�Q(FGST� Form A>��>,F2f, Dimer (Intermolecular 
disulfide bonds) (Bell et al., 2003; Hink-Schauer et al., 2003) *>
,>H,@�
��@F2f,\2\*��U�(I�*>D
��*�)B�1, Cysteine AI�'C,U

+T 103 '() 104 
+TFG�TB��H,B�1, Granz-TL ,+H��@@)
I�C,��
+T1,���
����
G>,J) Intermolecular disulfide bonds FOU,F*+���>,  
 
       '()FBST�
I����G�@����_�
(I�*>D��*�)B��,��D m ��*�)B��, Serine 1, Active site 

+T 3 ^�T
F2f,AI�'C,U
��
 S1 pocket site 
+T@)F2f,A>�DU
D��_�
 Substrate specificity ^�T
�*�2�A�
'(��@)B+���U 3 AI�'C,U
 (Substrate specific triplet residues) A�B�)DD���@>*(I�*>D��*�)B��,��
 
Chymotrypsin numbering AI�'C,U

+T 189, 216 '() 226 
+T\*��J�D��\���U�,C,��,+H�*� (Woulter et 
al., 2003) ^�T
1, Granz-TL @)GD(I�*>D��*�)B��,1,AI�'C,U
FC(U�,+HF2f, D-G-G ��)
+T 
Granzyme ��
2(�^�T
	�,GD�U�,C,��,+H@)B+	��B'A�AU�
�>,���\2FOU, Granzyme-like I, II, III 
'() Granzyme-1 (AY286012) 
+TGD1, Channel catfish (Praveen et al., 2004) @)B+(I�*>D��

��*�)B��,1,AI�'C,U
,+HF2f, G-N-N, G-T-N, A-T-G '() D-G-G A�B(I�*>D 1,��)
+T Granzyme 
A ��
2(� Atlantic salmon '()2(� Northern pike ��B_�
 Granzyme ��
2(� Bastard halibut �t
@)GD�U�B+(I�*>D��
��*�)B��,1,AI�'C,U
,+HF2f, D-G-G FOU,F*+���>, '()�>
GD�U� Mammalian 
Granzyme A '() K �t�>
B+(I�*>D��*�)B��,1,AI�'C,U
,+HF2f, D-G-G �+�*��� ��)
+T Granzyme-1 
��
2(�,�(
+T���
�,\���U�,C,��,+H�*� Praveen et al. (2006a) �(>DB+(I�*>D��*�)B��,1,AI�'C,U

,+HF2f, G-N-N  
 
       '()FBST�G�@����_�
AI�'C,U
��
 Glycosylation site 1,�U�,��
 Mature protein ��

�+, Granzyme @����T
B+O+��AO,�*AU�
 m @)GD�U�B+@I�,�,'A�AU�
�>,���\2A�BO,�*��
�+, 
Granzyme '()��T
B+O+��A FOU, Granzyme-1 ��
2(�,�('()2(� Channel catfish B+ Glycosylation 
site FG+�
 1 AI�'C,U
, Granzyme A ��
2(� Northen pike B+ 2 AI�'C,U
 '() Granzyme A ��
2(� 
Atlantic salmon B+ 3 AI�'C,U
 F2f,A�, ^�T
'A�AU�
@�� Granz-TL 1,��������	�>H
,+H ^�T
GD�U�B+
AI�'C,U
 Glycosylation site _�
 4 AI�'C,U
 ^�T
 Griffiths and Isaaz (1993) \*�	�,GD�U�AI�'C,U
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Glycosylation site ��
�+, Granzyme @)B+	��B�I�	>P��U�
��T
1,���'G�UsU�,F���\21,F^((?1,
���+
+T\BUB+���C(>T
 Perforin ���B�@>D�>DF^((?F2��CB�� �*� Glycosylation site ��
�+, 
Granzyme ,+H @)F2f,F2��CB���I�	>P
+T@)_�� Mannose-6-phosphate receptor 
+T���UD,s��F^((?FB
BFD�,��
F^((?F2��CB�� ^�T
@)F2f,A>�G� Granzyme F���\21,\^�AG(�^�B��
F^((?F2��CB��
�*���)D�,��� Endocytosis 1,
���
+T�Q*  
 
       '()FBST�G�@����_�
	��BFCBS�,'()	��B	(���	(�
�>,��
(I�*>D,��	(+��\
*?'()
��*�)B��,��
�+, Granzyme @����T
B+O+��AO,�*�ST, m �>D Granz-TL ��
2(�,�( GD�U� Granz-TL 
B+	U�	��BFCBS�,�>,��

>H
(I�*>D,��	(+��\
*?'()��*�)B��, ��B
>H
	��B	(���	(�
�>,��

��*�)B��,�>D2(� Bastard halibut B��
+T�Q* '�*
1C�FCt,�U��+, Granzyme ��
��T
B+O+��A
>H
��

O,�*,+HB+	��B�>BG>,J?�>,1,FO�
���>p,����B��
+T�Q* 
>H
,+H��@F2f,FG��)�U�
>H
 Nile tilapia '() 
Bastard halibut @>*���U1, Class F*+���>,	S� Class Actinopterygii (Nelson, 1994) ��U�
\��tA�BFBST�
G�@����_�
	��B�>BG>,J?�>,1,FO�
���>p,�����(>DGD�U� Granz-TL ��
2(�,�(�(>DB+	U�	��B 
�>BG>,J?1,FO�
���>p,������
�>D�+, Granzyme ��
2(� Atlantic salmon '()2(� Northern pike 
FOU,�>, ,��FC,S�@��2(� Bastard halibut  
 
       ��U�
\��tA�B FBST�G�@����_�
	��B�>BG>,J?FO�
���>p,������
�+, Granzyme 1,
L�G��B
>H
CB*�*�1O� Phylogenetic tree @����������1,	�>H
,+H @)1C�s('A�AU�
�>D��������
��
 Grossman et al. (2003) ^�T
GD�U���B��_@>*�(QUB	��B�>BG>,J?��
�+, Granzyme 
+T\*�@��C,�
'()B,Q��?���F2f, 3 �(QUB��U�
O>*F@, �*��(QUB
+T 1 @)2�)��D*��� Granzyme B, C '() H �(QUB
+T 
2 2�)��D*��� Granzyme A, K '() M '()�(QUB
+T 3 2�)��D*��� Granzyme D, E, G, F '() N 
'AUFBST�B+���,I�F��(I�*>D��*�)B��,��
�+, Granzyme 1,2(� �>A�?2��'()�>A�?F(+H�
(��*���,B
O,�*�ST, m B�C�	��B�>BG>,J?1, Phylogenetic tree �U�B�>D�+, Granzyme ��
C,�'()B,Q��?�(>D
GD�U���B��_'DU
�(QUB��
�+, Granzyme 1,��T
B+O+��A���F2f, 3 �(QUB1CPU m FOU,F*+���>,	S� �(QUB

+T 1 2�)��D*��� Granzyme ��
�>A�?F(+H�
(��*���,B ^�T
\*�'�U Granzyme K ��
 Human,         
Pig-tailed macaque '() House mouse, Granzyme A ��
\�U Norway rat '() Cattle '()
Granzyme ��
2(� �*�GD�U� Granz-TL ��
2(�,�(�t_��@>*���U1,�(QUB,+HFOU,F*+���>, �*�B+
	��B�>BG>,J?1�(�O�*�>D Granzyme I-1, II '() III-1 ��
2(� Bastard halibut '() Granzyme A 
��
2(� Atlantic salmon '()2(� Northen pike A�B(I�*>D '()�>
B+�+, Granzyme ��
2(� 
Channel catfish �+�C,�T
O,�*
+TB+	��B�>BG>,J?'��@�� Granzyme ��
��T
B+O+��A*>
�(U�����
A�, 
'�*
1C�FCt,�U� �+, Granzyme D�
O,�*��
2(� �tB+������>p,�����U�B�>,�>D�+, Granzyme ��
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�>A�?B+��)*���>,C(>
O>H,��
FOU,F*+���>, �(QUB
+T 2 2�)��D*����+, Granzyme ��
��T
B+O+��A1,�(QUB
�>A�?F(+H�
(��*���,B ^�T
2�)��D*��� House mouse Granzyme B, C, D, F, G, N, Norway rat 
Granzyme like protein III '() Granzyme B, Pig Granzyme H '() Horse Granzyme B A�B(I�*>D 
^�T
F2f,
+T,U��>
F�A�U�1,�(QUB,+H�>
B+�B�O��F2f,�+, Granzyme ��
2(� Channel catfish (Channel 
catfish Granzyme-like III) '�*
1C�FCt,�U�1,�(QUB��
2(���)*��'�t
 ��@@)B+�+, Granzyme 
+TB+
���>p,�����U�B�>,�>D Granzyme B '() Orphan granzymes ��
��T
B+O+��AO>H,��
FOU,F*+���>, 
��)
+T1,�(QUB
+T 3 @)2�)��D*��� Channel catfish Granzyme-like I '() Nile tilapia Granzyme-1 
'�*
1C�FCt,�U�1,��T
B+O+��AG���>A�?B+��)*���>,C(>
1,�(QUB��
2(� ,U�@)B+�+, Granzyme O,�*
�ST,
+TB+������>p,����'�����@���+, Granzyme 1, 2 �(QUB1CPU ���
A�,  
 

       ,��@��,+H F2f,
+T,U��,1@��U�
��T
�U� FBST�,I�F��(I�*>D��
��*�)B��,1,AI�'C,U

+TF2f, 
Substrate specificity triplet residues 1,D��F�� S1 pocket site ��
�+, Granzyme B�2�)��D���
G�@�����U�B�>D	��B�>BG>,J?FO�
���>p,����1, Phylogenetic tree @)B+	��B��*	(��
�>,��U�

O>*F@, �(U��	S� 1,�(QUB
+T 1 
+T2�)��D*����+, Granzyme A '() K ��
�>A�?F(+H�
(��*���,B'() 
Granzyme ��
2(� ^�T
B+ Substrate specificity triplet residues FCBS�,�>,	S� D-G-G �U�,1,�(QUB
+T 
2 2�)��D*����+, Granzyme ��
2(� Channel catfish, �+, Granzyme B '() Orphan granzymes 
��
�>A�?F(+H�
(��*���,B@)B+ Substrate specificity triplet residues 
+TB+	��BC(��C(��FOU, A-T-G, 
G-N-N '() S-G-G F2f,A�, ��)
+T1,�(QUB
+T 3 @)2�)��D*��� Channel catfish Granzyme-like I 
'() Nile tilapia Granzyme-1 @)B+ Substrate specificity triplet residues F2f, G-N-N F
U�,>H, ^�T

��������1,	�>H
,+H@)��*	(��
'()�,>D�,Q,s(����������
 Praveen et al. (2006a) 
 

      F2f,
+T,U��,1@�U�FBST�G�@����F2�+�DF
+�D(I�*>D,��	(+��\
*?'()��*�)B��,��
�+, 
Granz-Tl '()�+, Granzyme-1 1,2(�,�(
+T\*�B+���
�,B��U�,C,��,+H (Praveen et al., 2006a) @)
FCt,\*���U�
O>*F@,�U�(I�*>D,��	(+��\
*?'()��*�)B��,��
�+, Granz-TL '()�+, Granzyme-1 
1,2(�,�( B+	��B'A�AU�
�>,	U�,���
��
 (L�G
+T 43) ,��@��,+Hs(��
���F2�+�DF
+�D	��B
FCBS�,'()	��B	(���	(�
�>,��
(I�*>D,��	(+��\
*?'()(I�*>D��*�)B��,��
�+,
>H
��
,+H �tB+	U�
FG+�
 52.6 '() 35.9% ^�T
B+	U�	U�,���
,���FBST�F2�+�DF
+�D�>D�+, Granzyme I-1, II '() III-1 ��

2(� Bastard halibut (A���

+T 7) ��)F*+���>,s(@����������	��B�>BG>,J?1,FO�
���>p,������

�+, Granz-TL '() Granzyme-1 �t�>
GD�U��+,
>H
��
O,�*,+H_��@>*���U	,()�(QUB1, Phylogenetic 
tree ��U�
O>*F@, (L�G
+T 27) *>
,>H,s(@�������������
A�,,+H '�*
1C�FCt,�U� cDNA ��
�+, 
Granz-TL ��
2(�,�(
+TGD1,��������1,	�>H
,+HF2f,O,�*1CBU ^�T
_��	�,GDF2f,	�>H
'�� 
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   Granz-TL       MMHAVH--DLMFVYLLTCLGQHGHGSEIINGKNVPQNSMQYMASVQIDGKHVCGGFLVSE   58 

   Granzyme-1     -MSSLKNFSLLISCVLLFIIQPGRGSRIINGKEVEPHSLPYMAYLRTVTNSWCGGTLIHP   59 

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

 

   Granz-TL       DFVLTAAHCYKNSPMEVVIGTHN-LKKVNNNKMRYSVKTCKHPRYDKVESGNDIMLLKLS  117 

   Granzyme-1     QWVLTAAHCTG--SYWVILGAHSRTKNESSKHQRVVEKSFPHPDYCCAKIDNDLMLLKLK  117 

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

 

   Granz-TL       RKLQLDKKVKPIQLARKEIKAKDNVKCQVAGWGFTETNGKAVDVLRWVDVPLIDLNVCKR  177 

   Granzyme-1     EPVRKTRAVQWLEFGDTVRDPAAGSTCLVAGWGATENN-QSSDVLMSVNVTVVDRQTCNS  176 

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

  

   Granz-TL       ----KLKGKLPKGVICAGGSDTKNG-FCQGDSGGPLVCNGTAVGVVSFNINGNCKYPNYP  232 

   Granzyme-1     RDYYNHRPEITKHMICAGSNGTNVADTCQGDSGGPLLCDGALVGVTSYGAG--CGVITKP  234 

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

 

   Granz-TL       NVYTDIS-KHLSWIKNILNKKQC  254 

   Granzyme-1     GIYSFISEKQLYWIKTTMKLF--  255 

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

 
R���/U 43  ���F2�+�DF
+�D(I�*>D��*�)B��,��
�+, Granz-TL �>D(I�*>D��*�)B��,��
�+,  
                 Granzyme-1 ��
2(�,�( �*�
+T�>P(>���? (*) '�*
AI�'C,U
��
��*�)B��,
+TB+	��B 
                 FCBS�,�>, (:) '�*
AI�'C,U
��
��*�)B��,
+TB+	��B	(���	(�
�>,��
 '() (.) '�*
 
                 AI�'C,U
��
��*�)B��,
+TB+	��B	(���	(�
�>,ATI� 
 
2. ���
�������+�.��������/� Caspase-3 +,- Granzyme 4�5,���, 4��R��IY�� k  

 
2.1 ���'�*
�����
�+, Caspase-3 1,2(�,�( 

  
        1,2�@@QD>,F2f,
+T
��D'(���U��(QUB��
�+, Caspases @>*F2f,�+,
+TB+	��B�I�	>P1,���
	�D	QB���A����
F^((?'DD Apoptosis (Program cell death) (Nicholson and Thornberry 1997; 
Salvesen and Dixit, 1997; Thornberry and Lazebnik, 1998) ��U�
\��tA�B B+C(�����B�(1,2�@@QD>,
\*�'�*
1C�FCt,'(���U����F��* Apoptosis ,>H,��B��_F��*��H,\*��*�\BU@I�F2f,A��
���>����
I�
�,
��
�+,1,�(QUB Caspases (Caspase-independent apoptosis) ^�T
��B��_F��*��H,\*�C(�� Pathway 
+T
���>����
I�
�,��
�2�A+,C(��O,�* FOU, �2�A+, Bax '() Bak (Ojcius et al., 1998) C�S�F��*
@�������)AQ�,���1,�(QUB Calpains (Calcium dependent protease) ^�T
��B��_O>�,I�
I�1C�F��*���
A��'DD Apoptosis �*�2���@�����
I�
�,��
�+, Caspases (Wolf et al., 1999) C�S������)AQ�,
��
�2�A+,1,�(QUB��
 Stress kinease (C-jun NH2-terminal kinase or JNK) ^�T
1,
+T,+H@I�F2f,A��
B+
���
I�
�,�U�B�>,��
 Daxx-ASK ^�T
@)
I�1C�F��*��)D�,��� Caspase-independent mechanism 
�I�C�>D��)D�,�����)AQ�, JNK �*����>� Fas protein '()A>���)AQ�,���F��* Apoptosis �ST, m 
(Chang et al., 1998; Yang et al., 1997) 



 

                                                                                    
142 
 

       ��U�
\��tA�B1,D��*� Effector molecules 
+TF�+T�����
�>D���F��* Apoptosis ,>H, 
Activated caspase-3 @>*F2f,�BF(�Q(
+TB+	��B�I�	>P
+T�Q*1,���F��* Apoptosis ^�T
��B��_A>*'()
�>D�>H
�BF(�Q(��
�2�A+,C(��O,�* FGST�
I�1C�F��*���A����
F^((?'DD Apoptosis A�BB�1,
+T�Q*  
��U�
\��tA�B2�@@QD>,��������
+TF�+T�����
�>D�+,O,�*,+H
>H
1,�)*>D���O+��BF(�Q('()D
D�
���

I�C,��
+T1,�(QUB��
2(��>
_S��U�B+@I��>*FBST�F2�+�DF
+�D�>D�>A�?B+��)*���>,C(>
O,�*�ST, m  

 
      s(@�������������'�*
�����
�+, Caspase-3 1,2(�,�(2�A� @��F,SH�F�ST�
>H
CB* 

12 ��>��) �*�1O�F
	,�	 RT-PCR GD�U�1,2(�
+Tw+**���,HI�F�(S� 0.85% B+���'�*
�����
�+, 
Casp3-TL ��U�
FD�D�
1,
Q���>��)
+T
I����A��@��D'AU@)FCt,'_D PCR �,�*2�)B�� 594 bp 
	U�,���
O>*
+T�B�
 ��>��)�SDG>,JQ? \A�U�,C,�� (I�\�� F^((?FBt*F(S�*���1,��)'�F(S�* (PBLs) 
B��B ��)FG�)��C��'()\A�U�,C(>
 F
U�,>H, ^�T
1C�s(FOU,F*+���>D����������
 Reis et al. (2007) 

+T
I������������'�*
�����
�+, Caspase-3 1,2(� Sea bass �*����1O�F
	,�	 RT-PCR ^�T

GD�U����'�*
�����
�+,O,�*,+HB+���'�*
�����U�
FD�D�
1,
Q���>��)
+T
I����A��@��D 'AU
@)��B��_�>
F�AFCt,\*�1,�)*>D
+T��
��U���>��)�ST, 1,�U�,��
 Thymus '()C>�1@F
U�,>H,  

 
      '()FBST�,I�s(
+T\*�@�������������
A�, \2F2�+�DF
+�D�>D2(�
+T\*��>D���w+*��)AQ�,

*���FOSH�'D	
+F�+� S. agalactiae 
+T�)*>D	��BF��B��, 108 CFU AU�B�((�(�A�GD�U���B��_
�>
F�AFCt,'_D PCR ��
���'�*
�����
�+, Casp3-TL 'A�AU�
@��2(�
+Tw+*��)AQ�,*���
,HI�F�(S� 0.85% FG+�
F(t�,��� �*���B��_�>
F�AFCt,'_D PCR O>*F@,��H,1,�U�,��
 PBLs '()
'_D'D,
+TFD�D�
1,FC
S�� \A�U�,C,�� C>�1@ (I�\�� '()��)FG�)��C��F
U�,>H, �U�,1,��>��)
�ST, m ,>H,\BU��B��_�>
F�A'_D PCR \*�F(� '�*
1C�FCt,�U�FOSH� S. agalactiae ��B��_FC,+T��,I�

I�1C�F��*���FG�TB���'�*
�����
�+, Casp3-TL 1, PBLs ��
2(�,�(\*�L��C(>
���w+*��)AQ�, 
,��@��,+H �����������'�*
�����
�+, Casp3-TL 1,2(�,�( L��C(>
@�������)AQ�,*���FOSH� 
S. agalactiae 
+T	��BF��B��, 1x107 '() 1x109 CFU AU�B�((�(�A� F2�+�DF
+�D�>D�(QUB��
2(�2�A�

+T\*��>D���w+**���,HI�F�(S� 0.85% (Control) �(>DGD�U�A(�*�)�)F�(���
���
*(�
2��B�� 
mRNA 
+T'�*
���1,2(�
>H
 3 �(QUB �*��>
F�A@��	U� Relative expression ratio B+	U�\BU'A�AU�

�>,A(�*�)�)F�(���
���
*(�
 A>H
'AUO>T��B

+T 0 @,_�
O>T��B

+T 96 (P>0.05) ^�T
���
*(�
,+H
�>
1C�s(
+T'A�AU�
\2@������������
 Reis et al. (2007) 
+TGD�U�L��C(>
w+*��)AQ�,2(� Sea bass 
*���FOSH� Photobacterium damselae spp. @)B+s(
I�1C�\A�U�,C,����
2(�B+���'�*
�����
�+, 
Caspase-3 FG�TBB����H,A>H
'AUO>T��B

+T 3 _�
 24 L��C(>
@�����w+*��)AQ�, 
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       ��U�
\��tA�B �����������'�*
�����
�+, Casp3-TL 1,F^((?FBt*F(S�*���
+T'��
\*�@����)'�F(S�* '()_����)AQ�,*���FOSH� A. hydrophila 
+T	��BF��B��, 1x105 CFU AU�B�((�(�A� 
'() Concanavalin A 	��BF��B��, 10 \B�	���>BAU�B�((�(�A� 1,C(�*
*(�
 �(>DGD�U�1,
O>T��B

+T 48 	U� Relative expression ratio ��
�+, Casp3-TL 1,�(QUB��
FBt*F(S�*�����
2(�
+T
\*��>D�����)AQ�,*���FOSH� A. hydrophila 
+T	��BF��B��, 1x105 CFU AU�B�((�(�A� B+	U�(*ATI�(
 ^�T

��,
�
�>D�(QUB	�D	QB
+TB+���'�*
���FG�TB��
��H,1�(�F	+�
�>D�U�,���
*(�
 'AUFBST�F�����U
O>T��B

+T 72 ��
���
*(�
FBt*F(S�*�����
2(�1,�(QUB	�D	QB'()�(QUB
+T_����)AQ�,*��� A. 
hydrophila �(>DB+	U� Relative expression ratio FG�TB��
��H,'()'A�AU�
��U�
B+,>��I�	>P
�
�_�A��>D
�(QUB
+T\*��>D�����)AQ�,*��� Concanavalin A 1,�)*>D2�)B�� 3 '() 4 F
U� A�B(I�*>D (P<0.05) 
'�*
1C�FCt,�U������)AQ�,F^((?FBt*F(S�*���*���FOSH� A. hydrophila '() Concanavalin A 
+T�)*>D
	��BF��B��,*>
�(U����@B+s(�>D�>H
���'�*
�����
�+, Casp3-TL 1,OU�
F�(�
+T'A�AU�
�>,\*� 
^�T
'A�AU�
@��������
�,��
 Shao et al. (2004) 
+T\*�
I���������s(��
FOSH� Aeromonas 
hydrophila AU����F��*���A��'DD Apoptosis 1, Lymphocytes ��
2(� Carassius auratus @��
���
*(�
1,C(�*
*(�
 (In vitro) GD�U�C(>
@��
+T\*��>D�����)AQ�,*��� A. hydrophila ,�, 12 
O>T��B
 GD�U�(>���)��
 Lymphocytes 
+T\*�@��B��B'()\A�U�,C,��@)F��*���F2(+T�,'2(

(>���)��
F^((?
+TF2f,��2'DD��
���A����
F^((?'DD Apoptosis \*���U�
O>*F@, 
>H
@�����
�>
F�A@���>���,��
��'()���'A�C>���
 Genomic DNA �*����F2(+T�,'2(
�>���,��
��
+T
�I�	>P \*�'�U ���C*'()��BA>���
�	�B�A�, ���FG�TB��H,��
 Apoptotic body ���F2(+T�,��2�U�

��
 Organelle L��1,F^((? ���F��* Vaculoue L��1,\^�AG(�^�B'()���F��*���F�+��L�G��

F^((?FBBFD�, �*����A�D�,�
�*���)D�,��� Apoptosis @)��H,���U�>D	��BF��B��,'()
�)�)F�(�
+T
I����
*(�
 ��������,+H@�
'�*
1C�FCt,\*��U� Lymphocytes ��
2(�B+�(\�1,���
A�D�,�
AU������)AQ�,*���FOSH�'D	
+F�+� A. hydrophila \*���U�
O>*F@, 
 

      F2f,
+T
��D'(���U� Group B Streptococcus ,>H, F2f,'D	
+F�+�
+T��B��_�U�1C�F��*��	
\*�
>H
1,�>A�?B+��)*���>,C(>
O>H,��
 C(��O,�* ��B_�
�(QUB��
2(� ^�T
'D	
+F�+��(QUB,+H @)B+�(\�
C(�� m �(\�1,�����*G�,@�����A��,
�,��
�)DDL�B�	Q�B�>, FOU, �����*G�,@��
��)D�,��� Phagocytosis ��
F^((? Macrophage '() Polymorphonuclear (PMN) cell �*����
1O� Anti-phagocytic capsule (Spellerberg, 2000) ,��@��,+H ��������1,C(�� m ���
�,1,
2�@@QD>,\*�O+H1C�FCt,��U�
O>*F@,�U�'D	
+F�+�1,�(QUB Group B Streptococcus C(��O,�* ��B��_
��)AQ�,1C�F^((?��
 Host ^�T
F2f,�>A�?
+TB+��)*���>,C(>
�*�
>T�\2F��*���A��'DD Apoptosis \*� 
�*�FwG�)��U�
��T
�����)AQ�,
I�1C�F��* Apoptosis 1,F^((? Monocytes '() Macrophage ^�T

I�
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C,��
+T�I�	>P1,���A��,
�,���DQ��Q���
FOSH���	'()��T
'2(�2(�B 1,���F2f,*U�,'����

�)DDL�B�	Q�B�>,'DD\BU@I�FG�)F@�)@
 ,��@��,+HL��C(>
@�����A�D�,�
AU�FOSH���	C�S���T

'2(�2(�B
+TDQ��Q�F���B�L��1, Host '(�� F^((? Macrophage �>

I�C,��
+T�I�	>P1,���FOST�BAU�
'()�U�1C�F��*���A�D�,�

�
L�B�	Q�B�>,'DD@I�FG�)F@�)@
A�BB� �*�@)
I�C,��
+T�I�	>P1,���
F2f, Antigen presenting cell (APC) �I�C�>D�(QUBF^((?1,�)DD���A�D�,�
'DD@I�FG�)F@�)@
 
FOU, B '() Helper T lymphocytes �I�C�>D	��B��B��_��
 Group B Streptococcus 1,���F��* 
Apoptosis FGST�1C�F^((?��*G�,@���)DDL�B�	Q�B�>,��
 Host ,>H, @)B+�(\�
+T��B��_�J�D��\*�
��U�
O>*F@,1,C(�� m ���
�, FOU, ����������
 Marriott and Dockrell (2006) 
+T\*�
I���������
���F��* Apoptosis 
+TB+��FCAQB�@��FOSH� Streptococcus pneumonia ^�T
�*�2�A�@)�U���	1,	,
I�
1C�F��*�������
��	
+TF�+���U� Pneumococcal meningitis '() Pneumonia �*�FwG�)1,�B�
,>H,
L��C(>
@�����_��DQ��Q�*���FOSH�*>
�(U��'(��@)B+���F��* Apoptosis ��H,��U�
�Q,'�
 ^�T
F2f,s(
F,ST�
B�@���
	?2�)��D��
FOSH���	 FOU, Cell wall ��
FOSH� S. pneumonia '()�
	?2�)��D@�� 
Host factors FOU, Cholesterol-dependent cytolysin '() pneumolysin 1,�B�
^�T
@)B+	��B�I�	>P
1,�����)AQ�,1C�F��*�������
 Hydrogen peroxide 1,��)D�,��� Pneumococcal production  

 
      FOU,F*+���>,�>D Buratta et al. (2002) �>
GD�U� Group B Streptococcus ��B��_O>�,I� 

Macrophage ��
	,1C�F��*���A����
F^((?'DD Apoptosis \*�FOU,�>, �*��)C�U�
���F��* 
Apoptosis ,>H, F^((? Macrophage @)F��*���C(>
 Phosphatidylserine ���B�F2f,@I�,�,B�� @�
B+
���1O����O,�*,+HF2f,*>O,+
+TDU
_�
���F��* Apoptosis 1,F^((? Macrophage \*� ,��@��,+H 
Fettucciari et al. (2003) �>
GD�U� Group B Streptococcus �>
��B��_O>�,I�
I�1C�F��*���A��'DD 
Apoptosis ��
 Macrophage \*��*����C(>T
���@I�G�� β-hemolysin �*�GD�U��)C�U�
���F��* 
Apoptosis ��
F^((? Macrophage 
+TF��*@�����O>�,I���
 Group B Streptococcus 1,�L�G
+TB+
O+��A,>H, @)B+s(
I�1C�F^((?B+�������
�2�A+,1,�(QUB JNK '() p38 ���B�G���B�>,1,2��B��
B�� G���B�>D����>D�>H
�2�A+, Extracellular signal-regulated kinase (EKK) ^�T
�2�A+,
>H
 3 O,�*
,+H @>*F2f,�B�O��
+T�I�	>P��
�2�A+,1,�(QUB Mitogen activated protein kinases (MAPKs) 
+TB+
	��B�I�	>P��U�
B��1,���F��* Apoptosis 1,F^((? Macrophage ��
��T
B+O+��A FOU,F*+���>,�>D
����������
 Evans et al. (2000) \*����
�,�U�2(�,�(
+T\*��>D���w+**���FOSH� S. iniae @)B+���s(�A
�2�A+,1,�(QUB Apoptosis regulatory factors ���B�^�T
@)��B��_��)AQ�,1C�F^((? Nonspecific 
cytotoxic cell (NCC) 
+T��>*\*�@��B��B \A�U�,C,��'() Peripheral blood ��
2(�2�A�B+�������
 
Cytosolic FasL ^�T
_S�F2f, Factor C,�T

+T��B��_�,�B,I�
I�1C�F��* Apoptosis 1,F^((?1C�B+���
'�*
�����
�+,O,�*,+H\*�FOU,�>, ,��@��,+H Ulett and Anderson (2006) 
+TGD�U� Group B 
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Streptococcus agalactiae ��B��_O>�,I�
I�1C�F��* Apoptosis 1,F^((? Macrophage \*�FOU,F*+���>,
�*�GD�U�F^((? Macrophage 
+T_��DQ��Q�*���FOSH� S. agalactiae @)B+��@���B��
 Caspase-3 activity 
FG�TB��H,��
_�
 4.4 F
U� 1,O>T��B

+T 24 '()F2f, 1.7 F
U� 1,O>T��B

+T 48 L��C(>
@�����A�*FOSH� ^�T

'A�AU�
�>,��U�
B+,>��I�	>P��T

�
�_�A��>D�(QUB	�D	QB (P<0.01) 
+T\BU\*��>D�����)AQ�,*���FOSH�
*>
�(U�� ,��@��,+H Group B S. agalactiae �>
��B��_O>�,I�1C�B+���2(*2(U���2�A+, 
Cytochrome C ^�T
����
@��\B�A	�,F*�+�1C�B+���C(>T
FG�TB��H, '()
I�1C�F��*���F2(+T�,'2(

�>��?\~~��
+TD��F�� Mitochondrial membrane ��U�
�Q,'�
�+�*��� ,��@��,+Hs(��
�����)AQ�,�>

B+s(��B\2_�
���FG�TB���'�*
�����
�2�A+,1,�(QUB Pro-apoptosis ^�T
\*�'�U �2�A+, Bad '()
�(QUB�2�A+,
+T
I�C,��
+T1,���	�D	QB'()�I�C,*D��F��1,���F��* Apoptosis 
+T�I�	>P\*�'�U 14-3-
3, Bcl-XL '() Omi/HtrA2 F2f,A�, 

 
       FBST�G�@�������B�(FDSH�
A�,@����������1,	�>H
,+H '()@��������
�,
+TsU�,B�1,
���
A�,��B��_A>H
����>
F�A\*��U� Group B Streptococcus ��B��_
I�1C�F��*���A��'DD Apoptosis 
1,F^((? Macrophage C�S� Monocytes ��
�>A�?1,�(QUBB+��)*���>,C(>
\*�@��
 'AUs(��
���w+*
��)AQ�,2(�,�(*���FOSH� S. agalactiae 
>H
1,�)*>D 1x107 @,_�
 1x109 CFU AU�B�((�(�A� 
>H
1,
���������*����1O�F
	,�	 Semi-quantitative RT-PCR '() Quantitative real-time PCR �(>D\BU
GD�U��(QUB��
2(�
+T\*��>D�����)AQ�,*���FOSH�'D	
+F�+� S. agalactiae B+���'�*
�����
�+, 
Casp3-TL FG�TBB����H,'A�AU�
�>D�(QUB	�D	QB '�*
1C�FCt,�U����F��* Apoptosis 1,2(�,�(,+H@)
F��*��H,@����)D�,��� (Pathway) 
+T\BU@I�F2f,A��
���>����
I�
�,��
�+, Caspase-3 1,���
FC,+T��,I�
I�1C�F��*���A����
�+,'DD Apoptosis 
 

2.2 ���'�*
�����
�+, Granzyme 1,2(�,�( 
 
       ��%'�(&;���>+)'_6����������A�2��3�	�����������%���&'()�����A���)@&����%\&�%��
���)�� Population '() T cell �������
=��	�� (���)@�%I7�& Nonspecific cytotoxic cells (NCC) 
1+
)�2�3�����
	����@��%�� Natural killer cells ��4�7�8=�A�4;)@��>;%*��Q�*��A)��%�� Channel catfish 
(Graves et al. 1985) ��6:��3��)%I4�&��>Q�%�����)����%���&'()��� Catfish, Tilapia ��6 
Trout FOU,F*+���>, (Faisal et al., 1989; Jaso-Friedmann et al., 1990; Greenlee et al., 1991) 'B�
%�6��A�%I7�&%��]+%^�	%�
��%�������
	%�
��'�()%��%���2�3�����
'()	1��8=�<���AH��7�)H��	PQ�6
(���)�<
)��� Granzyme ��A���)>?(���&�(�;�(���)�2�%�� 
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      @�����B�(1,2�@@QD>,GD�U��+, Granzymes ,>H, B+���'�*
���1, Noncytolytic 
lymphoid cells ^�T
@)B+���G>p,�\2F2f, Natural killer cells, Cytotoxic CD4 and CD8 T cells 
��B
>H
 T cell D�
O,�* (Regulatory T cells) ^�T
@)B+�)*>D���'�*
���'A�AU�
�>,���\2�*�
��H,�>DO,�*��
F^((?'()�����)AQ�,@��A>���)AQ�,AU�
 m (Russell and Ley, 2002) ��U�
\��tA�B 
Ebnet et al. (1995) \*�1O�F
	,�	 RT-PCR A��@��D���'�*
�����
�+, Granzyme A, B '() C 
GD�U� mRNA ��
�+, Granzymes FC(U�,+HB+���'�*
���1, Progenitor T cells ��
C,� (Mouse) 
*��� �*� Granzyme B ��B��_GD���'�*
���\*�1, Prothymocytes ��
A>D��
A>��U�,C,� 
��)
+T Granzyme A, B '()C B+���'�*
���1, Double-negative thymocytes ,��@��,+H B-
chronic lymphocytic leukemia (B-CLL) cells 
+T_����)AQ�,*��� Interleukin-21 (IL-21) ^�T
�*�2�A�
@)B+���'�*
�����
�+, Granzyme B 1,�)*>DFD�D�
@)��B��__����)A�,1C�B+���'�*
���
FG�TBB����H,��U�
O>*F@, �*������)AQ�,*��� CpG oligodeoxynucleotide C�S� Anti-B cell receptor 
(anti-BCR) antibody (Jahrsdorfer et al., 2006) ,��@��,+H�����)AQ�,*��� CpG 
oligodeoxynucleotide '() Anti-B cell receptor (anti-BCR) antibody \2G���B m �>, ��B��_
��)AQ�,���'�*
���1, Human B cells, Epstein-Barr virus-transformed lymphoblast ��B
>H
 
Lymphoma cell lines �+�C(�� m O,�*\*��+�*��� (Jahrsdorfer et al., 2006) 

 
      ,��FC,S�@�� Lymphoid cells 
+TGD�U�B+���'�*
�����
�+, Granzymes '(�� 1, 

Non-lymphoid cells C(��O,�*�tGD�U�B+���'�*
�����
�+, Granzyme FOU,F*+���>, �*�FwG�)
�+, Granzyme B 
+TGD�U���B��_GD���'�*
���1, �(QUB��
 Myeloid cells C(��O,�*�*�\BU
GD�U�B+���'�*
�����
�+, Perforin 	�D	�U\2*��� �*�FwG�)��U�
��T
1, Human plasmacytoid 
dendritic cells (pDCs) (Rissoan et al., 2002) FOU,F*+���>D Neoplastic human mast cells ^�T
��B��_
G���@,?\*�
>H
���
*(�
1, In vivo '() In vitro 1,��)
+TC,� (Mouse) ,>H,��B��_GD���'�*
 
�����
 Granzyme B 1, Skin-associated mast cells '()1, Bone marrow derived in vitro-
differentiated mast cells F
U�,>H, 'AU�(>D\BUGD1, Mast cells 
+T'��\*�@��2�* (Lung mast cells) 
'AU��U�
1* '()�>
\BUGD�U� Mast cells ��
C,�,>H,B+���'�*
�����
�+, Granzyme A '() 
Perforin *���FOU,�>, ,��@��,+H1, Human basophils ^�T
B+������G>p,�
+TB+	��B�>BG>,J?�>,��U�

1�(�O�*�>D Mast cells ,>H,GD�U� IL-3 ��B��_O>�,I�1C�B+�������
 Granzyme B �*�\BUGD�U�B+���
'�*
�����
�+, Granzyme A '() Perforin F(� ,��@��,+H @��������
�,��
 Wagner et al. 
(2004) '() Hochegger et al. (2007) \*����
�,�U� Human neutrophils ��B��_����
 Granzyme B 
'() Perforin \*�G���B m �>, ��U�
\��tA�B���
�,*>
�(U��,>H,\*��U�1C�F��*����A�'��
A�BB�
B��B�� 
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      �(%��%��A%���4�)((%'() Granzyme B %I4�&��>Q�@�����6��4?�Q��k�8'()
&��^�8H��	PQ�6 Spermatocytes ��
%2���)Q�l�� ��&��A) Trophoblasts ��
Q����% (Placenta) ���� 
(Hirst et al., 2001) �(%��%��A Sasson et al. (2001) %IQ���� Granulosa cells '() Human ovary %I
4�&��>4���) Granzyme =�<���A 	Q?
(7(�4�()7�( Follicle stimulating hormone 	=��	����%�� 
'_6��
%���4�)((%'()��� Granzyme =�<�(?
� i %I4�&��>Q�@���� Non-lymphoid cells '()3�; 
Mouse ��
42�*�5 *?( Granzyme K ��6 Granzyme M H��Q���� Granzyme M ��A� &�%���4�)
((%&�(���)	����)�� Photoreceptor cells '() Ratina (�%���� (Taniguchi et al., 1999) (���)@�%I
7�&%��4���) mRNA '()	1��8	3�����A4�&��>n�<7 mRNA ���;����'() Alternatively splicing 
form ���B�1,2��B��
+T��
��U�B�� FOU,F*+���>D Granzyme M, Granzyme K �t��B��_GD 
Alternatively splicing form '�*
���B���U�
B��1,F^((?�B�
FOU,F*+���>, (Suemoto et al. 
1999)         

 
      @��%��]+%^�%���4�)((%'()��� Granzyme '()����<�3�?( Granz-TL H��%���=�

	�*�<* RT-PCR ��*��A)��AQ����������%7<��
>;%P�������A2�	%�?( 0.85% �6&�%���4�)((%'()  
Granz-TL ��(����6��
	%�
��'�()%�� Lymphoid cells (���)=��	�� H��&�%���4�)((%4;)4���� 
PBLs �()�)&�*?( @74���3��� @74���3��)��6&��&	�����A� '_6��
(����6(?
� i @&�&�%���4�)((%
	�� 1+
)�3�n�4(�*��()%��%��]+%^�'() Praveen et al. (2004) ��
�=�	�*�<* RT-PCR ��%��]+%^�
%���4�)((%'()��� Granzyme ����� Channel catfish 1+
)Q���� ������%7<��A� @74���3���
��6 NCC cell 	�
�	�?A(	�?
(��
&�%���4�)((%'()��� Granzyme &�%��
4����6Q�%���4�)((%���
%��)��&��& 7�� 	3)?(%��6@74���3��) 7�&�2���� (���)@�%I7�& 	&?
(�2�%��4%��	(�	PQ�6 NCC 
cell ��% Peripheral blood @74���3�����6&��& �2��3�4�&��>Q�%���4�)((%'()��� Granzyme 
����� Channel catfish @��&�%'+A�(���)O>*F@,       
 

      	=��	����%��%��]+%^�'() Wernersson et al. (2006) ��
�=�	�*�<* Northern blot 
analysis 	Q?
(]+%^�%���4�)((%'()��� Granzyme A/K ��6 Granzyme-like I ����� Atlantic 
cod 1+
)Q������� Granzyme A/K &�%���4�)((%��&��& @74���3��� Thymus ��63����	�����A� 
H��&��&�6&�%���4�)((%&�%��
4�� '_6��
(����6(?
� i &�%���4�)((%(���)	����)	�����A� 
��'_6��
��� Granzyme-like I &�%���4�)((%���6�����
4;)��64�&��>4�)	%7@��(���)=��	���� 
&��& @74���3�����6 Thymus 	�����A� �(%��%��A Praveen et al. (2006a) @���2�%��]+%^�%��
�4�)((%'()��� Granzyme ������<� (TLGR-1) H��%���=�	�*�<* RT-PCR Q���� ��� TLGR-1 
&�%���4�)((%�� Nonspecific cytotoxic cells ��
��%@����%	�?(�'()����<� Peripheral blood 
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leukocytes ��6@74���3���	�����A� n���%%��]+%^�'��)7����A�4�)�3�	3I����������%7<>+)�&�
@&�@��(�;���4:�Q'()%��7<�	=?A(%I��)4�&��>Q�%���4�)((%'()��� Granzyme @����(����6
42�*�5 i ��
	%�
��'�()%��%��7(�4�()��):;&<*��&%�� 1+
)����6	�
�n�&���%(����6	3�����A�����6&� 
NCC cell '()���3�?( cytotoxic T cell subpopulation %�6���7��(�;���(����6	3�����A�%I@�� 

 
      (���)@�%I7�&	&?
(�2�%����4(�%������<���
>;%P��%�67�������	=?A( S. agalactiae %���

Q����@74���3��� @74���3��)��6&��& &�%���4�)((%'()��� Granz-TL 	Q<
&4;)'+A�(���)=��	�� 
	=��	����%����4&()��
&�%���4�)((%&�����<&�_��
&�%��6	3I�@��=�� 	&?
(	����%������%7<��

Q����@&�&�%���4�)((%'()��� Granz-TL 	�� �(%��%��A(����6��
Q����@&�&�%���4�)((%'()��� 
Granz-TL 	=�� (����64?�Q��k�8 3������6�2�@4� %������%\�>�'() PCR product '+A�&��3�	3I���
�6�����
Q(4�&��>4�)	%7@�� �4�)�3�	3I����	=?A(  S. agalactiae 4�&��>	3��
���2��3�����<�&�%��
7(�4�()��):;&<*��&%�� H��%��4���) Granz-TL ((%&�(���)=��	�� '()FBST�
I������������
'�*
�����
�+, Granz-TL L��C(>
@�����w+*��)AQ�,2(�,�(
*(�
*���FOSH� S. agalactiae 
+T
�)*>D	��BC,�',U,��
F^((? 1x107 '() 1x109 CFU AU�B�((�(�A� A�B(I�*>D *���F
	,�	 Real-
time PCR �(>DGD�U�1,O>T��B

+T 24 L��C(>
@�����w+*FOSH� 2(�1,�(QUB
+T\*��>D�����)AQ�,*���
FOSH� S. agalactiae 
>H
��
	��BF��B��,@)B+���'�*
�����
�+, Granz-TL 1,\A�U�,C,��FG�TB
��
��H,'()'A�AU�
@���(QUB	�D	QB_�
 11 F
U� '() 3 F
U� A�B(I�*>D (P<0.05) '�*
1C�FCt,�U�FOSH� S. 
agalactiae ��B��_��)AQ�,���A�D�,�

�
L�B�	Q�B�>,1,��)D�,��� Cytotoxicity \*�
FOU,F*+���>, ^�T
1C�s(	(���	(�
�>D����������
 Caipang et al. (2009) 
+T\*�
I���������s(��

���1C��>	^+, Heat-killed Vibrio anguillarum AU����'�*
�����
�+,
+TF�+T�����
�>D�)DD
L�B�	Q�B�>,1,B��B��
2(� Atlantic cod (Gadus morhua) �*����1O�F
	,�	 Semi-quantitative RT-
PCR GD�U�L��C(>
@��
+T\*��>D�>	^+, A>H
'AU�>,
+T 1, 3, 7 '() 10 ��
���1C��>	^+, 2(�1,�(QUB
+T
\*��>D�>	^+,@)B+���'�*
�����
�+, Non-specific cytotoxic cell receptor protein-1 (NCCRP-1) 
'() Granzyme A/K FG�TB��
��H,'A�AU�
�>,��U�
B+,>��I�	>P
�
�_�A��>D�(QUB	�D	QB��U�
O>*F@, 
(P<0.05) FOU,F*+���>D������
�,��
 Wang et al. (2009) 
+TGD�U�L��C(>
@��
+TC,�
*(�

+T\*��>D
���w+*��)AQ�,*��� Mycobacterium tuberculosis vaccine @)B+���'�*
�����
�+, Granzyme B 
FG�TB��
��H,'A�AU�
�>,��U�
B+,>��I�	>P�>D�(QUB	�D	QB (P<0.05) ^�T
 Toossi et al. (2004) '() 
Andersson et al. (2007) \*��J�D���U��(\���
�)DDL�B�	Q�B�>,
+T1O�1,���A��,
�,AU�FOSH� M. 
tuberculosis @)��H,���U�>D���C(>T
 Effector molecules C(��O,�*�*�FwG�)�2�A+,1,�(QUB��
 
Granzymes ^�T
\*�'�U Granzyme B 
+TB+���C(>T
���B�@�� CD8+ T cells 1,��)D�,��� 
Cytotoxicity 1,���
I�(��F^((?F2��CB��
+TB+���A�*FOSH� M. tuberculosis ���UL��1, 
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       ��U�
\��tA�B FBST�
I������������'�*
�����
�+, Granz-TL 1,F^((?FBt*F(S�*���
+T
\*��>D�����)AQ�,*���FOSH� A. hydrophila '() Concanalvalin A 1,C(�*
*(�
 (In vitro) *���
F
	,�	 Real-time PCR �(>DGD�U�A(�*OU�
F�(�
+T
I����
*(�
A>H
'AU 6 @,_�
 72 O>T��B
 ���
'�*
�����
�+, Granz-TL 1,F^((?FBt*F(S�*�����
2(�
>H
��
�(QUB��B_�
�(QUB	�D	QB B+
',��,�BFG�TB��
��H, �*�FwG�)1,O>T��B

+T 48 '() 72 
+TGD�U�B+���'�*
�����
�Q* �*�
+T1,
O>T��B

+T 72 @)B+�)*>D���'�*
�����
�+, Granz-TL 1,�(QUB	�D	QB'()�(QUB
+T\*��>D�����)AQ�,
*���FOSH� A. hydrophila '() Concanalvalin A F2f, 15, 18 '() 12 F
U� A�B(I�*>D FBST�F2�+�DF
+�D
�>D�U�,���
*(�
 'AU�t\BUGD�U�B+	��B'A�AU�
�>,
�
�_�A�'AU��U�
1* (P>0.05) 
>H
,+H��@@)B+s(
F,ST�
B�@��F^((?FBt*F(S�*��� (PBLs) 
+T,I�B�1O�1,���
*(�
	�>H
,+H\*�B�@�������>*@��2(�,�(
A>���U�
C(�� m A>� ^�T
��@F2f,s(
I�1C�F��*2��������?
+TF�+���U� Mixed leukocytes reaction 
(MLR) (Heiger et al.,1977; Caspi et al., 1984) �*� Population ��
F^((?FBt*F(S�*����*�FwG�) 
Cytotoxic like T cell ��B
>H
 Nonspecific cytotoxic cell (NCC) F��*���'��'�)'()@*@I�F^((?FBt*
F(S�*���1, Population 
+T'A�AU�
�>, �U
s(1C�B+���C(>T
 Effector molecules ���B�
I�(��^�T
�>,
'()�>,F2f,@I�,�,B�� �*�C,�T
1,,>H,��@F2f,�+, Granz-TL 
+TGD1,��������	�>H
,+H ��U�
\��t
A�B @������������
 Praveen et al. (2006a) 
+T\*�
I������������'�*
�����
�+, Granzyme-1 
(TLGR-1) L��C(>
@�������)AQ�, NCC cell ^�T
'��\*�@�� PBLs 1,2(�
*(�
FG+�
A>�F*+�� �*�
1O� Recombinant tilapia TNF-alpha,  Phorbol 12-myristate-13-acetate (PMA) s�B�>D Calcium 
ionophore '() Lipopolysaccharide (LPS) ^�T
��>*\*�@�� E. coli GD�U� Recombinant tilapia TNF-
alpha ��B��_��)AQ�,���'�*
�����
�+, TLGR-1 1, NCC cell \*�_�
 29 '() 12 F
U� L��1, 2 
'() 4 O>T��B
 A�B(I�*>D ��)
+T PMA s�B�>D Calcium ionophore ��B��_��)AQ�,���'�*
���
��
�+, TLGR-1 1, NCC cell \*�_�
 2 '() 2.5 F
U� L��1, 2 '() 4 O>T��B
 A�B(I�*>D �U�, LPS 
^�T
��>*\*�@�� E. coli ��B��_��)AQ�,���'�*
�����
�+, TLGR-1 1, NCC cell \*�_�
 2 '() 7 
F
U� L��1, 2 '() 4 O>T��B
 A�B(I�*>D @�����
*(�
*>
�(U��,+H
I�1C���B��_
��D_�
�(\����
A�D�,�

�
L�B�	Q�B�>,��
2(�,�(1,�������
�2�A+, Granzyme ���B�A�D�,�
AU�
A>���)AQ�,O,�*AU�
 m \*���U�
O>*F@, �*�FwG�)���A�D�,�
AU� Concanavalin A ^�T
F2f,
+T
��D
*+'(���U�B+	Q��BD>A�1,���F2f,��� Mitogen 
+TB+	Q��BD>A�1,�����)AQ�,���'DU
F^((?��
FBt*
F(S�*���1,�(QUB T lymphocytes \*���U�
@I�FG�)F@�)@
  
  
       ��������1,	�>H
,+H��B��_	�,GD(I�*>D,��	(+��\
*?
>H
CB*
+T�BD���? (Full-length) 
��
 Complementary DNAs (cDNAs) ��
�+,
+TF�+T�����
�>D���A����
F^((?'DD Apoptosis 
(Program cell death) 1,�)DDL�B�	Q�B�>,��
2(�,�( 2 O,�* ^�T
\*�'�U Casepase-3 (Casp3-TL) '() 
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Granzyme (Granz-TL) \*�_���	(,�*�����SD	�,'()���1O�F
	,�	 5` Rapid Amplification 
cDNA Ends (RACE) PCR ^�T
 Full-length ��
 cDNA ��
�+, Casp3-TL B+�,�* 2,612 bp ^�T

2�)��D*��� (I�*>D,��	(+��\
*?
+T\BUF�+T�����
�>D�������
�2�A+, (Untranslated region; UTR) 

�
*��,2(�� 5` '() 3` F2f, 79 '() 1,684 bp A�B(I�*>D ,��@��,+H(I�*>D,��	(+��\
*?
+TF�+T�����

�>D�������
�2�A+, (Open reading frame: ORF) B+	��B���F
U��>D 846 bp 	�*F2f,���F22\
*?
��
��*�)B��,	��B��� 282 Residues FBST�G�@����_�
�	�
����
��
�2�A+,GD�U� Casp3-TL 
��
2(�,�( 2�)��D\2*��� Domain 
+T�I�	>P\*�'�U Prodomain, Large '() Small subunit ^�T
\BU
GD�U�B+�U�,��
 Hydrophobic leader sequence ���UF(� ^�T
B+�	�
����
	(���	(�
�>D�+, Caspase-3 
��
��T
B+O+��A�ST, m �*�GD�U�1,�U�,��
 Catalytic domain 2�)��D\2*��� Histidine active site 
^�T
@>*F2f,(I�*>D��*�)B��,
+TF2f,�>P(>���?��
�+,1,�(QUB,+H (The Caspase family signature) '() 
Pentapeptide active-site motif C�S� Cysteine active site (QACRG) 
+T���U1,D��F�� Large subunit 
'() Protein binding domain (GSWFI) 
+TGD1,D��F�� Small subunit A�B(I�*>D �U�,��������_�

	��B�>BG>,J?FO�
���>p,������
�+, Casp3-TL GD�U� Casp3-TL _��@>*���U1,�(QUB��
�+, Caspase-
3 ��
2(�'()'�����@���(QUB�+, Caspase-3 ��
�>A�?B+��)*���>,C(>
��U�
O>*F@,  

 
      ��)
+T Full-length ��
 cDNA ��
�+, Granz-TL B+�,�* 1,412 bp ^�T
2�)��D*��� 

(I�*>D,��	(+��\
*?
+T\BUF�+T�����
�>D�������
�2�A+, 
�
*��,2(�� 5`'() 3` F2f, 125 '() 519 
bp A�B(I�*>D ,��@��,+H(I�*>D,��	(+��\
*?��
 ORF B+	��B���F
U��>D 765 bp 	�*F2f,���F22-
\
*?��
��*�)B��,	��B��� 255 Residues FBST�G�@����_�
�	�
����
��
 Mature �2�A+,GD�U� 
Granz-TL ��
2(�,�( 2�)��D*���D��F�� Active site 3 AI�'C,U
 FOU,F*+���>D
+TGD1,��T
B+O+��A
O,�*�ST, m �*�1,D��F�� Active site 
+T 1 @)B+��*�)B��, Histidine (His), AI�'C,U
 Active site 
+T 2 
@)B+��*�)B��, Aspatic acid (Asp) '()AI�'C,U
 Active site 
+T 3 @)B+��*�)B��, (H67-D110-S208) 
^�T
@)F2f,(I�*>D��*�)B��,
+TF2f,F2��CB��
+T1O�1,���'�*
(>���)'()
I�C,��
+T��
�+,1,�(QUB 
Serine protease 
+TF�+���U� Catalytic traids �U�,��������_�
	��B�>BG>,J?FO�
���>p,�����*�1O� 
Phylogenetic tree GD�U� Granz-TL _��@>*���U1,�(QUB��
�+, Granzyme A/K ��
2(�'() 
Granzyme A '() K ��
�>A�?B+��)*���>,C(>
O>H,��
 '()'�����@���+, Granzyme-1 1,2(�,�(

+T_�����
�,\���U�,C,��,+H��U�
O>*F@, 

 
      s(�����������'�*
�����
�+,1,F,SH�F�ST�AU�
 m �*�1O�F
	,�	 RT-PCR GD�U�1,

2(�2�A� �+, Casp3-TL B+���'�*
���FD�D�
1,
Q� m ��>��) ��)
+T�+, Granz-TL B+���
'�*
���B��
+T�Q*1, FBt*F(S�*���1,F(S�* (Blood peripheral leukocytes: PBLs) '()B+���
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'�*
���\BUB��,>�1,\A�U�,C,�� B��B'()\A�U�,C(>
F
U�,>H, '()FBST�
I����A��@��D���
'�*
�����
�+,
>H
 2 O,�* 1,2(�,�(
+T_��w+*��)AQ�,*���FOSH� Streptococcus agalactiae F2f,F�(� 
3 �>, GD�U��)*>D���'�*
�����
�+, Casp3-TL \BUB+	��B'A�AU�
�>D2(�2�A� ��)
+T�+, 
Granz-TL B+���'�*
���FG�TB��
��H,��U�
O>*F@,1,�B�
 \A�U�,C,�� B��B'()\A�U�,C(>
 
A�B(I�*>D ,��@��,+H�����������'�*
����*�1O�F
	,�	 Real-time PCR �>
GD�U� 2(�,�(
+T_��
w+*��)AQ�,*���FOSH� S. agalactiae 
+T�)*>D	��BF��B��, 1x107 '() 1x109CFU AU�B�((�(�A� B+���
'�*
�����
�+, Casp3-TL \BU'A�AU�
@���(QUB	�D	QB1,
Q�OU�
F�(�A>H
'AU 1 @,_�
 96 O>T��B
 
^�T
AU�
@���+, Granz-TL 
+TGD�U�1,O>T��B

+T 24 2(�
+T_����)AQ�,*���FOSH�'D	
+F�+�B+���'�*
���
��
�+,O,�*,+HF2f, 11 '() 3 F
U� FBST�F
+�D�>D�(QUB	�D	QBA�B(I�*>D ��U�
\��tA�BFBST�
I����

*��D1,FBt*F(S�*��� (PBLs) ��
2(�
+T_����)AQ�,*���FOSH� Aeromonas hydrophila '() 
Concanavalin A GD�U����'�*
�����
�+, Casp3-TL 1,F^((?FBt*F(S�*�����
2(�
+T_����)AQ�,
*��� A. hydrophila @)_���>D�>H
1,O>T��B

+T 48 ��)
+T�(QUB
+T_����)AQ�,*��� Concanavalin A B+���
'�*
���(*(
FOU,F*+���>, 1,O>T��B

+T 48 '() 72 A�B(I�*>D ��)
+T�+, Granz-TL GD�U����
'�*
���B+',��,�BFG�TB��H,'()��
�Q*1,O>T��B

+T 48 '() 72 A�B(I�*>D 'AU�t\BUGD	��B'A�AU�

��
���'�*
�����
�+,��
�(QUB
+T\*��>D�����)AQ�,�>D�(QUB	�D	QBA(�*�)�)F�(���
���

*(�
'AU��U�
1*              
 

      @�����B�(
+T\*��(U��B�'(��1,���
A�, '�*
1C�FCt,�U�������������	(,'()���
'�*
�����
�+, Caspase-3 (Casp3-TL) 1,	�>H
,+H_S�F2f,������
�,	�>H
'��1,2(�,�( '()_S�
F2f,2(�O,�*
+T 7 
+T�+,O,�*,+H\*�_�����
�, s(��
��������'�*
1C�FCt,�U� Casp3-TL ,>H, B+	��B
	(���	(�
�>D�+, Caspase-3 ��
��T
B+O+��AO,�*�ST, m '()FBST�
I������������'�*
�����
�+,O,�*
,+HL��C(>
@�������)AQ�,*���FOSH� S. agalactiae �(>DGD�U��+,O,�*,+H\BUB+���F2(+T�,'2(
��

�)*>D���'�*
���FBST�F2�+�DF
+�D�>D�(QUB	�D	QB ^�T
F2f,���B�(1,����,>D�,Q,�U����F��* 
Apoptosis ��
F^((? Macrophage ^�T
F2f,s(B�@��FOSH�'D	
+F�+� Group B S. agalactiae 1,2(�,�(
\BU\*�B+	��BF�+T�����
�>D��)D�,���F��* Apoptosis 
+TA��
���>��(\����A�D�,�

+TsU�,
�
�+, 
Caspase-3 F2f,�I�	>P   
 
       '()_�
'B��U��U�,C,��,+H@)B+������
�,���	�,GD�+, Granzyme 1,2(�,�(\2�U�,
C,��,+H'(�� ��U�
\��tA�BFBST�G�@����_�
	��B	(���	(�
��
(I�*>D,��	(+��\
*?'()(I�*>D��*     
�)B��,	��B�>BG>,J?FO�
���>p,�����*�1O� Phylogenetic tree, ��2'DD (Pattern) ��
���'�*
���
��
�+, �*�1O�F
	,�	 RT-PCR '()AI�'C,U
��
 Substrate specificity triplet pocket site 
+TB+(I�*>D
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��*�)B��,F2f, D-G-G '�*
1C�FCt,�U� Granz-TL 
+TGD1,2(�,�(	�>H
,+H F2f,�+, Granzyme O,�*
1CBU
+T_��	�,GD1,��������	�>H
,+H '()�����������'�*
�����
�+,�*�1O�F
	,�	 RT-PCR '() 
Quantitative real-time PCR L��C(>
@�������)AQ�,*���FOSH� S. agalactiae 
I�1C�
��D�U��+,O,�*,+H
,U�@)B+�U�,�I�	>P1,���A�D�,�
AU����DQ��Q���
FOSH�'D	
+F�+� Group B S. agalactiae 1,2(�
,�( '()_�
'B��U� Cytotoxic T lymphocytes 1,2(�,�(�>
\BUB+���	�,GDC�S� Nonspecific cytotoxic 
cell 
+T_��	�,GD\2�U�,C,��,+H ���	�,GD�+, Granz-TL 1,��������	�>H
,+H F2f,���B�(
+T1O�1,���
�,>D�,Q,��U�
O>*F@,�U�1,�)DDL�B�	Q�B�>,��
2(�,�( @)A��
B+ Population ��
F^((?
+T
I�C,��
+T
F
+�D\*��>D Cytotoxic T lymphocytes '() Natural killer cell 
+TGD\*�1,�>A�?B+��)*���>,C(>

O>H,��
FOU,F*+���>,  
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��a5+,-���N���+�- 
 

��a5 

 
1. ��������1,	�>H
,+H��B��_	�,GD(I�*>D,��	(+��\
*?
+T�BD���?��
 cDNA ��
�+,
+T 

F�+T�����
�>D���A����
F^((?'DD Apoptosis 
+T�I�	>P 2 O,�* 	S� cDNA ��
�+, Caspase-3 
(Casp3-TL) '() cDNA ��
�+, Granzyme (Granz-TL) 1,2(�,�( �*�GD�U� Full-length ��
 
cDNA ��
�+, Casp3-TL '() cDNA ��
�+, Granz-TL 1,2(�,�(,+H B+(I�*>D,��	(+��\
*?F��,FAtB
	��B��� 2,612 '() 1,412 bp A�B(I�*>D '()B+�U�,��
 Open reading frame ^�T
��B��__�*�C>�
F2f,(I�*>D,��	(+��\
*?F
U��>D 846 '() 765 bp A�B(I�*>D ^�T
	�*F2f,(I�*>D�)B��,	��B��� 282 
'() 255 Residues A�B(I�*>D   
 

2. ��������	Q�(>���)��
 Casp3-TL 1,2(�,�(	�>H
,+H GD�U��U�,
+TF2f, Catalytic 
domain @)2�)��D*��� Histidine active site, Pentapeptide active site motif '() Protein binding 
domain FOU,F*+���>D
+TGD1,�+, Caspase-3 ��
��T
B+O+��A�ST, m '()��������	Q�(>���)��
 
Granz-TL 
+TGD1,2(�,�( B+D��F��
+TF2f, Catalytic domain @)2�)��D*��� IIXG conserve 
sequence, PHSRPYMA motif '() Catalytic traid residues 
+TAI�'C,U
��*�)B��,(I�*>D
+T His67, 
Asp110 '() Ser208  ^�T
F2f,(>���)F��(>���?��
�+,1,�(QUB Serine protease 
+TGD1,�+, Granzyme 
��
��T
B+O+��A�ST, m '()FBST�G�@���_�
(I�*>D,��	(+��\
*?'()(I�*>D��*�)B��, 	��B�>BG>,J?FO�

���>p,������B_�
��������'�*
�����
�+, 
I�1C�
��D�U��+, Granz-TL 1,2(�,�(,+H'A�AU�

C�S�F2f,�+,	,()O,�*�>D�+, Granzyme-1 1,2(�,�(
+T\*�B+���
�,\���U�,C,��,+H '()�>
GD�U��+, 
Granz-TL 1,2(�,�(B+	��B�>BG>,J?1�(�O�*�>D�+, Granzyme A/K ��
2(� ��B_�
�+, Granzyme 
A '()�+, Granzyme K ��
�>A�?B+��)*���>,C(>
O>H,��
�+�*���  
 
 3. s(�����������'�*
�����
�+,1,F,SH�F�ST�AU�
 m �*�1O�F
	,�	 RT-PCR GD�U�1,
2(�2�A� �+, Casp3-TL B+���'�*
FD�D�
1,
Q� m ��>��) ��)
+T�+, Granz-TL B+���'�*
���
B��
+T�Q*1, FBt*F(S�*���1,F(S�* (Peripheral blood leukocytes: PBLs) '()B+���'�*
���D��
1,
\A�U�,C,�� B��B'()\A�U�,C(>
F
U�,>H, A�B(I�*>D '()���'�*
�����
�+,
>H
��
O,�*1,2(�
,�(
+T_����)AQ�,*���FOSH� Streptococcus agalactiae F2f,F�(� 3 �>, GD�U��)*>D���'�*
�����
�+, 
Casp3-TL \BUB+	��B'A�AU�
�>D2(�2�A� ��)
+T�+, Granz-TL B+���'�*
���FG�TB��
��H,��U�

O>*F@,1,�B�
 \A�U�,C,�� B��B'()\A�U�,C(>
 A�B(I�*>D ,��@��,+H �����������'�*
���
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�*�1O�F
	,�	 Quantitative real-time PCR �>
GD�U�2(�,�(
+T_��w+*��)AQ�,*���FOSH� S. agalactiae 
+T
�)*>D	��BF��B��, 1x107 '() 1x109CFU AU�B�((�(�A� B+���'�*
�����
�+, Casp3-TL \BU
'A�AU�
@���(QUB	�D	QB1,
Q�OU�
F�(� ^�T
AU�
@���+, Granz-TL 
+TGD�U�1,O>T��B

+T 24 2(�
+T_��
��)AQ�,*���FOSH�'D	
+F�+�B+���'�*
�����
�+,O,�*,+HF2f, 11 '() 3 F
U� FBST�F
+�D�>D�(QUB	�D	QB
A�B(I�*>D '()GD�U����'�*
�����
�+, Casp3-TL 1,F^((?FBt*F(S�*�����
2(�
+T_����)AQ�,
*��� A. hydrophila @)_���>D�>H
1,O>T��B

+T 48 ��)
+T�(QUB
+T_����)AQ�,*��� Concanavalin A ���
'�*
�����
�+, Granz-TL B+���'�*
���(*(
FOU,F*+���>, 1,O>T��B

+T 48 '() 72 A�B(I�*>D 
,��@��,+H�����������'�*
�����
�+, Granz-TL 1, PBLs ��
2(�
Q��(QUB B+',��,�B��
���
'�*
���FG�TB��H,'()��
�Q*1,O>T��B

+T 48 '() 72 A�B(I�*>D 'AU�t\BUGD	��B'A�AU�
��
���
'�*
�����
�+,1,�(QUB
+T\*��>D�����)AQ�,�>D�(QUB	�D	QBA(�*�)�)F�(���
���
*(�
'AU
��U�
1*  
 

���N���+�- 
 

      ���B�(
+T\*�@����������	�>H
,+H _S�F2f,���B�(GSH,��,
+TB+	��B�I�	>P1,���
I�1C�
��D
'()F���1@_�
�(\����
I�
�,1,��2'DDAU�
 m 1,���A�D�,�

�
L�B�	Q�B�>,��
2(�,�( 1C�B+
	��BO>*F@,B����T
��H, ^�T
���B�(*>
�(U�� ��@��B��_1O�F2f,�
	?	��B���1,���'��
C�',�
�
���
2��
�>, 	�D	QB'()�>�����	
+TB+2�)��
J�L�G ^�T
��@@)F��*@�����A�*FOSH�'D	
+F�+�                    
S. agalactiae, A. hydrophila C�S�FOSH���	O,�*�ST, m 
+TF2f,��FCAQ1,���
I�1C�F��*��	1,2(�,�(\*�
1,�,�	A ^�T
_S�F2f,C>�1@�I�	>P��
���2�)�Q�A?1O�	��B���
�
*��,���O+���
���BF(�Q( 1,���
'��\�2�PC�
+TF��*��H, �*�FwG�)���F��*��	1,�>A�?,HI� ^�T
_S��U��>
F2f,2�PC��I�	>P
+T����
	��B
F�+�C��AU�JQ���@���FG�)F(+H�
�>A�?,HI���
�(�1,2�@@QD>,1C�B+s(
+TF2f,��2J��B1,
+T�Q* 
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N�����+,-��U�������� 

 
��@��� �QLB�A�?, ����A�+ ��(�F��, �Qp�G� G�B�Q,
�
 '() ��
J� DQ���>As(�,.  2539.  ���+,- 

�����5,�.  BC���
��(>��
�(�,	��,
�?, �
�(�. 
 

	��A O�	>,C�B '() �,QO� F�,���O.  2551.  2���AL��,��
+TGD1,2(����
�B1,F�AGSH,
+T 
@>
C�>*��,'�U,, ,. 208-214. 56 5�-SaL��S�����GI�+���
��I�	 L�. ��Gl��/U 9 

 u�GI�+���	���N,T���G��/lv 11-12 L�`a���� 2551.  	�)'G
����A�?. 
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1. ���NI�/�L��M��N,/l��NSTl�+J��/N�/�  

 
1.1 Luria Bertani (LB) Broth (AU�(�A�) 

 
       10 ��>B ��
 NaCl 
       10 ��>B ��
 Tryptone 
       5 ��>B ��
 Yeast extract 

      FA�B,HI��(>T,1C�	�D 1 (�A� ,I�\2�U�FOSH� (Autoclave) 
+T�Q�CL�B� 121 �
��F^(F^+�� 
,�, 20 ,�
+ 
 

1.2 Luria Bertani (LB) Agar (AU�(�A�) 
  
       10 ��>B ��
 NaCl 
       10 ��>B ��
 Tryptone 
       5 ��>B ��
 Yeast extract 
       20 ��>B ��
 Agar 

      ,I�\2�U�FOSH� (Autoclave) 
+T�Q�CL�B� 121 �
��F^(F^+�� ,�, 20 ,�
+ 2(U��1C���C��
F�t,(

+T�Q�CL�B� 50 �
��F^(F^+�� '(��F
(
1,@�,F(+H�
FOSH� (Petri dishes) 
+TsU�,����U�FOSH� 
2��B�A� 20-25 B�((�(�A� '()2(U��1C���C��'�t
A>� F�tD
+T�Q�L�B� 4 �
��F^(F^+�� 

 
1.3 Luria Bertani (LB) Agar 
+TFA�B Ampicillin (AU�(�A�) 

 
       FA�+�B LB Broth 2��B�A� 1 (�A�  

      ,I�\2�U�FOSH� (Autoclave) 
+T�Q�CL�B� 121 �
��F^(F^+�� ,�, 20 ,�
+ 2(U��1C���C��
F�t,(

+T�Q�CL�B� 50 �
��F^(F^+�� @��,>H,FA�B Ampicillin 2��B�A� 10 B�((���>B (	��BF��B��, 
0.01 ��>BAU� 100 B�((�(�A�) '(��F
(
1,@�,F(+H�
FOSH� (Petri dishes) 
+TsU�,����U�FOSH� 2��B�A� 20-
25 B�((�(�A� '()2(U��1C���C��'�t
A>� F�tD
+T�Q�L�B� 4 �
��F^(F^+�� 
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1.4 Trypticase Soy Broth (TSB) (AU�(�A�) 
 

       4 ��>B ��
 TSA 
      15 ��>B ��
 Bacto Agar 
      FA�B,HI��(>T,1C�\*� 1 (�A� ,I�\2�U�FOSH� (Autoclave) 
+T�Q�CL�B� 121 �
��F^(F^+�� ,�, 

20 ,�
+ 
 

1.5 Trypticase Soy Agar (TSA) (AU�(�A�) 
 
       FA�+�B TSB 2��B�A� 1 (�A� 

      ,I�\2�U�FOSH� (Autoclave) 
+T�Q�CL�B� 121 �
��F^(F^+�� ,�, 20 ,�
+ 2(U��1C���C��
F�t,(

+T�Q�CL�B� 50 �
��F^(F^+�� '(��F
(
1,@�,F(+H�
FOSH� (Petri dishes) 
+TsU�,����U�FOSH� 
2��B�A� 20-25 B�((�(�A� '()2(U��1C���C��'�t
A>� F�tD
+T�Q�L�B� 4 �
��F^(F^+�� 
 

1.6 Super Optimal Culture Medium (SOC Medium) (AU� 100 B�((�(�A�) 
 
       2 ��>B ��
 Tryptone  
       0.5 ��>B ��
 Yeast extract 
       1 B�((�(�A� 	��BF��B��, 1 �B( ��
 NaCl 
       0.25 B�((�(�A� 	��BF��B��, 1 �B( ��
 KCl 
       FA�B,HI��(>T, 97 B�((�(�A� '(��,I�\2�U�FOSH� (Autoclave) 
+T�Q�CL�B� 121 �
��F^(F^+�� 
,�, 20 ,�
+ @��,>H,FA�B 1 B�((�(�A� 	��BF��B��, 2 �B( ��
 Mg2+ *��� Filter sterilize '() 1 
B�((�(�A� 	��BF��B��, 2 �B( ��
 Glucose *��� Filter sterilize 
 

1.7 Yeast extract (2YT Broth) (AU�(�A�) 
 
       10 ��>B ��
 NaCl  
       10 ��>B ��
 Yeast extract 
       16 ��>B ��
 Tryptone 
       2�>D pH 1C�\*� 7.5 *��� NaOH '(��FA�B,HI��(>T,1C�	�D 1 (�A� ,I�\2�U�FOSH� 
(Autoclave) 
+T�Q�CL�B� 121 �
��F^(F^+�� ,�, 20 ,�
+  
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1.8 Medium A  
 
       200 B�((�(�A� ��
 Penicillin/Streptomycin solotion 
       200 unit ��
 Heparin 
       1 B�((�(�A� ��
 Heat inactivated fecal carb serum (FCS) 
       19 B�((�(�A� ��
 RPMI no.1640 
 
2. ���NI�/�L���N�L/�Z�M�GJ���������S/��LN,�a, 
 

2.1 10X TBE (AU�(�A�) 
 
       108 ��>B ��
 Tris-base 
       55 ��>B ��
 Boric acid 
       40 B�((�(�A� ��
 0.5 M EDTA 
       FA�B,HI��(>T,1C�	�D 1 (�A� ,I�\2�U�FOSH� (Autoclave) 
+T�Q�CL�B� 121 �
��F^(F^+�� 
,�, 20 ,�
+ 
 

2.2 10X MOP buffer  
 
       200 mM 3-[N-morpholino] propane-sulfonic acid (MOPS) 
       50 mM Sodium acetate 
       10 mM EDTA 
       2�>D pH 1C�\*� 6.5-7.0 *��� NaOH C��B Autoclave  
 

2.3 1 M IPTG 
 
       2.38 ��>B ��
 Isopropylthio-β-D-thiogalactoside 
       ()(�����1,,HI��(>T,2��B�A� 100 B�((�(�A� 
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2.4 X-Gal  
 

       100 B�((�(�A� ��
 5-bromo-4 chloro-3-indoyl-β-D-thiogalactoside 
        2 B�((�(�A� ��
 Dimethyl-formamide 
 

2.5 Phosphate Buffer-saline (PBS) (AU�(�A�) 
 

       8.0 ��>B ��
 NaCl 
       0.2 ��>B ��
 KCl 
       1.44 ��>B ��
 Na2HPO4 
       0.24 ��>B ��
 KH2PO4 

       2�>D pH 1C�\*� 7.4 *��� 11.8 B�((��B( ��
 PO4 '(��FA�B,HI��(>T,1C�	�D 1 (�A� ,I�\2
�U�FOSH� (Autoclave) 
+T�Q�CL�B� 121 �
��F^(F^+�� ,�, 20 ,�
+ 
 

2.6 ���FA�+�B Gel  
 
        FA�+�B Agaroes gel 1% �*�O>T
 Gel 1 ��>B ()(��1, TBE 1X 100 B�((�(�A� ,I�\21C�
	��B���,,�, 1 ,�
+ '(��F
(
1, Chamber @��,>H,1�U Comb ��@,'�t
A>� @�
,I�B� Load \*� 
 
       FA�+�B Agarose formaldehyde 1% 2��B�A� 50 B�((�(�A� �*�O>T
 Gel 0.5 ��>B ()(��
1, 1xMOP 2��B�A� 47.32 B�((�(�A� ,I�\21C�	��B���,,�, 1 ,�
+ FA�B 40% Formaldehyde 
(Absulute) 268 B�((�(�A� '(��F
(
1, Chamber @��,>H,1�U Comb ��@,'�t
A>� @�
,I�B� Load \*� 
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