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����
��������+0�����
���"�!���
� ��$#�����3��"�!���%�����4��+�"��(��� ��������
�
������	
�������
���"�!��-�6�7�������������������!"���	��
� ������	�����8����	�3'+�"���*�#�$���	
�����$
��-�6�7�������������������!"���	��������
������� �!"�
�������������������������!"���	��!"
���������3�������"�'��%&���'���	����'��98$��+0��	��*�(�/,���4��+�"��(��� :
��;������	
������
����
�������:
������6������	
 2 ��6� ��� �����	

����	��;�!"!���
��< ��� methanol, ethanol, 

chloroform �!" hexane �!"�����	

�����;��#�$�����
�����!'
� sulfated galactans (SGs)  �;������	

�
��< ��$�
����
����')���	������������������������������� Vibrio harveyi (V. harveyi) ������!��������� 
#��
������	
 ethanol extract ��-�6�7��������� V. harveyi �
�
���$�'
 ���$��
���������������������������'�� 
#��
��'����$�
��	������	
 ethanol extract ���	��������
�!"�"
	�%&���'���	��&���
��!'
�����'� �����	
 

SGs ��$�+0��'�� ��� WE2NGF �����3���������
��������	��	��
�
��4�� (WSSV) ���'��:
��'�����	������
��
�&� �!" ���
� Immune parameters �
��< �&���
��!'
�����'� ��+����)����#�$��;����4�����	� �!"��
�����
����4��:+���� VP28 ������
��!'
���$��
�
��	���� �������;� solid-phase virus binding assay 

#��
� WE2NGF �����3�	��	����	� WSSV �
� �!"���$��;��	
��&
 sulfate ��� WE2NGF ���������3
������	��	����	�!
!� ���(8�/�:
���6� In vitro assay ����=
�!��
�'�� #��
� WE2NGF �
��!
������
 
cytopathic effect 4���9!!*��=
�!��
�'�� �!":
���6� Far Western blot analysis #��
� WE2NGF �����3
�	��
��	�:+������$���4�� WSSV ��$��;���	�:+���� 12, 16, 19, 28 �!" 39-41 kDa �!"�9!!*��=
�!��
�'����$
�
��	� WE2NGF �!"��
����� WSSV ��
��;����+����) fluorescent 4�� VP28 ������
��!'
��9!!*��=

�!��
��$��
�
��	� WE2NGF :
���+����)�+0� 24% 4���!'
�����'���$��
�
��	������	
 �
���9!!*��=
�!��
��$
�
��	� WE2NGF ��$�;��	
��&
 sulfate ��� #�+����) fluorescent 4�� VP28 �&�48���+0� 83% 4���!'
���$
��
�
��	������	
 WE2NGF  ���(8�/�:��������:
���6� NMR �!" FT-IR spectroscopy #��
� WE2NGF 

��:����������������+0� repeating unit 4�� 3-linked �-D-galactopyranose �!" 4-linked 3,6-

anhydrogalactose :
�����&
 sulfate ��$�;����
� C4 4�� D-galactopyranose �!"��$ C6 4�� L-

galactopyranose ������(8�/���;���	�:��!�'!:
���6� polyacrylamide gel �!" agarose gel 

electrophoresis #��
� WE2NGF ����;���	�+�"��) 100 kDa �!" ��+����)9	!�?�+�"��) 12%  
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 �!����
!����
������=��
� �����	
:
��	��;�!"!�� ethanol ��-�6�7������������������ Vibrio 
harveyi �
�
���
������	
�!'
� sulfated galactans �
��!
�	���������4���'����$�
��	��������������� �!"�	�
���')���	����"�'��%&���'���	�4���'��
��� �
�������	
 sulfated galactans ���')���	�������������������	� 
WSSV ���'���
�:
����!!
����#�$�+����)���	����'�� �
����"�'��%&���'���	��'�� ���������������	� WSSV 

4�� WE2NGF ������
����')���	��������	��	�:+������$���4�����	� :
��@#�"��
����$� VP28 98$��+0�
:+�����;��	A��$���	����������	��!"�4���&
�9!!* �;����4	
4�������4���9!!*4�����	� �
��!����#�$��;����
4�����	����9!!*!
!� !
�	���������4���9!!* �!":���������;��	A��$���!�
�����	��	�4���9!!*�	�
���	� �
��"�+0���&
 sulfate 4�� WE2NGF 

�������     ����
�������, Sulfated galactans, �����������������������������, ���������������	��	��
�

��4��, �����"�'���"��%&���'���	�, �'��,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
 

Abstract 

Project Code : RMU5180044                                                                                   

Project Title : The antimicrobial and antiviral activities of Gracilaria extracts and the application to 

increase immunity in shrimp                                                                               

Investigator:   Assistant professor Kanokpan Wongprasert, Department of Anatomy, Faculty of 

Science, Mahidol University                                                                                             

E-mail Address :  sckbp@yahoo.com 

Project Period : November 15, 2008 - May 15, 2011 

It has been reported that substances extracted from seaweed have anti-bacterial and anti-viral 

activities. This research aimed to extract compounds with activity against bacteria and viruses from 

red seaweed Gracilaria fisheri (G. fisheri) and evaluate the ability of the extracts to stimulate 

immunity in shrimp. G. fisheri were extracted by using 2 methods: 1) extraction with solvents 

including methanol, ethanol, chloroform and hexane, and 2) extraction with water to obtain sulfated 

galactans (SGs).  The different extracts were evaluated for anti-bacterial activities against Vibrio 
harveyi (V. harveyi) and SGs were evaluated for anti-viral activity against white spot syndrome virus 

(WSSV). The results demonstrated that the ethanol extract showed the highest anti-V. harveyi 
activity in vitro and increased levels of immune parameters in shrimp. Shrimp treated with the non-

jelly fractions of SGs, WE2NGF, significantly increased the survival rate, the immune parameters 

levels and decreased amplification of viral protein 28 (VP 28) gene and VP 28 protein. The solid-

phase virus binding assay revealed the binding ability of WE2NGF with WSSV and on removal of 

sulfate from WE2NGF, the binding ability decreased. In vitro haemocytes culture showed that 

WE2NGF reduced the cytopathic effect induced by WSSV.  Far Western blot analysis 

demonstrated the binding of WE2NGF with the viral surface proteins particularly 19, 24, and 28 

kDa proteins. Haemocytes treated with WE2NGF showed less fluorescent intensity of VP28, 

compared to control (24% of the control). Moreover, haemocytes treated with desulfated-WE2NGF 

showed the intensity of fluorescent increased to 83% of control. Structure analysis by NMR and 

FT-IR spectroscopy showed that WE2NGF is a repeating unit of 3-linked �-D-galactopyranose and 

4-linked 3,6-anhydrogalactose with sulfate groups at position C4 of the D-galactopyranose and C6 

of the L-galactopyranose. Molecular weight determination of WE2NGF was about 100 kDa and the 

percentage of sulfation was about 12%.  The results suggested that the ethanol extract had anti-V. 
harveyi activity, and its activity was better than SGs. Both ethanol extract and SGs had immune 
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boosting properties.   The WE2NGF showed the potent anti-WSSV activity in shrimp by reducing 

the virus replication which might be the consequence of the binding of WE2NGF with proteins on 

the surface of the virus, particularly, VP28, an important protein in viral binding and entry into cells.  

Additionally, the important structure that affects the binding of WE2NGF to the virus might be the 

sulfate groups. 

Keywords: Gracilaria fisheri, sulfated galactans, anti-WSSV, anti-V. harveyi, immunity, shrimp 
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������$���')���	�����������
���������������!"���	� 

 

����!"
����#��	� 

2.1 ��	
����������
��������#�$�����
������$���')���	�����������
���������������!"���	� 

2.2 �
��������	
�������
���������������������
�������������� Vibrio harveyi �!"��������	��	�
�
�
��4�����'�� 

2.3 (8�/��!4�������	
�
�%&���'���	����'��  
2.4 (8�/�������"�*:���������������4�� Sulfated galactans 

2.5 (8�/��!��4�� Sulfated galactans �����������������	��	��
�
��4�����9!!*��=
�!��
�'�� 
 

 

�����  
����
������� (Glacilaria) �+0�����
����;���=����
� (Rhodophyta) ��$��&
�� genus Gracilaria 98$�

����&
�!�����#	�6'*�!"#���&
�	$�:!� �	����+�"��(�4������!"�4����'
� ��+�"��(�������&
�!�����
#	�6'* ��
� Gracilaria fisheri �!" Gracilaria tenuistipitata �!"����$�������������3�$���
� ����
������� 
��� ����
��4�� ����
���4����� ��������
���'�� �#�
��"�����&
������CDE�4���
������!"CDE�
�����'������
�� ��
� �	���	
���
 �	���'�� �"��� �!�'�� +�"�������4	�6* �'�#� �'��/F�*6��� #	�!'� 
��4!� �"��� +D����� �!" ���6����   ����
���������
��
����	�����
���"�!�	$�<�+ ���')�
��!"��
������
������+�"�;��	�4����'/�* ����+0��������'/�* ���')�
��������� �
���
 :+���� ���*:��G�
�� 
��!����
 :
��@#�"6��'��:�
���!"������� ����+0�������	��*����!���� �'�� �	� ��� ����;�+'H� �����3����+0�
+'H�#���
�
�
� �#��"��6��'��:������!":+�	��9����&� �!"�	�����
6��'+����)���� (Trace element) ��$
�;��+0��
�#����
����� ��
� ��:�
�� ����� ����
� J!J �����������
�����;����	�/�:�� :
�����	�/�
:����"�#�" ���"��� �!"�����:����#���!"�	��;��'�����;��+0���+9&!�;���	��'���� ����������&�+K��
��$�+0�:�� !;������A
�	���� ��
��
������ ���	$� ����
	�:!����&� �!�
�!��
�4=� 4���	���� :������
�
��<  

��
����������
���$%��� 

�����	
��$�;��	A4������
�����������'�� agar 98$�+�"���
����
��+�"�������
����� agarose 

�!" agaropectin  ��� agarose �+0� polysaccharide ��$�+0��!�� +�"���
�����;���! ���$��:���	��+0�
���  ��;���! agarobiose +�"���
�����;���! D-galactose �!" 3,6-L-galactose ��� agaropectin �+0� 
polysaccharide ��$�+0���
98$�+�"���
������ sulfate eater ��
 pyruvic �!"��
 D-glucuronic (Araki, 
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1966)  ���
�!"+����)4����;���!����� polysaccharide 48����&
�	���
!"���
4������
�� (Lahaye and 

Yaphe, 1988) �%��"��
!��� (Bird, 1988) +D��	����
�������" (Christiaen et al., 1987;Craigie et al., 

1984) ��6������	
 (Lemus et al., 1991; Freile-Pelegrin and Robledo, 1997) �!"-
&��! (Marinho-

Soriano and Bourret. 2003)  +����)��$��	
�
��!"�')���	��������%�#4���'�� agar ��
������4=����
4���'���!"�')�%&����$���$��+0��'�� ����	���')���	��������� �+0���$���$���38��')%�#������#�)���*  
���$������')���	����$�+0��'�� �8�3&��;������+�":���*��
�������4������'��������������;���=��&+ 
����$���;���� ���%	)L* ���������+�������;���������������#��*�!"��������(����*���:�:!�� 

������
������� G. cornea �� +����)������*:��G�
����&
+�"��) 27-33% 4����;���	����� 
�!"�
����$�+0� agar ��&
 6-15% 4����;���	������!"�����4=����4���'��+�"��) 400-1,300 g�
���.9�. 

(Israel et al., 2005; Viera et al., 2005)  ���������*:��G�
�� ���� agar �!�� ����
��������	���
:+�����
��4����&� ��
���4�	�+����)�$;����  ������
�� G. cornea +����)4��:+��������&
+�"��) 21-

48% �!"�4�	��	������&
+�"��) 2% 4����;���	����� (Israel et al., 2005; Viera et al., 2005)  �;���	�
+����)4���4�	� ���"
	�4���4�	���
��$��	� �!"��� prostaglandins ��&
 (Khotimchenko et al., 1991) 

�!&�%����'���
�(��)�����
��*	���
����������
�������   

 :����
���������������!�����
�;�������
������4���'���;������� ���'������������!�����'�� �;�
����!�!��!
����!�   ����#����������+M���	������
���������������;�:
����������!"�������    

	��	�������������������������8���������������&�48�����'������������#�"�!�����	��*��;� (Alderman 

and Michel, 1992)   ��
������������������$����	���'/�*�!"�	��*���$��;��+����	��	��*��;��=��+DA�����
!"!�� �����
������4���	��*  ����+0�#�/  �&!�
����!��'��&� �!"�F�����	��	����$������;��	
+����)
���������4�����������������������������  +DA�������+�"���6�%�#4����������������������!
!�   
+�"����	������$������������
������������   �;�����������;��+0������#	N������!�����$���$�"������������
���������(Smith et al. 2003)    ���������
������	
�������
���"�!���')���	�������������������� 
(Siddhanta et al. 1997, Mahasneh et al. 1995)  :
�#��
������	
   fatty acid  �������
����
�')���	�������������������� (Viso et al. 1987; Kellam et al. 1988) �!" fatty acid   (PUFA)  �	����!
��"�'���
������"�'���������A����:�4��+!��!"�'�� (Changyi et al., 1997) �����	
�������
��������

:
����  ethanol    ��������	
��$��+�"���6�%�#�&�������������������������!�����
 (Vlachos et al., 

1996) ����������	����������
�   lectins ��$�
���������	
����
���"�!��+�"���6�%�#������������������ 
Vibrio spp. (Liao et al., 2003)  ��������#��
������	

�����;������������
������� G. tenuistipitata ��$
�"
	� 4-6 ��:��g�
�g4����;���	��'�� �����3+M���	��'�� ��
��������������
�������������� Vibrio 
alginolyticus ���'��4�� Penaeus (Litopenaeus) vannamei �
� (Hou and Chen, 2005)  �'����$�
��	����
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��	
������@�
�4���!����������%&���'���	��
������
�����������������
�	�� �!"���	�����
�&���
��!'
�����'�
��
�����	��;��	A����3���  ����#�$�%&���'���	����������#�$�+����)4����=
�!��
4�� 
	�����������$�
�+!�+!��4���9!!* �
�����9�* phenoloxidase �
� respiratory burst �!"�
�����9�* dismutase  �
�
�
��<��!
�����&�48�����	����<�!	�������@�
�����	
 �!"�
��<!
!����	���$ 5 �!" 6  ���������	����
��
����!
��38������	
�
��+0����+�"�%��
  

�!&�%����'���
�(��+�
��*	���
����������
������� 

 �����	
����
���"�!:
���6�   cold water extract  �;�����
������	
   polysaccharides  ��� 
sulfated galactan  ��$�� alkali ��$�;����
�  C4 4�� 1,3-link D-galactose �!" ��$ C6 4�� 1,4 linked L-

galactose �!"���')���	���������	�  Herpes simplex type 1,2 :
�+M���	�����	�4�����	� �	��9!!*����
���� (Mazumder et al., 2002) ��
��
�����=������������
� sulfated polysaccharides ��$��	
��� 
����
���"�!���
��!" carragenans �����3�"�	���� replication 4�� retrovirus �!" �	��	�� reverse 

transcripase 4�����	� Herpes simplex �
� (Solomon et al.,1966; Schaffrath et al., 1976) ���������
�	�������
���6��	�������� sulfated polysaccharides �������
��������	�/�:����
��������	� AIDS  ���

��� (Neushul, 1988) 

 

��
'�(���
���$%��� (Gracilaria) '���
�������,�������	���,���!(� 

����
�����������A����:��
�
������������*����
����9
* ��:����� �!"?��?��	� �����;��"�!  
�����!
�����
�������
�!%��"����;��"�! ����
��������8��
��!
�!%��"���  �������	������
�������
�	��
��4�	
:!�"��	� :
����
8�:!�"��	���������;��"�!����4���+��
�	��9!!*4������
��
���   

 ���'������������!�����'�� ����
�������3&��;��������4	���������;��	
��;�������$3
�������
����
��'��:
���6����������%�#�!"�;���;���$�;��	
�!�����#�"�!�����'�����
  �+0����+�"��	
��������;� 
+M���	�:���"��
 �	�/�������
'!4���"������(�* �!"�+0�����#�$�#&�����
������
��/����  ��

��
�����=����������������!;����������	
����!"+DA��4������!��������
���"�!  ����!��������
��
�"�!����������
&�!�������
 ��
������$��������=�4����;� �����!4����;� �!"��$�<  �������	�� ����
��
��$�#�"�!�����!"��=����$�����
� 98$�������"�;���
���
����$�� �=�	������;����+��&+�#�$��;��+���+�":���*  
�����/������
��:��������$�"�;�+�":���*�"���	�����
���!�� �"���;��	
��;���6�����=�"�
�+DA��
������
�	
���  

 ��������������)����4������ �
��������
�����
���"�!������
���')���	�����������

���������������!"���	� ��
�	���
��������������
���������$#���+�"��(���  ������	�����8������'��,��
��$�
������	
�������
������� Gracilaria fisheri �
��"�� active compounds ��$���')���	���������������
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�!"���	���$�
�������
:����
��������'�� �!"��"�'��%&���'���	����'���
� 
	��	����:��������� �8��'
���	���$�"�;�
�����&���!
���������+�":���* �#�$�����
������	
�������
�����
����#�$�����+0�������'�� �!"�
���
���������3���������:���"��
������������������!"���	� �!�
���!���������������� �#�$��+0����
���+�":���*�������
���!"�
���#�$��!�!���'��  
 

 

��-����	�)��$���
���	� 

 
���	�������
���$%��� �
�.����
�� /0���	+
  (Gracilaria fisheri)  

�;������=�����
������� ���9�!����� ?O������  (Gracilaria fisheri) ���%�#  ���1�,��������
	���+�� �.�'��/P�*6��� (�;�������#	�6'*:
�
&���!	�/)" ������%�#)  �;�����
�� Gracilaria fisheri 
��!���
�����;��"�!��$�����
����"
�/���� Vaccuum pump ��$�������
�(&��*�!��4���& 0.45 | �;���� 3 
��	���!"���+������!"�+��4��
�� �
��������	
��������$���$��
������� �������
 �;��	
�(/�����
��
4������
����$��
����� �!"�
��#���	���$;���$�+0�+���� (epiphyte) ��$��
���	�����
����(	� ��&
�����)���4��
����
���������� �!"�;����	����
&%������!����'!���(* (Mohamad  et al., 2006) �#�$������
�� �
��
��
��$�"�;��+��	
��
��#�����
��$�����#���	���$;�+"+����	�����
����!��;��+��	
 ����	��!���
�����;��T��
��� ��!�
�� 15 ���� ��

�����;��!	$� 1 ��	�� �;��+����

������ �!"��������������	����$�')�%&�� 35-
40o

C ����	�� �;����
 ����+0���:
��������$���
 ���
����
���������$�
��"�;��+ 1) ��	
:
�����	��;�
!"!���
��< �!" 2) ��	

�����;��#�$�����
� Sulfated Galactans 

1. ��
������
������
����(�����������������2 +�(��
����������
��� ��	   

�;����
����
��������+!"!�����	��;�!"!�� methanol, chloroform, hexane, ethanol  :
�
�������$�� Soxlet apparatus ����	���;��+�"���������
����=��� Vaccuam pump �"�
���4�������	
 
methanol extract, �����	
 chloroform extract, �����	
 hexane extract �!"�����	
 ethanol extract 

��
���	� ��
�(�����,	)�����
���
�	�)�� (V. harveyi)  

��
��
��%���,	)�����
���
�	�)�� V. harveyi 

�!������������� V. harveyi ��������!��������� (��������� MHA 10.5 g, ��;��!	$� 500 ml, artificial 

sea water(ASW) 15 g, Agar 7.5 g) ����	����� 10% 4�������������� stock !��+����	�������!����
����� MHA medium �!���;��+�
���$�')�%&�� 30

o
C ��$���	�����=��������$�� 250 ����
����� �+0���!� 24 

�	$�:�� :
���������� V. harveyi ��$���������
����')���	�����������������������4�������	
���
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����
������� ���	����
 3 ���#	�6'* �
���
 ���#	�6'* 1114, ���#	�6'* 15326 �!"���#	�6'* 39864 98$��+0�
���#	�6'*��$�������'������� 

��
���	� ��
�(�����,	)�����
���
�	�)�� V. harveyi 

�;���"
�/�������	
�+0����!�4��
�����
�(&��*�!�� 6 mm �;������Z
������+��+[\�� 
(autoclaved) ����	���;���"
�/�������!�������!������������������ V. harveyi  ��
�����	
���
����
��������
��< ��������	
:
� methanol, ethanol, chloroform �!" hexane !�����"
�/����
���!� :
���+������   25 |l ��$�������4��4��4�������	
����
���	� ��� 0.1, 0.5, 1, 5, 10 �!" 20 

mg/ml ��
�����	
�����4��4���
��<!�����"
�/������!"��8$������4��4�� :
����������!���������
�
����	�����8$������	
 �!"�!'
�����'���
�	��;�!"!��4����
!"���
4�������	
 �!"���!'
�����'�
��� (positive control) �����
 Nofloxacin 0.5 mg/ml ����	���;�����!����������+�
���$�')�%&�� 30

o
C �+0�

��!� 24 �	$�:�� �#�$����������������������A����:� ���$���� 24 �	$�:���;�����!���������������	���������)
���< ��"
�/�������!���$������ 3����!	�/)"����
�38������)�	��������	��	���������A4�������
��������� (zone of inhibition) �	��8��
������
�(&��*�!��4�������) zone of inhibition :
�����
���+0�
mm �!����
!���
�����
��@!�$� �������;�����
!��9�;� 3 ��	�� 

��
�����%�*(%*(�*	���
����������
���$%�������(	�����!� ��������,���
��
�5����
�*	����,	
)�����
���
�	�)��+�( 50%, minimal inhibitory concentration (MIC) 

�!������������������ V. harveyi 100 �g �� MHA medium (MHA 10.5 g, ��;��!	$� 500 ml, ASW 15 

g) +����) 1 ml ��$�������	
�������
���������$��	

��� Organic solvents �
��< ���������! 
���6���! �!�:�?��*� �!"�G��9� ��$�����4��4�� 0.05, 0.1, 0.5 �!"1 mg�
�ml�
� �!�
�
!�� 
����	���;��+�
���$�')�%&�� 30

o
C +DE�
����	�����=� 250 ����
����� �+0���!� 24 �	$�:�� �	
���
&
�!��

��� (OD) ��$ 600 ��:����� �#�$�
&�	����������:�4������������������� :
��!����
!���+���������
�	��!��$�
���� �!'
�����'� ��� �!'
���$�!������������������ V. harveyi �� MHA medium ��$�� organic 

solvents ��$�����	
��� 

���	����%�"8�1�9*	���
�����	���	�������
���'����	�	�*	� Artemia 

 ���$�
������?D��4
 Artemia 300 mg ���������*��$����;� 800 ml ������=� 30 ppt. +����)���9����
+���!�� �+0���!� 24 �	$�:�� ���
�Artemia�"�"�������* 1 (instar1) ��� Artemia �"�"�������* 1 �;���� 
10 �	� �!�����������!���� (culture dish) 4��
�����
��(&��*�!�� 10 �9������� �����&� 1 �9������� :
�
�!���������$�����4��4���
��< ��� 10, 100, 1,000, 2,000, 4,000, 6,000, 8,000, 10,000 |g/ml +������ 5 
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ml�!"�!'
�����'� �	��8��	���������4��Artemia��$��!� 24 �	$�:���!"�;���)�
������4��4����$����
��$�'
��$�������+0�#�/ �;�����
!��9�;� 5 ��	��  

���	��!&�%���� '���
�(�����,	)�����
���
�	�)�� (V. harveyi ) '��!(�*�����:� (post larvae)  

�;� Artemia �"�"�������*1 (instar1) �� enrichment 
��� ethanol extract �������
�������
�����4��4�� 1 mg/ml ��$��!��
��< ��� 2, 4, 6, 8 �!" 24 �	$�:�� �!"�#�$�����
���
�����	����+����)���
��	
 ��$�4���+���	�Artemia�8��������������������	������	
������!�
�� �;�����	�����
��
���+����)
4�������	
�4���+���	� Artemia ��
��� #��
���$��!��	����
 6 �	$�:��38� 24 �	$�:����+����)4�������	
��
�	� Artemia �����!�������	� �8��!�����!���$ 6 �	$�:������������ enrichment Artemia�#�$��+0�������'��
4��
�!=��
��+ 

�'���'!�
;�4��
�!=� (PL15) ���(&��*���	��!"#	N�����#	�6'*�'��3&��;����!�������!
��#!�������
4��
 500 ml ������=� 15 ppt. �!
��!" 5 �	� :
�����
!����	�������
��'������+0� 5 �!'
� �!'
�!" 20 

�	� ��� 1) �!'
�����'���$����'����� Artemia 6���
� 2) �!'
�����'���$����'����� Artemia ��$�� ethanol ���
�	� PBS.���	����
�� 1:1 3) �!'
���$����'�����Artemia ��$�������	
������!�������
������� 0.5 mg/ml 
4) �!'
���$����'����� Artemia ��$�������	
������!�������
������� 1 mg/ml :
���� Artemia �+0���!� 
14 �	� �
�������
������������������������$�����4��4�� 1x10

6
 CFU ml

–1 ����$�!'
�����
!�������� 
�!" 5) �!'
�����'���$����'����� Artemia 6���
���
��
�������
����� �	��8��	���������4���'���!	����
��
�������������� V. harveyi  �'��	� �+0���!� 7 �	� �;�����
!��9�;� 4 ��	��  

���	��!&�%���� '���
�(�����,	)�����
���
�	�)�� (V. harveyi) '��!(��!����� (juvenile) �(����

���� ethanol extract ������
���$%���)�� ���	��!&�%����'���
�
��!(�;<%��!(%���'��!(� 

�'���'!�
;�4��
 20-25 g �;���� 60 �	� 9������?��*��!�����'���	���	
@"�������� �;����!�������
�
4��
 80 !��� ������=� 10 ppt. :
��!��������'��+�	��%�#�+0���!� 3 �	��
�����$��;�����
!�� ��
��'��
����+0� 5 �!'
� �!'
�!" 30 �	� ��� 1) �'���!'
�����'���$��
�
��	����@�
����
<  2) �!'
�����'���$@�

��� 
ethanol ����	� PBS ���	����
�� 1:1 3) �!'
�4���'����$@�
�����	
 ethanol extract ��$ �����4��4�� 0.5 

mg/g BW  4) �!'
�4���'����$@�
�����	
 ethanol extract ��$ �����4��4�� 1 mg/g BW :
�@�
�����	
 2 
��	����� �	���$ 1 �!"�	���$ 3 4������
!����$�!������������+!�����$ 2 ��+������ 100ul/ �	� ����	���!�����'��
�
��+��� 3 �	� �8�@�
������������������� V.  harveyi ��$�
��
����!���
��;�����'������	��!'
�����
!���	����$
�!'
� �!" 5) �!'
�����'���
�����@�
����� V. harveyi �	��8��	���������4���'���!	����@�
�������������� 

V.  harveyi �'��	� ��=��	���
����=
�!��
���;�����
����')���	���������"�'��%&���'���	��'��:
��	

	��� 
�
�%&���'�� �	��
��<4���'�� ��� �;������=
�!��
�	����
 (total hemocyte count), ���
4����=
�!��
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(differential hemocyte count), prophenoloxidase activity, +����) superoxide anions �!" superoxide 

dismutase activity 

 

$���
����� 

����
�� Gracilaria fisheri ��$��=���� #�����$�"�!�
����� �. �'��/P�*6��� ���	!!	��	����� �+0��&+
�������� �����"��� �����;� !	�/)"�
��4��������� �����	����
�4����
�� �+����"�	$�����;���!
;� (�&+ 1) 

    


<" 1. ���
���$%���  Gracilaria fisheri 

 

��
�(�����,	)�����
��)�����%�*(%*(�*	���
��������(	�����!������%�
������,���
��
�5����
�
*	�)�����
�� V. harveyi (Minimal Inhibitory Concentration, MIC) 

����	���	���������A����:�4����������� V. harveyi  ��
��+0������
�(&��*�!��4�������) zone 

of inhibition �!����
!��#��
������	
 methanol extract, ethanol extract �!" chloroform extract ��
-�6�7�	���	���������A����:�4����������� V. harveyi ��!�������	��!"��!�������	�-�6�74�� Norfloxacin 

�!"#��
����$��#�$������4��4��4�������	
�	��������
�"��-�6�7�	��	���������A����:�4������������+0�
�����)�����48�� �
�� hexane extract  ��$�����4��4��4�� 0.1, 0.5, 1 mg/ml ��
��-�6�7�	��	�����
����A����:� 4����������� ��
��-�6�7�	��	���!=�������$�����4��4�� 5 �!" 10 mg/ml  (�����1) �
���
�4�� 
MIC #��
� Methanol extract �!" Ethanol extract ���
� MIC 0.1 mg/ml Hexane extract ���
� MIC 0.2 

mg/ml �!" Chloroform extract ���
� MIC 0.075 mg/ml ���$��
���:
���� V. harveyi  ���#	�6'* 39864, 

15326 �!" 1114 (�&+2) �!"#��
��	����������A����:� 4������������������� ���	���������
����A����:�!
!���$��!�������	����	�� 3 ���#	�6'* 
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��
�� 1. �������
������
�(&��*�!��4�������)��$������	��	���������A4����������� V.  harveyi strain 

1114 (zone of inhibition):
������	
����
���
��<��$�����4��4���
��<�	�  

 

 


<" 2. ���
&
�!�������$ OD 600 ��:����� 98$��
����38��������A4����������� ���$���������	
����
��!�!"������!�������
���������$�����4��4���
��<����������� V.  harveyi 
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������%�"8�1�9*	���
�����	���	�������
���$%���'����	�	�*	� Artemia 

�
������+0�#�/4�������	
���������!���	��
��4��Artemia (LC50) ���
�+�"��) 4 mg/ml 
98$�3���
��������+0�#�/��$�$;���� (�&+ 3) 

 

                            

                  
<" 3. ��
��	���������4�� Artemia�������	
������!��$�����4��4���
��< 

 

$����	��!&�%����'���
�(�����,	)�����
���
�	�)�� (V. harveyi ) '��!(�*�����:� (post larvae)  

 �������
!��#��
��'��4��
�!=��!	������
����� V. harveyi   ���!'
���$��
@�
�����	
��������
��
����
��=��!	� ��� ��� 100 % ���	���$ 2 �!	��
��	������ �
���'����$��� Artemia ��$�������	
������! 0.5 
�!" 1 mg/ml ���!�
����
���'�����&
��
4���'�� ���$�������	��!'
�����'�  :
��'����$��� Artemia ��$�����
��	
������! 1 mg/ml ���	��������
��$ 68% �!	���������
����� 7 �	� (�&+ 4A)                

��
�(����
������,	 )�����
�� V. harveyi   '��!(�
� (juvenile shrimp) 

 �������
!��#��
� �!	������
����� V. harveyi ���'�� juvenile shrimp �!'
���$��
@�
�����	
 ��
��������
����
��=��!	� �
��	������ V. harveyi  ��� ��� 100 % ���	���$ 3 �!	��
��	������ �
���'����$@�
���
��	
 ethanol extract ��$�����4��4�� 1mg /g BW. ���!�����&
��
4���'�������
��!'
�����'� (�&+ 4B)   
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B: Juvenile shrimp 

 
 


<" 4. �+��*�9=��*�����
4���'���!	������������ V. harveyi  1x10
6
 cfu/ml �� A) �'��4��
�!=��!	�������

Artemia��$�������	
�������
������� Ethanol extract ��$�����4��4�� 0.5 �!" 1 mg/ml. �+0���!� 5 �	� 
������	��!'
�����'�  B) �'��:���$@�
�����	
 ethanol extract ��$ �����4��4�� 0.5 �!" 1 mg/g BW �!" 
�'���!'
�����'�@�

��� ethanol ����	� PBS ���	����
�� 1:1, �!'
�����'��!"�!'
�����'���
�����@�

����� V. harveyi  

A:�Post�larvae�shrimp�
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�!&�%����'���
�
��!(�;<%��!(%���'��!(� 

�"
	�%&���'���	� ��� �;������=
�!��
�	����
 (total hemocyte count), ���
4����=
�!��

(differential hemocyte count), prophenoloxidase activity, superoxide anions �!" superoxide 

dismutase activity 4���'�����!'
���$@�
�����	
 ethanol extract ��$ �����4��4�� 0.5 �!" 1 mg/g BW ��
�"
	��&�48����
�����	��;��	A���$�������	��!'
�����'� �	�����	���$ 3 �	���$ 7 �!" �	���$14 (�&+ 5)  

A 
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B 
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 C 

 

 D 
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E 

                
�


<" 5. ��
��
�
	����
��<������	
�"
	�%&���'���	��'��:
� A) ��
��;������=
�!��
 B) +����)4����=

�!��
���
�
��< C) �
� PO activity D) +����) superoxide anion �!" E) superoxide dismutase 

 

�
!")��	;�"
��$���
�����  

G. fisheri is important red seaweed specie that is found along the Southern coast of 

Thailand. Farmer generally culture G. fisheri in shrimp ponds as biofilters to help reduce nutrients in 

wastewater and decrease nitrogen compounds in shrimp pond effluence (Troell, et al., 1999).  

Besides, it has been observed that shrimp cultured with G. fisheri are healthy and grow fast. 

Previous evidences showed many species of red seaweed are potential sources of anti-bacterial 

agents and immunostimulants (Bansemir, et al., 2004, Puglisi, et al., 2007).   
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 The present study showed that the solvent extracts of G. fisheri including the ethanol, 

methanol, chloroform and hexane extracts elicited antimicrobial activity against three virulence 

strains of V. harveyi namely, 1114, 15326 and 39864. The antimicrobial activity could be graded as 

moderate inhibition. The zones of inhibition of ethanol, methanol and chloroform extracts were 

larger than that of hexane extract. However the ethanol and methanol extract showed the best 

result among the four. Similar to the previous studies the methanol and chloroform extracts of J. 

rubens showed more potent antimicrobial activity than that of the hexane extract (Karabay-

Yavasoglu, et al., 2007). This result was supported by the work of Bansemir et al (2006) that 

seaweed extraction with low polarity solvents yielded high antibacterial activity agents than high 

polarity ones. Screened by the value of antibacterial activity and the polarity of the extract, thus, 

the ethanol extract was a good candidate to be studied further. 

Vibriosis mortality is induced by stressed factors such as poor water quality, high water 

temperature, crowding, low DO, and low water exchange (Brock and Lightner, 1990, Lightner, 

1993) and usually causes 100% mortality of larvae in the hatchery stage of penaeid culture 

(Baticados, et al., 1990). Postlarvae and young juvenile shrimp P. monodon suffered mortalities 

within 48 hr of immersion with virulence strains of V. harveyi. Routinely, farmers protect their 

shrimp from vibriosis by water management (Sung, et al., 1999), good site selection, pond design 

and preparation (Lightner, 1993), reduction in pond biomass and antibiotic supplementation 

(Tendencia and de la Pe a, 2001). The present study aimed at feeding the ethanol extract of G. 

fisheri to the post larvae black tiger shrimp by means of bioencapsulation and examined its 

antibacterial activity against V. harveyi.  The result showed shrimp fed with artemia enriched with 
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the ethanol extract at concentration 1.0 mg/ml could survive approximately 82.5 %. In general 

toxicity test, LC50 is considered strong when ranging between 0-80 �g/ml, moderate between 80-

250 |g/ml, and indicated as weak when more than 250 �g/ml (Ramos, et al., 2009).  The result 

suggested the ethanol extract of G. fisheri at concentration 1.0 mg/ml was a good potential 

substance against V. harveyi activity and not toxic (LC50 was 4,295±463 �g/ml). However its 

antibacterial activity in a large scale has to be further investigated.   

The previous studies reported the increased defense parameters in shrimp by various 

extracts of seaweed. Chiu-Hsia Chiu group  showed that the hot-water extract of seaweed G. 

tenuistipitata could increase immune ability and resistance against V. alginolyticus infection in white 

shrimp L. vannamei (Hou and Chen, 2005). The post-larvae shrimp P. monodon fed with the 

secondary metabolites from a red marine seaweed Hypnea musciformis positively affected immune 

factors and showed significantly higher survival rate when challenged with V. alginolyticus (Jos, et 

al., 2008). P. monodon treated with the probiotic Bacillus subtilis BT23 inhibited the growth of V. 

harveyi and reduced 90% in accumulated mortality (Vaseeharan and Ramasamy, 2003). The 

present study also investigated the effects of G. fisheri ethanol extract on defense parameters in P. 

monodon both cellular and humoral response. In view of cellular response, the results revealed that 

the ethanol extract of G. fisheri increased the proliferation of all types of haemocytes. Two possible 

hypotheses of the effects of the G. fisheri ethanol extract on haemocyte proliferation have been 

proposed; 1) the ethanol extract stimulates haemocyte production in haematopoitic tissue (Van de 

Braak, et al., 2002) or 2) the ethanol extract stimulates the migration of haemocytes from tissues 

into haemolymph. Previous studied revealed that lipopolysaccharide (LPS)-treated shrimp showed 
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a higher mitotic index in haemocytes than control suggesting LPS can stimulate the proliferation of 

haemocyte cells (Van de Braak, et al., 2002). In this study, the ethanol extract might contain 

metabolites or compounds that can induce haemocyte proliferation in haematopoitic tissue and 

then haemocyte migrate to haemolymph. The decline in total number of haemocyte at day 14 after 

the ethanol extract injection might be due to the down regulation of haemocyte proliferation tissue 

by the low level of the ethanol extract. For the second hypothesis, the ethanol extract may contain 

metabolites that can attract haemocyte from tissues to haemolymph. 

In shrimp, there are three types of haemocyte: hyaline, semi-granular and granular cells. 

The hyaline cell lacks large granule, readily attaches to surface and is involved in phagocytosis. 

The semi-granular and granular cells contain small and large granules, respectively, which are 

promptly discharged when the cell is exposed to pathogen. Semi-granular cell is active in 

encapsulation, while the granular cell contains components of the prophenoloxidase (proPO) 

system, an enzyme cascade responsible for melanin synthesis which is believed to aid in host 

defense (Soderhall, 1997). The results of DHC showed ethanol extract increased the number of 

semi granular cell and the number of cells sustained until the end of experiment whereas the 

number of granular cell showed no increase after day 7. The results suggested the different 

mechanisms of stimulation were employed for proliferation of the two cell types of haemocytes. 

Phenoloxidase activity plays an important role in the host defense cascade that produces 

melanin formation (Soderhall and Cerenius, 1998). PO activity in P. monodon can be stimulated 

both in vitro and in vivo (Cammarata and Parrinello, 2009). It has been reported that the proPO 

system primarily exists in granular and semi granular haemocyte (Johansson and Soderhall, 1989, 
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Okumura, 2007). The present study showed increased levels of PO activity correlated with the 

increased number of granular and semi granular cells in shrimp injected with the ethanol extract of 

G. fisheri suggesting that the ethanol extract increased the number of granular and semi granular 

cells resulted in the increased PO activity. It might be possible that the ethanol extract increased 

the humoral immune response of shrimp. 

It has been shown that pathogens induce reactive oxygen species (ROS) or oxidative 

stress which cause damage to cells and enhances mortality in infected shrimp. The parameters 

usually used to determine host response to ROS include respiratory burst and SOD activity. 

Respiratory burst represents superoxide radicals produced after process of ROS production during 

phagocytosis (Rosen, et al., 1995). Superoxide dismutase activity indicates the enzyme showed an 

ability to convert the harmful superoxide free radicals to become non-harmful substances oxygen 

(O2) or water (H2O2). High level of superoxide anion and SOD activity indicated the high response 

of cells to eliminate the harmful ROS.  The present study demonstrated the increased levels of 

both respiratory burst and SOD activity after shrimp received the ethanol extract. The results 

suggested that ethanol extract might stimulate host cells to rapidly eliminate the V. harveyi induced 

ROS production. Cheng et al (2004) also reported seaweed increased both phenoloxidase activity 

and respiratory burst in H. diversicolor supertexta.  Administrations of hot-water extract of G. 

amansii, by immersion, injection and dietary uptakes improved the defense ability of white shrimp 

L. vannamei by increasing THC, PO activity, respiratory burst, and resistance against V. 

alginolyticus (Fu, et al., 2007).   
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In this study, the active metabolites of ethanol extract of G. fisheri that play roles in 

prevention shrimp mortality against V. harveyi and increase defense parameters have not been 

analyzed. It has demonstrated that 93% of 938 compounds of red seaweed solvent extracts were 

halogenated compounds (McClintock and Baker, 2001). Volatile halogen compound found in the 

red seaweed Asparagopsis taxiformis mainly composed of bromine and iodine-containing haloforms 

(Burreson, et al., 1976). Various volatile components extracts of Jania rubens showed antimicrobial 

activity against both Gram-positive and Gram-negative bacteria and Candida albicans (Karabay-

Yavasoglu, et al., 2007). Red seaweed Laurencia chondrioides have antibacterial activity against 

fish and human pathogenic bacteria and contained halogenated secondary metabolites. The 

chemical structures comprised sesquiterpenes, diterpenes, triterpenes, C15 acetogenins, and etc 

(Bansemir, et al., 2004). For Gracilaria spp, there were a few reports showed the antibacterial 

activity as well as the active metabolites particularly in shrimp. There are evidences showing that 

red seaweed Delisea pulchra effectively avoids a broad spectrum of bacterial infections and the 

promising molecules are known as furanones.  It is suggested that furanones bind readily to the 

specific protein on bacterial receptor sites that receive the bacterial signaling molecules (N-acyl 

homoserine lactone) which normally induce surface colonization.  This method of blocking bacterial 

communication effectively prevents bacteria from forming groups and becoming virulent 

(Maximilien, et al., 1998). 

The overall results of this study suggested that ethanol extract of G. fisheri has an ability to 

block V. harveyi infection and could increase defense response especially humoral response in 

shrimp P. monodon.  The active metabolites and mode of protection have to be clarified further. 



27 
 

2. ��
������
 Sulfated Galactans ������
��� (Chattopadhyay et al., 2007) 

�;�������
��������$�
�!���� 260 g ��	

���  benzene �!" acetone  4	�����!" 20 �	$�:�� 
(4	���������+0�����;��	
 ����	�3'��$������������4������
�������) 
�������$�� Soxhlet apparatus �!��
�;��+�;�������� 
�������$�� Rotary evaporator �'
�����"�
�����$��
����������4������!��� (Depigmented 

algae powder, DAP) +�"��) 164 g (�&+ 6) �;��� DAP ��$�
��� 10 g !"!������;��!	$� 500 ml +�	� pH 

6.5 �	����$�����$�')�%&�� 35-40 o
C �+0���!� 4 �	$�:�� �!��������;���� 500 ml ����	���++DE�����$����$������=� 

14,000 x g �+0���!� 30 ���� �;��+����
�����"
�/���� �'
�����"����
�� ��$�+0���;����!"�
����$�+0�
�"��� �
����$�+0���;��� �;��+��
��$�')�%&�� -20o

C 4�������;�������;����!"!�� �"#��
����������
����$
�+0��'�� (WE1SGF) �!" �
����$��
�+0��'���������	� (WE1NGF) (�&+ 6) �
����$�+0��"����;� ��������;� 
800 ml +�	� pH 6.5 �	����$�����$�')�%&�� 35-40o

C �+0���!� 4 �	$�:�� ����	���++DE�����$����$������=�  
14,000xg 30 ���� �!���;��+����
�����"
�/���� ����
����$�+0��"����!"��;��� �������	� �;��
��
��;��� �+��
��$�')�%&�� -10o

C 4������ �;�������;����!"!���"�
��
����$�+0��'�� (WE2SGF) �!"�
����$��

�+0��'�� (WE2NGF) �
���"�����$�����
�����	����$ 2 ���������;� 750 ml �;��+ autoclaved ��$�')�%&�� 121 
o
C  ����
	� 1.1 kg/cm

2 �+0���!� 2.5 �	$�:�� ����	���;��++DE�����$����$������=� 14,000 x g 30 ���� 
�;��+��������
����$!"!����;� (Au) �!"�
���"�����$��
!"!����;� (INS) ����	���;���������	
 �	����

���"���:
�������� Isopropyl alcohol +������ 4 ��
�4�������	
�	����� �!"�;��++DE�����$����$������=� 
8,000 x g 15 ���� ���
����$�+0���;������+��=��
����$�+0��"����+�;��������
�������$�� Vacuum �"�
���
4�������	
 98$������	
4	����� �"�
� sulfated galactans �������
������� (Mazumder et al., 2002)  
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��� 6 7
��������
�
�
��"#(�->��*�� (WE1SGF �%& WE2SGF) $���->��*�� (WE1NGF �%& WE2NGF) 
��

"#(%&%����:�7
��
*�"��� (Au1, Au2 �%& Au3) �%&
��"#($��%&%����:� (INS); WE1NGF (water extraction 1 

non - gelling fraction), WE2NGF (water extraction 2 non - gelling fraction), WE1SGF (water 

extraction 1 soft - gelling fraction), WE2SGF (water extraction 2 soft - gelling fraction), Au 

(autoclaved), and INS (insoluble residue) 
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���	��!&�%������
���� sulfated galactans ������
���$%���'���
�(�����,	)�����
���
�	�
)�� (V.  harveyi) 

�;������	
 sulfated galactans �������
��������
����$�+0��'�� (WE1SGF �!" WE2SGF) ���
��
�+0��'�� (WE1NGF �!" WE2NGF) �����	

�����;� autoclaved �
����$!"!����;� (Au) ���
���
�')���	������������������������������� ( V. harveyi ) ������!���������  

 ���	���
�(�����,	)�����
���
�	�)�� ( V. harveyi ) 

�;���"
�/�������	
�+0����!�4��
�����
�(&��*�!�� 6 mm �;������Z
������+��+[\�� 
(autoclaved) ����	���;���"
�/�������!�������!�������������������������� (V. harveyi)  ���������
������;���	��!��������� MHA agar (MHA 10.5 g , ��;��!	$� 500 ml, ASW 15 g, Agar 7.5 g) �+0����
������;���	��!�������������������������� (V. harveyi ) ����	����
�����	
 sulfated galactans ���
����
��������
���
��< ��������	
�
����$�+0��'�� (WE1SGF �!" WE2SGF) �����
�+0��'�� (WE1NGF 

�!" WE2NGF) !�����"
�/�������!� :
���+������   25 ��:��!��� ��$�������4��4��4�������	

����
���	� ��� 50, 150, 300 �!" 600 ��:��g�
���"
�/�������!� ��
�����	
�����4��4���
��<!�
����"
�/������!"��8$������4��4�� :
����������!����������
����	�����8$������	
 �!"�!'
�����'� 
(Cont.) ��
�	��;�!"!��4�������	
 ��� ��;��!	$� (�&+ 1)  �!"���!'
�����'���� (positive control) ���
��
 Norfloxacin (Norf.) 10 ��:��g�
���"
�/�������!� ����	���;�����!����������+�
���$�')�%&�� 
30

o
C �+0���!� 24 �	$�:�� �#�$����������������������A����:� ���$���� 24 �	$�:���;�����!��������������

�	���������)���< ��"
�/�������!���$������ 3����!	�/)"����
�38������)�	��������	��	���������A
4���������������� (zone of inhibition) �	��8��
������
�(&��*�!��4�������) zone of inhibition :
���
��
���+0�mm �!����
!���
�����
��@!�$� �������;�����
!��9�;� 3 ��	�� 

���	������%�*(%*(�*	���
���� sulfated galactans ������
���$%��� ����(	�����!� (Minimal 

Inhibitory Concentration, MIC) �����%�
������,���
��
�5����
�*	����,	)�����
���
�	�)�� (V. 
harveyi)  

�!�������������������������� (V. harveyi) 100 ��:��g (Lennette et al., 1985) �� MHA medium 

+����) 1 ml ��$�������	
 sulfated galactans �������
��������
���
��< ����
����$�+0��'�� (WE1SGF 

�!" WE2SGF) �����
�+0��'�� (WE1NGF �!" WE2NGF)��$�����4��4�� 50, 150, 300 �!"600 ��:��g�
�
ml�
��!�
�
!�� ����	���;��+�
���$�')�%&�� 30

o
C +DE�
����	�����=� 250 ����
����� �+0���!� 24 

�	$�:�� �	
���
&
�!����� (OD) ��$ 600 ��:����� �#�$�
&�	����������:�4������������������� :
��!
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����
!���+����������	��!��$�
���� �!'
�����'�  ��� �!'
���$�!�������������������������� (V. harveyi) �� 

MHA medium 

���	���
�(����
������,	+�
�����)�����*�� (WSSV) '��!(� (>����
�����*(���(�%���,	�!(�) 

�'���'!�
;�4��
 20-25 g �;���� 50 �	� 9������?��*��!�����'���	���	
@"�������� �;����!�������
�
4��
 80 !��� ������=� 10 ppt. :
��!��������'��+�	��%�#�+0���!� 3 �	��
�����$��;�����
!�� ��
��'��
����+0� 5 �!'
� �!'
�!" 50 �	� ��� 1) �!'
�����'���$@�

��� PBS, 2) �!'
���$@�
�����	
 WE1NGF ����
�4��4�� 10 �g/ g BW, 3) �!'
���$@�
�����	
 WE1NGF �����4��4�� 100 �g/ g BW 4) �!'
���$@�
�����	
 

WE2NGF �����4��4�� 10 �g/ g BW �!" 5) �!'
���$@�
��� WE2NGF �����4��4�� 100 �g/ g BW  @�

�����	
�4����$�!������������+!�����$ 2 ��+������ 100 ��:��!����
��	� :
�@�
�����	
 2 ��	����� �	���$ 1 
�!"�	���$ 3 4������
!�� �!�����'���
��+��� 3 �	� �8�@�
��������	� WSSV +��������$@�
���  100 ul �
��	� 
�	��8��	���������4���'���!	����@�
��������	� WSSV  �'��	�  

��
��
��% Artemia ��� enriched �(�� sulfated galactans �1��	'�(�"8�	���
�!(�  

�!���� Artemia �"�"�	���=��	� ���������*��$�������4��4��4�������	
 (WE2NGF) 100 �!" 200 
�g/ml �+0���!� 6  �	$�:�� ����	���;�������+0������4���'��������
!���
��+ 

���	���
�(����
������,	+�
�����)�����*�� (WSSV) '��!(��!����� 
��'�(�!(���� Artemia ���
+�(
�� sulfated galactans 

�'���'!�
;�4��
 5-10 g �;���� 250 �	� ���(&��*���	��!"#	N�����#	�6'*�'�� ((�#�.) �;����!����
���
�9�����* ������=� 18 ppt. :
��!��������'��+�	��%�#�+0���!� 7 �	��
�����$��;�����
!�� ��
��'��
����+0� 5 �!'
� �!'
�!" 50 �	� ��� 1) �!'
�����'�+��� 2) �!'
�����'���$�
��	���������	� WSSV 3) �!'
�
����'���$������ Artemia +��� 4) �!'
���$������ Artemia ��$�
��	������	
 WE2NGF �����4��4�� 100 

�g/ml 5) �!'
���$������ Artemia ��$�
��	������	
 WE2NGF �����4��4�� 200 �g/ml ����'��"���!����
�!"������������+0���!� 7 �	� ����	���8�@�
��������	� WSSV +������ 100 ul �
��	� �	��8��	������
���4���'���!	����@�
��������	� WSSV  �'��	� �+0���!� 10 �	� �!"��=��	���
���'����$ �	���$ 0, 2, 5 �!" 
10 �!	����@�
��������	��	��
�
��4�� �#�$��;���������	
�"
	� immune parameters �
��< �!"+����)
����#�$��;�������	�  
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��
?��9�$�*	���
���� sulfated galactans ��	;<%��!(%���'��!(� 
��?��9���� Immune 

parameter ����2 

�����	
����+!�$���+!��
� immune parameters �
��< ��
�  

1. �
�+P�������?�̀�!���9��
� (phenoloxidase activity) ���$����� ?̀��!���9��
��+0�����9�*��$
���$��4����	��!�����+M���	������4���'�� :
�?`��!���9��
��"�;�������$�+!�$��
���+�"���?`��!�+0�����:�� �!���8����
��"��� ���:#!�����*���9�	$��+0���!���� 98$�
��"������
	��!
���"���������������$�	��	���������A4���'!������*��$���'�����
�  

2. �	
�
� 9'��+��*����9
* �������� (superoxide anions) 98$��+0�����	
�����'�&!����"��$
���
48�����'��  

Phenoloxidase )�� Superoxide anions activity 

 ��=��	���
����=
�!��
 �'���'!�
;� ��$��!� 0, 2, 5 �!" 10 �	��!	������������	��	��
�
��4��  �;���
�;�����	
�
� phenoloxidase �!" superoxide anions activities 

"
�%�&+�
��'��!(��!����� (Viral load in shrimp) 

��=��	���
���������'�� ��$��!� 0, 2, 5 �!" 10 �	� �!	������������	��	��
�
��4��  �;�����	
 DNA 

�� �#�$��
�����+����) DNA virus ���'���'!�
;� :
���� primer �;��#�"�
� VP28 gene 4�����	��	��
�

��4�� �!"��=��	���
������	
:+���� :
���+����)�����
����4�� VP28 protein 
�����6� Western 

blotting analysis :
���� anti-VP28 antibody  

��
?��9�
�
��
(�������%�����
���#*	� Sulfated galactans  

�;������	
 Sulfated galactans �������
������� Gracilaria fisheri :
���6���������;��+0��	���	

�#�$���������	
 sulfated galactans �
���
��< �
���
 �
����$��
!"!������;�������$�+0��'�� (WE1SGF �!" 
WE2SGF) �
����$!"!���
�����;�������
�+0��'�� (WE1NGF �!" WE2NGF) �!"�'
������	

��� 

autoclave (121
o
C) (Au.) ��������"�*��:��������������� ��� 

1  +����) Sulfaion  

�����+����) Sulfate 
�����6� turbidimetrical barium chloride (BaCl2) (Craigie et al., 1984) 

�����	
 20 mg �;����;� hydrolysis  ��$ 100°C �� 2 N HCl (0.5 ml) �+0���!�2 h �!���
����� 
sulfated contents :
���� 2 ml 4�������	
��$ hydrolyzed �!�� �	�18 ml 4����;� Milli Q �!" 2 ml 4�� 
HCl (0.5 N) ����	������ 1 ml 4��BaCl2-gelatin reagent �������4���	��	����������')�%&������ ��� 30 
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���� �!���;��+�	
�
����
&
�!�������$ 550 nm. ���+��*�9��*4�� Sulfated �+����������	� Standard ��� 

K2SO4 

2  +����) Total carbohydrate  

�����+����) Total carbohydrate 
�����6� phenol-sulfuric acid :
���� galactose �+0� standard 

(Dubois et al., 1956) �;������������	
 1 ml, 5% phenol ����;� 1 ml �!" sulfuric acid 5 ml ����4���	�
�	��������� 10 ���� ��$�')�%&������ ����	���;��+�	���� ice bath�')�%&�� 15-20 °C ��� 15 ����  �	
�
����

&
�!�������$ 490 nm. 

3.  FT-IR spectroscopy 

��6� Fourier-transform (FT-IR) spectra �+0����(8�/��&+�����������$
�����&
 Sulfated �����
��	
 :
��;������	
������	� KBr �!���;��+�
������$�� Nicolet Impact 410 FT-IR spectrometer ��$
�!�$��	AA�)400-4,000 cm

-1
. 

4.  13
CNMR �!" 1H NMR spectroscopy 

�+0���6������ Carbon �!" Hydrogen atom �������	
 :
��;������	
(40 mg) !"!���� D2O 

�!"�
������$�� nuclear magnetic resonance (NMR) spectra (Bruker AVANCE500 NMR 

spectrometer) ��$ 80 
o
C. 

1
H chemical shifts �	�#	�6*�	� internal deuterium 98$��+0� standard 4�� NMR  

5.  ����;���	�:��!�'! (Molecular weight) 4�������	
 

10% polyacrylamide gel : ��� 10 ��:��g 4�������	
 WE1NGF �!" WE2NGF �������
��
��������;����������"�*:
������;���	�:��!�'!�� 10% polyacrylamides gel :
���� buffer ��� 0.02M 

sodium barbital pH 8.6, 100 :�!�* �+0���!� 1 �	$�:�� ����	������
����� 0.1% toluidine blue ��$!"!���� 
1% acetic acid 15 ���� �!"!���
��� 1% acetic acid 1 �	$�:��  

0.5% agarose gel : ��� 30 ��:��g 4�������	
 WE1NGF �!" WE2NGF �������
�������
���;����������"�*:
������;���	�:��!�'!�� 0.5% agarose gel  �� 0.05M 1,3-diaminopropane 

acetate buffer pH 9.0, 110 :�!�* �+0���!� 4 �	$�:�� fixed gel 
��� 0.1% N-acetyl-N,N,N-

trymethylammonium bromide solution 12 �	$�:�� ����	������
����� 0.1% toluidine blue ��$!"!���� 
acetic acid:ethanol:water ���	����
�� 0.1 : 5 : 5 �+0���!� 15-20 ���� �!"!���
��� 1% acetic acid 1 

�	$�:�� 
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(8�/���;���	�:��!�'!4�������	
 sulfated galactans :
��� standard marker �+0� high 

molecular dextran sulfate sodium salt ��� Leuconostoc ssp. (500 �!"100 kDa), chondroitin 6-

sulfate sodium salt ��� shark cartilage (60 kDa) �!" low molecular dextran sulfate sodium salt ��� 

Leuconostoc ssp. (8 kDa). 

���	��!&�%������
���
������ WE2NGF ���+�
�����)�����*�� (WSSV) 

 (8�/��')���	������	��"��
�������	
�
����$��
�+0��'�� (WE2NGF) �	����	� 
�����6� solid-phase 

virus-binding assay :
���!��������	
��$�����4��4�� 0-100 ��:��g�
�ml�����!"!�� PBS  �����4��
����!�����9!!*4��
 96 �!'� �
���$�')�%&��  28 o C  �+0���!� 1 �	$�:�� blocked 
��� 2% BSA �� PBS 

�+0���!� 1 �	$�:�� !������
��� PBS 3 ��	�� �!����
���	��	��
�
��4����$�����4��4�� 1:1,000 �
��+0�
��!� 2 �	$�:����$�')�%&��  28

o
 C  �����	
����	�4�������	
�	����	� :
���6� immunohistochemistry 

:
�����������
� �
� envelope protein 28 (VP-28) 4�����	��	��
�
��4���+0� �������
���� �!"
�������
��	���$�����
@!��
��� HRP  �����	
�!���:
��������	����� 3,3-diaminobenzidine (DAB) 

�;��+�	
�
����
&
�!�������$����3�$ 492 nm ����������	��
����')���	������	�4�������	
 
(WE2NGF) ��$ de-sulfation �	����	�
��� 

 ����;��	
��&
9	!�?� (desulfation) 4�������	
�;�
�����6� solvolytic desulfation �!" dextran-

SGs mixed ��6� Solvolytic desulfation �;� 2.5 mg4�������	
 WE1NGF �!" WE2NGF !"!����
�	����
���"��
�� Me2SO: MeOH: pyrine (890:100:10 v/v) 1 ml �
���$�')�%&�� 100

o 
C 4 �	$�:�� 

�!	����+!
�������=�!� �;�����	���
�� dialyzed 
�����;��T�� 1 �	$�:�� �!"��;��!	$��+0���!�4������ ��
�!8���=������	
��$�;��	
��&
9	!�?��!����� D-WE1NGF �!" D-WE2NGF  

 ��6� Dextran-mixed  :
��;� 2.5 mg4�������	
 WE1NGF �!" WE2NGF ����	� 1.25 mg4�� 
dextran ����;��!	$� 1 ml �
���$�')�%&�� 100

o
 C  1 �	$�:�� :
� dextran �"�	��	���&
 sulfate 4�����

�'
�����"�
� Dextran-WE1NGF �!" Dextran-WE2NGF  �#�$����������
!���
��+ 

���	��(����
������,	+�
�����)�����*�� (WSSV) *	� WE2NGF '��.��#�%:����	��!(��!�����  

�!�����9!!*��=
�!��
�'���'!�
;� (3x10
6 �9!!*�
��!'�) ������!�����9!!*4��
 6 �!'� :
���
�

����+0� 4 �!'
� ��� 1) �!'
�����'�+��� (normal control), 2) �!'
���$�
��	����	��	��
�
��4�� (positive 

control), 3) �!'
���$�
��	������	
 WE2NGF �����4��4�� 100 �g/ml, 4) �!'
���$�
��	������	
 WE2NGF 
�����4��4�� 100 �g/ml �	����	��	��
�
��4�� �
���$�')�%&�� 28

o
 C  �+0���!� 2 �	$�:�� ���$����

�;���
�;����!���
��� PBS �#�$�������	���$��
���"��
�9!!*���, �+!�$��������!��������� �!"�	�������
�+!�$���+!�4���9!!*��=
�!��
�'���'!�
;��+0���!� 3 �	�  
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�����	������	������������	����������� (WSSV) ��� WE2NGF ������!" immunofluorescent 

(FITC) 

�!�����9!!*��=
�!��
�'���'!�
;� (3x10
6 �9!!*�
��!'�) ������!�����9!!*4��
 6 �!'� :
���
�

����+0� 5 �!'
� ��� 1) �!'
�����'�+��� (normal control), 2) �!'
���$�
��	����	��	��
�
��4�� (positive 

control), 3) �!'
���$�
��	������	
�
����$��
�+0��'�� (WE2NGF) �����4��4�� 100 �g/ml, 4) �!'
���$�
��	����
��	
�
����$��
�+0��'�� (WE1NGF) �����4��4�� 100 �g/ml �	����	��	��
�
��4�� �!" 5) �!'
���$�
��	����
��	
�
����$��
�+0��'�� (WE2NGF) �����4��4�� 100 �g/ml �	����	��	��
�
��4�� �
���$�')�%&�� 28

o
 C  

�+0���!� 2 �	$�:�� ���$�����;���
�;����!���
��� PBS �#�$�������	���$��
���"��
�9!!*��� ����	�� fixed 

�9!!*
��� 3.5% paraformaldehyde 15-20 ����, blocked 
��� 0.1% normal goat serum (NGS) �� 
PBS �+0���!� 1 �	$�:�� !������
��� PBS 3 ��	�� �!����
���	��	��
�
��4����$�����4��4�� 1:1,000 �
�
�+0���!� 2 �	$�:����$�')�%&��  28

o
 C  �����	
����	�4�������	
�	����	� :
�����������
� �
� envelope 

protein 28 (VP-28) 4�����	��	��
�
��4���+0� �������
���� �!"�������
��	���$������ goat anti-

rabbit ��
@!��
��� fluorescein isothiocyanate (FITC) �!	�����	���������������4���9!!*
��� 4, 6-

Diamidino- 2-phenylindole (DAPI) solution �+0���!� 15 ���� ����$��
 !���
��� PBS �	���������
�� 
FITC %������!��� fluorescent microscope 

?��9� protein-protein interactions *	� WE2NGF, WSSV )���.��#�%:����	��!(� �(����-� Far 

Western analysis 

�;����	��	��
�
��4������'�6�7 �!" hemocyte membrane protein �;������:+����
��� 12.5% 

SDS-PAGE ����	������:+����!��� nitrocellulose membrane �!" blocked membrane 
��� 10% skim 

milk �� PBS �+0���!� 2 �	$�:�� !��� membrane 
��� PBS �!���
��	� WE2NGF(60 |g/ml) ��$�')�%&�� 4 
o
C 4������ �!	����!��� membrane 
��� PBS �!���
�
����������
� LM5 98$��+0��������
� �
� 

(1�4)-�-D-galactan �������
���� �+0���!� 2 �	$�:�� �!"�������
��	���$������ goat anti-rabbit ��

@!��
��� HRP �+0���!� 1 �	$�:�� ����	�������	
 immunoreactive bands 
��� ECL detection kits 
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$���
����� 

@�-�A*	���
����������
���$%���'���
��,���,���
��
�5����
�*	�)�����
���
�	�)�� (V. 
harveyi) '�������,�����,	 

�!�������
����')���	�������	
 sulfated galactans �������
���������������������
����������������� (V. harveyi ) �����������!��������� #��
������	
 sulfated galactans �������
��
����� WE2NGF �!" WE2SGF ����!����������������������������� zone of inhibition�����
� 
WE1SGF �!" WE1NGF :
� WE2NGF ����!
���
� WE2SGF �!"��$�����4��4��4�������	
��$�&�48�� 
�"����!��������������������������������
�
���
������4��4����$�$;���
� (�&+ 7) �!" �������$ 2 

  

 

  

 


<" 7. ������,�����,	)�����
���
�	�)�� ( V. harveyi ) ���1��-!# 1114 �����
��������"8��!(� (WE1SGF 

)�� WE2SGF) )��+%��"8��!(� ( WE1NGF )�� WE2NGF ) ������%�*(%*(�����2 (50 #g, 150 #g, 300 

#g, 600 #g)      A : WE1NGF,  B: WE1SGF, C: WE2NGF )�� D: WE2SGF 

A

C

B

D
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)�����
���
�	�)�� ( V. harveyi) ���1��-!# 1114 

�����)��$������	��	���������A4����������� (zone of inhibition,mm) 

�����4��4��4�������	
 (|g/dish) 

Group 

 

 Extracts  control 50 150  300  600  

WE1NGF - - 10±1 14±2 16.67±3.05 

WE1SGF - - - 11.5±0.71 16.67±3.05 

WE2NGF - 13.33±2.88 16.67±4.16 19.67±5.13 22.67±4.93 

WE2SGF - - 12 15 18.33±3.78 

Norfloxacin  13±1.41    

��
�� 2 )����
���&������,	)�����
���
�	�)�� (V. harveyi) +%���%�
���
�5����
�+�( (zone of 

inhibition) ������"8�mm 

 

���$����� �����	

�����;� autoclaved (Au1, Au2 �!" Au3) ���$����"����!���;��!	���!"!����;�
��
�����3��$�"!"!����;��
�����&)*�!"���$���
!���"
�/�������!���
�����3��$�"��"����	��+���
��"
�/�����
� �8���
�
��;�����
��������	
���
������
� �8���
���!����
��������	
�
�������������
������������������	������	

	��!
�� 

���%�*(%*(�*	���
���� sulfated galactans ����(	�����!� (Minimal Inhibitory Concentration, 

MIC) �����%�
������,���
��
�5����
�*	�)�����
���
�	�)�� (V. harveyi)   

�;������	
 sulfate galactans �������
������� �
����$��
�+0��'�� WE1NGF, WE2NGF �!"
�
����$�+0��'�� WE1SGF, WE2SGF 98$���-�6�7�	��	���������A����:�4������������������� (V. harveyi) ��
����!������������;�����
!���
��� MIC �!����
!��#��
� �����4��4��4�������	
 WE1NGF �!" 
WE1SGF ���
������
� 600 �g /ml �
�������4��4��4�������	
 WE2NGF �!" WE2SGF ���
���
��	�  

400 �!" 230 �g /ml ���!;�
	� ���$��
���:
���� V. harveyi  ���#	�6'* 1114 (�&+ 8-13)  �!"#��
�
�	����������A����:�4������������������� ���	�������������A����:�!
!� 
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<" 8. ��
�<�����)����� OD 600 ��
��%�
 .�������	������
��
�5*	�)�����
�� �%��	'�(��
����
������
���$%���������%�*(%*(�����2 '�*	�)�����
���
�	�)�� (V.  harvey i) ���1��-!# 1114 

MIC strain 1114

0
2
4
6
8

10
12
14
16

50 ug 150 ug 300 ug 600 ug

conc.

O
D

60
0

cont.
WE1NGF
WE1SGF
WE2NGF
WE2SGF

  


<" 9. MIC �@!�$� 4�������	
 sulfate galactans �������
������� 
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WE1NFG

0
2
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conc.

O
D

60
0 cont.

WE1NGF

 

 

WE1SGF
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conc.

O
D6

00 cont.
WE1SGF

 

 

WE2NFG

0
2
4
6
8

10
12
14
16

50 ug 150 ug 300 ug 600 ug

conc.

O
D6

00 cont.
WE2NGF

 

��� 10. !����7��7��"#(����"#(
*�7��
��
�
� WE1NGF 

"#(
����A�
��
����!"#��#�$�� 50% ���(��-�#���"#���
�

�%*��!��!*� => ������� 600 �g 

��� 11. !����7��7��"#(����"#(
*�7��
��
�
� WE1SGF 

"#(
����A�
��
����!"#��#�$�� 50% ���(��-�#���"#���
�

�%*��!��!*� => ������� 600 �g 

 

��� 12. !����7��7��"#(����"#(
*�7��
��
�
� WE2NGF 

"#(
����A�
��
����!"#��#�$�� 50% ���(��-�#���"#���
�

�%*��!��!*� => ~400 �g 
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WE2SGF

0
2
4
6
8

10
12
14
16

50 ug 150 ug 300 ug 600 ug

conc.

O
D6

00 cont.
WE2SGF

 
 

��
�(����
������,	+�
�����)�����*�� (WSSV) '��!(��!����� 

 �������
!�����������#��
��'���!'
���$��
@�
�����	
 �!	������
����� WSSV  ����������
��
��
��=��!	��
��	��������� ��� 100 % ���	���$ 2 �!	��
��	������ �
���'����$@�
�����	
 WE1NGF, WE2NGF 
��$�����4��4�� 10 �!" 100 �g/ g BW ���!�
����
���'�����&
��
4���'�� ���$�������	��!'
�����'� :
�
�����4��4����$�&���
��"�����������������$
���
�  �!" WE2NGF ��$�����4��4�� 100 �g/ g BW ���!�
����

���'�����&
��
4���'�� �!"������������
���
� WE1NGF (�&+ 14)  

               


<" 14.  �+��*�9=��*�����
4���'���!	����@�
��������	��	��
�
��4�� (WSSV) ���!'
�4���'����$@�
���
��	
 galactans sulfate �������
�� ��$�����4��4�� 10 �g/ g BW  �!" 100 �g/ g BW 

��� 13. !����7��7��"#(����"#(
*�7��
��
�
� WE2SGF 

"#(
����A�
��
����!"#��#�$�� 50% ���(��-�#���"#���
�

�%*��!��!*� => ~230 �g 
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��
�(����
������,	+�
�����)�����*�� (WSSV) '��!(��!����������� Artemia ���+�(
�� sulfated 

galactans 

�������
!���
��������� ���@�
�����	
 sulfated galactans ���
�� WE2NGF ����!
���
� 
WE1NGF 
	��	������
!������8���������	
 WE2NGF ��� Artemia 
&
98� WE2NGF �!���;� Artemia�+
�+0�������'�� �!	��������'����� Artemia 7 �	� �8�@�
��������	� WSSV ����'�� #��
��!	������������ WSSV  
7-10 �	� �'�����!'
���$��� Artemia ��$��
�
������	
 ���	��������� 100 % �
���'����$��� Artemia ��$�
����
��	
 ��$�����4��4�� 100 �!" 200 �g/ ml ���	��������
4���'�������
��!'
�����'���$�
��	� Artemia ��$
��
�� sulfated galactans :
����	��������
 64 % �!" 78 % ���!;�
	� (�&+ 15) ����!����
!���"
��=��
� WE2NGF ���!�
��+M���	�������4���'����������
��������	� WSSV �
�

 

��� 15.  �&+��
��+��*�9=��*�����
4���'���'!�
;��!'
��
��< �!	����@�
��������	��	��
�
��4�� (WSSV) 
cont.- : �!'
��'��+���, cont.+: �!'
��'����
��������	� (WSSV), vehicle : �!'
��'����
��������	� (WSSV)��$��� 
Artemia +���, 100 �g : �!'
��'����
��������	� (WSSV) ��$��� Artemia��$��������	
 WE2NGF �����4��4�� 
100 |g/ml, 200 �g : �!'
��'����
��������	� (WSSV) ��$��� Artemia��$��������	
 WE2NGF �����4��4�� 
200 |g/ml 
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��
?��9� Immune parameters '��!(����+�(
����
���� sulfated galactans 

Prophenoloxidase activity 

%���!	�����������'����� Artemia ��$�
��	������	
 WE2NGF ��$�����4��4�� 100, 200 �g/ ml 

�+0��"�"��!� 7 �	� #��
� �"
	� Prophenoloxidase activity �����:����#�$�48�� ���$�������	��!'
���$��
�
�
�	� WE2NGF �!"���$�@�
��������	��	��
�
��4������'���!���;������=��!��
�'�����
����"
	� 
Prophenoloxidase activity #��
��'��!'
�����
!�� �"
	� Prophenoloxidase activity !
!�  ��
��
����
�=����'����$�
��	������	
 WE2NGF �����4��4�� 200 �g/ ml �	������
� Prophenoloxidase activity ��$�&�
��
��!'
���$��
�
��	���� WE2NGF �!"#��
����"
	�����$�������'
����
!�� (�&+ 16) �
���!'
���$�< �"
	�
4�� Prophenoloxidase activity �"!
!������!� 

 


<" 16. ���?��
��
� Prophenoloxidase activity ����=
�!��
�'���'!�
;� ���!'
�����
!�� �!	����@�

��������	��	��
�
��4�� (WSSV).  Control : �!'
��'��+���, positive control: �!'
��'����
��������	� (WSSV),  
100 �g/ ml : �!'
��'����
��������	� (WSSV) ��$��� Artemia ��$��������	
 WE2NGF �����4��4�� 100 
|g/ml, 200 �g/ ml: �!'
��'����
��������	� (WSSV)��$��� Artemia ��$��������	
 WE2NGF �����4��4�� 200 
|g/ml 
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Superoxide anion activity    

�!'
��'���
!����$�
��	������	
 WE2NGF :
������� Artemia ��$�����4��4�� 100, 200 �g/ ml 
�+0��"�"��!� 7 �	� #��
� �
� Superoxidase anion activity �����:����#�$�48�� ���$�������	��!'
���$��
�
��	� 
WE2NGF �!"���$�@�
��������	��	��
�
��4������'���!���;������=��!��
�'�����	
�
� Superoxidase anion 

activity #��
������:���!
!��!=����� (�&+ 17) 

 


<" 17. ���?��
��
� Superoxide anion activity ����=
�!��
�'���'!�
;���
!"�!'
�����
!�� �!	����@�

��������	��	��
�
��4�� (WSSV) 

control: �!'
��'��+���, positive control: �!'
��'����
��������	� (WSSV), 100 �g/ ml : �!'
��'����
��������	� 
(WSSV) ��$��� Artemia ��$��������	
 WE2NGF �����4��4�� 100 |g/ ml, 200 �g/ ml : �!'
��'����
�����
���	� (WSSV)��$��� Artemia ��$��������	
 WE2NGF �����4��4�� 200 |g/ml 

"
�%�&+�
�� 

������(8�/�+����)����#�$��;����4�����	��	��
�
��4�����������'���'!�
;�����
!"�!'
����
�
!�� :
��;�����'
���=��	���
���'���'!�
;��!	������
��������	��	��
�
��4�����	���$ 0, 2, 5 �!" 10 
:
���� primer �;��#�"�
� VP28 4�����	��	��
�
��4�� #��
�+����)4�����	�����
!"�!'
�������
����
���	� :
��!'
���$�
��	������	
 WE2NGF ��������� Artemia ��$�����4��4�� 100, 200 �g/ ml ��
+����)����#�$��;����4�����	�������
��!'
���$��
�
��	������	
 WE2NGF �!"#��
����	���$ 10 4�����
��
������'�����!'
���$�
��	������	
 WE2NGF ��$�����4��4�� 100 �!" 200 �g/ ml �	����������&
�!"���$�
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�
���+����)����#�$��;����4�����	�#���+����)���	������!"��
�����3����#�+����)���	��
���
�!'
� 100 �!" 200 �g/ ml (�&+ 18) 

����
!��
�����6� Western blotting :
���� �������
���
� VP28 envelope protein 4�����	��	�
�
�
��4�� #��
� +����) VP28 protein���������'��4���!'
���$�
��	������	
 WE2NGF !
!� 98$�����!
�!����!8��	������� primer �;��#�"�
� VP28 DNA 4�����	� (�&+ 19) 

 

              

              

               

              

                                       

   


<" 19       Agarose gel electrophoeesis ��
��! PCR analysis ��$��� specific primer �
� VP28 ��
������4���'������
!"�!'
�����
!���!	�����
��	������ WSSV 0, 2, 5 �!" 10 �	� 

 

 

 

 

 

 

 

  Cont            Cont+WSSV             100         200      Negative     Positive 

  Day 0 

  Day 2 

  Day 5 

  Day 10 

�-actin
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<" 20  Western blotting analysis ��
� immunoreactive bands  �!" �����4��4�� immunoreactive 

bands  ��$�	��	� anti-VP28 ��������4���'������
!"�!'
�����
!���!	�����
��	������ WSSV 0, 2, 5 �!" 
10 �	�  

 

?��9�
�
��
(�������%�����
���#*	� Sulfated galactans 

 �;������	
 Sulfated galactans �������
������� Gracilaria fisheri :
���6���������;��+0��	���	

�#�$���������	
 sulfated galactans �
���
��< �
���
 �
����$��
!"!������;�������$�+0��'�� (WE1SGF �!" 
WE2SGF) �
����$!"!���
�����;�������
�+0��'�� (WE1NGF �!" WE2NGF) �!"4	������'
������	

��� 

autoclave (Au.) ��������"�*��:��������������� :
���6��������������"�*  #��
������	
�
����$!"!���
�
����;�������
�+0��'�� ��� WE1NGF �!" WE2NGF ��+����)9	!�?������$�'
 ��� 10.94 ± 0.34 �+��*�9=��*  
�!" 12.65 ± 0.39 �+��*�9=��*  ���!;�
	�(����� 3) �
��+����)��;���!��&
���
�� 31.67-54.97 �+��*�9=��* 
�!"(8�/���;���	�:��!�'!4�������	
 Sulfated galactans 
�����6� 10% polyacrylamide gel :
�������	� 

molecular standard marker ��� high moleculare weight dextran sulfate sodium salt from 

Leuconostoc ssp. (100 kDa), chondroitin 6-sulfate sodium salt from shark cartilage (60 kDa) �!" 
low molecular weight dextran sulfate sodium salt from Leuconostoc ssp. (8 kDa). #��
������	
 
WE1NGF �!" WE2NGF ����;���	�:��!�'!+�"��) 100 kDa (�&+ 20, 21) 

���$��;����(8�/��&+���4����������$
���9	!�?��������	
 sulfated galactans 4������
��
�����(Gracilaria fisheri) ��� :
���� FT-IR spectroscopy ��
������=�38��')!	�/)"4�� 3,6-anhydro-�-

L -galactose (C-O vibration) ���;����
���$ 930 cm
-1 

 �!"  total sulfated ���;����
���$ 1250 cm
-1 

 

(O=S=O asymmetric stretching vibration) (Rochas et al., 1986). �������	���	�#��')!	�/)"4�� 

Cont         Cont+WSSV               100         200 

  Day 0 

  Day 2 

  Day 5 

  Day 10 
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Axial sulfate ester at O-C-4 of 3-linked-�-D-galactose residues �!" Shoulder of L-galactose-6-

sulfate of agar polymer (Chopin et al., 1999) ���;����
���$ 850 and 868 cm
-1 ���
��� (�&+ 22) 

�!"�!������(8�/�
��� 
13

CNMR �!" 
1
H NMR spectroscopy #��
������	
 Sulfated 

galactans �������
������� (G. fisheri) ���+�"���
��� 12 �	AA�) (
13

C-NMR spectra) �!	� carbon 

4�� agarobiose units �!" methylated agarose structure (Lahaye et al., 1986; Fernandez et al., 

1989 and Flashaw et al., 1999).  :
�#��
���$�	AA�)+�"��) 102.76, 70.55, 82.56, 69.10, 75.68 

�!" 61.71 ppm ��
��')!	�/)"4�� 3-linked �- D -galactopyranose units ��4)"��$�	AA�) 98.56, 

70.25, 80.45, 77.66, 75.98 �!" 69.73 ppm ��
�38��')!	�/)"4�� 4-linked 3,6-anhydrogalactose-

�- L -galactopyranosyl units �������	���	�#��	AA�)�� spectra ��$�
�����
��� floridean starch ��&b (C-

2, 72.54; C-3, 74.14 �!" C-5, 72.26 ppm)  �	AA�)��$�$;����
� 73.96 and 67 ppm �+0��')!	�/)"
4�� C-5 of 6-O-methyl- D -galactose unit �!" C-1 of 4-linked 3,6-anhydrogalactose-�- L -

galactopyranosyl units linked to D -galactose-4-sulfate unit (Andriamanantoanina et al., 2007) (�&+ 

23) 

�;���	� 
1
H NMR spectroscopy 4�������	
 Sulfated galactans ��
������=��	AA�)4�� 

agarobiose �!" methylated agarose structure (Welti, 1977 and Lahaye et al., 1988) ��
��	� 98$�
�	AA�)��$ 4.01 ppm �+0��')!	�/)" hydrogen atom 4�� methyl group substituted on C-6 of the 3-

linked �- D -galactopyranose unit.  �	AA�)��$ 5.93 ppm ��
��')!	�/)" H-1 4�� floridean starch 

(Mazumder et al., 2002). �������	���!���	�#��	AA�)��$ 5.82, 4.54 �!" 4.46 ppm ��
�38�
�')!	�/)"4�� H-1, H-3 �!" H-2 of L -galactose-6-sulfate (Maciel et al., 2007) �!" H-5 of 3-linked 

�-D-galactopyranose  linked to L-galactose-6-sulfate (Welti, 1977) (�&+ 24) 

	��������!��&��+!��
���� '���� WE2NGF �#+!��
����"���!�#�->� repeating unit �->� 3-

linked �-D-galactopyranose and 4-linked 3,6-anhydrogalactose �%&�#���� sulfate "#(�:������ C4 7�� 

D-galactopyranose (G4S) �%&"#( C6 7�� L-galactopyranose (L6S) (�&+ 25) 

 

 

 

 



46 
 

 

Fraction                Content (%) 

                                                               Sulfate  Total carbohydrate 

 WE1SGF             7.48±0.23     44.63±2.51 

WE1NGF           10.94±0.34     35.24±1.03 

WE2SGF             7.19±0.22     31.67±2.66 

WE2NGF           12.65±0.39     42.22±1.17 

Au              5.17±0.16     54.97±2.63 

��
�� 3   Chemical compositions of the sulfated galactans extracted from G. fisheri 

 

 

 

 

 

 

 

 

 

 

 

 



47 
 

 

 


<" 20 Polyacrylamide gel electrophoresis (10%) ��
���;���	�:��!�'!4�������	
 Sulfated galactans 

�������
������� (Gracilaria fisheri) :
���� molecular standard markers ��� dextran sulfate sodium 

salt (500, 100 kDa), chondroitin 6-sulfate sodium salt (60 kDa) �!" dextran sulfate sodium salt (8 

kDa). 

 

 

 

WE2NGF 

WE1NGF 

8KDa      500     100 60
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<" 21 Agarose gel electrophoresis (0.5%) ��
���;���	�:��!�'!4�������	
 WE1NGF �!" WE2NGF 
�������
������� (Gracilaria fisheri ) :
���� molecular standard markers 4�� dextran sulfate 

sodium salt (500, 100 kDa), chondroitin 6-sulfate sodium salt (60 kDa) �!" dextran sulfate sodium 

salt (8 kDa). 

 


<" 22  FT-IR spectra �� KBr pellets 4�������	
 WE2NGF �������
������� (G. fisheri) 
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<" 23     13C-NMR spectra *	���
���� WE2NGF ������
���$%��� (G. fisheri) 

 
<" 24    1H spectra *	���
���� WE2NGF ������
���$%��� (G. fisheri) 
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��� 25  :��������4�� WE2NGF������
���$%��� (G. fisheri) 
 

?��9���+���
"G	������
������,	+�
�����)�����*��*	� WE2NGF 
��'�(�.��#�%:����	��!(�
�'!�
;� 

������� Cytopathic effect (CPE) ����$&&'�
*��&����+��/&��;������������������	����������� 

 �!����
!�����9!!*��=
�!��
�'���'!�
;� #��
� WE2NGF �����3!
������
 CPE 4���9!!*��=

�!��
�'���!	�����
��	���������	��	��
�
��4���
� ���$�������	��!'
���$������	���
���
��� (WSSV) (�&+ 26) 

 


<" 26  ������
 cytopathic effect (CPE) 4���9!!*��=
�!��
�'���'!�
;� �!	�����
��	���������	��	��
�
��
4�� (WSSV) ���$��9!!*�
��	� WE2NGF  �
����
����� WSSV #�������
 CPE ������� 

R1 = H, SO3
- 

R2 = H, Me 



51 
 

���������	
�� sulfate 

���� WE2NGF 

���������	
��
����������������������� solvolytic desulfation (D-WE1NGF ��� D-WE2NGF)    
������������ sulfated galactans !�"������	
�� sulfate �������� solvolytic desulfation 
�#��
�$�#��%�
&'�%

�����'������
("��!�������������!�")
�)��*��'��+'��'���������	
��
����� ���' dextran-mixed (Dextran-

WE1NGF ��� Dextran-WE2NGF) 
�#��
�$�#��%�
&'�%
�����,����-�������������!�")
�)��*��'��+'��'
���������	
��
����� (����� 4)      ������!����'�+'�����#.')#)��������������	
��
������������� 
solvolytic desulfation ��
��/����0����	
��
�����!�"
�,'����������)�� ���'���� dextran-mixed �#.'���
'�������� dextran ����)#������	
��
�����,'�������'�+' !��,	��
("����#��
�$�#��%�
&'�%
������0�
�-��
�#��%�
&'�%
�����)
������������������ sulfated galactans ��+���' 

 

Fraction         Sulfate  Content (%)   

 

WE1SGF             7.48±0.23      

WE1NGF           10.94±0.34      

WE2SGF             7.19±0.22      

WE2NGF           12.65±0.39      

D-WE1NGF             4.93±1.02      

D-WE2NGF             2.49±1.08      

Dextran-WE1NGF            7.95±1.59      

Dextran-WE2NGF          10.55±0.79  

�����  4     Percentage of sulfation ��� SGs  

 

���
��
���������������
� WE2NGF ���������������
������������������  

������!����-1$�
������������'��	���� WE2NGF ��� )���������������� ����� WE2NGF 

��
��/���)�����)���� !�"-��
���
��'��+���� 10-100 �g/ ml (��# 27) 3��-��
���
��' 60 �g/ ml �#.'
-��
���
��'!�"��!�"�1�,'��������'��	���� WE2NGF ���)���� ����
("�!�����������	
�� sulfate ��������� 
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WE2NGF ���!����������)���� �����-1$�
�������������)�������������� WE2NGF ���� (��# 27)  

����,	��	&'���	
�� sulfate ,'������� WE2NGF '����
�-1$�
����4���,'���������)����������������  

   

��� 27.  ��������-1$�
������������')�����)���� WSSV ��� WE2NGF ��� de-sulfated WE2NGF (D-

WE2NGF) �������� solid-phase virus binding assay 

 

Immunofluorescent  

�������������5!��6���'�������4(+�)���������������� �������� immunofluorescent 3��,4�
��'���������-(� rabbit anti-VP 28 ��� ��'������!�"���-(� goat anti-rabbit ���7������� fluorescein 

isothiocyanate (FITC) *����!����������
��%�
&���(���1��!�")������������ WE2NGF 
����'�'�
��%�
&�
��(���1��!�"����4(+�)����
����� -���#.'�������4(+�#��
�$������ 24 �����1�
-��-1
 (WSSV, positive 

control) ,'�$�!�"�
��%�
&���(���1��!�")��)����!�"��
������� de-sulfated WE2NGF 
��������4(+����"
����0+'
�#.'#��
�$������ 83 �����1�
-��-1
 (��# 28 A, B) 
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A     
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    B  

��� 28  A).  <�� Fluorescent ���� FITC staining ��� VP 28 ��� B) �#��%�
&'�% FITC intensity ��� 
VP 28 ���)����������������,'�
��%�
&���(���1���1����� !�",	�������� WE2NGF ���de-sulfated 

WE2NGF (D-WE2NGF) !�"-��
���
��' 100 �g/ ml ���,	� dextran ������	
�� sulfate ��� WE2NGF 

(dextran-mixed) 

 

Far Western blot analysis 

 *����!���������������� WE2NGF ��
��/���)�������4����'���3#���'���)�������������
��� 3 �/� -(� !�"�/�'+��	'��3#���'!�" 19, 21, 28 kDa, purified VP 28 3#���' ������)����� lectin, 

insulin-like growth factor ���' bovine serum albumin (BSA) WE2NGF )
���
��/���)�� (��# 29)  
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��� 29.  ��#���� Far Western blot analysis 3��,4���'������ LM5 
0"��#.'��'������ ��� (1�4)-�-D-

galactan ������������')����� WE2NGF (60 �g/ml) ���3#���'!�"*�����)��������������������1!��6 
VP 28.  WSSV; white spot syndrome virus, VP 28; viral protein 28, IGF-1; insulin-like rowth factor-I, 

BSA; bovine serum albumin 

 

�����!"
#����$�!�������$ 

��	�
���
���������	�
����������� �����
�����������������!��������"#�� 
�������

$
������%�&����	�
������
�'�*+:�!���<=>�������������#$�%�#�! ���$+&%���>&?�
�$%��@������H��=����%�������


�'�*+:�!���<=>�������������#$�%�&����	�
���
��� ������������!���<=>�������������#$�%����

�$�
��
������������@!��J
+�@!
�%����@!� K?�������%�$H�"�OQ�+&��������"#�� R���U������%����&��

��	�
���
���R���<!$+*������%� 2 $+*� �=� �����%��!$��%$�U�������
�� X�=� methanol, ethanol, 

chloroform ��� hexane ��������%��!$��>U���=���	!#�!�����@

 sulfated galataus (SGs)  �U������%��
�� 

X ���#�!
�������@Y�
�%�+����!���<=>������������=����� Vibrio harveyi (V. harveyi) K?������������������

�U��	!�@!��������&U��$�
�� &������������&�����>���<=>� ��$
������%� ethanol extract 
�'�*+:�!��

�<=>� V. harveyi ���!������%��%������%� methanol extract ��� chloroform extract K?�����!������%� 

Norfloxazin ��

�'�*+:���$
� hexane extract R��
��
� minimal inhibitory concentration  (MIC) ��J
��<
$� 
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75-200 �g/ml �
=�����������!���<=>�������������@!�������Z�����@!�$%��@
� ��$
��@!����#�!�%������%� 

ethanol extract 
��%���������������%��J
+�@!
�%��J��$
���@

�$��@
��
��
��%��U��%[�����+�+ �U�	�%����

��%���� SGS &����	�
���
���R��$+*������%��!$��>U� &�#�!����������$@!� �=� WE1SGF  ��� WE2SGF 

���������#

����$@!� �=� WE1NGF ��� WE2NGF �����$+&%���$
� WE2NGF ��� WE2SGF 
�

�@Y�
�%�+�!���<=>� V. harveyi ��������>���<=>� ���
��
� MIC ��<
$� 230-400 �g/ml K?��
��
�
���$
� 

ethanol extract �
=���U� WE1NGF ��� WE2NGF 
����������!���<=>�#$�%��%$����$���$ (WSSV) ��

�@!���$
� WE2NGF 
������%�������������@!�#�!���$
� WE1NGF #�!�U���� enrichment WE2NGF 

�	!�%�#��������������	���@!� ����	!�@!��+�#��������#�!�%� WE2NGF �+��
��%� 7 $%� �
��\���<=>� WSSV 

��$
��@!�����+�#��������#�!�%� WE2NGF �$�
��!
�!� 100 ��� 200 �g/ml 
��%���������
���$
��@!�����+�

#��������#

#�!�%������%� �+����� 64% ��� 78% �����@

�$��@
��
�U��%� ���
��
� Immune 

parameters �
�� X �=� prophenoloxidase ��� superoxide anion activities �J��$
���@

�$��@
 R�����

��@

���#�!�%� WE2NGF ��� 200 �g/ml 
����%��J��$
���@

 100 �g/ml ��
��
��%��U��%[�����+�+ ����
=��

��$&$%���+
�Y�����+�
&U��$����#$�%�R���<! primer &U������
� envelope protein VP28 ���#$�%� ��� 

antibody �
� VP28 ��$
��@!����#�!�%� WE2NGF 
������+�
&U��$����#$�%� ���
��������������R����� 

VP28 �!���$
���@

���#

#�!�%���� 

���"?�O�$+�����	HR�����!�������
���� WE2NGF ��$
�
���+
�YK%��^�
���$
� WE1NGF 

(12.65+0.39% ��� 10.94+0.34% ��
�U��%�) "?�O��>U�	�%�R
���@�R��$+*� polyacrylamide gel ��� 

agarose gel electrophoresis ��$
��%>� WE1NGF ��� WE2NGF 
��>U�	�%����
�Y 100 kDa "?�O�

R�����!��R��$+*� NMR ��� FT-IR spectroscopy ��$
� WE2NGF 
�R�����!�������
����� repeating 

unit ���� 3-linked �-D-galactopyranose and 4-linked 3,6-anhydrogalactose ���
�	
J
 sulfate ���

�U��	�
� C4 ��� D-galactopyranose (G4S) ������ C6 ��� L-galactopyranose (L6S) "?�O���#���� 

WE2 NGF �j���%�����+��<=>� WSSV ���
Z���=���@!� R��$+*� In vitro assay ��$
� WE2NGF <
$������

��+� cytopathic effect (CPE) ����K��H�
Z���=���@!� &������U� solid-phase virus binding assay ��$
� 

WE2NGF ��
���&%��%�#$�%� WSSV R������$�
��!
�!� 60 �g/ml ��
���&%�#�!�%� WSSV #�!������@� 

����
=���U�&%�	
J
 sulfate &�� WE2NGF �$�
��
��������&%��%�#$�%����� �
=����$&������&%��%�

��� WE2NGF �%�R��������#$�%� WSSV R��$+*� Far Western blot analysis ��$
� WE2NGF ��
���

&%�#�!�%�R���������+$��� WSSV ����>U�	�%�R����� 12, 16, 19, 28 ��� 39-41 kDa �������� 

Immunofluorsecent �
� VP28 ���K��H�
Z���=���@!� ���#�!�%� WE2NGF ����+��<=>� WSSV �����	!�	Z�$
�


�&U��$� positive fluorescent staining �!���$
���@

�K��H�
Z���=�����#

#�!�%� WE2NGF R��
���+
�Y���� 

24% �����@

�$��@
������#

#�!�%������%� �
$���@

�K��H�
Z���=�����#�!�%� W2NGF ����U�&%�	
J
 sulfate 

��� ��&U��$� positive staining �J��?>����� 83% �����@

���#
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a b s t r a c t

Vibriosis is a common bacterial disease that can cause high mortality and morbidity in farmed shrimp.
Since compounds from seaweed have been reported to have anti-bacterial and immunostimulant
activity, this study was conducted to determine whether solvent extracts from the red seaweed Gracilaria
fisheri might be a possible alternative for prevention and treatment of shrimp vibriosis caused by Vibrio
harveyi. Seaweed extracts prepared using ethanol, methanol, chloroform and hexane were evaluated for
anti-V. harveyi activity by the disc-diffusion method. The ethanol, methanol and chloroform extracts
showed activity against a virulent strain of V. harveyi with potency (minimal inhibitory concentrations in
the range of 90e190 mg ml�1) equivalent to the antibiotic norfloxacin. The ethanol extract was not toxic
to the brine shrimp Artemia salina when it was fed to them for enrichment prior to their use, in turn, as
feed for postlarvae of Penaeus monodon. Postlarvae fed with these enriched Artemia gave significantly
lower mortality than control postlarvae after challenge with V. harveyi. In addition, P. monodon juveniles
injected with the ethanol extract showed a significant increase in the total number of haemocytes and an
increased proportion of semi-granulocytes and granulocytes when compared to control shrimp. The
activities of phenoloxidase and superoxide dismutase were also increased, with an accompanying
increase in superoxide anion production. When these juvenile shrimp were challenged with V. harveyi,
mortality was markedly reduced compared to that of control shrimp. The results indicated that ethanol
extracts of G. fisheri had immunostimulant and antimicrobial activity that could protect P. monodon
against V. harveyi.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Several Vibrio species have been reported as pathogenic for
penaeid shrimp. Among them, Vibrio harveyi (VH) is the most
frequently detected species that infects the shrimp hepatopancreas
to cause acute or chronic infections known as vibriosis. The black
tiger shrimp Penaeus monodon is one of the most susceptible
species to VH and when infected, mass mortality of larvae in
hatcheries or juveniles in grow-out ponds are often observed [1]. In
grow-out ponds, shrimp farmers control vibriosis by water
management [2] and by reducing stress on shrimp [3]. In hatch-
eries, vibriosis is controlled by the reduction of rearing water

salinity (Withyachumnarnkul, pers. comm.), washing eggs with
iodine and formaldehyde [4] and by using probiotics [5].

Gracilaria species are among the most useful red seaweeds in
the world. They are used as feed for fish and other aquatic animals
and are also the source of high quality agar [6], food for human
consumption, and pharmaceutical components [7,8]. It has been
reported that extracts form Gracilaria species contain active
metabolites or compounds with antiviral, antifungal, and anti-
bacterial activities [9]. An extract from Gracilaria corticata was
highly active against the Gram-negative bacterium Proteus mirabilis
[10]. The polysaccharide fucoidan from the brown seaweeds Cla-
dosiphon okamuranus [11] and Sargassum polycystum elicited anti-
viral activity against white-spot syndrome virus (WSSV) in the
shrimp Metapenaeus japonicus and P. monodon, respectively, and
also inhibited growth of VH, Staphylococcus aureus and Escherichia
coli [12]. Crude polysaccharide extracts form Sargassum fusiforme
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could enhance immunological activities in the shrimp, Fenner-
openaeus chinensis [13].

Gracilaria fisheri is a red seaweed commonly found along the
coast of south-east Asian countries [14]. It is occasionally cultured
in shrimp farms for wastewater treatment [15]. Because of the
potential benefit for shrimp culture, the properties of ethanol
extract of G. fisheri as an immunostimulant and anti-bacterial agent
against VH in P. monodon were therefore studied and are reported
herein.

2. Materials and methods

2.1. Samples

The red seaweed G. fisheri, brine shrimp (Artemia salina) and
specific pathogen-free P. monodon were obtained from the Shrimp
Genetic Improvement Center (SGIC), Chaiya District, Surat Thani,
Thailand.

2.2. Preparation of G. fisheri crude extracts

The seaweed extraction was carried out according to the
methods described previously [16,17]. Briefly, G. fisheriwas washed
with clean seawater, air-dried, powdered and extracted with
different organic solvents in order of increasing polarity (i.e.,
hexane, chloroform, ethanol and methanol). Powdered seaweed
(30 g) was extracted with 500 ml of each solvent using a Soxhlet
apparatus for 24 h and then the solvent was evaporated in vacuum
(rotator evaporator) at 60 �C until a dry residue (extract) was
obtained. The extracts were stored at �20 �C.

2.3. Brine shrimp preparation

Brine shrimp (A. salina) cysts (50 g) were transferred to 800 ml
of artificial seawater at a salinity of 30 ppt. The water (28 �C) was
aerated with mild air flow for 24 h, after which the nauplii (instar I)
developed. They were cultivated for a further 12 h to become instar
II. The instar I were used for cytotoxicity tests and the instar II as
bioencapsulation agents to be enriched with the ethanol extract
before they were fed to shrimp (see below).

2.4. In vitro screening of anti-bacterial activity of G. fisheri extracts

Anti-bacterial assays by the disc-diffusion method [18] were
carried out using a strain of VH obtained from a commercial shrimp
farm in Thailand and known to be virulent for shrimp. Filter-paper
discs were impregnated with 20 ml of different concentrations of
crude solvent extracts of G. fisheri (0.05, 0.1, 0.5,1, 5,10, 20mgml�1)
or with a standard antibiotic (10 mg norfloxacin from Bangkok Lab
and Cosmetics, Bangkok, Thailand) as a positive control. The discs
were overlaid on Mueller Hinton agar plates and incubated at 30 �C
for 24 h. Paper discs treated with solvent alone served as negative
controls. Zones of inhibition were determined as the difference
between the disc diameter (6 mm) and the diameter of the inhi-
bition zone [19]. The inhibition zones means of the solvent extracts
were compared.

The minimum inhibitory concentrations (MIC) of the extracts
were determined according to a method previously described [20].
The four extracts from G. fisheri were prepared at different
concentrations ranging from 0.05 to 1.00 mgml�1 by serial dilution
in broth that was then inoculatedwith 100 ml of medium containing
106 CFU ml�1 VH. The mixtures were incubated at 30 �C for 24 h
after which the growth of VH was determined by spectrophotom-
eter at OD 600. MIC was defined as the least concentration of crude
extract that could reduce bacterial growth to 50% when compared

to the control mixture containing only VH plus broth. The seaweed
extract that gave the largest zone of inhibition and the lowest MIC
was chosen for further study in subsequent experiments. The result
demonstrated that the ethanol extract showed the best anti-VH
activity.

2.5. Safety test for the seaweed ethanol extract

A brine shrimp bioassay was performed to evaluate the toxicity
of the ethanol extract following the method of Caldwell [21]. The
extraction procedure yielded 150 mg of dry ethanol extract from
30 g dry seaweed. The extract was resuspended in ethanol and
prepared in final concentrations of 0.01, 0.1, 1, 2, 4, 6, 8, and
10mgml�1 in artificial seawater in Petri dishes. Ten instar I Artemia
were placed in each dish and maintained under ambient light for
24 h, after which the number of dead nauplii was determined using
a stereomicroscope. Control group was treated identically without
addition of extract to the seawater. Tests were carried out in trip-
licate. The lethal concentration of the extract was defined as that
which caused 50% mortality of the nauplii (LC50).

2.6. Enrichment of instars II by bioencapsulation

Although A. salina instar larvae I and II are routinely used in
hatcheries as live-feed for P. monodon postlarvae, the instar II stage
was chosen for bioencapsulation of the G. fisheri ethanol extract
because it is the first stage at which Artemia begins feeding on small
particles. Instar II larvae at a density of 120 nauplii ml�1 were
reared in triplicate glass tanks containing 250 ml of filtered
seawater at 25 �C. The test larvae were enriched for 6 h with two
different concentrations of 0.5 and 1.0 mg ml�1 of the ethanol
extract added to the seawater (i.e., two groups of 3 tanks each). No
extract was added to the 3 control tanks. The enriched and control
instar II larvae from each tank were then collected, washed, and
kept individually for feeding to P. monodon postlarvae prior to
challenges of the postlarvae with VH.

2.7. Defense parameters of P. monodon juveniles injected
with the ethanol extract

P. monodon juveniles (a total of 480 individuals of 10e15 g BW)
were arbitrarily divided into 4 groups, each with 4 replicates of 30
shrimp in rectangular plastic tanks (50 � 80 � 50 cm) containing
80 L seawater at a salinity of 10 ppt (16 tanks total). They were fed
twice daily with commercial pellets at 3% BW per day. The four
groups were treated as follows. Group 1 comprised the untreated
control. Group 2 comprised the vehicle control shrimp injected
with a 1:1 mixture of ethanol and PBS. Group 3 comprised the test
group injected with ethanol extract at 0.5 mg g�1 BW (also called
0.5 EtOH group) and Group 4 comprised the test group injected
with ethanol extract at 1.0 mg g�1 BW (also called the 1.0 EtOH
group). After two days of acclimatization, the vehicle control and
test shrimp groups were injected intramuscularly with 100 ml of
vehicle or extract solution. The injections were repeated 3 days
later. At days 3, 7 and 14 following the second injection, 3 or 4
shrimp were arbitrarily selected from each tank of groups 1e4 for
withdrawal of haemolymph (see below) to obtain a total of 30
haemolymph samples from each group (Fig. 1). Using these
samples, the following parameters were determined: total hae-
mocyte counts, differential haemocyte counts, phenoloxidase (PO)
activity, superoxide anion (SO) production and superoxide dis-
mutase (SOD) activity.

To determine total haemocyte and differential haemocyte
counts, 100 ml haemolymph was withdrawn from the ventral sinus
of individual shrimp into a 1 ml syringe containing 100 ml of 10%
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formalin in 0.45 M NaCl and transferred to a microfuge tube for
further processing as previously described [22] so that hyalino-
cytes, semi-granulocytes and granulocytes could be distinguished
by light microscopy according to Johansson et al. [23] and the
percentage of each type of haemocytes was determined from a total
of 400 cell counts.

To determine PO and SOD activities and SO production, 0.5 ml
haemolymph was withdrawn into a 1 ml syringe containing 0.5 ml
L-cysteine/LHB solution from individual 15 shrimp of a separate set;
400 ml of the mixture was used for PO activity assay whereas the
other two aliquots of 300 ml were used for SO production and SOD

activityassays (Fig.1). For POdetermination, themixture (400ml)was
centrifuged at 1000 g for 10 min at 4 �C and the pellet was resus-
pended in 0.5 ml of chilled cacodylate buffer (0.01 M sodium caco-
dylate, 0.45MNaCl, 0.01MCaCl2, 0.26MMgCl2, pH 7.0), sonicated in
ice bath and centrifuged at 40000 g for 20min at 4 �C; the supernate
was isolated as haemocyte lysate (HLS),whichwas immediately used
for PO analysis according to Smith and Soderhall [24].

The production of reactive oxygen species or superoxide anion
of haemocytes and SOD activity was quantified from haemocytes
isolated from 300 ml of the haemolymph mixture, according to the
methods described [25,26].

Fig. 1. Diagram showing the time-frame of the injections of the ethanol extracts of the red seaweed Gracilaria fisheri into Penaeus monodon juveniles and haemolymph collections
from the shrimp for determinations of their defense parameters. PO, prophenoloxidase; SO, superoxide; SOD, superoxide dismutase.
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2.8. V. harveyi challenge of P. monodon postlarvae

A stock of P. monodon PL 15 were kept in three 25-L tanks
containing 30 ppt seawater at 27 �C. The experiment was con-
ducted as a completely randomized designwith five groups of PL15
each in 3 replicates of 100 shrimp. The 4 groups to be challenged
with VH were as follows. Group 1 comprised the positive control of
normal instar II larvae. Group 2 comprised the vehicle control of
instar II larvae enriched with 1:1 ethanol and phosphate buffered
saline (PBS). Group 3 comprised a test group of instar II larvae
enriched with 0.5 mg ml�1 of the ethanol extract (the 0.5 EtOH
group) and Group 4 comprised a test group of instar II larvae
enriched with 1.0 mg ml�1of the ethanol extract (the 1.0 EtOH
group). Group 5 was the negative control group that consisted of
normal instar II larvae that were not challenged with VH. The
shrimp postlarvae were daily fed with either normal or enriched
instar II larvae consecutively for 15 days before being immersed in
seawater containing 1 � 106 CFU ml�1 of VH. The cumulative
mortality of shrimp was recorded daily for 7 days following the
challenge.

2.9. V. harveyi challenge of P. monodon juveniles

P. monodon juveniles (10 shrimp of 10e15 g for each replicate)
were stocked in rectangular plastic tanks (50 � 80 � 50 cm) con-
taining 80 L seawater (10 ppt) and fed twice daily with commercial
pellets at 3% BW per day. The shrimp were divided into 5 groups
with 3 replicates each (a total of 15 tanks with 10 shrimp each) and
acclimatized for 3 days before starting the experiment. The 5
groups were as follows. Group 1 comprised the positive control
shrimp that were untreated. Group 2 comprised the vehicle control
injected with a mixture of 1:1 ethanol and PBS. Group 3 comprised
the test shrimp injected with 0.5 mg g�1 BW ethanol extract (the
0.5 EtOH group) and Group 4 comprised the test shrimp injected
with 1.0 mg g�1 BW ethanol extract (the 1.0 EtOH group). Group 5
comprised the negative control group that consisted of juvenile
shrimp that were not challenged with VH. Injections of either
vehicle or ethanol extracts were carried out using 100 ml solution at
days 4 and 7 of the experiment and challenges took place on day 8
using a 100 ml injection containing 1 � 106 CFU ml�1 VH. Cumula-
tive mortality of the shrimp was monitored daily for 14 days
following the challenge (i.e., until day 22 of the experiment).

2.10. Statistical analysis

Unless stated otherwise, all experiments were performed in
triplicate. The data were expressed as mean � SD and analyzed by
one way ANOVA followed by Turkey’s multiple comparison and
differences were considered significant if P < 0.05.

3. Results

3.1. Anti-bacterial activity of G. fisheri extracts
by disc-diffusion assay

All extract types of G. fisheri tested (hexane, chloroform, meth-
anol, and ethanol) showed inhibition zones against VH. The
ethanol, methanol and chloroform extracts at 0.5 mg ml�1 and
norfloxacin gave similar inhibition zones that were larger than that
of the hexane extract (Fig. 2). The MICs of the ethanol, methanol,
chloroform and hexane extracts against VH were 90 � 5.5,
100 � 9.5, 90 � 9.7, and 190 � 10.3 mg ml�1, respectively. Since the
ethanol extract showed a large zone of inhibition and the lowest
MIC value, it was chosen for subsequent experiments.

3.2. Safety test for the ethanol extract

A. salina instar I larvae showed no mortality when incubated
with ethanol extracts at concentrations lower than 1.0 mg ml�1 for
24 h (Fig. 3). Increasing mortality was observed at increasingly
higher concentrations and the resulting LC50 was 4.29 �
0.5 mg ml�1.

3.3. Defense parameters of shrimp injected with the ethanol extract

Total haemocyte counts of the 0.5 EtOH and 1.0 EtOH groups
were significantly higher than those of the control and vehicle
groups at all assay times after injection (Fig. 4). On day 3 after
extract injection, total haemocyte counts for the 1.0 EtOH group
were about 2 times higher than that of the control groups (P< 0.05)
and remained at that level to day 14. The numbers of semi-gran-
ulocytes and granulocytes of the 1.0 EtOH group were also signifi-
cantly higher than those of the control groups (P < 0.05) on day 3
and reached maximum levels on day 7 (counts of semi-gran-
ulocytes at 5 times and granulocytes 3 times those of the control
groups). They declined slightly thereafter and by day 14 reached the
same levels as on day 3. The 0.5 EtOH group also showed an
increase in the number of semi-granulocytes, but at lower levels
than in the 1.0 EtOH group. However, the number of granulocytes in
the 0.5 EtOH group was significantly higher than that of the control
groups on day3 (P< 0.05) and the numberwasmaintained at a high
level through day 14. The hyalinocyte counts of the 0.5 and 1.0 EtOH
groups were significantly (P < 0.05) higher than that of the control
groups on day 3 and the high levels were maintained until the end
of the experiment. There was no significant difference in the
numbers of hyalinocytes between the 0.5 and 1.0 EtOH groups.

At day 3 after injection of ethanol extracts, PO activity in the 0.5
and 1.0 EtOH groups was significantly higher than that in the
normal and vehicle control groups (P < 0.05), and that of the 1.0
EtOH groupwas significantly higher than that of the 0.5 EtOH group
(P < 0.05) (Fig. 5). The enzyme activity remained until day 14,
although there was a slight decline in the 1.0 EtOH group.

The production of super oxide anions in the 1.0 EtOH group was
markedly higher at day 3 than that of the other groups (P < 0.05)
but was somewhat lower on days 7 and 14. However, at day 14, it
was still significantly higher (P < 0.05) than in the normal and
vehicle control groups (Fig. 5). Super oxide production in the 0.5
EtOH group was not significantly different from that in the two
control groups.

Three days after ethanol-extract injection, SOD activity in the
0.5 and 1.0 EtOH groups was significantly higher (2.2 times and 4
times, respectively) than that in the two control groups (P < 0.05).
At day 7 and 14, SOD activity in the 0.5 EtOH group was the same as
that on day 3, whereas that in the 1.0 EtOH group increased further
to 6 and 5 times of that in the two control groups on days 7 and 14,
respectively (Fig. 5).

3.4. The ethanol-extract protected P. monodon
against V. harveyi infection

Cumulative mortality for PL 15 in the positive control group
challenged with VH was 100% within 2 days while that in the
vehicle control group was 77.5 � 2.3% within 7 days. By contrast,
PL15 fed with ethanol-extract-enriched Artemia instar II larvae had
lower mortality (P < 0.05) (44.5 � 2.7% and 17.5 � 3.3% at 7 days in
the 0.5 and 1.0 EtOH groups, respectively) (Fig. 6).

In P. monodon juveniles, there was 100%mortality in 4 days after
VH challenge in the normal and vehicle control groups, whereas
mortality in the shrimp injected with 0.5 and 1.0 mg g BW�1 of
the ethanol extract was significantly lower at 39.6 � 2.3% and
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17.4 � 3.9%, respectively (P < 0.05) (Fig. 7). The difference between
the two extract groups was also statistically significant (P < 0.05)
and remained so until day 14 (72.7� 3.3% and 35.1� 2.9%mortality
in the 0.5 and 1.0 EtOH groups, respectively).

4. Discussion

This study revealed an anti-VH effect of G. fisheri solvent extracts
and the ability of the ethanol extract to protect P. monodon from
vibriosis. Plant materials can be classified as antimicrobial agents
based on MIC values of their extracts. Extracts with MIC values
less than 100 mg ml�1 are classed as strong inhibitors, at
100e500 mg ml�1 as moderate inhibitors, at 500e1000 mg ml�1 as
weak inhibitors and at more than 1000 mg ml�1 as inactive [27].
According to this classification the ethanol, methanol and chloro-
form extracts of G. fisheri could be graded as strong inhibitors
against VH. Mixtures of both polar and non-polar properties of
biologically active metabolites are of interesting natural product
since they could traverse both hydrophilic and hydrophobic envi-
ronments. This allows the compounds to be both partially water
soluble and easily transported across cell membranes and other
biological barriers. The components of biological extracts of mid-
polarity in between are ideal target for the first stage of fraction-
ation of a crude extract. The finding that the extract from the high
polarity solvent ethanol was superior to those obtained with the
other three solvents used was similar to the experience described
by others and suggested that the anti-VH compound(s) in the
ethanol extract were polar. VH are Gram-negative bacteria with
external membranes that contain highly hydrophilic substances
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such as lipopolysaccharide and proteins that are permeability
barriers to the hydrophobic compounds, including anti-bacterial
drugs [28]. It is possible that polar bioactive compounds present in
the ethanol extract might bind to porin proteins in bacterial outer
membrane, causing conformational changes leading to easier
transport of other polar bioactive compounds into the bacterial cell
[29].

With respect to toxicity of the ethanol extract, substances are
considered strongly toxic when their LC50 for Artemia instar I
larvae are in the range of 0e80 mg ml�1, moderately toxic at
80e250 mg ml�1, and weakly toxic at more than 250 mg ml�1 [30].
Since the LC50 of our ethanol extract was 4290 � 460 mg ml�1, it
could be considered non-toxic to the Artemia instar I larvae. The
subsequent experiments of feeding the ethanol-extract-enriched
Artemia to P. monodon PL15 postlarvae and injecting the extract
directly into P. monodon juveniles indicated that it was also non-
toxic to P. monodon. Since Gracilaria and Gracilaria products are
commonly used as human food and in the preparation of products
for human food (e.g., agar) it is also likely that the ethanol extract
would not cause health problems in humans if they ate shrimp that
had been treated with the extract. A report on antimicrobial
extracts of Gracilaria changii [31] also showed that they were non-
toxic for brine shrimp and a mammalian cell line. However it has
been demonstrated in a recent study that the ethyl acetate extracts

from the two red seaweed Gracilaria salicornia and Hypnea flag-
elliformis showed potent toxic effects against Artemia larvae, LC50 as
less as 3, 4 mg ml�1, respectively [32]. Thus it could be concluded
that the toxicity levels of Gracilaria spp depend on the species and
methods of extraction employed.

The anti-VH activity of the ethanol extract of G. fisheri for
P. monodon postlarvae and juveniles was correlated with increased
total haemocyte counts, increased granulocyte counts, increased
PO and SOD activities and increased super oxide anion production.
All these parameters are parts of the anti-bacterial defense mech-
anism in crustaceans [33]. Phenoloxidase (PO) is a key enzyme
involved in production of reactive oxygen species, antimicrobial
phenolic compounds and melanin in response to pathogens [33]
and a high PO activity index has been suggested to be an indi-
cator good defense capability in shrimp [34]. Since the PO response
originates from semi-granulocytes and granulocytes [34], higher
numbers are associated with higher potential for PO activity. Thus,
our results suggested that the ethanol extracts stimulated haemo-
cytic proliferation and differentiation. During bacterial infection,
haemocytes also ingest pathogens by phagocytosis and destroy
them in the cytoplasm by the production of reactive oxygen
species, superoxide anions, hydrogen peroxide and hydroxyl radi-
cals [35]. In addition, haemocytes produce SOD that catalyzes
superoxide anions to hydrogen peroxide that acts as a substrate for
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the production of the powerful microbicidal substance, hypo-
chlorous acid [36]. All these increased activities and the increased
haemocyte counts could have augmented the antimicrobial activity
of the ethanol extract and accounted for the ability of shrimp
treated with the extracts to better defend against VH challenge.
Additionally, our further study reveals that the ethanol extract of
G. fisheri contains polyphenols, polysaccharides and certain amount
of protein (unpublished data). The polyphenols in the ethanol
extract is speculated as an antioxidant to scavenge ROS [37] and the
polysaccharides may responsible for activation of immune defense
as those reported by others. Administration of hot-water extracts of
Gelidium amansii [38] and Gracilaria tenuistipitata [39,40] increased
total haemocyte counts, PO activity and respiratory burst of the
white shrimp Litopenaeus vannamei and improved its ability to
defend against Vibrio alginolyticus. Also, P. monodon PL fed with
metabolites from the red seaweed Hypnea musciformis positively
affected immune factors and showed significantly higher survival
rates when challenged with V. alginolyticus [41].

It has been demonstrated that many of the solvent extracts from
red seaweeds contain halogenated compounds [42]. Halogenated
secondary metabolites from red seaweed Laurencia chondrioides
showed anti-bacterial activity against fish and human pathogenic
bacteria [43]. There is also evidence that the red seaweed Delisea
pulchra effectively avoids a broad spectrum of bacterial infections
via its halogenated compounds known as furanones [44]. The
structures of furanones are similar to N-acyl homoserine lactones
(AHLs) that comprise a class of bacterial intercellular signaling
molecules produced by Gram-negative bacteria. AHLs orchestrate
the expression of particular phenotypes within a population of
bacterial clones via binding to the specific protein on bacterial
receptors that induce colonization [45]. Furanones can bind
specifically to the receptor sites of AHLs and therefore decrease AHL
activity. This method of blocking bacterial communication effec-
tively prevents bacteria from forming groups and becoming virulent
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[46]. Previous study reported the natural furanone (5Z)-4-bromo-5-
(bromomethylene)-3-butyl-2(5H)-furanone, at 0.02 mg ml�1, could
protect Artemia from VH, however a higher concentration
(0.05 mg ml�1) of the compound caused toxicity to the larvae [47].
In contrast to our result, a much higher concentration of the ethanol
extract of G. fisheri (1.0 mg ml�1) caused no death to the Artemia.
Thus it is suggested that the active metabolite(s) of the ethanol
extract of G. fisheri that fight against V. harveyi might contain only
a small amount furanones. Hence, for a better understanding of the
anti-bacterial and immunostimulant effects of the ethanol extract of
G. fisheri, the bioactive compounds and their mechanisms of action
need to be elucidated.

In conclusion, this present study showed that feed supple-
mentation by bioencapsulation and injection of the ethanol extract
from the red seaweed G. fisheri possessed potent antimicrobial
activity against bacteria V. harveyi. The injection experiment
exhibited the ability of the extract to stimulate cellular and humoral
defense parameters in P. monodon. The results from the study may
be useful to shrimp farmers since it suggests that co-cultivation of
G. fisheri in shrimp ponds to remove ammonia may also be bene-
ficial in terms of enhancing shrimp anti-bacterial defenses.
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Abstract 

A legume type lectin (L-lectin) gene of the red algae, Gracilaria fisheri (GFL), was 

cloned by rapid amplification of cDNA ends (RACE). The full-length cDNA of GFL was 1,714 

bp and contained a 1,542 bp open reading frame encoding 513 amino acids with a predicted 

molecular mass of 56.5 kDa.  Analysis of the putative amino acid sequence with NCBI-BLAST 

revealed a high homology (30-68%) with legume-type lectins (L-lectin) from Griffithsia 

japonica, Clavispora lusitaniae, Acyrthosiphon pisum, Tetraodon. nigroviridis, and Xenopus 

tropicalis. Phylogenetic relationship analysis showed the highest sequence identity to a 

glycoprotein of the red algae Griffithsia japonica (68%) (GenBank no. AAM93989). Conserved 

Domain Database analysis detected an N-terminal carbohydrate recognition domain (CRD), the 

characteristic of L-lectins, which contained two sugar binding sites and a metal binding site. The 

secondary structure prediction of GFL showed a β-sheet structure, connected with turn and coil.  

The most abundant structural element of GFL was the random coil, while the α- helixes were 

distributed at the N- and C-termini, and 21 β-sheets were distributed in the CRD. Computer 

analysis of three-dimensional structure showed a common feature of L-lectins of GFL which 

included an overall globular shape that composed of a β-sandwich of two anti-parallel β-sheets, 

monosaccharide-binding sites were on the top of the structure and proximity with a metal 

binding site. Northern blot analysis using a DIG-labeled probe derived from a partial GFL 

sequence revealed a hybridization signal of ~1.7 kb consistent with the length of the full-length 

GFL cDNA identified by RACE. No detectable band was observed from control total RNA 

extracted from filamentous green algae. 
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Footnote: The GenBank accession number for the GFL sequence reported in this paper is 

ACY56710. 

 

1. Introduction 

Lectins are carbohydrate-binding proteins that are widely presented in all living 

organisms (Sharon 2008). They have been reported to play important roles in defense mechanism 

by  immobilizing particles through agglutination (Espinosa et al. 2009) and encapsulation 

(Koizumi et al. 1999), to limit pathogen infection and cancer metastasis through their binding to 

carbohydrates on cell surfaces (Lu et al. 1994). Since they possess an ability to agglutinate cells 

or precipitate polysaccharides and glycoconjugates, they are used as tools for blood screening, 

cell identification and immunological research (Pinto et al. 2009).  Many lectins are useful for 

viral inhibitors, such as N-acetylglucosamine-binding lectin extracted from the stinging nettle 

root of Urtica dioica, which has displayed pronounced antiviral properties (Shibuya et al. 1986). 

As well, mannose-binding lectins, such as cyanovirin-N derived from the blue green algae, 

Nostoc ellipsosporum, has showed high-affinity interactions with the envelope glycoprotein 

gp120 of HIV, enhancing its potential as an anti-HIV microbicide (Boyd et al. 1997).  

Recent studies have shown that algae are a good source for novel lectins and they have 

unique molecular structures, carbohydrate-binding specificities and biological activities, which 

relate to beneficial roles of algal lectins in biochemical and biomedical applications. Marine algal 

lectins are of interest, because their small molecules can induce minor immunogenicity, their 

several disulfide bridges possess great stability, and also high specificity for complex 

carbohydrates and glycoconjugates (Nagano et al. 2005b). The presence of lectins in marine 

macroalgae was first established by Boyd et al. (1966). Thereafter, a number of reports on 
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distribution, isolation, characterization and biochemical properties of marine algae lectins have 

been published (Hori et al. 1981). It has been shown that lectins from marine algae exhibit 

protein properties similar to those of higher plant, but different in some aspects. Algal lectins are 

generally low molecular weight (about 10 - 30 kDa), and have a high content of acidic amino 

acids, giving isoelectric points ranging from 4-6 (Melo et al. 2004).  They also possess 

thermostability, metal-independent hemagglutination, and have an affinity for glycoproteins but 

not for monosaccharides (Rogers and Hori 1993). These properties suggest that the algal lectins 

possess molecular structures and carbohydrate-binding specificities distinct from known lectins 

from other sources.  Marine algal lectins have been reported both in monomeric and dimeric 

forms. Lectin isolated from Gracilaria ornate showed monomeric protein with molecular weight 

of approximately 17 kDa (Leite et al. 2005) and lectin from Caulerpa cupressoides had a dimeric 

protein of 45 kDa, consisting of 23 kDa subunits (Benevides et al. 2001).  

 Red marine algae Gracilaria spp. (Gracilariaceae) are important sources of high quality 

agar worldwide (Oliveira et al. 2000), and also are good sources of novel lectins. Several 

biomedical applications of lectin from Gracilaria spp. have been demonstrated.  Hori et al. 

(1981) demonstrated that lower concentrations of lectin from G. bursa-pastoris showed stronger 

agglutination activity on mouse tumor cells FM3A, than lectins from land plant.  Lectins extract 

from G. tikvahae HBOI strains G-3 and G-5 have been shown to induce high mitogenic activity 

on human lymphocytes and murine splenocytes, respectively (Bird et al. 1993). Recently, the 

lectin namely Griffithsin, isolated from a red algae Griffithsia sp. showed a highly potent HIV 

entry inhibitory effect and is currently being investigated as a potential microbicide for use in the 

prevention of the transmission of HIV (Mori et al. 2005). Although, several studies on marine 

algal lectins have been published (an amino-acid sequences obtained directly from purified 
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protein), few genes encoding lectins from algae have been isolated and characterized. The first 

amino acid sequence of marine algal lectin published was obtained from the red algae, 

Bryothamnion triquetrum, in the year 2000 (Calvete et al. 2000). Others have been reported for 

Griffithsia japonica (GenBank no. AAM93989), Ulva pertusa (Wang et al. 2004) and three 

species of Hypnea i.e. H.  japonica (Hori et al. 2000), H. cervicornis and H. musciformis 

(Nagano et al. 2005a).   However, cDNA sequences of lectins from the family Gracilariaceae, 

including Gracilaria  fisheri have not been reported.  Therefore, the present study was the first 

using expressed sequence tags (ESTs) from a public database and a set of molecular biology 

tools to clone and sequence a full-length lectin cDNA of G. fisheri, an important marine alga.  

 

2. Materials and Methods 

2.1 Algal samples 

Vegetative thalli of the red algae, G. fisheri, and an un-identified species of filamentous 

green algae, were collected from the culture ponds at the Genetic Shrimp Improvement Center, 

Surat Thani, Thailand. They were cleaned of the epiphytes, rinsed with distilled water, frozen in 

liquid nitrogen, and stored at -80°C until used.  

 

2.2 RNA extraction  

  Total RNA was extracted from healthy thalli of G. fisheri using TRIZOL reagent (RMC, 

US), following the protocol as previously described (Dos Reis Falcão et al. 2008).  Briefly, 1 g 

of frozen  G. fisheri  was powdered in liquid nitrogen using a mortar and pestle then put into a 15 

ml Falcon tube containing 3 ml TRIZOL reagent and 0.3 ml 5 M KOAc. The sample was 

centrifuged at 8,000 X g at 4°C for 20 min. The supernatant was transferred to a new tube and 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65



6

 
 

 

0.9 ml of cold ethanol, 1/3 volume of phenol: chloroform were added sequentially and then 

centrifuged at 8,000 X g at 4°C for 20 min. RNA in the supernatant was precipitated by addition 

of LiCl to a final concentration of 3 M, and incubated at -20°C for 3 h. The pellet was washed 

twice with 70% ethanol and air dried.  RNA quality was assessed on 1% agarose gel 

electrophoresis. Total RNA was treated with RQ1 RNase-Free DNase (Promega, USA) to 

remove contaminating DNA. The amount of RNA was quantitated using a Beckman Coulter DU 

530 U (Beckman Coulter, USA). 

 

2.3 Cloning of the partial fragment Gracilaria fisheri L-lectin (GFL) gene  

A partial sequence of G. fisheri L-lectin (GFL) was obtained by RT-PCR using primers 

PGF1 and PGR1 (Table 1), designed from available partial lectin sequences of G. changii 

(GenBank no. DV963305 and DV962191). A 25 μl reaction solution contained 120 ng of RNA 

template, 100 μM of each primer, 0.5 μl of SuperScript One-Step RT/Platinum Taq mix 

(Invitrogen, USA), and 1X reaction buffer. The protocol comprised one initial step at 50oC for 30 

min and 94oC for 2 min followed by 35 cycles of 94oC for 30 s, 55oC for 30 s, 72oC for 1 min 

and final extension at 72oC for 5 min. PCR products were analyzed on 1.5% agarose gel 

electrophoresis. An amplified amplicon of 1,208 bp was excised and purified using QIAquick 

PCR purification kit (QIAGEN, Germany), and subsequently cloned into a pDrive Cloning 

Vector (QIAGEN, Germany). Recombinant plasmids were sequenced by 1st. BASE Ltd. 

(Malaysia). 

 

2.4 Cloning of full-length GFL cDNA by rapid amplification of cDNA ends (RACE)  
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The 3′ and 5′ RACE methods were employed to amplify the 3′ and 5′ regions of the GFL, 

respectively using a GeneRacer kit (Invitrogen, USA) and gene specific primers, following the 

instruction manual.  Briefly, for 5′ end amplification, total RNA of G. fisheri was treated with 

calf intestinal phosphatase to remove 5′ phosphates and then treated with tobacco acid 

pyrophosphates to remove the 5′ cap from full-length mRNA while leaving a 5′ phosphate 

required for ligation. The 5′ end of the treated mRNA was then ligated with the GeneRacer RNA 

oligomer by T4 RNA ligase, and then reverse transcribed using the GeneRacer oligo (dT) primer 

and avian myeloblastosis virus reverse transcriptase. A touch-down PCR was performed as 

suggested in the instruction manual using the Platinum Taq DNA polymerase, GeneRacer 5′ 

primer G1 (specific to the GeneRacer RNA oligomer), and Gene specific primer PGR2 (Table 

1). A nested PCR was then carried out using the primers G2 (GeneRacer 5′ nested primer, Table 

1) and PGRN, following the PCR conditions in the instruction manual. The amplified PCR 

products were cloned into a plasmid vector pCR4-TOPO, which was transformed into competent 

One Shot TOP10 cells with a TOPO TA Cloning kit. The recombinant plasmids were extracted 

and analyzed by DNA sequencing. For 3′ end amplification, RNA was reversed transcribed using 

the GeneRacer oligo (dT) primer. The first round PCR was performed with the Gene specific 

primer PGF2 and G3 (GeneRacer 3′ primer, Table 1). Nested PCR was then conducted with 

primers PGFN and G4 (GeneRacer 3′ nested primer, Table 1). Cloning of amplified fragments 

was performed as mentioned above. Sequence information obtained from the above clones was 

used to design a pair of specific primers, FGF-F and FGF-R (Table 1), to amplify the full-length 

of GFL cDNA in a RT-PCR reaction using similar conditions as above, except 1.5 min was used 

in the extension step of 72°C. Amplified products were cloned and sent for sequencing. 
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2.5 Sequence and structure analysis of GFL  

A homology search of the GFL cDNA sequence was submitted to BLAST 

(http://www.ncbi.nlm.nih.gov/BLAST/) and EMBL (European Molecular Biology Laboratory, 

www.ebi.ac.uk/embl/) databases. An analysis for protein domains was carried out using 

Conserved Domain Database software (Marchler-Bauer et al. 2005) and InterPro database 

(http://www.ebi.ac.uk/InterProScan/). Prediction of the secondary structure of GFL was analyzed 

with SOPMA program (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html) 

and a tertiary structure analysis was performed using Swiss-Model (http://swiss-

model.expasy.org) with the crystal structure of mammalian VIP 36 chain A (PDB 2DUR) (Satoh 

et al. 2007) as a template. A phylogenetic tree of GFL sequence was analyzed using the 

Molecular Evolutionary Genetics Analysis (MEGA 4) (Tamura et al. 2007). 

 

2.6 Northern blot analysis 

 To confirm the expression of  GFL in G. fisheri, northern blot analysis was undertaken. 

Labeled DNA probe was prepared using a commercial PCR DIG-labeling mix (Roche Molecular 

Biochemicals, USA), according to the manufacturer’s instructions. Primers PGFN and FGF-R 

(Table 1), expected to produce a 0.5-kb amplicon and recombinant plasmid containing a full-

length GFL cDNA insert, were used in a labeling reaction. Total RNA samples extracted from G.  

fisheri and filamentous green algae (10 μg each) were denatured and separated in a 1.2% 

formaldehyde-denatured (w/v) agarose gel. The RNA was transferred to Nytran supercharge 

nylon membranes (Schleicher & Schull BioScience, USA). Hybridization was performed in 

Church’s buffer (Church and Gilbert 1984) for 16 h at 55°C, then washed in 0.1 x SSC with 

0.1% SDS at 55°C. The hybridized probe-anti-DIG-AP complex was visualized on Kodak X-ray 
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film after incubation of the membrane with CDP-Star chemiluminescent substrate (Roche, 

Germany). 

 

3. Results 

 3.1 cDNA cloning and sequence analysis of G. fisheri lectin 

 A 1,208-bp partial sequence (Clone A, Fig. 1) of G. fisheri lectin (GFL) was initially 

obtained by RT-PCR, using PGF1 and PFR1 primers designed from the EST database of G. 

changii (accession no. DV963305 and DV962191). Gene specific primers were subsequently 

designed from the known sequence for 3′ and 5′ RACE reactions.  In a 5′ RACE assay, a 232 bp 

fragment (Clone B) was generated, which contained 168 bp overlapping sequences with the 

initially isolated fragment.  In a 3′ RACE, a 594 bp fragment (Clone C) was obtained with a 152-

bp overlapping the known sequence. The continuous GFL cDNA of 1,680-bp (Clone D, Fig. 1) 

was amplified and confirmed that the combined sequences were correct. DNA sequence analysis 

revealed that the combined sequences of 1,714 bp included 74 nucleotides of 5'-untranslated 

region (UTR), a 1,542-nucleotide open reading frame, and a 92-nucleotide 3'-UTR including a 

stop codon (TAA) and poly (A) tail (Fig. 1 and 2). The sequence was deposited at GenBank 

under accession no. ACY56710. The entire 1,542 bp-open reading frame encodes a putative 

protein of 513 deduced amino acids with a postulated molecular weight of 56.5 kDa, and an 

isoelectric point of 5.8. BLASTP analysis of the entire deduced protein sequence showed high 

homology to legume-type lectin (L-lectin) or legume-like lectin proteins of many organisms, 

such as Griffithsia japonica (algae), Clavispora lusitaniae (fungi),  Acyrthosiphon pisum (pea 

aphid), Tetraodon nigroviridis (pufferfish), Xenopus tropicalis (Western clawed frog), with 

ranges of 30-68 % identity and 47-77 % similarity.  According to the rules of predict signal 
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peptide (Nielsen et al. 1997), a putative signal peptide cleavage site between A19 and E20 was 

identified from the GFL sequence (Fig. 2). Conserved Domain Database (CDD) analysis 

detected an N-terminal carbohydrate recognition domain (CRD), characteristic of L-lectins, 

extending from residues 41 to residue 271.  In addition, two sugar binding sites (D 126 and G 

255), and a metal binding site (D 157), were present in the putative CRD.  A C-terminal 

transmembrane domain, predicted by InterPro, was located from amino acids 479 to 499 (Fig. 2). 

 

 3.2 The predicted structure of GFL 

The overall schematic structure of GFL, and comparing of L- lectins from variety of 

organisms, are displayed in Fig. 3A.  It revealed that the predicted lectin domain and signal 

peptide region were found in all sequences. The deduced amino acid sequence of GFL showed 

overall 68% identity with the 23 kDa leg-like lectin of the red algae Griffithsia japonica 

(accession no. AAM93989), 28-31% identities with the vesicular integral-membrane protein 

VIP36, Verticillium albo-atrum (accession no. XP_003001019), and leg-like lectin Clavispora 

lusitaniae (accession no. XP_002617077) from fungi. Sequence comparison of GFL with the 

animal lectins from the phyla Arthropoda and Vertebrata, showed 30% identity with the 

lectin_VIP36_VIPL from Tetraodon nigroviridis (accession no. CAF95369), 29% identity with 

vesicular integral-membrane protein VIP36 precursor from Caligus rogercresseyi, and 27-31% 

identities with the mannose-binding lectins from Acyrthosiphon pisum (accession no. 

XP_001952501), Culex quinquefasciatus (accession no. XP_001843193), Xenopus tropicalis, 

(accession no. NP_001136372), Danio rerio (accession no. AAI33154), Oryctolagus cuniculus, 

(accession no. XP_002710070) (Fig. 3A).   
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 Analysis of the secondary structure of GFL using Hierarchical Neural Network (Combet 

et al. 2000) demonstrated β-sheets structure connected with turn and coil (Fig. 3B).  The putative 

GFL peptide contained 36% of α-helix, 17% of β sheet, 7% of β-turn, and 40% of random coil.  

GFL comprised 21 β-sheets distributed in the CRD, whereas the random coil was abundant in the 

structural element, and the α helixes were distributed in the N- and C-termini (Fig. 3B).  Swiss-

Model structure prediction showed a similar folding mode and spatial configuration of GFL to 

PDB 2DUR Chain A (Satoh et al. 2007) (Fig. 3C). The CRD of GFL had an overall globular 

shape composed of a β-sandwich of two anti-parallel β-sheets, and it is noteworthy that the β-

sheets occurred predominantly in the structure of this lectin (Fig. 3C). The overall folding of 

GFL, which were typically built from β-sheets, connected by turns and loops, created a very tight 

structural scaffold.  The carbohydrate-binding sites were on the top of the structure and a metal 

binding site was on the upward surface of a β-strand, in close proximity with the carbohydrate-

binding sites (Fig 3 C). 

 

 3.3 Phylogenetic tree of the GFL  

 A phylogenetic tree was constructed by Molecular Evolutionary Genetics Analysis (MEGA 

4) software based on the L-type lectins from Arthropoda, Vertebrata, Fungi and Rhodophyta (red 

algae). The result showed that GFL was closely related with L-lectin from the red algae 

Griffithsia japonica glycoprotein (accession no. AAM93989) with 100% bootstrap supported 

(500 bootstrap replicas) as expected but had far relationship with other L-type lectin which 

idenified as mannose binding lectins in Arthropoda and Vertebrata (Fig. 4).  

 

 3.4 Transcriptional expression of GFL  
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 To determine if the putative ORF of GFL identified by sequence analysis is 

transcriptionally active, total RNA from G.  fisheri was subjected to northern blot analysis using 

DIG-labeled probe derived from a partial GFL sequence, and the results are shown in Fig. 5.  

RNA extracted from filamentous green algae was used as a control. Equivalent loading and 

integrity of the RNA in each lane was confirmed by ethidium bromide staining of the gel (Fig. 

5A). The northern hybridization revealed the presence of GFL transcripts from only the G. 

fisheri RNA sample (Fig 5B).  The size of the positive band estimated to be ~1.7 kb, which was 

consistent with the transcript size predicted from the GFL cDNA. 

 

4. Discussion 

 The present study describes a full length cDNA of a novel legume-like lectin cloned from 

the red algae, G.  fisheri, namely GFL by  an EST search and RACE techniques. The full-length 

cDNA of GFL was 1,714 bp and contained 1,542 bp-open reading frame encoding a putative 

protein of 513 deduced amino acids. A search from BLASTP database demonstrated that GFL 

had high homology (30-68%) with legume-type lectins (L-lectin) from Griffithsia japonica, 

Clavispora lusitaniae, Acyrthosiphon pisum, Tetraodon. nigroviridis, and Xenopus tropicalis 

indicating GFL was a member of the L- lectin family.  A phylogenetic tree analysis showed a 

close evolutionary relationship (68% identity) of GFL with a glycoprotein of the red algae, 

Griffithisa japonica.  Moreover, they were not closely linked to any clusters of the other known 

L-lectins from other species. This suggested that the L-lectin genes from these two red algae 

might constitute a novel lectin.  Although they are closely related, the primary structure of GFL 

was different from that of G. japonica, and that of other algal lectin sequences (Nagano et al. 

2005a). Comparing the deduced amino acid sequences of other L-lectins, GFL showed a longer 
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size (513 aa) with a long carboxyl terminal chain. This suggested a highly variable molecular 

evolution of L-lectin in different species and it is noteworthy that a lectin in a given algae does 

not necessarily imply a similar lectin present in closely related species.  

Typically, most of the L- lectins consist of two or four subunits, each with a single, small 

carbohydrate combining site with the same specificity, and a metal binding site (for calcium and 

manganese). Each subunit has a size of 25-30 kDa and is commonly composed of a single 

polypeptide chain of 200-300 aa (Sharon and Lis 2002).   In the present study, the full length 

cDNA sequence of GFL encoded one subunit of 513 aa containing an N-terminal signal peptide 

of 19 aa and C-terminal transmenbrane domain of 21 aa. These lengths were similar to those of 

other reported L- type lectins. However, transmembrane domain of L- lectins from G. japonica

and Clavispora lusitaniae is located at the N-terminal.    Excluding the signal peptide (19 aa), 

GFL encoded a lectin protein of 494 aa with a molecular weight of 54.6 kDa and a pI of 5.7.  In 

addition, many process sites such as glycosylation and phosphorylation were found in the C-

terminal of GFL, suggesting possible sites of posttranslational processing.   Indeed, L-lectins are 

generally synthesized as a pre-cursor and undergo an initial removal of an N-terminal signal 

peptide. They are subsequently post-translationally processed, that may consist of cleavage 

proteolysis, C-terminal trimming, sequence removal, and re-ligation of the original C- and N-

termini (Loris et al. 1998).  Thus, the predicted molecular weight of mature protein of GFL may 

be smaller or larger than 54.6 kDa depending on the type of post-translational processing.  X-ray 

crystallography and further analysis by mass spectrometry or SDS-PAGE of a purified GFL can 

determine its exact MW and help to elucidate its molecular basis.   

The prediction of carbohydrate binding from the structural analysis of GFL demonstrated 

a potential binding with monosaccharides as normally shown in L-lectins.  L-lectins typically use 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65



14

 
 

 

a conserved set of amino acid residues, Asp, Gly (or Arg), as a binding site for monosaccharides 

while variable parts of polypeptide are used to achieve specificity (Sharon and Lis 2002).     The 

highly conserved key amino acids residues Asp (D126) and Gly (G255) were displayed in GFL 

and were assumed to be essential for carbohydrate binding (Sharma and Surolia 1997). However, 

the mannose binding site (QDNY) was not present, suggesting that GFL would not be a mannose 

binding lectin.   Additionally, the GFL contained a metal binding site at Asp (D157), which was 

essential for correct folding and internal arrangements of the carbohydrate-binding site (Loris et 

al. 1998). The metal binding site is also crucial for its biological activity as shown in all L- 

lectins that divalent cations (Mn2+ and Ca2+) are required for hemagglutination activity (Sharon 

and Lis 2002).  GFL also contained the characteristic site of Ala (A125) preceding to Asp (D 

126) suggesting the location of a cis-peptide bond between Ala-Asp, which is known to be 

stabilized by metal ions (Sharon and Lis 2002). This arrangement is a key event in the metal-

induced activation of GFL.  It is important to note that the above findings of GFL were in 

contrast to those of other marine red algae lectins.  It has been shown that most red algal lectins 

have low molecular weight, bind to large molecules such as glycoprotein or yeast mannan 

bearing high-mannose N-glycans, and they do not require divalent cations for hemagglutination 

(Rogers and Hori 1993).  Nevertheless, these characteristics are extended to a high molecular 

mass lectin (57 kDa) from Gracilaria Cornea (Lima et al. 2005).  However, it should be 

mentioned that some high molecular weight lectins (MW > 60000) from the red algae Ptilota 

serrata (Rogers et al. 1990) and P. filicina (Sampaio et al. 1998) are able to bind to 

monosaccharides such as D-galactose, D-fucose, N-acetylgalactosamine (GalNAc) or N-

acetylglucosamine (GlcNAc) and also require metals for their biological activity.  These data 

indicate that red algae have a diverse family of lectins, and each has a distinct structure and role. 
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Computer analysis of the secondary and tertiary structures also showed that GFL had the 

secondary and three-dimensional structures similarly to other L- lectins (Satoh et al. 2006). 

These included the carbohydrate-binding sites which located at the top of the protein structure, 

and was in the close proximity with the metal binding site. 

Over 100 L-lectins have been isolated from seeds and others from shoot, root, bark and 

nodules of land plants (Van Damme et al. 1998). They have been reported to have diverse 

function, such as creating a symbiosis with soil bacteria, of the genus Rhizobium, fixing 

atmospheric nitrogen, rendering plants independent of supply of external nitrogen fertilizer 

(Fountain et al. 1977), and defense against pathogens by way of lectin-pathogen interaction via 

recognizing and immobilizing the pathogens, to prevent subsequent growth and multiplication  

(Etzler 1986). This kind of defensive role of lectins has not been clearly demonstrated in marine 

algae. However, they have been reported to have a role in recognition and adhesion of sexual 

gametes during reproduction (Kim and Kim 1999). Previous studies have also shown biological 

activities of lectins from marine algae in aggregation of fungi, bacteria, blue-green algae, 

diatoms, dinoflagellates and erythrocytes (Hori et al. 1996).   Additionally, lectin-like proteins 

from the red algae, Eucheuma serra and Pterocladia capillacea, have been shown to inhibit the 

growth of the marine bacterium, Vibrio vulnificus, and it was suggested that the lectin mediated 

bacterial–algal recognition and binding via the specific carbohydrates on either the algal cell 

walls or plasma membranes of the bacteria, providing defense for the algae (Liao et al. 2003).  

From Northern blot analyses, it was demonstrated that GFL was expressed in vegetative thalli of 

G. fisheri, indicating that it is a constitutively expressed protein (Yao et al. 2003). However, in 

our study, the function of GFL in defense of the algae has not been elucidated. 
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In conclusion, the present study is the first identification of an L-lectin cDNA sequence 

from the red marine algae G. fisheri.  L- lectins constitute a large family of homologous proteins 

that have diversity and specificity of protein–carbohydrate interactions (Sharon and Lis 1995). 

Therefore they are widely studied as useful tools in immunology and applications for the 

understanding of cell–cell recognition, adhesion, tumor spread, bacterial and viral infection, and 

inflammation (Rudiger et al. 2000). Hence, expression and purification of the GFL protein, and 

functional analyses will further elucidate its structure/function relationship.  Understanding the 

carbohydrate recognition of GFL from G. fisheri and its biological activities could possibly draw 

a considerable economic attention to exploit novel and useful lectins from G. fisheri, for many 

applications, particularly as an anti-pathogen agent.  
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Table 1   List of oligonucleotide primers  

Name Sequence from 5' to 3' Remarks 

PGF1 GCGTCCCACAATGTCCGTGCTGTT RT-PCR 

PGR1 CGCGGATCAGCTGGCCTGTGATAT RT-PCR 

PGF2 ACCAATGCTGCGTCGTCTTCCAGTAGTG 3'RACE 

PGFN GCACACATCGCTTTCAGGGTCGTTGGAT 3'RACE Nested  PCR, 

Probe  

PGR2 GGAGGTGAGGCGCACGACGTCTCTAC 5'RACE  

PGRN TACGGTTGGCGAAAGGTGTGGTGCACAT 5'RACE Nested PCR 

G1 GCACGAGGACACUGACAUGGACUGA 5'RACE (kit) 

G2  GGACACTGACATGGACTGAAGGAGTA 5'RACE Nested PCR 

(kit) 

G3  GCTGTCAACGATACGCTACGTAACG 3'RACE (kit) 

G4  CGCTACGTAACGGCATGACAGTG 3'RACE Nested PCR 

(kit) 

FGF-F ACTAACACACCTCCTTCTCTGTCC RT-PCR 

FGF-R GCAGTGGCTGAGAGCGTTTTGTTC RT-PCR, Probe 
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Legend of figures 1 

 2 

Figure 1 Schematic diagram of the cloning steps for GFL cDNA. Clones A-C represent partial 3 

GFL sequences and clone D is a continuously amplified GFL cDNA. Arrows indicate primers.  4 

The entire ORF including poly (A) tail of GFL (1,714 bp) is shown above the diagram. SP and 5 

UTR indicate the signal peptide and untranslated regions, respectively. 6 

 7 

Figure 2 Nucleotide and deduced amino acid sequences of the gene encoding GFL from 8 

Gracilaria fisheri. Names of primers are indicated above the sequences and 5′- 3′ is represented 9 

with arrows. The letters in boxes indicate the start codon (ATG) and stop codon (TAA). The bold 10 

letters indicate a putative L-type lectin domain.  Italics with underline represent putative N-11 

terminal signal peptide sequence and C-terminal transmembrane region. The predicted sugar 12 

binding sites are marked by circles. Arrow head indicates a metal binding site. 13 

 14 

Figure 3 The predicted structures of GFL. A) Comparison of overall structure of GFL with 15 

related L-lectins from other organisms. Red lines represent the putative amino acid sequences 16 

where the length is indicated on the right end. Purple and green boxes indicate putative signal 17 

peptide and CRD domain, respectively. Pink circles mark predicted transmembrane regions. 18 

Asterisks show predicted sugar binding sites. The percentage of identity and similarity of GFL to 19 

other L-type lectins derived from BLASTP analysis is indicated on the right margin. B) The two-20 

dimensional structure of the predicted GFL polypeptide. The helices, sheets, turns and coils are 21 

indicated as blue, red, green and purple vertical lines, respectively. Asterisks show predicted 22 

sugar binding sites. Arrow indicates a metal binding site. C) The computational 3-D structure of 23 

GFL. β-sheets are indicated as patches. Turns and loops are indicated as lines. Amino acids 24 
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constituting sugar binding sites are indicated as D 126, G 255 and metal binding site is indicated 25 

as D 157. 26 

 27 

Figure 4  Phylogenetic analysis of L-lectin proteins. Accession numbers of the protein sequences 28 

from the GenBank database are indicated. Percentage bootstrap values (500 replicas) are given at 29 

nodes of the tree. 30 

 31 

Figure 5  Northern blot analysis of the expression of GFL. A) Ethidium bromide-stained 32 

denaturing agarose gel of total RNA (10 μg) from G. fisheri (lane 1), and a filamentous green 33 

alga (lane 2)  B) The blot hybridized with DIG-labeled probe from GFL cDNA (0.5-kb fragment) 34 

M, Perfect RNA marker 0.2-10 kb. 35 
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