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ABSTRACT 

 The present integrated study aimed to provide better understanding of mechanisms 

responsible for neurological disorders manifesting as “furious or aggression” (rabies as 

prototype) and neuromuscular-autonomic derangements (ciguatera toxin as prototype).  

Various techniques in recombinant viral technology, neuropathology, proteomic profiling study 

as well as critical analysis of patients with marine fish poisoning and survey for ciguatera toxin 

contaminated fishes at the markets. 

 Although we could not identify “furious centre” in the brain by molecular imaging of 

recombinant rabies virus decorated with ferritin gene [project(1)], we were able to obtain, for 

the first time, rabies viruses passaged in non-neuronal baby hamster kidney (BHK) cells with 

increased (diminished LD50) instead of decreased virulence. Such street rabies virus (QS-05) 

at 7th passage in BHK cells, namely QS 05-BHK-P7, could cause disease in mice by both 

intra-cerebral (IC) and -muscular challenges (whereas the parental virus could only by IC 

inoculation). Whole viral genome sequencing revealed mutation points at several genes. 

However the most likely mutation responsible for such phenotypic change was at 7th 

polyadenylation site of intergenic region between phospho- and matrix-protein genes, which 

may disturb homeostasis of transcription and replication and process of budding/immune 

evasion. Construction of recombinant QS-05 and BHK-P7 viruses was achieved at the final 

stage of virus recovery due to the unavailability of T7 RNA polymerase gene-plasmid and –

BHK cells (material agreement transfer among 3 international institutions).  

 Having realized the incompleteness of project (1), we decided to augment with project 

(6) on the distribution pattern study of rabies antigen and inflammation in the CNS of early 

rabid dogs of furious and paralytic types. Results showed a caudal-rostral trend of antigen 

abundance particularly in the paralytic groups. The inflammatory cells were demonstrated 

exclusively in the brainstem of paralytic dogs. These findings were in agreement with our 

previously published brain mapping data of rabid dogs (Adv Viral Res 2011) in that axonal 

tract integrity was disrupted at the brainstem of paralytic dogs. All of these underscored the 

importance of inflamed brainstem as “gate or barrier” in preventing virus from spreading 

towards the cerebral hemispheres. Role of inhibitory neurons [project (2)] was found not to 

play any significant role in the genesis of “furious” character in rabies since numbers of 

inhibitory neurons were comparable at different brain regions of both forms of rabid dogs.  

 Proteomic profiling studies [Project (3)] of the furious and paralytic rabid dogs’ brains 

as examined by SDS-PAGE followed by LC-MS/MS was the continuation of our previous 

investigation using 2D-PAGE on late-stage rabid dogs’ brains (during minor review and 

accepting process). Results confirmed the role of brainstem in retarding viral progression, 

particularly in the case of paralytic rabies. This was in accord with neuropathology and brain 

mapping studies (as above). Heat shock or stress protein  
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 Project (4) focused on an alternative source to detect rabies viral RNA in animals. 

Although brain is the perfect sample for rabies diagnosis, it has been frequently affected by 

hot climate, rendered it unsuitable for fluorescence antibody test (FAT) or molecular detection. 

Our study showed that whisker follicles and hair follicles and saliva obtained from dogs after 

death could be used as alternative option. Since the sensitivity of examination using these 

non-neural specimens was in the range between 80 and 85%, it is used for enhancing 

epidemiological surveillance to assess rabies burden in endemic countries. We also proved 

that real-time RT-PCR yielded a comparable result with nested RT-PCR (as reported by 

Institut Pasteur group) in terms of sensitivity although the target sequences were different 

(nucleocapsid in the former and polymerase gene in the latter technique).   

 Project (5) highlighted ciguatera toxin from fish as a potential epidemic. Analysis of 

patients who had neurologic disorders from fish consumption showed 6 patients (2 from 

Chulalongkorn and 4 from Phuket hospitals) compatible with ciguatera poisoning. Their 

dramatic recovery within 24 hours from neuromuscular and autonomic nervous system 

disturbances differentiated ciguatera poisoning from other related illnesses from fish (such as, 

puffer fish poisoning) or from bamboo stick poisoning (botulism). Two of 227 fish samples as 

surveyed from 3 markets in Bangkok showed borderline result. Problem of ciguatera 

poisoning, a perfect example of global warming effect, must be underestimated. This has to 

be urgently warned and needs multidisciplinary approach to prevent further outbreaks.   
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 +������9����������F#(9��+�#�����9�����	���������� 
9H����&�	� �	���,( �
�%�

��������� ����J��	��
	)�*�� ����
?�������;�� ������F#(
��+�+���F����	�
��������
����	��

&�!9��������)� (“���(���
'�” F�+����%���
8/(�) ����	��&�!9��������//9�����F��,9#� )*)�

��� �	��&�!9��������//�
	F� (���&�8)�+���()��,*9����% ciguatoxin)  

 )���� “���(���
'�”   (+������ 1) ��(��0�*/����
9~�9������
!��F����)��/���J����*�8)�

��)�+!������!����
	0	�
���'�� Ferritin gene ��!)�,*F��*�����8)����
8/(� 
�>')����0	�
��(��//��'

��0�*�����- “	�'�” 0!(����J����*���'��!��'��(��
�>?)
8(�09F���)� ���/	������0	�
��(��//��
/

�/9�����������
�%��'
�>')�J�0	�
������)����
8/(� &*��
8(�F�
������'0�*F#*��)� (Baby Hamster 

Kidney-BHK) 0	�
����� phenotype ��� genotype 
9��'��09�>)�*)+��0!(�
?������!
8(���(�����
8(�

��)� (+!���'0	�
�!
?�
!���*)+����������!
8(���)�)�*��
!��	) ������	��������
��'�8@?� (LD50 

�!��) +!��� mutation ��'�����J����*�8)� genes ��*�J����*���'�	�)��/���
�%��0!(!���'��!�*���


9H���' 7
th
 Polyadenylation site 8)� intergenic region ���	*�� phospho- ��� matrix protein gene 

8����?)�,*F�8
?��)���!�(��8)���� recovery recombinant virus ��� street ��� BHK-adapted 

virus &,(	��
�8���8)/
8�8)����+!�
��'� (+������ 6) �@�%�����������
	8)�+9����8)�0	�
�

���
����)
�
�/F���//9�����8)����
8��'�����0�*��)�������(���
'� ����>��
� �(����)�
9H�


��>)� “9���,” �
?�F�(0	�
�	�'��,*��)�#(��� +!��/���)
�
�/
������'�(����)�F����
80�*���(���
'� 

�@'�����
/����@�%��*)���(�8)�&,(	��
�F�����J��&���'��)����
8/(� (Adv Viral Res 2011) ��'��

���F�9�����&�!9�����'�(����)����
9H���
���F�(0	�
�F���)����
8#��!���(���
'����J��	�����	*�

���
8#��!0�*���(���
'� )�*��0������F��*	�8)�
����9������
/�
?� (+������2) ��'	*��	������J��	�

�*���
�F� 2 ���*�)���� �/	*�0�*
9H�09���������;�� ��!�	*��	�����0��
/�()��*	��
�8)���//

9���������	*�
�����
/�
?�
!�'�	� +9����F���)����08�
���
�8)����
8/(�)�����*����
�������
8

9���F�����
��'���� (+������3)
9H�����@�%��*)
�>')������'&,(	��
��J��@'�
9H�������!�(�� (!(	� 2D-

PAGE) ()�,*F����	*����(08�����������������) ���F���
?���?
9H������(�8)����
8/(� (!(	� SDS-

PAGE ��� LC-MS/MS) +9������'�/�>��
��	���J��
�8)��(����)�+!���'����
�;��8)� Anti-

oxidant ��>) Stress proteins ��� CRMP-2 �@'���!�-@�����)/+�(8)���//",����(��
��
?���// 

innate ��� adaptive immunity 

 �����	�#
��,��+�����
8/(� +!�0�*F#(��)��@'���&�����/���)�����()��J�F�(��)�)�,*F�

�"����'0�*
������ (+������ 4) �/	*������-F#(�?J���� ��	! ���8�8)����
8/(���'�����(	F����

	�
������0!( +!���(0�*F�(&��	��0	 100% ()�,*���	*�� 80-85%) �����	��
	)�*��!
���*�	 �@'�

�
!
��/0!(�*���	*�����
!�
	 
9�!���+��� 
9H��
	
�>)���'!�F����9��
����-������������/�!

	����0!( ����
����,���	*�	������ Nested PCR �*) Polymerase Gene ���	��0	�)�
/ Real-time 

PCR �*) Nucleocapsid gene �@'�	���������
9H�8)����	��
�����-�/
�9��
�)�����	�����
�
9H�

8)�&,(	��
�
)� 

 +��������!�(�� (5) 
��'�	�
/��%���9�� Ciguatoxin �@'��*�&��(���*)��//9�����

��(��
�>?) �����//)
�+��
�� &,(	��
�0!(�/����J�����
�%�&,(9�	� 2 �����' ��.���������� ��� �/

&,(9�	�)�� 4 ����������>/�(�+!���9��	
����/-(	���' ��.",
��� �
?� 6 ������
�%��
������'�	�
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�J���F#(��������%#��!)>'���
?����9��9��
9~� �����*)0�(��% (botulism) ���&,(	��
��J��	�9�����


�>?)9����* ������!�/ 2 ��� 227 �
	)�*��F�(&��?J��@'� (borderline) 
��*���?�	�
9H��
����
�>)�

"
�8)�9����%��'�	��/���8@?�
�>')��F�)���� 
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EXECUTIVE SUMMARY 

+������ : ����@�%���0� “���(���
'�” ��� “&�����/���+���()�” +!�F#(+����%���
8/(� ��� 

ciguatoxin 
9H���*�// : ���9�������F#(9��+�#�����9�����	���������� 

�
	��(�+������ : ����������� �������� ����	
��� 
������� 

��8� : Targeted Basic Research-Medical Science 

�/9����� : 8,518,000.00 /�� (�9!�(���(������@'���>'��9!�
�/��-(	�) 

����
	�� : 3 9� �
?���*	
���' 28 ������� 2551 -@� 27 ������� 2554 

  

+������	��
���?�����;�����+����>)�	��&�!9�����'
��!8@?���*��)������//9����� ���F#(

���/	�������9�����	����������F�����>/
��� 	�
��������0��	��&�!9��� +!���'�	��&�!9���

��'
9H��
	���F�+��������?�>) )���� “���(���
'�” �@'�
9H�)�����J��
�F�+����%���
8/(� ���)������%

��'
��!���9����
���'��&��*)����J����8)��>')9����� ���	*��
�(�9����� �����(��
�>?)�����//

9�����)
�+��
�� +!���%��'
9H�
9~����� �>) “ciguatera toxin” �@'�����	+�(��,�8@?�������


9��'���9��8)�)���� ���+���()� 

 )���� “���(���
'�” +!���*/�
!�� ��F#(0	�
���'��(��8@?�F��* (recombinant virus) +!��� 

ferritin gene 8�	!F� genes 8)�0	�
� �����!������
��>')���'+!�F#(�)���	
�)��������*
����

0��~� (Magnetic Resonance Imagine –MRI) ��	��
/F��
�	���'�������!
#>?) �)�����
?���
9H����

	�
�������	��
9��'���9��F���!
/ +9���� (proteomic profiling) F��*	��*���8)���)����08�
�

��
�8)����
8/(���'�����0�*��)���� ���(���
'� �*	��
/������,���������;����'	*�
����9����� (neuron) 

#��!��'��&��
/�
?� (inhibitory) �*�����9���������*���
�F� 2 ���*�)���� )���
?�+�������
�0!(8���

8)/
8�09-@����#
��,��+����%���
8/(�F�
�>)��()� �@'���)��*���	��������
�*�
������ ���#
�

�,��0�*0!(!(	�	��� Fluorescence Antibody Test (FAT) ��>)��(��*	������#�	+�
��������� 

 &����	��
�F��*	�8)������(�� recombinant virus +!�	��� reverse genetic �/)�9����


�>')����0	�
��(��//��'F#(�@'���	���F������(�� recombinant �>?�;��)�,*/(����(	 �>) HEP-Flury 0�*

�����-
��>')���'09�
���//9����������)�0!( ��������!
8(���(��
�>?) �����(��*��!
8(���)�

+!��������� ��>)��(��*F#(0	�
���'0!(�����)����
8/(�+!���� (QS-05 strain) ���
��/	*�&�8)����


��!+��F��
�	��!�)�0�*����'��������!�����(��
�>?) ��*�*)+��
�>')��!
8(���)�
�*��
?�  ���&����

�*)+����'����*���
���?
)��J�F�(&,(	��
��()����0	�
��(��//F��* +!��J���� passage 0	�
������)�

���
8/(�&*��
8(�F�
����
���
��?����'��0!(���(��J�
��!���
����9����� (non-neural cell line) 0!(��*


���� Baby Hamster Kidney-BHK F����	*����'�J���� passage F� BHK 
������-@��J�!
/��' 7 �/�� 

phenotype �����'��)*)��J��
��� (attenuation) ��
/���	�������-F�����*)+�� (pathogencity) 

�,�8@?� �
?������!
8(���)������(��
�>?) �@'�
9H�9�����������'0�*
�������������*)�  

 ���	�
�������J�!
/�
������� ���	*�� QS05-BHK P7 ��� QS-05 �@'�
9H� parental strain  

�/�� mutation �
?���'
9H� synonymous ��� non-synonymous F����� gene ��* mutations F� 

glycoprotein (G) genes 0�*)��)��/��9�����������?0!( +!���' mutation F� codon 23 
9H�
���� 

marker 8)�0	�
� ��'
9H� non-neuronal adaptation ���mutation F� G gene �
?�0�*�J�
���F� PDZ 

domain-binding motif F� cytoplasmic region �
?���?+!���' QS-05 ���QS05-BHK-P7 �� 



6 

 

cytoplasmic G sequence 
��>)��
� ��!
!��	��'���	��
9H�090!(�>) mutation ��' intergenic region 

(IGR) ���	*�� phosphoprotein (P)  ��� matrix (M) gene ��' 7
th
 polyadenylation site �
?���?+!���'

0	�
�
9H� monocistronic, non-segmented ����� transcription gradient +!�
��'���� 3’ �
?���* N-P-

M-G-L-5’ �J����*�F� IGR !
���*�	�*���
��!&�����/�*) expression 8)� M protein �@'�
9H��*	�

�J��
�F���� budding �������/�*) phenotype 8)�0	�
�0!( �����(�� recombinant virus Q5-05 

��� BHK-P7 +!��*	��>)�
/ Oita University (9��
����'9���) )�,*F�8
?��)���!�(��8)���� recovery 

0	�
� ��������-�J���F#(F�����@�%���0�������J�
��!�*)090!( �	��
?���
9H���
?������'�����- 

recover dog street virus 0!(������/	���� reverse genetic  

 
�>')�������&,(	��
������
�F��	��0�*��/,���8)�+������ 1 ��(���/8
?��)�8)����


9��'�������/
��0	�
������ �@�0!(
��'�
���+������ 6 
9H�����!��� 0!(��* ����@�%����������

�
	8)�+9���� (��>) antigen) 8)�0	�
�F���//9������
?���)����08�
���
�8)����
8/(��
?���*��

)����
��'��(� (early stage) �
?���'�����0�*��)�������(���
'� �@'�0�*��&,(	�
���������*)� �
?���?���

	�
������0!(F#( image analyser �@'�
9H� quantitative analysis (0�*F#* semi – quantitative) &���'0!(

�/	*� antigen F��*	��*���8)���//9��������
8/(���'���(���
'�����	*����
8/(���'0�*��
'� (�@'�����
/

����@�%�8)�&,(	��
���'&*����F���!
/ viral RNA) ����
�%��9�����8)� antigen ��
9H� Caudal-

Rostral gradient �
'��>)9������������'08�
���
� �(����)� ����!��
�>')����'��!
/��)� +!� 

gradient !
���*�	��
���#
!F����
8/(���'0�*��
'� )��9�������'�J��
��>) �/���)
�
�/+!���
����

)
�
�/ ����F�
�>?)��)�
������'�(����)�F����
8/(���'0�*��
'� 8()�,�!
���*�	����
/&�����@�%�

8)����&,(	��
�
)� �&���'��)����
8/(�!(	� MRI 	���F��* +!�	
!���
��>')��
	8)�+�
����8)��?J����

���
!��
�(�F�9����� (�������F� Adv Viral Res 2011) +!��/	*������ “#��
�” ��>)���	��&�!9���

8)� tract integrity ��'�(����)�8)����
8/(���'0�*��
'� �@'��
?���?)��/����������'��
����)
�
�/��'�(��

��)��
'�
)� 

 +������ 2 ����@�%�/�/��8)�
�����
/�
?�F�)������(���
'� �/	*� 0�*
9H����������;��

��*�	�>) 
�����
/�
?���9������J��	�0�*����*���
�F� 2 ���*�)���� !
���'
������
�;��F�+�����

9����� (psychosis) ���+����#
� ����J�F�()�����98
?��(�0!(	*� )����!
���*�	)����
9H�&��	�

8)� complex network ����	*� 

 +��������' 3  
9H����	�
������+9����F���)������(�����(��8)����
8/(��
?� 2 ���*�)���� 

+!�&���'0!(�>��
�8()�,���'0!(�*)���(��@'��J�F���)������(��!(	�	��� 2-D-PAGE ()�,*���	*����(08

����)��������������) +!���
?���?F#(	��� SDS-PAGE ��� LC/MS/MS 8()�,���'0!(�>��
��	���J��
�

8)� “�(����)�” F����#��)���
��>')��
	8)�0	�
� +!���'+9����F���// anti-oxidant / stress 

proteins ��� CRMP-2 �@'�
9H��
��
�%��8)� innate ��� adaptive immunity �/��'�(����)�8)�

���
8/(�#��!0�*���(���
'� ��(9�����0	�
�F����*���?���()��	*����*����
8/(�#��!���(���
'������ ����
�

�/ CD2 (T ��� NK 
����) ��' hippocampus 8)����
8/(�#��!���(���
'�  

 +��������' 4 ����"����')��0�*
������8)���)�F�"�	�)�����()� ���&,(	��
�0!(�J����

���,���	*� �?J���� ��	! ������8����
8/(���'
���#�	����(	 ������-�J�����	� RNA 0!(+!���'-@���(	*�

�����	��0	9����� 80-85% ��*���	���J�
��� 100% ���-@���(	*�0�*�����-�J�099���)/���

�
!���F�	*��	�F�(����
�%�&,(�
�&
�+����>)0�* ��*	���!
���*�	�����-�J���F#(9��
����-�������8)�
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+����%���
8/(�0!( +!�0�*�()��
!�)���
8 ���0�*�()�������+���
�>')
)���)�����	� )�@'�&,(	��
�0!(

�J�������,���	��������	����)�,#�		����	*� 	��� nested PCR ���	��0	0�*�*�����	��� real-time 

PCR ��� Target ��' polymerase gene F�	�����������'���8)� Pasteur Institute 0!(������	*�

0!(&��	��0	 100% ��(����0�*�*��������F#( target ��' nucleocapsid gene 8����?0!(��+������

�	/���+����%���
8/(�8)�9��
��)��+!��
����������99���� F�(�	����F�+!�8)�����
)��!���

��!�*)8)�
/���)/�������	�	�����
�!(	��
	)�*����'0�*F#*��)���? 

 +��������' 5 
9H��
	���8)�+�������//9�������'
��'�	
�>')��
/+���()� +!�0!(�J����

	�
������&,(9�	���'�
�%��*)��' ��.���������� ��� ��.",
��� ������/��+"�9�� (�@'�&,(	��
�0!(
9H�

&,(!,��&,(9�	�
)�) �/	*����
�%��
8(�0!(�
/��% ciguatoxin +!���������%��'��&������//9�����

���9��9��
9~� �����*)0�(��% (Botulism) ���)���������//9�����)
�+��
������
	F� ��>'�0�( 

)�
���� 9	!�()� ���)������(��
�>?))*)���� �@'�����)����!�8@?������0!(��/,��� "��F�

����
	�� 24 #
'	+��
�*��
?� ��������*��
	)�*��9�� (69 �
	) ���#�?�
�>?)9����*�J�
����,9��'8��F�

���! (158 #�?�) F� ���. �/ 2 �
	)�*��8)�#�?�
�>?)��*��'��9�������� Borderline ������8
?��(���!�

	*���% ciguatera ���9������������	�F�(�	����F�F������!
/      
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��79&/��������
 
 

�������	
� 1    �������� temporal-spatial relationship �&�&���� “��!"������” ������

���7�&�#�$�����$��
.���&� recombinant rabies virus #�$����%�'+�.�	
�*�(� 

magnetic resonance imaging 

 

%�"���%�')&�/���  !�.&����� 8�	9�)! 

        ��.�
����  	�+����"�����  

                           �
��@�%���!
/9�����
)� ��8�#�	
	#������ �������������	�����
� 

  

��.<!+�$�����������
 


�>')�@�%����)��/����0�F����
��!)���� “���(���
'�” F����
8��'
9H�+����%���
8/(� +!�F#( 

ferritin-modified rabies virus 

 

���'=�������� 

 +��������?
9H�����@�%���0����
��!)����8)�+����%���
8/(�+!�F#( ferritin-modified 

virus F������!����
		*�
#>?)0	�
�0!(09)�,*��'�*	�0��8)���//9�����F�8����'
��!)���� 

 ����&����!J�
������
!����'��F#( full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� HEP-

Flury strain 
9H� recombinant virus(rHEP-GFP) F�����@�%���0�F����
��!)�������(���
'�F�

���
8��'
9H�+����%���
8/(��
?�
�>')����
���� condition F�����J� recombinant virus 8)� HEP-Flury 

strain (rHEP-Flury strain) )�,*��(	�@'���!	*��������' GFP gene ��' pseudogene region ���	*�� G-

L gene !(	� Ferritin gene��*�/	*�
�>')�J�
#>?)0	�
�����
������?09�!�)/F���,�!�)��/	*�0�*��

�����/
��
9H� neurovirulence 0�*	*�����!!(	�	�������// intramuscular �/	*�
#>?)0	�
�0�*�����-

���*��������� peripheral 09�
� central nervous system 0!( ��>)��!��� intracerebral 
#>?)0	�
�

0�*�����-�*)F�(
��!������"����*�����-�����(�",����(��
�0!(!� �@'��������/
������
�8(���
/ 

neurovirulence )�*����?�
#�� &,(	��
��@�
������	���'��0�*F#( rHEP-GFP F����!J�
������	��
���?�*) 

 !
��
?�&,(	��
��@�
9��'������
����8)�
#>?)0	�
���%���
8/(�
9H� CVS strain��*�������!�)/

�	�������-F�������*������8)�
#>?)0	�
���%����
8/(� CVS strain "����
� �����!
#>?)
8(�09�
�

��,�!�)���� intracerebral ��' dilution �*��� �/	*���' dilution 10
-5 

��� 10
-6 

0�*�����-�J�F�(��,

���0!(�
?���! ���
�>')��!
#>?)0	�
�F���,�!�)��
?���� intracerebral ��� intramuscular ��' dilution 

10
-1 

��,�!�)���'0!(�
/
#>?)��� intracerebral ����
?���! F�8����'��,�!�)���'0!(�
/
#>?)��� 

intramuscular ��
����/���
	
�*��
?���'������/���
	0�*��)����&�!9���F!����0�*�����-��	��/


#>?)0	�
���%���
8/(�F���)�8)���, !
��
?�
#>?)0	�
���%���
8/(� CVS strain �@�0�*
��������'��

�J���F#(F����	��
���? 
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 ���&,(	��
��@��J����
9��'������
����8)�
#>?)0	�
���%���
8/(�
9H� QS05 strain �@'�
9H� street 

virus ��' isolate �����)�8)����
8��'
9H�+����%���
8/(�+!���� �J���
��'��J��	�F� suckling mice 1 

passage �J� stock seed virus 
9H� 20% suspension 
�>')�J���F#(F����	��
��*)09  

 )�*��0�������/	*�
�>')�J�
#>?)0	�
�����
�����?09��	��)/�����/
��F��
�	��!�)� �/	*�


#>?)0	�
�����
������?��!� neuropathogenesis 0!(!�
�>')��!0	�
���� intracerebral ��*��!� 

neuroinvasiveness 0�*!��
�
�>')��!
8(���� intramuscular �@'��
�)��0�*
������F�������J� 

recombinant 0	�
���'�����J�����@�%���? 

�)������?����J� street virus QS-05 strain 09
��'��J��	�F� suckling mice F� passage 

��' 2 ��0�*�����-
��'� mortality rate +!������!
8(���� intramuscular ��>) peripheral route 

���9���/���������J�0	�
� isolation ��� propagation F�
����
���
��?��+!�
���� 

Baby Hamster Kidney Cells (BHK-21 cells) �@'�
9H� non-neuronal cells �/	*� street virus ���� 

infectivity �'J������ growth rate ��'#(����
�>')
9���/
���/�
/���
��'��J��	�F��
�	��!�)�+!����

��!
8(���� intracerebral 
#*� ����J� 20% brain suspension 09��!�
�	��!�)���� intracerebral 

�
�	��!�)����� mortality rate 100% ��*-(���!
8(���� intramuscular ���� mortality rate 9����� 

30% ��>)�()��	*� ��>)����J�09 infect BHK-21 cells ���� infectivity F�
���� BHK-21 9����� 

10-20% 
�*��
?� ����� growth rate ��'#(��	*�����J�09
9���/
���/��� propagate F� NA cells �@'�


9H� neuron cells 

)�@'�F�8��
!��	�
�&,(	��
��
����J� QS-05 subpassage F� BHK-21 �*)09
�>')
��'��J��	�

�������
��'�����F#( suckling mice ���
�>')����&,(	��
��
���%;��	*���( rabies virus ��
9H� 

neurotropic virus ��*
#>?)0	�
���'�����- infect ���)�,*�)!���
��'��J��	�F� non-neuron cells 0!(

�*������	���J��
�F� ���/	����
��! pathogenesis (��>) non-neuron cells 
9H��
	�
!
�>)���'

�J��
�F����
��! pathogenesis 8)� rabies virus F�����#���) �������J� subpassage QS-05 09


�>')���/	*� QS-05 strain 
��'��� growth rate ���
��'��J��	����8@?�F�9����� passage ��' 4-5 

���
�>') harvest virus supernatant F� passage ��' 7 (QS05-BHK-P7) (�,9��' 1)����J�09��	��)/

F���,�!�)��/	*��� mortality rate 100% 
�>')��!
8(���� intramuscular route (�������' 1) !
��
?� 

QS05-BHK-P7 strain �@����	�
9H� candidate ��'
������F�����@�%�
�>')�������	�������-F�

����*)+��0!(��� peripheral challenge����
����	���J��
���'�()��@�%�	*����
�������
9��'���9����'

����
	0�� )�*��0� ��>)
9H���' intergenic region (IGR) �@'�)�����J�F�(��&��*)��!��8)� 

transcription/replication ������/	���� budding �	��
?����/	������/����",����(��
�8)�

�*����� (immune evasive strategy)  

  QS-05 strain    QS05-BHK-P7 strain 

��+	
� 1Immunofluorescence of BHK cells infected with QS-05 and QS05-BHK-P7 viruses 
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.����	
� 1 Median Lethal Dose (LD50)  

Six week-old female mice were intramuscularly or intracerebrally inoculated with 30% brain 

suspension (undiluted – 10
-4
 dilution) 

 

 
�>')����
#>?)0	�
���%���
8/(���'0!(�� phenotype ��'����*����� QS-05 F� passage ��� 

&,(	��
��@��J������	��)/����
�������8)� QS-05 ��� QS05-BHK-P7 +!�����J� whole genome 

sequence 8)�
#>?)0	�
���%���
8/(��
?��)� strains �/	*����	������*��8)��J�!
/
/� 5 �J����*�

�����!
/ amino acid 3 �J����*� �	������*��8)�8)� virulence 8)��
?��)� strains �	���
��!

��� point mutation ��'�J����*� 7
th
 poly adenylation sequence 8)� intergenic region ���	*�� 

phosphoprotein ��� matrix protein gene �@'�����&��*)��� budding 8)�
#>?)0	�
�
�>')����)����

9�����8)� matrix protein �!�� 8()�
���%;����?0!(������@�%���
/����F�����8)� vesicular 

stomatitis virus ��'�/	*� IGR ���*	��J��
�F������!�))�8)�+9����8)�
#>?)0	�
����0!(�*�&��*) 

virulence 8)�
#>?)0	�
�[1,2] F��*	� mutation ��'�J����*�)>'��0�*�*���)��/��0!( 
�>')������

����@�%��*)���(���(		*� S23R substitution F� glycoprotein gene 8)� QS05-BHK-P7 strain 

����
/���	��
�8)� Dr.Morimoto [3] �*)���(���?F�����J� BHK-21 cells adaptation 8)� CVS ���

�/�J����*� mutation ��'�J����*���?�@'�
9H�non-neuronal adaptation marker ��� mutation )��

�J����*���'�/F� ectodomain 8)� glycoprotein gene �
?�0�*
����������������*)�-@��	���J��
� 

�	��
?��J����*�!
���*�	0�*)�,*F� cytoplasmic domain ��'�*�&��*) apoptosis mechanism 8)� 

infected host cells ����*�&�-@��	�������-F�����������
	 (cell spread) F���//9�������� 

virulence 8)�
#>?)0	�
�[4]�������@�%�+!���������' polymerase (L) gene 8)� pathogenic 

strain !(	� vaccine strain �/	*�0�*�*�&�����/�*) neurovirulence ��� mortality rate F�

�
�	��!�)� [5] �)������?
�>')�J���� passage 
#>?)0	�
���%���
8/(� SAD-B19 strain F����
8��?��)� 

4 ��
?� �/ amino acid substitution 
�����J����*�
!��	F� L gene �@'���0�*�*�&��*)���
9��'���9�� 

virulence 8)�
#>?)0	�
���*)�*��F! [6] !
��
?� mutation ��'�J����*� I1711V F� L gene �@�0�*�	�

�*�&�-@��	��
9��'���9��F����
��'�8@?�8)� virulence F� QS05-BHK-P7 strain  

 !(	�
���&�!
���*�	&,(	��
��@��J������(�� reverse genetics rabies virus ���
#>?)0	�
���%

���
8/(� QS-05 strain �	/�,*09�
/ QS05-BHK-P7 strain  

1. �J������(�� full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� QS-05 strain ��'�����0�*�� 

ferritin heavy chain �����' pseudogene region 

2. �J������(�� full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� QS-05-BHK-P7 strain ��'��

���0�*�� ferritin heavy chain �����' pseudogene region 
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3. �J���� recovery recombinant virus F� baby hamster kidney (BHK-21) cells ��' stably 

expressing T7 RNA polymerase 

 

%�	
��'"��� 

 8
?��)������(����� recovery recombinant virus 0!(�
/�	��#*	�
��>)��� Oita 

University "��F�(����	/���8)� Professor Akira Nishizono ��� Dr.Kentaro Yamada 9��
��

��'9���F�(�����	�
���� 	�+����"�����
!�����09�J�����!�)�
9H�����
	�� 6 
!>)��
?���*
!>)� 

�$������� 2553 -@�
!>)� �$%"��� 2554 �@'�
9H��*	���@'�8)����0!(�
/���+������9�����
)�

������"�
%� 

1. �J������(�� full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� QS-05 strain (pCI-QS05) 

(�,9��' 2) 

��+	
� 2 ��!� Full-length cDNA clone construction 8)� QS-05 strain 

  

� �����-��(�� pCI-QS05 0!(
9H�&��J�
��� 

 

 +!���� recombinant virus ��'0!(�
?����� unique restriction endonuclease site �>) SacII 

�@'�0�*�/F� parental QS05 ��>) QS05-BHK-P7 sequence 
�>')�����-F#(
9H������	��)/0!(	*� 

recovered virus �
?�
9H� recombinant virus ��'��(��8@?������� 

 

2. �J���� recovery recombinant virus F� baby hamster kidney (BHK-21) cells ��' stably 

expressing T7 RNA polymerase 

 

a. �J���� recovery recombinant QS05 ��� pCI-QS05 plasmid +!�F#( helper plasmids 

3 genes "��F�( T7 promoter �>) Nucleoprotein, Phosphoprotein ��� RNA-

dependent RNA polymerase(��(�������
#>?)0	�
���%���
8/(� RC-HL strain)F� 

BHK/T7-9 cells (Baby Hamster Kidney cells ��' stably expressing T7 RNA 

polymerase) ����
?� 48 #
'	+���@��J���� co-culture �
/ neuroblastoma (NA) cells 

��(	 incubate 4 	
��@��J����
��/ supernatant ��'0!(09 infect NA cells����
?� 9 	
��@�
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�()�!(	� FITC-antibody �*) nucleoprotein 
�>')!, infected cells 

�/	*�0�*�������!��8)� cell ��!�	*�0�*�� recovered QS05 virus F� supernatant 

 

b. �J���� recovery recombinant QS05 ��� pCI-QS05 plasmid )����
?�+!�F#( helper 

plasmids 4 genes +!�
��'� glycoprotein helper plasmid F� BHK/T7-9 cells ����
?� 

24 #
'	+���@��J���� co-culture �
/ neuroblastoma (NA) cells ��(	 incubate 4 	
� 

����
?��J���� 

i. �()� transfected cells !(	� FITC-anti-N ��� anti-G  

  

anti-N   anti-G    Merge 

��+	
� 3Immunofluorescence of QS-05 transfected cells 

 �/	*� transfected cells �������!��8)��
?� anti-N ��� anti-G �@'��
?��)�+9�����
?������ 

express "��F�
����
!��	�
� ��!�	*��*����� recovered virus 
��!8@?� 

 

ii. 
��/ supernatant ��'0!(09 infect NA cells ��� NA cells ��'-,� transfect !(	� 

glycoprotein helper plasmid �*	���(���@'�	
� (G-transfected NA cells)����
?� 6 

	
��@��()�!(	� FITC-anti-N 
�>')!, infected cells 

  

NA cells         G-transfected cells 

��+	
� 4Immunofluorescence of NA cells infected with recovered QS05 virus 

 

 �/	*�0�*�������!��8)� infected NA cell F�8����'�/����������
	8)� nucleoprotein F� 

G-transfected cells 
9H��J������� ��!�	*� recovered QS05 virus �()�F#( glycoprotein 
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supplement ���"���)�
9H��
	#*	�F����
��'�9�����������*������8)�
#>?)0	�
� ��*-@�����
?�

�
����/
9H���* single-cell infection 0�*�/
9H� foci 

 �������!�)�8(���(��/	*�0�*������������
	8)� recovered QS05 virus -(�0�*0!(�
/ 

glycoprotein 
��'���� RC-HL strain �@'�
9H� well-adapted strain 
�>')#*	�F�������*������8)�


#>?)0	�
� �@�0!(�J���� sequencing glycoprotein gene )����
?� �/	*��� deletion ��'�J����*� 3479 �@'�

)�,* upstream, 8)� G-ORF (glycoprotein open reading frame) ������
����
��/+�8)� plasmid 

��?���'J���� 
�>')��������(�� full-length cDNA clone F��*���
�9���/9�����//
!��	�
�)�������
?�

��(��0!(�J����
9��'�� strain 8)� E.coli �����(08+!���� insertion ��'�J����*� 3479 !(	�	��� site-

directed mutagenesis ��(	����� (�J�����!�)/9����� 100 clones) ��
������@'� clone ��'0�*�� 

deletion ��'�J����*���?��*�/ insertion ��'�J����*� 3284 �����' �@��J�F�(&,(	��
���!	*��*���
��!��� 

toxic sequence ��'��&��*)���
��'�9�����8)� plasmid F� E.coli 

 �������/�	�	��������/	*�F������(�� recombinant virus 8)� 
#>?) Japanese 

encephalitis virus ��9���/9������(���
��>)�/ deletion F��J����*�8)�+9������'F#(F����

���*������8)�
#>?)�@'�
��!�������� bacterial-like promoter sequence F� gene �
?� 

 ���&,(	��
��@�0!(�J������(08+!����
��'� silent mutation 
8(�09�
��*	� intergenic region 

���	*�� matrix ��� glycoprotein gene (M-G/AseI) �@'��J�!
/
/���'0!(F��*�
?����� AseI restriction 

endonuclease site F��*
��'�
8(�09!(	��J�F�(
��!
9H� stop codon 8)� toxic sequence !
���*�	 

 

3. �J������(�� full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� QS-05 strain (pCI-QS05(M-

G/AseI)) 

 

��+	
� 5 ��!� point mutation ��'�J����*� intergenic region ���	*�� matrix ��� glycoprotein 

 

� �����-��(�� pCI-QS05(M-G/AseI) 0!(
9H�&��J�
��� 

 

4. �J������(�� full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� QS-05 strain ��'�� ferritin 

heavy chain �����' pseudogene region (pCI-QS05/hFER(M-G/AseI)) 

 

 

��+	
� 6 ��!� Full-length cDNA clone construction 8)� QS-05 strain ��'�� ferritin heavy chain 

� �����-��(�� pCI-QS05/hFER(M-G/AseI) 0!(
9H�&��J�
��� 
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 �)������?���&,(	��
�0!(�J������(�� recombinant virus ���
#>?)0	�
���%���
8/(� QS05-

BHK-P7 strain 
��'�
��������'0!(	���&�0	( 
�>')�������	���������	��
?�������*������8)�
#>?)

0!(!��	*� QS05 strain �@'�
�>')�J������(��
������(	���J�F�(�����-�!�)/0!(	*��J�!
/
/���'����*��

�
��J����*�F!��'��&��J�F�(
��!���
9��'���9��8)��	��������8)�
#>?)0	�
���%���
8/(�0!( 

 

5. �J������(�� full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� QS-05-BHK-P7 strain (pCI-

P7(M-G/AseI)) 

� �����-��(�� pCI-P7(M-G/AseI) 0!(
9H�&��J�
��� 

 

6. �J������(�� full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� QS-05-BHK-P7 strain ��'�� 

ferritin heavy chain �����' pseudogene region (pCI-P7/hFER(M-G/AseI)) 

� �����-��(�� pCI-P7/hFER(M-G/AseI) 0!(
9H�&��J�
��� 

 

7. �J���� recovery recombinant virus F� baby hamster kidney (BHK-21) cells ��' stably 

expressing T7 RNA polymerase 

 

a. �J���� recovery recombinant QS05 ��'�� insertion ��'�J����*� 3284 ��� pCI-

QS05+3284A plasmid +!�F#( helper plasmids 4 genes (N, P, G ��� L) F� BHK/T7-

9 cells ��(	 incubate 4 	
� ����
?��J����
��/ supernatant ��'0!(09 infect NA cells 

��(	 incubate 3 	
��@��()�!(	� FITC-anti-N 
�>')!, infected cells 

                             

                   anti-N       mock control 

��+	
� 7 Immunofluorescence of NA cells infected with recovered QS05+3284A virus 

 

 �/	*��������!��8)� nucleoprotein ��������
��! foci 8@?��@'���!�-@�������*������8)�


#>?)0	�
�09�
�
����8(��
����0!( 

 �������!�)���?�J�F�(���/	*� full-length cDNA clone ��'0!(�
?������-�J���F#(F���� 

recovery virus 0!( ��*)�*��0�������
����()�F#( T7 promoter ��� BHK/T7-9 cells F���� recovery 

�@'���//��?��0�*�����-�J���
/��F#(�*)��'9��
��0��0!(
�>')����9����
�>')� material transfer �@�0!(

�������J���� recovery "��F�( CMV promoter �*)09 
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b. �J���� recovery recombinant QS05 ��'�� insertion ��'�J����*� 3284 ��� pCI-

QS05+3284A plasmid +!�F#( helper plasmids 3 genes (N, P ��� L) �@'������ 

HEP-Flury strain ��� RC-HL strain +!��
?��)���//)�,*"��F�( CMV promoter F� NA 

cells ��(	 incubate 4 	
� ����
?� 

i. �()� transfected cells !(	� anti-G  

  

  

        HEP-Flury system   RC-HL system 

��+	
� 8 Immunofluorescence of transfected cells 

 

ii. �J����
��/ supernatant ��'0!(09 infect NA cells ��(	 incubate 3 	
��@��()�!(	� 

FITC-anti-N 
�>')!, infected cells 

  

                  HEP-Flury system                        RC-HL system 

 

��+	
� 9   Immunofluorescence of NA cells infected with recovered QS05 virus 

  

          0�*�/�����!��8)� nucleoprotein F� infected NA cells 

 �����!��8)� glycoprotein F� transfected cells �
?�)��
��!��� full-length cDNA clone ��'

F�*
8(�09 

8. 8()�J��
!F����!J�
������8)�&,(	��
�F������(�� recombinant rabies virus 

a. �����(�� pUC-HDVRbz 0�*�����-��(�� plasmid ��'�� NheI restriction endonuclease 

site 0!(�����'))��//0	( (�J������	��)/9����� 30 clones) �@��()�
9��'����F#( 

restriction endonuclease )>'���� 

b. �����(�� pT7-QS05-F3 �@'�����&������'))��//0	(�
?���*�(��
?����J������(�� pT7-
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QS05-F3 ��*"����
������� clone F3 fragment 
8(��,* pT7Blue-T vector ��(	0�*�/ 

plasmid ��'�� F3 fragment ��'�()����0!( (�J������	��)/9����� 70 clones) �@�0!(�J�

���
9��'���&����+!��/*� F3 fragment ))�
9H��)��*	��>) F3a ��� F3b ����
?��@�

�J�����	��
?��)��*	�
9H� pUC-QS05-F3ab �@'�F�8
?��)���?��9���/9����
#*�
!��	�
� 

(�J������	��)/9����� 70 clones) �@'�"����
����/	*�
��!��� toxic sequence 

!
���'0!(��*�	09��(	8(���(� 

c. ��� recovery 8)� recombinant virus 
�>')���� full-length cDNA clone (pCI-QS05) ��'

F#(F���� recovery virus F�#*	����0�*9�����	���J�
������0�*�����F#( glycoprotein 

helper plasmid �J�F�(&,(	��
��()��J������(�� full-length cDNA clone 8@?�F��* 

 

 
�>')����&,(	��
�0�*�����-�J� BHK/T7 cells ��� RC-HL helper plasmid "��F�( T7 

promoter ��
/��F#(��'9��
��0��0!(�J�F�(�
��()�F#(
	��F������(�� plasmid ��'�� T7 RNA 

polymerase gene �����(�� BHK cells ��' stably expressing T7 RNA polymerase 
�>')F#(F���� 

recovery recombinant virus �*)09 ���"����
���������'�����- recovery virus 0!(��(	�
?��
���

�()��J�����!�)/ cell-to-cell spreading F�
����������*� mean lethal dose (LD50) 
�>')�!�)/

�����/
��8)� recovered virus F��
�	��!�)��
?���� intracerebral ��� intramuscular 
�>')


9���/
���/ pathogenicity �
/
#>?)0	�
���'
9H� parental strain �*)09 

 

��!+�������#�$+�$�
)��	
��'"�������������
�
9 

1. -@���(+��������0�*/����-@�	
�-�9������
!��F����)��/��9���������8)�+����%���
8/(�

+!�!,�	���
��
������	*��)��������J����*���'
#>?)0	�
�
��>')��
	F���//9����� ��*&���'

0!(�������@�%�0!(�J�09�,*)����	���,(F��* 

2. 0!()����	���,(F���@'�
9H���
?����
��'�	�
/ non-neuronal adaptation 8)�
#>?)0	�
���%���
8

/(�"����
������� passage F� BHK-21 cells (non-neuronal cells) �J�F�(
��!���
��'�8@?�

8)� virulence 8)�
#>?)0	�
� +!�)��
9H�&���� point mutation ��'�J����*� 7
th
 

polyadenylation sequence 8)� intergenic region ���	*�� phosphoprotein ��� matrix 

protein gene 

3. 0!()����	���,(F��*
��'�	�
/�����(�� reverse genetics 8)�
#>?)0	�
���%���
8/(� !
���'��*�	09

8(���(��
?���?+!���'�
�0�*�����&,(	��
�F!�����-�J���� recovery street rabies virus strain 

0!(���*)� +!���'8����?&,(	��
�)�,*F�8
?��)���!�(��8)���� recovery �
?� street ��� BHK-

adapted strains �@'� recombinant virus ��'0!(�
?��)��
	�������-�J�09�@�%� 

pathophysiology 8)�+����%���
8/(�0!(����8@?�09)�� 

 

�&����&"��&�� 

1. Stillman EA, Whitt MA. Mutational analyses of the intergenic dinucleotide and the 

transcriptional start sequence of vesicular stomatitis virus (VSV) define sequences 

required for efficient termination and initiation of VSV transcripts.J Virol. 1997 
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Output %����.
*��*� 

Phatthamon Virojanapirom, Pakamatz Khawplod, Arthikaya Sawangwaree, Supaporn 

Wacharapluesadee, Thiravat Hemachudha, Kinjiro Morimoto and Akira Nishizono. 

BHK-cell adapted canine rabies virus variant: mutation in intergenic phosphoprotein and 

matrix protein gene non-coding region may confer higher neurovirulence in adult 

mice.(submitted for publication) [
)������/ 1] 

 

@��%��� 

1. �J������(�� full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� QS-

05 strain (pCI-QS05) 

a. ��(�� plasmids �*��� !
���? 

i. pUC-QS05-F1(containing Hammerhead Ribozyme) 

ii. pT7-QS05-F2  

iii. pT7-QS05-F3a 

iv. pT7-QS05-F3b 

v. pT7-QS05-F4 

vi. pT7-QS05-F5 

vii. pT7-QS05-F6 

viii. pUC-HDVRbz 

b. 8
?��)������(�� plasmids ��!
���? 

i. ��
! RNA 8)�
#>?)0	�
���%���
8/(�!(	� High Pure Viral RNA Kit (Roche) 

ii. First-strand RNA synthesis !(	� SuperScript® Reverse Transcriptase (Invitrogen) 

iii. Polymerase Chain Reaction !(	� KOD-Plus DNA polymerase (TOYOBO) 

iv. Agarose gel electrophoresis ����
?��
! fragment ��'�()������(	��
!!(	� NucleoSpin® 
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Extract II Kit (MN) 

v. Agarose gel electrophoresis )����
?�
�>')��	��)/8��!8)� fragment ��'0!( 

vi. Cloning PCR product ��'0!(F�*F� pT7Blue T-vector (Novagen) ��>) pUC-19 vector 

1. 
��� overhang A ��'9���8)� PCR product 
�>')����
9H� blunt-end product !(	� 

10x A-attachment Mix (TOYOBO) 30 ���� 60oC 

2. �J���� ligate digested fragment �
/ vector !(	� Mighty Mix Ligase (TaKaRa) 

16oC 1-6 #
'	+�� 

3. Transformation +!�F#( competent cells E.coli strain DH5-alpha ��>) XL10-Gold 

����
?� incubate 37oC 12-16 #
'	+�� 

vii. �J�����!�)/�� plasmid 	*��� fragment ��'�()����+!������
!!(	� in-house miniprep 

(alkali-lysis method) ����
?��J������	��)/!(	� restriction endonuclease digestion 

viii. ��
! plasmid ��'�� fragment ��'�()����!(	� E.Z.N.A. Plasmid Miniprep  

ix. ��	��)/�	��-,��()�8)��J�!
/
/�!(	� sequencing 

x. F#(+9����� 4Peaks, ATSQ ��� GentyX-Mac F����	�
������8()�,� 

c. �
!�*) fragment �*���
8(�!(	��
� !
���? 

i. First-half construction (pCI-QS05-NPMG) 9���)/!(	� pUC-QS05-F1, pT7-QS05-

F2, pT7-QS05-F3a ��� pT7-QS05-F3b 

1. ��(�� pUC-QS05-F3ab +!�����
!�*) F3a fragment ��� pT7-QS05-F3a ��� 

F3b fragment ��� pT7-QS05-F3b ��(	 double insert �
?��)� fragments 
8(��,* 

pUC19 vector 

2. ��(�� pUC-QS05-NPMG +!�����
!�*) F2 fragment ��� pT7-QS05-F2 ��� 

F3ab fragment ��� pUC-QS05-F3ab ��(	 double insert �
?��)� fragments 
8(��,* 

pUC-QS05-F1 

3. ��(�� pCI-QS05-NPMG +!�����
!�*) NPMG fragment ��� pUC-QS05-NPMG 


8(��,* pCI vector �@'�
9H� expression vector 

ii. Second-half construction (pUC-QS05-LRbz) 9���)/!(	� pT7-QS05-F4, pT7-QS05-

F5, pT7-QS05-F6 ��� pUC-HDVRbz 

1. ��(�� pUC-QS05-F6Rbz +!�����
!�*) F6 fragment ��� pT7-QS05-F6 
8(��,* 

pUC-HDVRbz 

2. ��(�� pUC-QS05-LRbz +!�����
!�*) F4 fragment ��� pT7-QS05-F4 ��� F5 

fragment ��� pUC-QS05-F5 ��(	 double insert �
?��)� fragments 
8(��,* pUC-

QS05-F6Rbz 

iii. Full-length cDNA clone (pCI-QS05) 9���)/!(	� pCI-QS05-NPMG ��� pUC-QS05-

LRbz 

��(�� pCI-QS05 +!�����
!�*) LRbz fragment ��� pUC-QS05-LRbz 
8(��,* pCI-

QS05-NPMG 

d. 8
?��)�����
!�*) fragment �*���
8(�!(	��
� 

i. �
!�*) fragments F�*F� plasmid ��'�()���� 

1. Specific restriction endonuclease �*)��*	�9���8)� PCR product 3 #
'	+����' 
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37oC 

2. Agarose gel electrophoresis ����
?��
! fragment ��'�()������(	��
!!(	� 

NucleoSpin® Extract II Kit (MN) 

3. Agarose gel electrophoresis )����
?�
�>')��	��)/8��!8)� fragment ��'0!( 

4. �J���� ligate digested fragment �
/ vector !(	� Mighty Mix Ligase (TaKaRa) 

16oC 1-6 #
'	+�� 

5. Transformation +!�F#( competent cells E.coli strain DH5-alpha ��>) XL10-Gold 

��(	 incubate 37oC 12-16 #
'	+�� 

ii. �J�����!�)/�� plasmid 	*��� fragment ��'�()����+!������
!!(	� in-house miniprep 

(alkali-lysis method) ����
?��J������	��)/!(	� restriction endonuclease digestion 

iii. ��
! plasmid ��'�� fragment ��'�()����!(	� E.Z.N.A. Plasmid Miniprep  

iv. ��	��)/�	��-,��()�8)� plasmid 	*��� fragment ��'-,��()�)����
?�+!� restriction 

endoniclease digestion 

 +!���� recombinant virus ��'0!(�
?����� unique restriction endonuclease site �>) SacII �@'�0�*�/

F� parental QS05 ��>) QS05-BHK-P7 sequence 
�>')�����-F#(
9H������	��)/0!(	*� recovered virus 

�
?�
9H� recombinant virus ��'��(��8@?������� 

 

2. �J������(�� full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� QS-05 strain (pCI-QS05(M-

G/AseI)) 

a. ��(�� pT7-QS05-F3c ��8
?��)������(��
��>)�8() 1b. 

b. ��(�� pT7-QS05-F3c(M-G/AseI) +!��J����
9��'���J�!
/
/�F� M-G intergenic region !(	� 

QuikChange® II Site-Directed Mutagenesis Kit (Stratagene) �@'���8
?��)�!
���? 

i. ))��// primer ��'�� mutation ��'�J����*� 3214C>T ��� 3217A>T 

ii. Polymerase Chain Reaction !(	� Pfu Ultra HF DNA polymerase +!�F#( pT7-QS05-

F3c 
9H� template 

iii. DpnI digestion 37oC 1 #
'	+�� 

iv. Transformation +!�F#( competent cells E.coli strain XL1-Blue ����
?� incubate 37oC 

12-16 #
'	+�� 

v. �J�����!�)/�� plasmid 	*��� fragment ��'�()����+!������
!!(	� in-house miniprep 

(alkali-lysis method) ����
?��J������	��)/!(	� restriction endonuclease digestion 

vi. ��
! plasmid ��'�� fragment ��'�()����!(	� E.Z.N.A. Plasmid Miniprep  

vii. ��	��)/�	��-,��()�8)��J�!
/
/�!(	� sequencing 

viii. F#(+9����� 4Peaks, ATSQ ��� GentyX-Mac F����	�
������8()�,� 

 

c. �
!�*) fragment �*���
8(�!(	��
� !
���? 

i. First-half construction (pCI-QS05-NPMG(M-G/AseI))  

 ��(�� pCI-QS05-NPMG(M-G/AseI)+!�����
!�*) F3c(M-G/AseI) 

fragment ��� pT7-QS05-F3c(M-G/AseI) �����' F3c fragment 8)� pCI-QS05-

NPMG  
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ii. Full-length cDNA clone (pCI-QS05(M-G/AseI)) 

��(�� pCI-QS05(M-G/AseI)+!�����
!�*) LRbz fragment ��� pUC-QS05-LRbz 


8(��,* pCI-QS05-NPMG(M-G/AseI) 

 

3. �J������(�� full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� QS-05 strain ��'�� ferritin heavy 

chain �����' pseudogene region (pCI-QS05/hFER(M-G/AseI))  

a. ��(�� plasmids �*��� !
���? 

i. pT7-QS05-F4deltapseudogene (without pseudogene sequence) ��8
?��)������(��


��>)�8() 1b. 

ii. pT7-StopStart/hFER (containing transcription stop-start sequence ��� ferritin heavy 

chain) 

b. 8
?��)������(�� pT7-StopStart/hFER ��!
���? 

i. �J������� peripheral mononuclear cells (PBMCs) ��� heparinized whole blood 

!(	� LSM Lymphocyte Separation Medium 

ii. ��
! RNA ��� PBMCs !(	� TRIzol® Reagent (Invitrogen) 

iii. First-strand RNA synthesis !(	� SuperScript® Reverse Transcriptase (Invitrogen) 

iv. Polymerase Chain Reaction !(	� ExTaqTM polymerase (TAKARA) 

v. Agarose gel electrophoresis ����
?��
! fragment ��'�()������(	��
!!(	� NucleoSpin® 

Extract II Kit (MN) 

vi. Agarose gel electrophoresis )����
?�
�>')��	��)/8��!8)� fragment ��'0!( 

vii. Cloning PCR product ��'0!(F�*F� pT7Blue T-vector (Novagen)  

viii. �J�����!�)/�� plasmid 	*��� fragment ��'�()����+!������
!!(	� in-house miniprep 

(alkali-lysis method) ����
?��J������	��)/!(	� restriction endonuclease digestion 

ix. ��
! plasmid ��'�� fragment ��'�()����!(	� E.Z.N.A. Plasmid Miniprep  

x. ��	��)/�	��-,��()�8)��J�!
/
/�!(	� sequencing 

xi. F#(+9����� 4Peaks, ATSQ ��� GentyX-Mac F����	�
������8()�,� 

c. �
!�*) fragment �*���
8(�!(	��
� !
���? 

i. Second-half construction (pUC-QS05-L/hFER) 9���)/!(	� pT7-QS05-

F4deltapseudogene ��� pT7-StopStart/hFER 

 ��(�� pUC-QS05-L/hFER+!�����
!�*) F4deltapseudogene 

fragment ��� pT7-QS05-F4deltapseudogene ��� StopStart/hFER fragment 

��� pT7-StopStart/hFER ��(	 double insert �
?��)� fragments �����' F4 

fragment 8)� pUC-QS05-LRbz 

ii. Full-length cDNA clone (pCI-QS05/hFER(M-G/AseI)) 

 ��(�� pCI-QS05/hFER(M-G/AseI)+!�����
!�*) L/hFER 

fragment ��� pUC-QS05-L/hFER 
8(��,* pCI-QS05-NPMG(M-G/AseI) 

4. �J������(�� full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� QS-05-BHK-P7 strain (pCI-P7(M-

G/AseI)) 

a. ��(�� plasmids �*��� !
���? 
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i. pUC-P7-F3c ��8
?��)������(��
��>)�8() 1b. 

ii. pUC-P7-F3c(M-G/AseI) ��8
?��)������(��
��>)�8() 2b. ��*F#( pUC-P7-F3c 
9H� 

template 

iii. pUC-P7-F6Rbz ��8
?��)������(��
��>)�8() 2b. ��*F#( primer ��'�� mutation ��'�J����*� 

10537A>G ��� pUC-QS05-F6Rbz 
9H� template 

b. �
!�*) fragment �*���
8(�!(	��
� !
���? 

i. First-half construction (pCI-P7-NPMG(M-G/AseI))  

 ��(�� pCI-P7-NPMG(M-G/AseI)+!�����
!�*) F3c(M-G/AseI) 

fragment ��� pUC-P7-F3c(M-G/AseI) �����' F3c fragment 8)� pCI-QS05-

NPMG  

ii. Second-half construction (pUC-P7-LRbz) 

 ��(�� pUC-P7-LRbz +!�����
!�*) P7-F6Rbz fragment ��� 

pUC-P7-F6Rbz �����' pUC-QS05-LRbz 

iii. Full-length cDNA clone (pCI-P7(M-G/AseI)) 

 ��(�� pCI-P7(M-G/AseI)+!�����
!�*) P7-LRbz fragment ��� 

pUC-P7-LRbz 
8(��,* pCI-P7-NPMG(M-G/AseI) 

 

5. �J������(�� full-length cDNA clone 8)�
#>?)0	�
���%���
8/(� QS-05-BHK-P7 strain ��'�� ferritin 

heavy chain �����' pseudogene region (pCI-P7/hFER(M-G/AseI)) 

a. �
!�*) fragment �*���
8(�!(	��
� !
���? 

i. Second-half construction (pUC-P7-L/hFER) 

 ��(�� pUC-P7-LRbz +!�����
!�*) P7-F6Rbz fragment ��� 

pUC-P7-F6Rbz �����' pUC-QS05-LRbz/hFER 

ii. Full-length cDNA clone (pCI-P7/hFER(M-G/AseI)) 

 ��(�� pCI-P7/hFER(M-G/AseI)+!�����
!�*) P7-L/hFER 

fragment ��� pUC-P7-L/hFER 
8(��,* pCI-P7-NPMG(M-G/AseI) 
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�������	
� 2 Neuropathology of Inhibitory Neurons in Furious and Paralytic Rabies of 

canine origin 

 

%�"���%�')&�/���  �.��.#�� #*	�+#�� 

 

��.<!+�$���� 


�>')�@�%��J��	�8)�
����9������
/�
?�F���)�8)����
8/(�#��!���(���
'����)*)���� 	*����	��

����*���
���>)0�*  +!���������;��	*�)�������J��	��!��F���)����
8/(�#��!���(���
'� �
?���?


�>')�����/	*�F�&,(9�	����
"� (Schizophrenia) ��
�����
/�
?��!��F���)��*	� pre frontal ���F�

&,(9�	�+����#
�
#*��
���'���J��	��!��F���)��*	� temporal  

 

���'=��������  

�@�%�
�>?)
�>')��)����
8/(��J��	� 15 �
	)�*��  �/*�
9H�#��!���(���
'� 8 �
	)�*�� ���)*)���� 7 

�
	)�*��    +!���*���
	)�*���J�����@�%�F�/��
	� neocortex (frontal, parietal, temporal ��� 

occipital lobes) caudate, thalamus ��� hippocampus !(	�
��������)���,+����+�
��� +!�F#( 

antibody �*) calcium-binding proteins #��! parvalbumin F�����J����
����9������
/�
?�    

 

%�	
��'"���   

�/�	������*��F��J��	�8)�
����9������
/�
?�F���)�
������'�J����*� frontal lobe +!���
/��

�J��	�����	*� F���)����
8/(�#��!���(���
'�    ��*0�*�/�	������*����'��)��J����*�)>'� �  

 

��!+#�$������$/�%� 

�J��	�
����9������
/�
?� F���)����
8��'
9H�+����%���
8/(��
?�#��!���(���
'����)*)����  ���	��

����*���
���'�J����*� frontal lobe 8)���)�   ��*0�*�/�	������*����'�J����*�)>'�8)���)�    �@�

0�*�*���
9H���
��� ��'�J�F�(
��!�	������*��F�)������!�8)����
8/(��
?��)��//  

 

Output %����.
*��*� 

Ruangvejvorachai P, Nopvichai C, Tepsumethanon V, Wacharapluesadee S, Hemachudha T, 

Shuangshoti S. Role of inhibitory neurons in the pathogenesis of paralytic and furious rabies 

in canine. [
)������/ 2]   

 

/��
�/.!  8����?�J��
��()���
�%�// double-labeling staining +!�F#( antibody #��! 

parvalbumin ��� rabies viral antigen  
�>')�!�)/	*� 
����9������
/�
?���'�/ ��)
��������!
#>?)

��%���
8/(�����*���
���>)0�* 
�>')���9&���!�(�� ����*��������F�	����� 
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�������	
� 3 ���������+�.
�(���&� �"����&� #�$�����/����&��!���	
��+,����*���!���

�"�#��&����'!�"�
#�$#��&��*�. 

 

%�"���%�')&�������� 

 1 !�.������
�%� �)�����,�  

      �,����
���	��	�������
��+�+���#�	"����*�#��� 

 2 �.�.�
;"����� -�)����
!##
�  

       �
��@�%���!
/9�����
)� ��8�#�	
	#������ �������������	�����
� 

 

��.<!+�$���� 

 
�>')�@�%��
�%�������!�))�8)�+9����F���)� �(����)� ���08�
���
� 8)����
8��'


9H�+����%���
8/(��//)����!��(�� �//)
����������
8��'0�*
9H�+����%���
8/(� 

 

���'=��������  

 

&��������@�%����
9���/
���/��!
/�����!�))�8)�+9�����J�
���F�08�
���
�8)�

���
8��'0�*
9H�+����%���
8/(� (N) �
/F����
8��'
9H�+����%���
8/(��// Furious (F) ����// paralytic 

(D) +!�	��� 2D PAGE  

 (�/9�����������	��
�+����%���
8/(� ��� �,����
���	��	�������
��+�+���#�	"����*�#���) 

 

������	�
������+9������'����*���
�)�*�����
��J��
�8)����
8��'
9H�+����%���
8/(��// 

Furious (F) ����// paralytic ��>) dumb (D) 
9���/
���/�
/���
8��'0�*
9H�+����%���
8/(� (N) F�

��*�����*� 0!(8()�,�8)������/
��8)�+9������*��#��! ��(	�J����
!���*�������#��!�����(���'8)�

+9�����
?��0!( 12 ���*� !
���? Antioxidant proteins, Apoptosis-related proteins, Cytoskeleton 

proteins, Heat shock proteins and chaperones, Immune response-related proteins, 

Intermediairy metabolism enzymes, Neuron-specific proteins, RNA binding proteins and 

proteins serving in transcription and splicing and elongation, Ubiquitination and proteosome-

related proteins, Vesicular transport proteins, Hypothetical protein ��� Unidentified  

 

�
	)�*�� 

 1)  ��)����08�
���
�8)����
8��'
9H�+����%���
8/(� 

  1.1 ���
8��'
9H�+����%���
8/(��//!��(����'
���#�	��
��	 (FE) (n = 3) 

1.2 ���
8��'
9H�+����%���
8/(��//)
������'
���#�	��
��	 (DE) (n = 3) 

1.3 ���
8��'
9H�+����%���
8/(��//!��(����'
���#�	��#(� (FL) (n = 3) 

1.4 ���
8��'
9H�+����%���
8/(��//)
������'
���#�	��#(� (DL) (n = 3) 
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2)  ��)����08�
���
�8)����
8��'0�*
9H�+����%���
8/(� (N) (n = 6) 

 

	���
��/�
	)�*�� 


��/�
	)�*����)����08�
���
� (��	9����� 10 
����
���) ������
8��'
���#�	���������#��� F�*

F���*)�9�)!
#>?)��')���",��  -70 
o
C ���	*����J����@�%��!�)� 

����!�)�����()�9��/
����� 

1. �����
!���+9��������
	)�*����'
9H���)� �(����)� ���08�
���
�8)����
8��'0�*0!(��!
#>?)

+����%���
8/(� ���
8��'��!
#>?)+����%���
8/(��
?�F��//!��(������//)
����  

1) �J��
	)�*������
!���+9����+!�/!F�(
9H�&���(	F�* Lysis buffer ��� vortex F�(����� 

����
?��J�099���
)��*	��?J�F���F#( 

2)  �����)�+9����!(	�	��� Acetone Chloroform Precipitation 

3)  	
!9�����+9����!(	�	��� Lowry protein assay +!�F#( BSA 
9H�+9��������;�� 

 

2. ������+9��������
	)�*�� !(	�	��� Off-line LC-MS/MS  

1)  ���+9��������?J���
�+�
����+!�F#(�����0��~�!(	�	��� SDS-PAGE  

2) �()�+9����F��&*�
��!(	�
����� silver staining �
!�()�
�����8��!�?J���
�+�
���� 

��(	�*)�+9����F��()�
��!(	�
)�0������9��� +!�
����� In-gel digestion 

3)  	�
������
990�!�!(	� LC-MS/MS  

Liquid Chromatography-Mass Spectrometry (LC-MS/MS) 
9H�
�����������������

��	�	�
�������
?�
#�����"�����9������J���
/�
	)�*����'
9H�8)�
��	  

��
���� �>) �
	)�*�����
990�!���-,�9���
8(��,*�)�
����@'�"��F�/����!(	�)��"��8)��8��

8��!
��� ������
��!8@?�F��)�
��� 
�>')����
990�!���*���
	
��>')�&*��)��"��8)��8��!(	�

�	��
��	��'����*���
� ��
�����
?�
990�!���*�������-,�	�
�������	�!(	� MS �J���
/���
990�!�

��'��9���������)��-,��J�F�(����//��*� ��� software ���J���	�
���������J�!
/��!)���+�8)�

���
990�!�!(	�
����� De Novo sequencing 

4) 	�
��������#��!8)�+9����!(	�+9����� MASCOT  

 

%�	
��'"��� 

1. &����	�
������������+9��������
	)�*��!(	�	��� SDS-PAGE !
��,9��' 1-4 �/	*�

�����-�
���
�����F�8
?�������+9��������?J���
�+�
����0!(+9����F��&*�
����'�()�!(	�


����� silver staining ��������-�
!�()�
�����8��!�?J���
�+�
���� 
�>')�*)�+9����F��()�
��

!(	�
)�0������9��� F�(0!(+9����
�>')�J����@�%�	�
������
990�!�!(	� 	��� LC-MS/MS �*)09 
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��+	
� 1 ��!��
	)�*��
����'���+9����!(	�	��� SDS-PAGE F��
	)�*����)��*	� Hippocampus 

 

 

 
 

��+	
� 2 ��!��
	)�*��
����'���+9����!(	�	��� SDS-PAGE F��
	)�*����)��*	� Parietal 
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��+	
� 3 ��!��
	)�*��
����'���+9����!(	�	��� SDS-PAGE F��
	)�*����)��*	� Brainstem 

 

 
 

��+	
� 4 ��!��
	)�*��
����'���+9����!(	�	��� SDS-PAGE F��
	)�*��08�
���
� 
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.����	
� 1 ��!�#��!8)�+9�����J�
���F���)����08�
���
���'����*���
���'0!(�
!
�>)�8)����
8��'0�*
9H�

+����%���
8/(�
9���/
���/�
/F����
8��'
9H�+����%���
8/(��//!��(������//)
������'
���#�	��
��	���#(� 

 
ID Details Protein Region N FE DE FL DL 
28S ribosomal protein S14, mitochondrial  gi|157787000 Hippocampus � �� �� 0 � 
aczonin  gi|6433936 Hippocampus � �� 0 0 � 
axin  gi|2252820 Brainstem � 0 �� � �� 
brain alpha-tropomyosin (TMBr-1)  gi|207355 Spinal cord � � �� � � 
brain alpha-tropomyosin (TMBr-3)  gi|207359 Spinal cord � � �� 0 � 
Brca1  gi|6694636 Spinal cord � � 0 0 0 
breast and ovarian cancer susceptibility 
gene  gi|157460971 Brainstem � 0 �� � � 

CD2 molecule  gi|56204193 Hippocampus 0 �� � �� 0 

Chain A, Crystal Structure Of Human 
Dihydropyrimidinease-Like 2 gi|109158020 Brainstem �� �� �� �� �� 

Chain A, Crystal Structure Of Human 
Sperm-Specific Glyceraldehyde-3- 
Phosphate Dehydrogenase (Gapds) 
Complex With Nad And Phosphate 

gi|238537990 Brainstem �� �� �� �� �� 

Chain A, Low Resolution, Molecular 
Envelope Structure Of Type I Collagen In 
Situ Determined By Fiber Diffraction. Single 
Type I Collagen Molecule, Rigid Body 
Refinement 

gi|254221095 Brainstem � � � � � 

Chain A, Structure Of Pitp-Alpha 
Complexed To Phosphatidylinositol gi|47169316 Hippocampus � � � � 0 

Chain A, Structure Of Tropomyosin's Mid-
Region: Bending And Binding Sites For 
Actin 

gi|85544236 Spinal cord � � �� 0 � 

Chain A, The Structure Of Collagen Type I. 
Single Type I Collagen Molecule gi|109156929 Brainstem � � � 0 � 

chondroitin sulfate proteoglycan 3  gi|56122258 Hippocampus �� �� �� �� �� 
collapsin response mediator protein gi|1582083 Brainstem �� �� �� �� �� 
collapsin response mediator protein 1  gi|14189905 Brainstem �� �� �� �� �� 
CSPG3 variant protein gi|68533063 Hippocampus �� �� �� �� �� 
cyclin A2  gi|14210077 Brainstem � 0 0 0 � 
cytokeratin 9  gi|435476 Brainstem �� 0 � 0 � 
cytokeratin KRT2-6HF  gi|13272554 Brainstem �� 0 � 0 �� 
cytokeratin type II  gi|3901030 Brainstem �� 0 � � � 

DEAD/H (Asp-Glu-Ala-Asp/His) box 
polypeptide  gi|157272171 Brainstem 0 � �� � 0 

dihydropyrimidinase-like 2 long form  gi|161727458 Brainstem �� �� �� �� �� 
dihydropyrimidinase-like 2 short form  gi|161727456 Brainstem �� �� �� �� �� 
dihydropyrimidinase-like 2 variant  gi|62898846 Parietal �� �� �� �� 0 
dihydropyrimidinase-like 2 variant  gi|62087970 Brainstem �� �� �� �� �� 

dihydropyrimidinase-related protein 1 
isoform 1  gi|62422571 Brainstem �� �� �� �� �� 

dihydropyrimidinase-related protein 1 
isoform 2  gi|4503051 Brainstem �� �� �� �� �� 

dihydropyrimidinase-related protein 2  gi|4503377 Parietal �� �� �� �� �� 
dihydropyrimidinase-related protein 2  gi|4503377 Brainstem �� �� �� �� �� 
DKFZP459J041 protein  gi|207080280 Hippocampus �� �� �� �� �� 
E3 ubiquitin-protein ligase RNF123  gi|300796384 Brainstem �� �� �� �� �� 
E3 ubiquitin-protein ligase RNF19A  gi|194474032 Brainstem �� �� �� �� �� 
epidermal keratin subunit II  gi|293686 Brainstem �� 0 � 0 � 
FLIP  gi|148913064 Hippocampus �� � 0 0 �� 
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ID Details Protein Region N FE DE FL DL 
GAPDH-2 like  gi|2282013 Brainstem �� �� �� �� �� 

glutamate oxaloacetate transaminase 1, 
soluble gi|148709958 Parietal � �� �� �� �� 

glutamic-oxaloacetic transaminase 1, 
aspartate aminotransferase 1, cytosolic  gi|84626479 Parietal � �� �� �� �� 

glyceraldehyde-3-phosphate 
dehydrogenase, testis-specific  gi|110626121 Brainstem �� �� �� �� �� 

heat shock protein  gi|840652 Brainstem �� � �� �� �� 
heat shock protein 105 kDa  gi|114145505 Brainstem �� � �� �� �� 
heat shock protein 110, isoform CRA_a  gi|148673922 Brainstem �� � �� �� �� 
HLA-B associated transcript 2  gi|147832430 Brainstem �� 0 0 � 0 
HSD-35  gi|34559254 Brainstem �� �� �� �� �� 
HSPC192  gi|7106774 Parietal � � � 0 0 
Ig heavy chain variable region, VH3 family  gi|33319536 Hippocampus 0 �� �� 0 � 
IgK  gi|196490 Parietal �� �� �� � 0 

immunoglobulin lambda light chain variable 
region  gi|4324228 Brainstem � � � �� � 

keratin 1  gi|11935049 Brainstem �� � 0 0 � 
keratin 17, isoform CRA_c  gi|119581156 Hippocampus � 0 � �� � 
Keratin 6A  gi|46812692 Hippocampus � � � 0 0 

keratin 9 (epidermolytic palmoplantar 
keratoderma)  gi|119581148 Brainstem �� 0 � � � 

keratin type II  gi|914833 Brainstem �� 0 � 0 � 
keratin, type I cytoskeletal 10  gi|296476308 Spinal cord � 0 � 0 0 
keratin, type I cytoskeletal 17  gi|4557701 Hippocampus � 0 � �� � 
keratin, type II cytoskeletal 1  gi|119395750 Brainstem � � 0 � � 
keratin, type II cytoskeletal 5  gi|50233797 Brainstem �� 0 � � �� 
keratin, type II cytoskeletal 6A  gi|5031839 Hippocampus � � � 0 0 
keratin, type II cytoskeletal 6A  gi|155369696 Hippocampus � � �� �� 0 
keratin, type II cytoskeletal 6C  gi|155969697 Brainstem �� 0 � � � 
keratin, type II cytoskeletal 7  gi|114051856 Brainstem �� 0 � � �� 
keratin, type II cytoskeletal 75  gi|29789317 Brainstem �� 0 � � �� 
keratin, type II cytoskeletal cochleal  gi|114145409 Brainstem �� 0 � � �� 
kinesin-associated protein 3  gi|197097982 Hippocampus �� �� �� �� �� 
La ribonucleoprotein domain family, 
member 5  gi|55959410 Hippocampus � �� �� 0 �� 

la-related protein 4B  gi|57634536 Hippocampus � �� �� 0 �� 
metaphase chromosomal protein  gi|1154803 Parietal 0 �� 0 � � 
msh homeobox 1-like protein  gi|71370485 Brainstem � � 0 0 0 
mucin-16  gi|83367077 Brainstem 0 � � 0 0 
mutant keratin 9  gi|1890020 Brainstem �� 0 � � � 
NADH dehydrogenase subunit 4  gi|13562136 Brainstem � 0 � 0 � 
neurocan core protein precursor  gi|118600983 Hippocampus �� �� �� �� �� 

nuclear factor of kappa light polypeptide 
gene enhancer in B-cells inhibitor-like 1  gi|61554433 Brainstem � �� �� � �� 

Padi2 protein  gi|126153395 Spinal cord �� �� �� �� �� 
peptidyl arginine deiminase, type II  gi|148681383 Spinal cord �� �� �� �� �� 
PGCN_HUMAN  gi|2627295 Hippocampus �� �� �� �� �� 

phosphate carrier protein, mitochondrial 
isoform a precursor  gi|6031192 Hippocampus � �� 0 0 � 

phosphate carrier protein, mitochondrial 
isoform b precursor  gi|4505775 Hippocampus � �� 0 �� � 

pol protein  gi|21913262 Parietal � � 0 � 0 
PRAME family member 16  gi|113865933 Brainstem � � 0 � � 
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ID Details Protein Region N FE DE FL DL 
PRAME family member 17  gi|157426839 Brainstem � � 0 � � 

PREDICTED: abhydrolase domain 
containing 10  gi|291400705 Brainstem � � � � �� 

PREDICTED: acyl-CoA-binding domain-
containing protein 5-like  gi|301784310 Brainstem � � �� � � 

PREDICTED: ADP-ribosylation-like factor 6 
interacting protein 6  gi|114581255 Brainstem � � � 0 �� 

PREDICTED: BTB (POZ) domain 
containing 8  gi|194211113 Parietal � �� �� �� �� 

PREDICTED: DEAD (Asp-Glu-Ala-Asp) box 
polypeptide 46  gi|114601933 Brainstem �� � � 0 � 

PREDICTED: DEAD (Asp-Glu-Ala-Asp) box 
polypeptide 58  gi|194224905 Brainstem 0 � �� 0 0 

PREDICTED: DNA repair protein 
complementing XP-C cells isoform 1 gi|297670010 Spinal cord �� �� �� �� �� 

PREDICTED: DNA repair protein 
complementing XP-C cells isoform 2  gi|297670012 Spinal cord �� �� �� �� �� 

PREDICTED: dynein heavy chain 7, 
axonemal  gi|293361672 Parietal � �� 0 � �� 

PREDICTED: dynein, cytoplasmic 2, heavy 
chain 1 isoform 1  gi|291383983 Brainstem � � 0 0 � 

PREDICTED: dynein, cytoplasmic 2, heavy 
chain 1 isoform 2  gi|291383985 Brainstem � � 0 0 � 

PREDICTED: erythroblast membrane-
associated protein (Scianna blood group)-
like  

gi|194665871 Brainstem �� �� �� �� �� 

PREDICTED: intercellular adhesion 
molecule 5  gi|114675337 Spinal cord � �� �� �� �� 

PREDICTED: KCTD2 protein-like  gi|293340576 Brainstem �� 0 �� � �� 

PREDICTED: kinesin-associated protein 3 
isoform 2 gi|114565304 Hippocampus �� �� �� �� �� 

PREDICTED: kinesin-associated protein 3 
isoform 4  gi|114565298 Hippocampus �� �� �� �� �� 

PREDICTED: microtubule-associated 
protein 4 gi|194221363 Hippocampus � �� �� �� �� 

PREDICTED: MORN repeat-containing 
protein 1  gi|297279741 Parietal �� �� �� �� �� 

PREDICTED: mortality factor 4 like 2-like  gi|27674605 Spinal cord � � 0 0 0 
PREDICTED: olfactory receptor 414-like  gi|194668731 Hippo �� �� �� �� �� 
PREDICTED: PRAME family member 10  gi|114575124 Brainstem � � 0 � � 
PREDICTED: PRAME family member 17  gi|114554119 Brainstem � � 0 � � 

PREDICTED: putative uncharacterized 
protein FLJ37004-like  gi|109003210 Parietal � �� �� � �� 

PREDICTED: ras-related protein Rab-26-
like, partial  gi|297283256 Spinal cord �� �� �� �� �� 

PREDICTED: serine/threonine-protein 
kinase SRPK2-like isoform 1  gi|109067772 Hippo �� �� �� �� �� 

PREDICTED: serum albumin-like isoform 1  gi|301786252 Brainstem �� �� �� �� �� 
PREDICTED: similar to 3-oxoacyl- gi|149729674 Hippocampus � �� �� �� 0 

PREDICTED: similar to Abhydrolase 
domain containing 8  gi|149625264 Brainstem � 0 � � � 

PREDICTED: similar to apolipoprotein O  gi|149744396 Brainstem � 0 � � 3 

PREDICTED: similar to CDC2-related 
kinase 7 isoform 6  gi|73966113 Spinal cord � � 0 0 0 

PREDICTED: similar to Cell division cycle 
2-related protein kinase 7 (CDC2-related 
protein kinase 7) (CrkRS) isoform 1  

gi|73966105 Spinal cord � � 0 0 0 

PREDICTED: similar to CG17941-PA  gi|73981949 Parietal � � � 0 � 
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ID Details Protein Region N FE DE FL DL 
PREDICTED: similar to chromatin 
modifying protein 2B  gi|74001062 Parietal � �� �� � � 

PREDICTED: similar to Chromosome 14 
open reading frame 73  gi|126290447 Spinal cord �� �� �� 0 �� 

PREDICTED: similar to chromosome 6 
open reading frame 152  gi|149463327 Parietal � � 0 0 � 

PREDICTED: similar to Coiled-coil and C2 
domain containing 1A isoform 1  gi|126323160 Hippocampus � 0 � 0 � 

PREDICTED: similar to Coiled-coil and C2 
domain containing 1A isoform 2  gi|126323162 Hippocampus � 0 � �� � 

PREDICTED: similar to cyclin T1  gi|73996851 Hippocampus � �� � �� � 

PREDICTED: similar to cyclin-dependent 
kinase 12  gi|126308212 Spinal cord � � 0 0 0 

PREDICTED: similar to cytokeratin type II  gi|73996498 Brainstem � 0 � 0 �� 

PREDICTED: similar to dentin 
sialophosphoprotein precursor, putative  gi|126337978 Brainstem � 0 0 � � 

PREDICTED: similar to diabetes related 
ankyrin repeat protein  gi|149727156 Brainstem � 0 0 � � 

PREDICTED: similar to dopamine beta-
hydroxylase  gi|126297977 Spinal cord �� �� �� �� �� 

PREDICTED: similar to Glyceraldehyde-3-
phosphate dehydrogenase, testis-specific 
(Spermatogenic cell-specific glyceraldehyde 
3-phosphate dehydrogenase-2) (GAPDH-2) 
(HSD-35)  

gi|73948478 Brainstem �� �� �� �� �� 

PREDICTED: similar to GPI-
mannosyltransferase subunit  gi|74002957 Brainstem � 0 � � �� 

PREDICTED: similar to GS homeobox 1  gi|149599030 Brainstem � � � �� 0 

PREDICTED: similar to heat shock 
transcription factor 1  gi|149598283 Brainstem � � �� � �� 

PREDICTED: similar to keratin 5b  gi|73996461 Brainstem �� 0 � � �� 
PREDICTED: similar to keratin 6L  gi|73996463 Brainstem �� 0 � � �� 

PREDICTED: similar to Keratin, type I 
cytoskeletal 14 (Cytokeratin-14) (CK-14) 
(Keratin-14) (K14)  

gi|114667176 Brainstem �� 0 � � � 

PREDICTED: similar to kinesin-associated 
protein 3  gi|126306371 Hippocampus �� �� �� �� �� 

PREDICTED: similar to Leucine-rich repeat 
protein SHOC-2 (Ras-binding protein Sur-8) gi|74003729 Parietal 0 � � � � 

PREDICTED: similar to low density 
lipoprotein receptor-related protein 10  gi|149567113 Parietal �� �� � �� �� 

PREDICTED: similar to low density 
lipoprotein receptor-related protein 8  gi|73956442 Brainstem � 0 0 0 � 

PREDICTED: similar to Low-density 
lipoprotein receptor-related protein 4 
precursor (Multiple epidermal growth factor-
like domains 7)  

gi|126332714 Parietal �� �� � �� �� 

PREDICTED: similar to Macrophage 
receptor MARCO (Macrophage receptor 
with collagenous structure)  

gi|73984183 Parietal � �� 0 0 0 

PREDICTED: similar to myosin heavy chain 
10, non-muscle  gi|149409210 Brainstem � �� � 0 0 

PREDICTED: similar to N-myc proto-
oncogene protein  gi|149631792 Spinal cord � � 0 0 0 

PREDICTED: similar to nucleoside 
diphosphate kinase type 6  gi|73985902 Hippocampus � �� 0 0 � 

PREDICTED: similar to Olfactory receptor 
10T2  gi|74006383 Brainstem � 0 � 0 � 

PREDICTED: similar to Olfactory receptor 
9I1  gi|73982588 Spinal cord � � 0 0 0 
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ID Details Protein Region N FE DE FL DL 
PREDICTED: similar to peptidylarginine 
deiminase, type II  gi|149253211 Spinal cord �� �� �� �� �� 

PREDICTED: similar to Ral guanine 
nucleotide dissociation stimulator-like 3  gi|126322823 Spinal cord �� �� �� �� �� 

PREDICTED: similar to RIKEN cDNA 
6330514A18 gene  gi|149633975 Brainstem � �� �� � �� 

PREDICTED: similar to RNA polymerase I 
transcription termination factor 1  gi|126297923 Spinal cord � � 0 0 0 

PREDICTED: similar to SEL1L  gi|126282500 Spinal cord �� � � 0 � 

PREDICTED: similar to SLC25A3 protein 
isoform 4  gi|114646438 Hippocampus � �� 0 �� � 

PREDICTED: similar to sorbin and SH3 
domain containing 2, partial  gi|149615821 Brainstem � 0 � � � 

PREDICTED: similar to T cell receptor V 
delta 5  gi|149598669 Brainstem � 0 � � �� 

PREDICTED: similar to tolloid-like 2, partial  gi|149618793 Spinal cord � � 0 0 0 

PREDICTED: similar to tudor domain 
containing 6  gi|73980599 Brainstem � 0 � � � 

PREDICTED: similar to type IIA 
procollagen, partial  gi|149473605 Brainstem � 0 � � �� 

PREDICTED: similar to ubiquitin associated 
protein 2  gi|149409863 Hippocampus � � �� �� 0 

PREDICTED: similar to Ubiquitin-
conjugating enzyme E2 E3 (Ubiquitin-
protein ligase E3) (Ubiquitin carrier protein 
E3) (Ubiquitin-conjugating enzyme E2-23 
kDa) (UbcM2) isoform 3  

gi|74004751 Spinal cord �� �� �� �� �� 

PREDICTED: similar to Zinc finger protein 
64, isoforms 1 and 2 (Zinc finger protein 
338)  

gi|194238788 Hippocampus 0 �� �� �� 0 

PREDICTED: similar to zinc finger protein 
709  gi|149554947 Spinal cord � � 0 0 �� 

PREDICTED: ubiquilin 1  gi|194224707 Brainstem 0 � �� 0 �� 
PREDICTED: ubiquitin specific protease 34  gi|293353299 Brainstem �� � �� �� �� 
PREDICTED: UPF0691 protein C9orf116-
like  gi|301792272 Spinal cord �� �� �� �� �� 

PREDICTED: WD repeat domain 78 gi|297473081 Hippocampus �� �� �� �� �� 
prostate stromal protein ps20  gi|10312075 Brainstem � 0 � 0 � 
protein piccolo isoform 1  gi|150378539 Hippocampus � �� 0 � � 
protein piccolo isoform 2  gi|150170670 Hippocampus � �� 0 �� � 
protein unc-13 homolog C  gi|284055293 Brainstem � � �� �� �� 
protein-arginine deiminase type-2  gi|171906557 Spinal cord �� �� �� �� �� 

protein-glutamine gamma-
glutamyltransferase E  gi|124001551 Hippocampus 0 � � �� � 

protocadherin 15 precursor (predicted)  gi|165934069 Spinal cord � � 0 � 0 
protocadherin alpha-8  gi|41281624 Hippocampus � 0 � � 0 
PRTD-NY2  gi|12330995 Parietal 0 � � � 0 
quaking protein 3  gi|17224450 Brainstem � �� �� � �� 
RAB26, member RAS oncogene family  gi|44890744 Brainstem � 0 � 1 �� 
ras-like protein family member 11B  gi|110625708 Hippocampus � �� �� �� �� 
ras-related protein Rab-26  gi|46361978 Brainstem � 0 � 0 �� 

RecName: Full=Evolutionarily conserved 
signaling intermediate in Toll pathway, 
mitochondrial; AltName: Full=Protein 
SITPEC; Flags: Precursor 

gi|150382601 Hippocampus 0 � 0 � �� 

RecName: Full=Hemoglobin subunit beta-Z; 
AltName: Full=Beta-Z-globin; AltName: 
Full=Hemoglobin beta-Z chain 

gi|232227 Brainstem �� 0 � 0 � 
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ID Details Protein Region N FE DE FL DL 
RecName: Full=Homeobox protein MSX-1; 
AltName: Full=Msh homeobox 1-like protein gi|88913535 Brainstem � � 0 0 0 

RecName: Full=Myelin basic protein; 
Short=MBP gi|32469616 Brainstem � �� �� �� �� 

RecName: Full=Protein HUG-1; AltName: 
Full=HOX11 upstream gene 1 protein gi|13124303 Hippocampus � �� �� �� �� 

RecName: Full=Protein-arginine deiminase 
type-2; AltName: Full=Peptidylarginine 
deiminase II; AltName: Full=Protein-
arginine deiminase type II 

gi|730271 Spinal cord �� �� �� �� �� 

RecName: Full=RNA-binding protein 12B; 
AltName: Full=RNA-binding motif protein 
12B 

gi|75071008 Parietal �� �� �� �� �� 

reelin  gi|1743885 Parietal � � � 0 0 
regulator of G-protein signaling 22  gi|158534077 Parietal 0 � � 0 0 
RNA helicase LGP2  gi|149408137 Hippocampus � �� �� � �� 
sarcomeric tropomyosin kappa  gi|49660012 Spinal cord � � �� 0 � 

serine/threonine-protein kinase SRPK2 
isoform a  gi|33188449 Hippocampus �� �� �� �� �� 

serum albumin precursor  gi|57977283 Brainstem �� �� �� �� �� 
SET and MYND domain-containing protein 
4  gi|156616308 Brainstem � 0 0 0 �� 

SFRS protein kinase 2 isoform c  gi|34329350 Hippocampus �� �� �� �� �� 
short-wave sensitive type 1 opsin  gi|77025120 Brainstem �� 0 0 � �� 
skeletal muscle tropomyosin  gi|339958 Spinal cord � � �� 0 � 
SLC25A3 protein  gi|34783216 Hippocampus � �� 0 0 � 
SMAP  gi|3645904 Hippocampus �� �� �� �� �� 
solute carrier family 25 (mitochondrial 
carrier; phosphate carrier), member 3, 
isoform CRA_c  

gi|119618006 Hippocampus � �� 0 �� � 

SRPK2 protein  gi|46250445 Hippocampus �� �� �� �� �� 
STAT3  gi|13272532 Brainstem �� �� �� �� �� 
T-cell surface antigen CD2 precursor  gi|156071472 Hippocampus �� �� � �� 0 
tetratricopeptide repeat protein 35  gi|166157534 Parietal � � �� 0 � 
TPM1 protein  gi|29792232 Spinal cord � � �� 0 � 
TPMsk1  gi|19072647 Spinal cord � � �� 0 � 

transducin-like enhancer of split 3 (E(sp1) 
homolog, Drosophila), isoform CRA_d  gi|119598257 Parietal � � 0 0 0 

tropomyosin (227 AA)  gi|825723 Spinal cord � � �� 0 � 
tropomyosin alpha striated muscle isoform  gi|49660014 Spinal cord � � �� 0 � 
tropomyosin isoform  gi|854189 Spinal cord � � �� 0 � 
type II keratin Kb1  gi|149031965 Brainstem � � 0 0 � 
type II keratin Kb14  gi|51092301 Brainstem �� 0 � � � 
type II keratin subunit protein  gi|386854 Brainstem � � 0 � � 
ubiquitin carboxyl-terminal hydrolase 20  gi|157427794 Spinal cord �� �� �� �� �� 

WAP four-disulfide core domain protein 1 
precursor  gi|18379353 Brainstem � 0 � � � 

yv40g01.s1 Soares fetal liver spleen 1NFLS 
Homo sapiens cDNA clone IMAGE:245232 
3-, mRNA sequence 

gi|1195811 Hippocampus � 0 � 0 � 

 

N = ���*����
8��'0�*
9H�+����%���
8/(�  

FE = ���*����
8��'
9H�+����%���
8/(��//!��(����'
���#�	��
��	  

DE = ���*����
8��'
9H�+����%���
8/(��//)
������'
���#�	��
��	  
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FL = ���*����
8��'
9H�+����%���
8/(��//!��(����'
���#�	��#(�  

DL = ���*����
8��'
9H�+����%���
8/(��//)
������'
���#�	��#(� 

(0 ����-@� 0�*���*� intensity) 

(� ����-@� ���*� intensity ��'
��'�8@?� 
�>')
9���/
���/�
/ 0) 

(�� ����-@� ���*� intensity ��'
��'�8@?���� 
�>')
9���/
���/�
/ 0) 

 

2. &����	�
��������#��!8)�+9������'�������!�))�8)���)��*	� Hippocampus, 

Parietal, Brainstem ���08�
���
� 8)����
8��'0�*0!(��!
#>?)+����%���
8/(� ���
8��'��!
#>?)+����%���
8

/(��
?�F��//!��(������//)
���� ���+9����� MeV !
��,9��' 5-8 �/	*������-�
���
�����F�

8
?����	�
��������#��!8)�+9����0!(  

 

 
 

 

��+	
� 5 ��!�&����
9���/
���/ �����!�))���'
9��'���9������*���
�)�*�����
��J��
�����-��� (p < 

0.05) 8)���)��*	� Hiocampus 8)����
8��'8)����
8��'��!
#>?)+����%���
8/(��
?�F��//!��(������//)
���� 


9���/
���/�
/���
8��'0�*0!(��!
#>?)+����%���
8/(�!(	�+9����� MeV 
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��+	
� 6 ��!�&����
9���/
���/ �����!�))���'
9��'���9������*���
�)�*�����
��J��
�����-��� (p < 

0.05) 8)���)��*	� Parietal 8)����
8��'8)����
8��'��!
#>?)+����%���
8/(��
?�F��//!��(������//)
���� 


9���/
���/�
/���
8��'0�*0!(��!
#>?)+����%���
8/(�!(	�+9����� MeV 

 

 
 

��+	
� 7 ��!�&����
9���/
���/ �����!�))���'
9��'���9������*���
�)�*�����
��J��
�����-��� (p < 

0.05) 8)���)��*	� Brainstem 8)����
8��'8)����
8��'��!
#>?)+����%���
8/(��
?�F��//!��(������//)
���� 


9���/
���/�
/���
8��'0�*0!(��!
#>?)+����%���
8/(�!(	�+9����� MeV 
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���
� 8)����
8��'8)����
8��'��!
#>?)+����%���
8/(��
?�F��//!��(������//)
���� 


9���/
���/�
/���
8��'0�*0!(��!
#>?)+����%���
8/(�!(	�+9����� MeV 
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��J��
����
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#>?)+����%���
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?�F��//!��(������//)
���� 
9���/
���/�
/

���
8��'0�*0!(��!
#>?)+����%���
8/(�!(	�+9����� String 
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  ICAM5 

intercellular adhesion molecule 5, telencephalin; ICAM proteins are ligands for the leukocyte 

adhesion protein LFA-1 (integrin alpha-L/beta-2) (924 aa) 

  GAPDHS 

glyceraldehyde-3-phosphate dehydrogenase, spermatogenic (408 aa) 

  C11orf58 

Small acidic protein (183 aa) 

  UNC13C 

unc-13 homolog C (C. elegans) (2214 aa) 

  CHMP2B 

chromatin modifying protein 2B (213 aa) 

  STAT3 

signal transducer and activator of transcription 3 (acute-phase response factor) (770 aa) 

  CENPE 

centromere protein E, 312kDa (2701 aa) 

  ABHD10 

abhydrolase domain containing 10 (306 aa) 

  SERPING1 (500 aa) 

  KBTBD8 

kelch repeat and BTB (POZ) domain containing 8 (575 aa) 

  ALB 

Albumin (609 aa) 

  MYEF2 

myelin expression factor 2 (600 aa) 

  LRP10 

low density lipoprotein receptor-related protein 10 (713 aa) 

  MAP4 

microtubule-associated protein 4 (1152 aa) 

  KIFAP3 

kinesin-associated protein 3 (792 aa) 

  GOT1 

glutamic-oxaloacetic transaminase 1, soluble (aspartate aminotransferase 1) (413 aa) 

  WDR78 

WD repeat domain 78 (848 aa) 

  ERMAP 

erythroblast membrane-associated protein (Scianna blood group) (475 aa) 

 CHST3 

carbohydrate (chondroitin 6) sulfotransferase 3 (479 aa) 

  PADI2 
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peptidyl arginine deiminase, type II (665 aa) 

  UBQLN1 

ubiquilin 1 (589 aa) 

  RGL3 

ral guanine nucleotide dissociation stimulator-like 3 (710 aa) 

  DBH 

dopamine beta-hydroxylase (dopamine beta-monooxygenase) (617 aa) 

  ZNF709 

zinc finger protein 709 (641 aa) 

  ENSG00000236346 

NF-kappa-B inhibitor-like protein 1 (Nuclear factor of kappa light polypeptide gene enhancer in B-

cells inhibitor-like 1)(Inhibitor of kappa B-like protein)(I-kappa-B-like protein)(IkappaBL) (381 aa) 

(Homo sapiens) 

 

 

 
 

 

��+	
� 10 ��!��J��	�+9������'�����!�))���'
9��'���9������*���
�)�*�����
��J��
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��!+#�$������$/�%� 

&��������J���*��#*	�
��09	�
�������*)!(	�	��� LC-MS/MS 0!(8()�,�8)������/
��8)�

+9������*��#��! F����
8��'
9H�+����%���
8/(��//!��(������//)
���� �
?�F����*���'��!�)����
��	

�����!�)����#(�
9���/
���/�
/���
8��'0�*
9H�+����%���
8/(� �/	*� 

 

Cytoskeleton proteins 


9H����*�+9������'�/��� �
?��
��J��
�F����/	�����
�%�+����*��8)�
���� ���8��*����

�*��� F�����@�%�F� neuroblastoma cell ��' infect !(	� CVS strain ��(	*� rabies virus 

nucleocapsid ���J�F�( filamentous actin (F-actin) �!�� ��*��&��*) synapsin I �@'�
9H� neuron-

specific protein ��'�	/������
��! actin bundling ��*0�*0!(��&�+!�����*)���/	���� actin 

polymerization [1] F�9� 2008 ������@�%�F� transgenic mice ��'�����- express yellow 

fluorescent protein (YEP) F��J����*�8)� neurons F� layer V 8)� neocortex pyramidal neurons 

8)� hippocampus ��� mossy fibers 8)� cerebellum ���F� dorsal root ganglia 
�>')!,!(	� 

fluorescence microscopy �/	*� �����
��! beading F� axons ��� dendrites 8)� layer V 

pyramidal neurons F� cerebral cortex, cerebellar mossy fibers ��� axonsF� brainstem �/���


9��'���9��
����()�F� perikarya 8)� neuronal processes 8)� hippocampus �@'����
9��'���9��

��'
��!8@?���?�
��
����
/
	��F�#*	� late infection /*�#�?	*����
9��'���9����'
��!8@?� 0�*0!(�J���(���'�J��
!

������*������8)�0	�
�&*�� neural axis [2]  

&�����@�%���
?���?�/ Tropomyosin alpha chain ����(���'
9H� actin-binding protein �@�

�	/��� actin mechanics F����� isoform 0�*�������!�))�
����F�08�
���
�8)����*����
8��'
9H�

+����%���
8/(��//!��(����'
���#�	��#(� (FL) F�8����'���*�)>'��������!�))�8)�+9�������*���?��'
��'�

�,�8@?� +!�
����)�*����'�F����*����
8��'
9H�+����%���
8/(��//�//)
������'
���#�	��
��	 (DE) 

Reelin 
9H�+9������'#*	��	/�������J����8)� microtubule F� neurons ��� neuronal 

migration ����@�%�F���
?���?0�*�/	*��������!�))�
����F���)��*	� Parietal 8)����*����
8��'
9H�

+����%���
8/(��//!��(������//)
������'
���#�	��#(� (FL, DL) 
�>')
9���/
���/�
/���*�)>'� 

!
��
?�&�8)�0	�
���?�*) Cytoskeleton proteins �*���
9H�&�F��)�
��'�������
9H����)()�

��������'0	�
���&��*) +9����F����*� neuron-specific protein �@'��	/�������J����8)� 

Cytoskeleton proteins )���� !
��
?��J�F�( function &�!9���09 ����	*������'�
	0	�
�09�J���� 

Cytoskeleton proteins +!����  

 

Heat shock proteins and chaperones 

Heat shock proteins ��>) stress proteins 
9H����*�+9������'�/F�
���� F��"�	�9��� ��

�J���(���'��(���
/ chaperones �	/��� folding 8)� cellular protein F�(�� conformation -,��()� F�

�"�	���'
��! environmental stresses 
#*� �	���()� �����!
#>?) ���)
�
�/ �
?��
�
��'�	8()��
/

��//",����(��
� (innate immunity) [3]  

����@�%���'�/	*��� Heat shock protein �����
	 �������!�))���'
��'�8@?� +!�
����F�

�J����*� brainstem ��� spinal cord +!�
����)�*����'�F����*����
8��'
9H�+����%���
8/(��//
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)
���� ��!�F�(
���	*� F����*���?�� stress ��� innate immune response �*)0	�
���'����	*� �
?����' 

���J��	�0	�
�9������()� �@'��
��
����
/8()�,���'�@�%����*)���(���?	*� � �J����*� Spinal cord ��? 

�@'�
9H����&*��8)�0	�
��*)���'��09�,*��)������0	�
�)�,*
9H��J��	�����	*�F����*����
8��'
9H�+��

��%���
8/(��//!��(�� [4] )��)��/��0!(	*������'��9������������)/��)���'���8@?� )���J�F�(0	�
�


��>')��
	#(��	*�F����*����
8��'
9H�+����%���
8/(��//)
���� 

 

Immune response-related proteins 

�������@�%��/ CD2 �@'�
9H� specific marker 8)� T cells ��� NK cells �����
��'�8@?���'

/��
	���)��*	� hippocampus +!�
����F����*����
8��'
9H�+����%���
8/(��//!��(�� ��!�	*��*���

������)/��)����",����(��
�
��'�8@?�F����*���? �@'��
��
����
/8()�,���'�@�%����*)���(���?	*� 0	�
���

09�,*��)�0!( 
��	�	*�F����*����
8��'
9H�+����%���
8/(��//)
���� 

Neuron-specific proteins 

Collapsin response mediator protein 2 (CRMP-2) ��>) dihydropyrimidinase-related 

protein 2 
9H�+9������'�J��
��
?�F�!(�� microtubule reorganization +!� CRMP-2 ��'�J����*� axon 

��� dendrite �������-�
/ tubulin heterodimers 
��! microtubule assembly 
���'�	�J� neurite 

elongation �@'� CRMP-2 ��? -,��	/�������J����+!� glycogen synthase kinase-3� (GSK-3�) [5] 

��� CRMP-2 �
�
���	8()�F����
��! migration 8)� T-cell [6] �*)���(���?������@�%�F���)�8)�

��,��'�� encephalitis �/	*�
�>')�������!
#>?)0	�
� ���������!�))�8)� CRMP-2 ��'
��'�8@?�F� T- 

lymphocytes �@'��
��
����
/���
��! recruitment 8)� immune cell [7]  

+!�F�����@�%���? �/	*� �
?�F����*����
8��'
9H�+����%���
8/(��//!��(������//)
���� ��

�����!�))���'��'
��'�8@?�8)� CRMP-2 F��J����*���)��*	� parietal ��� brainstem ��*0�*���/ 

Spinal cord ��!�F�(
���	*�F��J����*� parietal ��� brainstem �
?� �*���������J����8)����

�)/��)�",����(��
���'���8@?� 
���'�	�J�F�(
��! cell migration 
�>')
9H�����)/��)�8)���//

",����(��
��*)0	�
� 

 

Transporter protein 

Protein piccolo ��>) Aczonin )�����J���(���'
��>)� scaffolding protein +!�
��'�	8()��
/ 

����
!�����'�J����*� synaptic active zones ������8��*�8)� synaptic vesicle F�����@�%���
?���? 

0�*�/	*��������!�))���'�J����*� hippocampus 
����F����*����
8��'
9H�+����%���
8/(��//

)
������'
���#�	��
��	 (DE) 
�>')
9���/
���/�
/���*�)>'�  

 

Ubiquitination and proteosome-related proteins 

+9����F����*���? 
9H�+9������'�J��
�F����*���'�	/�����!
/ proteolysis/protein stability F�

����@�%���
?���?�/ Ubiquitin carboxy-terminal hydrolase �@'�
9H�
)�0���F����*� thiol protease �@'�


��'�	8()�F����/	���� processing 8)� ubiquitin precursors ��� ubiquitinated proteins +!��� 

hydrolyzes �
��� peptide � �J����*� C-terminal glycine 8)� ubiquitin, E3 ubiquitin-protein 

ligase 
��'�	8()�F����/	���� polyubiquitination 
�>')
9H�+9������'/*�/)��J���
/���
��! 
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degradation +!� proteasome F�����@�%���
?���? �/	*������
9��'���9�������!�))�8)�+9����

���*���?F�������*� F��J����*�8)���)��*	� hippocampus, brainstem ���08�
���
� 

Ubiquilin 1 
9H�+9����F����*� ubiquitin-like protein �J���(���'��
�F�����	/��� 

proteasomal degradation 8)�+9����)>'�� [8] F�9� 2011 �/	*� Ubiquilin 1 ��>) PLIC-1 (Protein 

linking IAP with cytoskeleton 1) �J���(���'�
/�
?�����J����8)����/	���� TLR3-Trif signaling 

pathway [9] F�����@�%���
?���?�/	*������
��'�8@?�8)�+9�����
	��?��'�J����*�8)���)��*	� 

brainstem F�������*�8)����
8��'
9H�+����%���
8/(�
�>')
9���/
���/�
/���
8��'0�*
9H�+����%���
8/(� 

+!�
����)�*����'�F����*����
8��'
9H�+����%���
8/(��//)
������'
���#�	��
��	 (DE) �/	*������


��'�8@?�)�*����� )��)��/��0!(	*������'��9������������)/��)���'���8@?� )���J�F�(0	�
�
��>')��
	

#(��	*�F����*����
8��'
9H�+����%���
8/(��//)
���� 

 

���&�������@�%������/
��8)�+9������*��#��!��'
9��'���9��09 F����
8��'
9H�+����%

���
8/(��//!��(������//)
���� �
?�F����*���'��!�)����
��	�����!�)����#(�
9���/
���/�
/

���
8��'0�*
9H�+����%���
8/(� !
��
?����	��
���?��#*	�F�(������
���)����	���,(	*� F�
����9�����

��!
/�*����
� �������(��+9����#��!F!��'
��>)�����*���
�F��*	��*��� �
?�F�"�	�9������"�	�

��!
#>?) ����
��J�F�(���/�
�%���	������*��8)������!�))�8)�+9����F�+����%���
8/(��//!�

�(������//)
������'��
���#�	��
��	���#(�0!( )
���
9H�8()�,��J��
��J���
/����@�%��*)09F�)���� 

�@'����J�09�,*���)��/����0�����J���� ����J�)
����� ���9�������F#(F�����
�%��*)09 

8����?)�,*F�8
?��)������	� mRNA expression 8)�+9������'��F� 
�>')�>��
����

��!�))�8)�+9������'�/	��� Real-time PCR �*)����
8���������
�>')8)�
/�����������*)09 ���

�@�%��*)09-@�+9�����J�
���F����*�)����
!��	�
����F����*�9��� ��'�J����*��*��� 0!(��* 

hippocampus, parietal, brainstem ��� spinal cord 
�>')F�(���/	*� brainstem ��� spinal cord ��

+9����#��!F!��'�*���
/�*	���)�F��* �
?���?�*���������@�%��*)����(���? �@'�
9H����!,+9����F�

��)���'�J����*�
!��	�
�F���*�����*� 
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�������	
� 4 ���.�����������*���!����"���������-�.����&���&�(��!���	
���

)
��.'"�


�	����&��)
���	
� 
 

%�"���%�')&�/��� 

 1. !�.��"�"��� 	
#��$%�!�  

 2. �.��.	��� 
����
������� 
 

��.<!+�$�����������
 

 1. 
�>')�
���	��������	�	�����
�0	�
�+����%���
8/(�!(	�
��������)�,#�		����F���'��*�

��	�������
8#��! non-neuronal ��'�����-
��/�
	)�*��0!(�*�� 
#*� �?J���� ��	! ��
���!

8�/��
	��
	���
8 ������
8��'
���#�	�� 

 2. 
�>')9��
����	��
9H�090!(F����F#(�
	)�*����'��*���	�#��!)>'���'0�*F#*��)�F������	�

	�����
�+����%���
8/(�F����
8 

 

���'=������������
 

4.1 ��������+�

��	

���J
���.����������
����� RB '"�
�	����&��)
���	
� 5 #�� 

    “Comparative detection of rabies RNA by NASBA, real-time PCR and conventional PCR”  

     
9H�+������	��
�
9���/
���/	��������	����)�,#�		���� 5 #��! ��'
9H������	���'��

���������������(	�
?����8)����&,(	��
� 0!(��* NASBA-ECL (Wacharapluesadee and 

Hemachudha, 2001) ��� Real- time PCR (Wacharapluesadee et al. 2008) ������

���&,(	��
��*��9��
�� 0!(��* RT-hnPCR (Dacheux et al., 2008) �	��
?������	���'�
���8@?�

F��*������&,(	��
� (Real time- NASBA) 
�>')
9���/
���/ sensitivity ,specificity �������
	��

F����	�����
� )���
?�
9���/
���/���F#(
��>')��>) 2 �//F�����J� Real- time NASBA �>)F#(


��>')��>)�J�
�����'&���+!�/��%
�&,(�
!�J���*�� ������9�������F#(
��>')� Real- time PCR�@'���

���F#(���)�*�����*����F�9��
��0�� ����	*�
��>')� Real- time NASBA 

 

%�	
��'"��� 

1) ���
9���/
���/ sensitivity 8)�	��������	� 5 �// 

  ������
9���/
���/F��
	)�*�� 2#��! 0!(��* viral RNA 8)� 0	�
���%���
8/(� #��! 

laboratory strain (CVS-11) ���0	�
���'0!(�����)����
8��'��!
#>?)0	�
���%���
8/(� (street strain) 

+!�����J� dilution 1:10 
�>')���*���!�(����'	��������	���*���//�����-��	��/0	�
�0!( 

�/	*� NASBA-ECL, Real- time PCR ��� Nested-PCR ���	��0	F������	���'��!
/
!��	�
� 

F�8����' Real- time NASBA ���	��0	F������	��()��	*�	����
?���� 10 
�*� )�*��0�*��

�
��J��
� 

 

.��
-& Nucleic acid sequence-based amplification with electrochemiluminescence  (NASBA-ECL) 

        Reverse transcription (RT) - heminested (hn) polymerase chain reaction (PCR) 
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2) ���
9���/
���/ sensitivity 8)�	�����'�
���8@?�F��* Real- time NASBA ������F#(
��>')��>)��	�

�*��#��!�
� 

  Primers ��� Probe 8)� Real- time NASBA 0!())��//8@?�+!�)��
�8()�,��>?�;��8)�

	������ NASBA-ECL ��'�
���8@?��
?���*9� 2543 ��'���,�����(		*����	��0	F������	��,� �����-

��	���'��*���	����&,(9�	��*)�
���#�	��0!( (Wacharapluesadee and Hemachudha, 2001) ���

F#(
9H�	��������	�����;��8)��,���9��/
��������+����)� �
?���*9� �.�. 2543 – 2552 ��*


�>')������������!&�������J���*���?J��� ECL��'F#(F������	� +!���
��+�+���F��* �>) NASBA 

-Real time �������' ��*�()�F#(
��>')��>)�J�
���F������	�	�����
� �@'���������� 

  ���&,(	��
��@�0!(�!�)�9�������F#(
��>')��>) Real- time PCR �@'���)�,*F��()�9��/
�����)�,*

��(	 �J����!�)�F#(F�����J� Real- time NASBA 
9���/
���/�
/���F#(
��>')� Real- time 

NASBA �(��/
/ 

  ����!�)/�/	*� ����J� Real- time NASBA ���
��>')��>)�
?� 2 #��! F�(&������	���'0�*

����*���
��
?�F���* sensitivity ��� specificity 

 

��!+#�$������$/�%� 

  &����	��
����
9���/
���/
��������)�,#�		����F������	�	�����
�0	�
���%���
8/(� ��'0!(

�@�%���
?���? #*	��>��
�	*�
����� Real- time PCR �����-�J���F#(F����	�����
�&,(9�	�+����%

���
8/(��!���	��� NASBA-ECL ��'�,���9��/
�����+�������)� F#(F������	��>��
��
?���* �.�.

2543 ���-@���(����
��+�+���F��* �>) Real- time NASBA ��0�*0!(F�(&������	���'���	��0	F�

�����	� !��	*�	���
!�� (NASBA-ECL) �
?���?)��
9H�
���������	�	
!�// ECL 
9H����	
!��' 

end point ��
��������������
����8)� chemiluminescent F�8����' Real- time NASBA 


9H����	
!�
���� fluorescent ���� cycle ��'�����
9��'���9�� ��*)�*��0������ �����	�!(	�


��+�+��� Real- time NASBA F#(����
	�������	�	
!��'�()��	*� �>)9����� 2 #
'	+�� F�8��

��' NASBA-ECL �()�F#(
	��F�8
?��)���� amplification ��� detection �	�9����� 3 #
'	+�� 

����
������-9�������F#(�
/
��>')� Real- time PCR 0!(+!�0�*�J�
9H��()��>?)
��>')�8)���// 

NASBA 

  �����	�	�����
�!(	�
����� Nested-PCR F#(
	��F������	�9����� 5 #
'	+�� �����

�	��
��'���*)���
��! contamination ���	*�������	� �@��()����&,(9��/
����'��9���/�����F����

��	��,� ��*)�*��0������ 
9~�����8)����F����
��'�9�����
9H���� L-polymerase �@'�����*��

�������J� Real- time PCR ��� NASBA �@'������ nucleoprotein (N) 
9H����
9~����� ���
9H�

�����'���	�����
	���	*��0	�
� strain �*��� ��>)",��"���*����*)�8(���,� �@�
������'��F#(F����

��	�	�����
�)�*�����*�����
'	+�� ����	*���� N ��'���	�����
	�'J��	*� ���&
��9����",��"��

8)�+�� ��� strain8)�0	�
���%���
8/(� 
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�������' 1 Comparison of NASBA and PCR detection systems for detection of rabies viruses  

Sample 

(Dilution) 

NASBA-ECLa NASBA-

Beacon –EQb 

NASBA- 

Beacon-LCc 

TaqMan RT-

PCRd 

RT-hnPCRe 

CVS (10-4)* +/+/+ +/+/+ +/+/+ ND +/+/+ 

CVS (10-5) +/+/+ +/+/+ +/+/+ ND +/+/+ 

CVS (10-6) +/+/+ -/-/- -/-/- ND +/+/+ 

CVS (10-7) +/-/- -/-/- -/-/- ND -/-/- 

CVS (10-8) -/-/- -/-/- -/-/- ND -/-/- 

D4 (10-3)# +/+/+ +/+/+ +/+/+ +/+/+ +/+/+ 

D4 (10-4) +/+/+ +/+/+ +/+/+ +/+/+ +/+/+ 

D4 (10-5) +/+/+ +/+/+ +/+/+ +/+/+ +/+/+ 

D4 (10-6) +/+/+ -/+/- -/-/- +/+/+ +/-/+ 

D4 (10-7) +/-/- -/-/- -/-/- -/-/- -/-/- 

D4 (10-8) -/-/- -/-/- -/-/- -/-/- -/-/- 

ND = not done due to mismatch between probe and target, * RNA concentration = 0.018 ug/�l,  

# RNA concentration = 0.374 ug/�l, a NASBA assay with electrochemiluminescence detection, b real-

time molecular beacon NASBA performed with the NucliSens EasyQ analyser, c real-time molecular 

beacon NASBA performed with the LightCycler real-time PCR machine, d one step TaqMan real-time 

RT-PCR, e RT- heminested PCR  

 

4.2 ���������������.����������
�����*���!����"�(������-�.���	
���-()-��&� 

  
9H�+�������
��������	�	�����
�+����%���
8/(�F����
8 ����
	)�*����'0�*F#*
�>?)��)� 

!(	�
�����)�,#�		���� 
�>')��	��������'�������-F#(�!��������	�0	�
���%���
8/(������)�

���
8 ��'���	����*����F����0!(���@'��
	)�*�� +!��()������&*�
9�!��+������%���'��)
����F����

��!
#>?)�*)&,(�J� ���F�/����
?�
�(�8)��
�	�9��
����'���
!�
	�
�	�
�>')�*���	� �@��J�F�(�����	�

�
	)�*���
�	���'���
�	*�
9H�+����%���
8/(�+!�
�������
8�����	 0�*0!(�
/�	��F�*F�����
��*)


�(�8)��
�	� �@��J�F�(��*	������'
��'�	8()�0!(�
/8()�,�����!�)/��'0�*��/-(	� ��������-

�
���
�����	��������	�+!�0�*�()�
9�!��)��
�	�0!( )��#*	�F�(8()�,�!(����/�!	����8)�+��

��%���
8/(�F�9��
�����",��"��)>'�����	����*��J� ��������-�J�09F#(F����	���&��	/���

+��0!()�*����9�������"����'�8@?��*)09 

 

%�	
��'"��� 

  ����@�%�	��
���? 0!(�J����
��/�
	)�*�� Non-neuronal 3 #��! 0!(��* �?J���� ��	! ���8�

���
8 
�>')�J������	���0	�
���%���
8/(�!(	�
�����  Real- time PCR 
9���/
���/�����	�F�


�>?)��)����
8 +!����
	)�*�����
8F�+������ �	� 101�
	 �/*�
9H����
8��'0�*0!(��!
#>?)+����%���
8

/(� �J��	� 35 �
	 ��� ���
8��'
9H�+����%���
8/(� �J��	� 66 �
	 ������	�����
��>��
�!(	�	������
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��	�����;�� Direct Fluorescent Assay (DFA) �@'����
8/(��
?� 66 �
	 9���)/���
8��'��)����!�

�(�� (Furious form) �J��	� 46 �
	 ���#��!�@� (paralytic form)�J��	� 20 �
	 � � �


9���/
���/&������	����	*���
	)�*�� Non –neuronal 3 #��! �/	*� �?J���� 
9H���'��*���	���'

���	��0	F������	��,���! �)�����0!(��* ��	! ���8� ����J�!
/ +!� �?J�������	��0	F�

�����	� 83.3% �>)�/&�/	��J��	� 55 F� 66 �
	)�*�� F�8����'��	!���	��0	F������	� 

81.8% �>)�/&�/	��J��	� 54 F� 66 �
	)�*�� ����
	)�*��8�/��
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TaqMan real-time RT-PCR results in 4 specimens  

Position Sensitivity [95% CI] Specificity [95% CI] PPV [95% CI] NPV [95% CI] 

Brain 100.0 100.0 100.0 100.0 

Saliva 83.3  [76.1, 90.6] 100.0 100.0 76.0 [67.8, 84.4] 

Whisker follicles 81.8 [74.3, 89.3] 100.0 100.0 74.4 [66.0, 83.0] 

Hair follicles 66.7  [57.5, 75.9] 100.0 100.0 61.4 [51.9, 70.9] 

 

PPV = Positive predictive value, NPV = Negative predictive values 
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� 6 Distribution of Rabies Antigen and Inflammatory Response in Furious and 

Paralytic Rabies of Canine Origin  
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+������ Thai CERTC 

Consortium ����¡ 
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	������/�����
�>')� " Human Rabies:Diagnosis 

and Treatment" � +������������ ���. 
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��	"�  
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�>')� " Medicine in the Future" 
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future" (�	
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17-20 �.�.51  

  

  

The fifth meeting of the Asian Rabies Expert 

Bureau (AREB) /������
	8() Experience in coma 

therapy for rabies cases � 
�>)� Nha Trang 

9��
��
	��!��� 

The  Asian Rabies 

Expert Bureau (AREB) 

  

21 �.�.51 
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�>')� "GMOs : 9��
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	�������������
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��*�9��
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)"�9��� 8()��!
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�%� ���9~)��
�
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���
8/(� �,9�// Round table discussion  

����	/���+�� 

  

  

3 ��.�.52 

  

	������F�(�	���,(��*�����9���J�/(�����*����
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�>')� Viral infection in CNS 

�-�/
�9�����	���� 

  

10 ��.�.52 

  

	������F�(�	���,(��*�����9���J�/(�� ���*����

9�����	���� 
�>')� Rabies 

�-�/
�9�����	���� 

  

17 ��.�.52 

  

	������F����/�����
�>')� " Human Rabies and 

Laboratory Investigation for Rabies " 

�-��
��	"�  

�"���#�!0��  

19 ��.�.52 

  

  

	�������J�
��)8()�,� "�	��
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+���������
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28 
�.�.52  

  

	������ "Emerging CNS infection in global 

warming condition" � +����� �)�/����
!)������?  

�.#�/��� 
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�)�����������*�

9��
��0�� 

6 �.�.52 
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9H�090!(F����&���	
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�J��
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����

��*�#��� ����	/���+�� 

�����	���������8 

15 �.�.52 
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2009" 
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euroscience forum 2009 �
	8() " Integrated 

Neuroscience from basic to clinical"/�����
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Paradigm shift in the  

management of CNS infection "  
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���������� ������#���/�� �.���!� ������

��������� ����¡ 2552
�>')� "Emerginig infections 

agents  :H5N1, xdr, TB, and so on.." 

���������� ���	�#�����*	�

������������� ����¡ 

  

  

3 �.�.52 	������F����
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�>)�F��*8)�08(�	
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���F��* 2009 #��! A(H1N1) ������))�
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;�"� ���. 
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�>')� viral infection � +�����


�(������9���� ����
��¡ 
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 20 �.�.52 	������F����
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9-12 �.�.52 RABIES IN ASIA CONFERENCE (RIA CON 

2009) Focus on “THE ELIMINATION OF RABIES 

IN THE ASIA AND THE WORLD”/�����
�>')� 

“Lyssavirus pathogenesis host  immune response 

and human disease therapy”��� “WHO guidelines 

for human rabies control and prevention”  

National Institute of Hygiene 

and Epidemiology, Hanoi, 

Vietnam 

� Horison Hotel  �������)�

9��
��
	��!��� 

7-9 �.�.52 
8(��*	�9��#�����/�����F����9��#��  “ WHO 

Consultation on Human and Dog Rabies 

Prevention and Control ”  
�>')/�����
�>')�   

“Preventive immunization of children” 

(World Health Organization, 

WHO) �  Les Pensieres’ 

Conference Center at 

Fondation Merieux 
�>)� 

Annecy 9��
�� �
'�
�� 

26-30 �.�.52 /�����  F����9��#��	�#���� World Congress of 
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1. Pathophysiologic studies of rabies in dogs and 

role of artificial microRNA in inhibiting viral 

replication 
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2. Asian encephalitis   

3. Emerging Encephalitis 
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9��#�����/�����F����9��#�� The sixth 

meeting of the Asian Rabies Expert Bureau 

(AREB) ���/��������	�#���� F��
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Induction of cytokines induced by rabies 

vaccines administered by the ID and IM routes   

The Asian Rabies Expert Bureau 

(AREB)  
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25 -27 
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/�����F����9��#��	�#���� 
�>')� Rabies  

/�����F� 4 �
	8()     

1. An overview of human rabies: 

Pathophysiology and clinical features(Video of a 

human case) 

2. Clinical diagnosis and differential diagnosis of 

human rabies: Safety issue and infection control 

3. Pre-exposure vaccination 

4. Management of patients with rabies 

The Faculty of Medicine,Udayana 

University  
��� Bali, 9��
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)��+!��
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/�����F����9��#�� The Second International 

Conference on Infections of the Nervous System 

� 
��� Reunion Island 
�>)� St Denis 9��
��

 �
'�
�� 

International Association of 

Neuroinfections Studies island 

2010 

16-18 �.�.

53 

 

9��#��
#��9��/
����� Workshop on Collaboration 

between Human and Animal Health Sectors on 

Zoonoses Prevention and Control � 
�>)� �
/

+9�+�� 9��
����'9��� 

WHO / SEARO 
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21 �.�.54 	������/����� 
�>')� Title : to be annond 

F�����
����+������&���)����������� (Medical 

Scholars Program) � ��.)��
����� ����!� ��
�� 

�
��� �.#�/��� 

���.&���)�����������¡ �.���!� 

 

24 �.�.54 	������F����9��#��	�#���� The 3 rd Chula 

Neuroscience forum 2011 /�����
�>')� 

Highlights in CNS infection: The real case 

discussion � )���� 

������
��� ������������� ����¡ 

 

��8�9�����	���� "��	�#�)����

������ 

������������� ����¡ 

 

�/'/+ ��
���(/�����.�/�������	
�&���) /�-�
���	
���' 

10-14 


�.�.54 

	������
#��/�����F����9��#��
#��9��/
����� 

Clinical  

recognition, diagnosis and case management of 

zoonotic diseases - Training workshop � 
�>)�

��
� �������
;�
�!���� 

WHO Maldives ��� Center for 

Community Health and Disease 

Control,Ministry of Health and 

Family 

 

15 ��.�.54 

 

	������9��#��	�#�����*	������������-�/
� 

2554 ����¡, ����, ������# (Joint Conference In 

Medical Sciences 2011:Chula-Rama-Siriraj) 

/�����
�>')� "Emerging Zoonosis in Thailand"  

(Code sessin:15RRHl 1-2) � )�����
�>)��)�

���� 

������������� 3 �-�/
� ����¡ , 

����, ������# 

26-30 ��.�.

54 

	������
�>')� Human encephalitis and bat 

surveillance for Nipah virus F����9��#�� 

Disease Emergence at the Animal-Human-

Ecosystems  

Interface placing, emphasis on Nipah and 

Hendra viruses �  ����+�� 9��
��)����� 

Animal Health Service FAO of the 

UN 

8 �.�.54 	�������*�	�)"�9���
�>')� Symposium 8 : 

+����!�*))�/
��F��*����
�	��,*�� (Emerging 

Zoonoses) F�����
������/�!	������*�#��� ��
?�

��' 21 � ��.�)�/����
!)�� ���. 

�����	���������8 

21 �.�.54 	���������9��#��	�#��������#��� 
�>')� The 

2nd Food Safety and Zoonoses Symposium for 

Asia Pacific /����� 
�>')�  "+����/�!�
�	��,*��" 

� +������)��
!�� )���� 
#���F��* 

�,����
�	������������8
)
#��

�9����� 

����
�	���������� �.
#���F��* 
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3.2 '�. �!@�@��� ��)�*q��'
  

�/'/+  ��
��� /�-�
���	
���' 

16 �.�.52 

  

  

	������F����)/�������
?� 9���J�9� 2552 


�>')� "Laboratoty Diagnosis of Infectious 

Diseases:Conventional Microbiology Lab, 

Serology & Molecular Diagnosis � ��.��#	�-� 

�����+����!
#>?)��*�

9��
��0��  

20 �.�.52 

  

  

	������/�����9��#��	�#���� Chula 

Neuroscience forum 2009 /�����
�>')� 

"Paradigm shift in the management of CNS 

infection" � ������������� ����¡ 

��8�9�����	����  

������������� ����¡ 

  

21-22 �.�.52 

  

	������ /�����
�>')� Advanced knowledge in 

Nipah Virus TransmissionF����)/��
�>')� +��

08(�	
!F��*���+����!�*))�/
��F��* �J���
/�����

���/���������������8 9� 2552 � ��.)����
���� 

�.
#���F��* 

����	/���+�� 

  

  

  

22 �.�.52 

  

  

  

	������F����)/��
�>')� +��08(�	
!F��*���

+����!�*))�/
��F��* �J���
/��������/�������

��������8 9� 2552/����� 
�>')� "Advanccd 

Knowledge in Nipah Virus Training on Viral 

Zoonoses" � +�����)����
���� �.
#���F��* 

����	/���+�� 

  

  

  

The World Health 

Organization (WHO)   

�  Maroochydore, 

Queensland  ))�
��
��� 

13-16 �.�.52  

  

	������/�����F�  Joint Intercountry Workshop 

on Nipah, Hendra and Ebola - Reston 

viruses,Research and Public Health  


�>')� "Discovery of henipaviruses in Thailand 

 

25 �.�.52 /�����
�>')� Discovery of Bat Nipahvirus in FOOD AND 

22 �.�.54 	������F����9��#���
!�J��&�����������

+����!�*))�/
��F��*��*�#��� ��.2555-2559 F�

�
	8()
�>')�&�����/8)�+����!�*))�/
��F��* F� 

����)�����������������������8 � ��.

������� ���. 

�����	���������8 
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Thailand F����9��#�� National Workshop on 

Avian Influenza and Wild Birds: From 

Surveillance to Data Sharing & Publication 

AGRICULTURE 

ORGANIZATION OF THE 

UNITED NATIONS (FAO) 

27 �.�.52 	���������
�	��	�#���� 
�>')� "+���()� +���(��

+����!�*)��'�()���!���" /�����
�>')� “����(��/

��0�������*
#>?)0	�
�F��(����	” � +���������

����? 

�,���9��/
�����+�����

��)� �*	��
/ ��	. 

18 �.�.52 �
�"�%�������� 9�*	�F���0��0�*��?��
� 
�>')� 

�(����	��*0�* 

�-���+���
���#*)� 9 )�

��. 

11 �.�.53 �
�"�%���������-�����8"�� 
�>')� �(����	  

�-���	����9��
��0�� 92.5 

�-���	����9��
��0�� 92.5 

�/'/+  ��
��� /�-�
���	
���' 

26 �.�.53 	������/�����
�>')� Molecular diagnosis and 

virus sequencing in rabies.F����9��#��	�#����


�>')� Rabies 

The Faculty of 

Medicine,Udayana 

University Bali, )��+!��
��� 

9 �.�.53 /�����
�>')� Henipavirus F���� Animal-Human-

Environment Interface Workshop  

FAO, Thai Departmen of 

Liveestock Development 

and the US Center  

� ��.��������? ���. 

9 ��.�.53 /�����
�>')� "One World, One Health: The 

Experience from Thailand F�

���"INTERNATIONAL SEMINAR ON THE 

ONE WORLD, ONE HEALTH: FIGHTING THE 

DISEASE BATTLES OF THE 21ST CENTURY" 

(KOMNAS FBPI) 

(Indonesia National 

Committee for Avian 

Influenza Control and 

Pandemic Influenza 

Preparedness) � Libra 

Ballroom,Sultan Hotel, 

Jakarta 

30 ��.�.53 	������
�	��
�>')� "���)������
�)�*��0� F�

"�	�	��$�+���()�" F����9��#��	�#����


��+�+��� ����	��9�)!"
�!(��)��������?J� 

��
?���' 3/2553
�>')� �(�	�
��-�������..�(�	�
�


��+�+���!(����8�"�/��)��������?J� 

���)���
� �����	�

��������8 

� ��.)���� !)�
�>)��)��

�)��� ����
��¡ 

3-4 ��.�.53 /����� 
�>')� Discovery of Nipah virus in 

Thailand F����9��#�� Thailand Conference on 

Emerging Infectious and Neglected Diseases 

2010 

�J��
�����
���

	�������������
��+�+���

��*�#��� (�	�#.)� )���� 

))����! ���)��� �)�!� ��	
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	)��, �
��� �.#�/��� 

18 ��.�.53 	������/����� 
�>')� "&�����/������


9��'���9��8)�+��...�,*��8"�	� (Global Change 

to Health Impact)" 

�J��
����9~)��
��	/���

+����' 6 �.8)���*� 

� +�����
�������)�

�	�#
'�
���
�)�� �.)�!����� 

 

29 �.�.53 	������/�������
�% 
�>')� "����@�%�	��
�0	�
���

9���F�9��
��0��" F�����
�������	�#����

�
�	�9���	��
�	� ��
?���' 4 

)�������	��
�	� F����

/����#,9-
�"� � �,������

9��#���
#����*���
� 4 

(���.) 

 

�/'/+  ��
��� /�-�
���	
���' 

2 �.�.53 

 

	������F����9��#��	�#����+����%���
8/(� ��
?���' 

5/2553  " Rabies Prevention in Thailand : 

Safety and Efficacy" /�����
�>')� " Human 

rabies: Diagnosis and Treatment" � +�����

������� ���. 

�-��
��	"� �"���#�!

0�� 

 

15-16 �.�.53 

 

	������)/�������,
	#9��/
��+����%���
8/(�

�J���
/����� ���/��������������8 /�����


�>')� "���	�����
�������!,�� &,(9�	�+����%���
8

/(�)�*��0�
�>')���,����>��
�	*� 0�*��+����%���
8/(�

F��>?���'" � +�����!�
)��
��� �.
#���F��* 

����	/���+�� �����	�

��������8 

 

28 �.�.53 	������/�����
�>')� Nipah Virus Infections 

���
	#������
8��()� �.���!� 

���
	#������
8��()� �.

���!� 

5 �.�.53 	������)"�9���
�>')� Nipah virus Transmission 

from bats to  human- pigs F����9��#�� 

	�#��������#�������
�	�����������
��?���
�	� 

��
?���' 36 "The 36th International Conference on 

Veterinary Sciece"  (36th ICVS 2010) � �,���

��!�����(�������9��#��)������ 
�>)��)�����  

�
�	�����������*�

9��
��0��F����/��

��#,9-
�"� �*	��
/ OIE 

��� FAO 

 

15 �.�.2553 	������/��������� Emerging Zoonotic 

Diseases Laboratory Detection Workshop 
�>')� 

Overview on rabies detection by TaqMan real-

time PCR Laboratory Safety  

� ������������� ����¡ 

WHO-CC for research 

and training on viral 

zoonoses ��� WHO-

SEARO 

 

14 �.�.53 	������ «�)/�� "3 rd Training on Rabies �-��
��	"� �"���#�!
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Intradermal Vaccination and Common Pitfalls in 

Post-Exposure Rabies Treatment" 
�>')� 

Diagnosis of Rabies Virus by Nucleic Acid 

Amplification Tests  

� �-��
��"�  

0�� �*	��
/ )������

)���
�+��  

 

11-13 �.�.54 	������/�����
�>')� Coping with deadly viruses 

F����)/��
#��9��/
����� International workshop 

on Anticipating Biosecurity Challenges of the 

Global Expansion of High Containment 

Biological Laboratories to be held 11-13 July in 

Istanbul, Turkey. 

U.S. National Academy of 

Sciences 

 

�/'/+  ��
��� /�-�
���	
���' 

4-7 �.�.53 Poster Presentation 
�>')� Simple and safe 

method 

for Nipah virus surveillance in Bats � 9��
� 

9��
����
�
��� 

The USJCMSP EID in 

Penang 

14-16 �.�.54 Poster Presentation 
�>')� Ante-mortem 

diagnosis of human rabies using molecular 

techniques. ���9��#�� 1st International One 

Hea;th Congress, Victoria, Australia 

CSIRO, Australia 

15-17 ���. 54 Poster Presentation 
�>')� Ante- mortem 

Diagnosis of Human Rabies using Molecular 

 Techniques. ���9��#�� Joint 

Conference in Medical Sciences 2011: Chula-

Rama-Siriraj � 
�>)��)����� 

������������� 3 

�-�/
� ����-����-������# 

17 ���. 54 Oral Presentation 
�>')� Ante- mortem Diagnosis 

of Human Rabies using Molecular 

 Techniques. ���9��#�� Joint 

Conference in Medical Sciences 2011: Chula-

Rama-Siriraj � 
�>)��)����� 

������������� 3 

�-�/
� ����-����-������# 

15-17 ���. 54 Poster Presentation 
�>')� Simple and Safe 

Method for Nipah virus Surveillance in Bats. 

���9��#�� Joint Conference in Medical 

Sciences 2011: Chula-Rama-Siriraj � 
�>)��)�

���� 

������������� 3 

�-�/
� ����-����-������# 
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3.3 �.�*.)�* )-���).�   
  

�/'/+ ��
���(/�����.�/�������	
�&���) /�-�
���	
���' 

2552 Pathology of Langerhans Cell Histiocytosis. Chulalongkorn Annual Medical 

Congress 

5/2552 CNS Tumors: Classification and Contribution of 

Molecular Genetics. 

The First Neuroscience Forum, 

Chulalongkorn University 

5/2552 Malformations of Cortical Development: 

Neuropathological Aspect.  

The First Neuroscience Forum, 

Chulalongkorn University 

7/2552 Overview of WHO Classification of Nervous System 

Tumors and Astrocytic neoplasms.. 

Prasat Neurological Institute, 

Bangkok 

7/2552 As a Pathologist, How to Get International 

Publications. Department of Pathology, , July 2009 

Faculty of Medicine, Siriraj 

Hospital Mahidol University 

7/2552 Research in Anatomic Pathology. Department of Pathology, 

Faculty of Medicine, 

Chulalongkorn University 

2553 KRAS Testing in Colorectal Cancers �������	
��
� ���
���
��

��
����
��� 

10/2/2553 Challenging in Imaging Study of the Brain and Brain 

Pathology  

�������	
��
� ���
���
��

��
����
��� 

7/5/2553 Immunohistochemistry in Surgical Pathology �-�/
������	���� ������

����� 

26/5/2553  How to do EGFR Testing  AstraZeneca 

9/1/2554 Pathogenesis of Furious and Paralytic Rabies 

Encephalitis 

The 6th Annual Scientific 

Meeting Asia-Pacific Society of 

Molecular Immunohistology 

(APSMI), Sunway Medical 

Center, Malaysia 

6/7/2554 Molecular Pathology of the Clinicians Bangkok General Hospital, 

Bangkok, Thailand 
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3.4 '�.��	J������ �&
.�$��� 

���	
� /���"&������
�
 /�-�
���	
���' 

11 ������� 2551 Protein Bioinformatics �J��
�	�#�	�������������
��+�+���  

���	�����
��
��	� 	����
8���
�� 

20 ������� 2551 Proteomics and its application "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

25 ������� 2551 Proteomics and its application "��	�#�+"#�������
8��()����

	����������)�������
	#������
8��()�  

���	�����
����!� 

17 �
����� 2551 Protein Bioinformatics "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

29 �
����� 2551 Proteomics and its application "��	�#�
������������� �����
	#

������ ���	�����
����������� 

30 �
����� 2551 Bioinformatics for beginner "��	�#������	����  ������������� 

+�����/��������/!� ���	�����
����!� 

11 ������ 2551 Bioinformatics at  proteomics level GRID617 Hypercourse on Bioinformatics  

�-�/
�/
����	�������������
��+�+���

0�� ��� ���	�����
����!� 

28 ������ 2551 Proteomics and its application �-�/
�)�,#�		��������
��������� 

���	�����
����!� 

19 �$�������2551 Mass spectrometer and protein 

science 

"��	�#�#�	
��� ���	���������� 

���	�����
�
�%�������� 

17 �
�	��� 2551 Mass spectrometer and protein 

science 

"��	�#�#�	
��� �������������  

�������������	�����
� 

13 ������ 2552 Mass spectrometer and protein 

science 

"��	�#�#�	
��� �������������  

���	�����
�����������	�+�� 9��������� 

16 ���"��
��� 2552 Protein bioinformatics "��	�#�#�	
��� �������������  

���	�����
�����������	�+�� 9��������� 

18 ���"��
��� 2552 Mass spectrometer and protein 

science 

"��	�#�#�	
��� ���	������������������ 

���	�����
��
��	� 

23 ���"��
��� 2552 Protein bioinformatics "��	�#�#�	
��� �������������  

�������������	�����
� 

25 ���"��
��� 2552 Proteomics and its application "��	�#�+"#�������
8��()����

	����������)����  ���
	#������
8��()� 

���	�����
����!� 

25 ���"��
��� 2552 Protein bioinformatics "��	�#�+"#�������
8��()����	����������

)���� ���
	#������
8��()�  

���	�����
����!� 
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���	
� /���"&������
�
 /�-�
���	
���' 

2 ������ 2552 Proteomics and its application ���
��+�+������
�%�� �-�/
�
��+�+���

����)�
��(�
�(����������!���/
� 

2 ������ 2552 Protein bioinformatics ���
��+�+������
�%�� �-�/
�
��+�+���

����)�
��(�
�(����������!���/
� 

18 ������ 2552 Secondary metabolite "��	�#�
��+�+���#�	"�� ���	����������  

���	�����
�����J���� 

3 ��-����� 2552 Molecular diagnostic  "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
�  

3 ��-����� 2552 Microbial production of therapeutic 

agents and vaccines 

"��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

10 ��-����� 2552 Bioremediation and biomass 

utilization 

"��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

10 ��-����� 2552 Plant growth promoting bacteria "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

10 ��-����� 2552 Large scale production of proteins 

from  recombinant microorganisms  

"��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

1 ������� 2552 HPLC and its application "��	�#�����	���� ����
�	���������� 

���	�����
�
�%�������� 

10 ������� 2552 2D-PAGE MS "��	�#�#�	
��� ���	���������� 

���	�����
�/,��� 

10 �������  2552 MS and its application "��	�#�#�	
��� ���	���������� 

���	�����
�/,��� 

17 �������  2552 HPLC-MS "��	�#�#�	
��� ���	���������� 

���	�����
�/,��� 

27 �������  2552 Proteomics and its application "��	�#�#�	
��� ���	���������� 

���	�����
�
�%�������� 

29 �������  2552 Proteomics and its application "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

5 �������  2552 Protein Bioinformatics "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

5 �������  2552 Proteomics in Medical Sciences "��	�#�#�	
��� ������������� 

�������������	�����
� 

23 �������  2552 Proteomics in Biomedical Sciences "��	�#�#�	
��� ���	����������#�	

�����������	�����
��
���� 

23 �������  2552 Protein Bioinformatics ���
�%�������� ��
���������#�������>'

��	!�()� ���	�����
��
��	� 

26 �������  2552 Proteome analysis "��	�#�����	���� ����
�	���������� 

���	�����
�
�%�������� 
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���	
� /���"&������
�
 /�-�
���	
���' 

27 �������  2552 Proteomics in Medical Sciences I "��	�#�
������������� �����
	#

������ ���	�����
����������� 

29 �������  2552 Protein Bioinformatics �J��
�	�#�	�������������
��+�+���  

���	�����
��
��	� 	����
8���
�� 

3 �
����� 2552 Proteomics in Medical Sciences II "��	�#�
������������� �����
	#

������ ���	�����
����������� 

7 �
����� 2552 Bacterial strain Improvement "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

8 �
����� 2552 Plant strain Improvement "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

10 �
����� 2552 Mass spectrometry and protein 

sciences 

"��	�#�#�		���� ���	���������� 

���	�����
����9��� 

14 �
����� 2552 Genomics technology "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

15 �
����� 2552 Nanotechnology "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

16 �
����� 2552 Protein Bioinformatics "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

18 �
����� 2552 Proteomics and Biotechnology "��	�#�
��+�+���#�	"�� ���	���������� 

���	�����
����������� 

18 �
����� 2552 Mass spectrometry and protein 

sciences 

"��	�#�����	���� ����
�	���������� 

���	�����
�
�%�������� 

22 �
����� 2552 From genomics to proteomics �����
	#������  �������������	�����
� 

25 �
����� 2552 Protein Bioinformatics "��	�#�
��+�+���#�	"�� ���	���������� 

���	�����
����������� 

29 �
����� 2552 Bioinformatics Tools for protein 

analysis 

"��	�#������	����  ������������� 

+�����/��������/!� ���	�����
����!� 

14 ������ 2552 Bioinformatics at  proteomics level GRID617 Hypercourse on Bioinformatics  

�-�/
�/
����	�������������
��+�+���

0�� ��� ���	�����
����!� 

5 �$������� 2552 Proteomics and its application "��	�#�#�	
��� ���	���������� 

���	�����
����!� 

27 �$������� 

2552 

HPLC "��	�#�����	���� ����
�	���������� 

���	�����
�
�%�������� 

16 �
�	��� 2552 Proteomics: Application in Veterinary 

Science 

"��	�#�����	���� ����
�	���������� 

���	�����
�
�%�������� 

15 ���"��
��� 2553 Proteomics and its application ���
��+�+������
�%�� �-�/
�
��+�+���

����)�
��(�
�(����������!���/
� 
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���	
� /���"&������
�
 /�-�
���	
���' 

15 ���"��
��� 2553 Protein bioinformatics ���
��+�+������
�%�� �-�/
�
��+�+���

����)�
��(�
�(����������!���/
� 

19 ���"��
��� 2553 ���9�������F#(
�����+9���+)�����

�J���
/���	��
�!(��	����������

�������� 

�����
	#������ ���	�����
����������� 

23 ���"��
��� 2553 Protein bioinformatics "��	�#�#�	
��� �������������  

�������������	�����
� 

24 ���"��
��� 2553 Protein bioinformatics "��	�#�+"#�������
8��()����

	����������)���� ���
	#������
8��()�  

�. ���!� 

27 ���"��
��� 2553 Proteomics in Biomedical Research "��	�#�#�	
��� ���	������������������ 

���	�����
��
��	� 

28 ���"��
��� 2553 Protein Bioinformatics "��	�#�#�	
��� ���	����������#�	

�������� ���	�����
��
���� 

4 ������ 2553 Proteomics and its application "��	�#�����	���� ����
�	���������� 

���	�����
�
�%�������� 

31 ������ 2553 ���9�������F#(
�����+9���+)�����

�J���
/���	��
�!(��+9���� 

���	���������� ���	�����
�8)���*� 

17 �$%"��� 2553 ����@�%�	�
���������9�������F#(


��+�+���+9���+)�����F����	��
���(�

����!J�  

�,����
���	��	�������
��+�+���#�	"��

��*�#��� 

15 ��-����� 2553 ���9�������F#(
��+�+���+9���+)�����

�
/���	��
�!(����������   

������������� ���	�����
����������� 

30 ��-����� 2553 Molecular diagnostic  "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
�  

30 ��-����� 2553 Microbial production of therapeutic 

agents and vaccines 

"��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

7 ������� 2553 Bioremediation and biomass 

utilization 

"��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

7 ������� 2553 Plant growth promoting bacteria "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

14 ������� 2553 Large scale production of proteins 

from  recombinant microorganisms  

"��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

14 ������� 2553 ���9�������F#(
�����+9���+)�����

�J���
/���	��
�!(��+"#����� 

�-�/
�+"#����� ���	�����
����!� 

11 ������� 2553 ���9�������F#( MS F����	��
�!(��

�������� 

"��	�#�#�	
��� ������������� 

�������������	�����
� 
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���	
� /���"&������
�
 /�-�
���	
���' 

17 ������� 2553 ���9�������F#( MS F����	��
�!(��

+9���� 

"��	�#�#�	
��� ���	���������� 

�������������	�����
� 

18 ������� 2553 HPLC "��	�#�����	���� ����
�	���������� 

���	�����
�
�%�������� 

25 ������� 2553 Proteomics and its application "��	�#�����	���� ����
�	���������� 

���	�����
�
�%�������� 

1 �
����� 2553 Proteomics and its application "��	�#�#�	
��� ������������� 

���	�����
�����������	�+�� 9��������� 

8 �
����� 2553 Mass spectrometry and protein 

sciences 

"��	�#�#�		���� ���	���������� 

���	�����
����9��� 

9 �
����� 2553 Protein Bioinformatics "��	�#�#�	
��� ������������� 

���	�����
�����������	�+�� 9��������� 

7 �
����� 2553 Genomics technology "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

11 �
����� 2553 Protein Bioinformatics �J��
�	�#�	����������  ���	�����
���*�~�

��	� 

13 �
����� 2553 Protein Bioinformatics ���
�%�������� ��
���������#�������>'

��	!�()� ���	�����
��
��	� 

14 �
����� 2553 Nanotechnology "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

15 �
����� 2553 Protein Bioinformatics "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

16 �
����� 2553 Proteomics in Medical Sciences I "��	�#�
������������� �����
	#

������ ���	�����
����������� 

21 �
����� 2553 Proteomics and its application "��	�#�����	���� ����
�	���������� 

���	�����
�
�%�������� 

22 �
����� 2553 Proteomics and Biotechnology "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 

23 �
����� 2553 Proteomics in Medical Sciences II "��	�#�
������������� �����
	#

������ ���	�����
����������� 

21 ������ 2553 Proteomics and its application �-�/
�)�,#�		��������
��������� 

���	�����
����!� 

8 �$������� 2553 Mass spectrometry and protein 

sciences 

"��	�#��
��������� ���	���������� 

���	�����
�
�%�������� 

18 �$������� 

2553 

Mass spectrometry and protein 

sciences 

 

"��	�#�#�	
��� ���	���������� 

���	�����
����!� 
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���	
� /���"&������
�
 /�-�
���	
���' 

8 �$������� 2553 Proteomics in Agriculture  "��	�#��
��������� ���	���������� 

���	�����
�
�%�������� 

20 �
�	��� 2553 Proteomics in Cancer Research "��	�#�
������������� �����
	#

������ ���	�����
����������� 

13 ������ 2554 Proteomics and its application "��	�#�����	���� ����
�	���������� 

���	�����
�
�%�������� 

21 ������ 2554 Proteomics in Medical Sciences "��	�#������	����  ������������� 

+�����/��������/!� ���	�����
����!� 

3 ���"��
��� 2554 Protein Bioinformatics "��	�#�#�	
��� ���	����������#�	

�������� ���	�����
��
���� 

11 ���"��
��� 2554 Proteomics in Medical Sciences "��	�#�#�	
��� ������������� 

���	�����
�����������	�+�� 9��������� 

16 ���"��
��� 2554 Proteomics in Medical Sciences "��	�#�+"#�������
8��()����

	����������)���� ���
	#������
8��()�  

�. ���!� 

16 ���"��
��� 2554 Protein bioinformatics "��	�#�+"#�������
8��()����

	����������)���� ���
	#������
8��()�  

�. ���!� 

22 ��-����� 2554 Mass spectrometry and protein 

sciences 

"��	�#�#�		���� ���	���������� 

���	�����
����9��� 

24 ��-����� 2554 Proteomics in Medical Sciences "��	�#�#�		���� ���	���������� 

���	�����
����9��� 

13 ������� 2554 HPLC "��	�#�����	���� ����
�	���������� 

���	�����
�
�%�������� 

19 ������� 2554 Proteomics and Biotechnology "��	�#�
��+�+���#�	"�� ���	���������� 

�������������	�����
� 
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3.5 %�.'�.���*� ���J!����   

 

��� / �'7&� / +[ /�-�
��� / /���"&��7�&� 

9 �.�. 2552 �,�����F/0�(
8��	 / +�����F/0�(
8��	 

26 �.�. 2552 +�����/��������/!� / ���9����
!��
���� 

27 �.�. 2552 ���
��;������ �������������	�����
�  / Environmental Problems and 

policies 

29 �.�. 2552 �,�����F/0�(
8��	  / Greening Tourism Business for New Challenges 

4 �.�. 2552 ������%������� ���	�����
�
#���F��* /��'��	!�()�:/��/�8)��()�-�'����

+���"�	
��� 

5 �.�. 2552 ���9��9������	� / �-���������'��	!�()�F�9����/
� 

24 �.�. 2552 #����
�8*�	��'��	!�()� / #J�����+���()� 

26 �.�. 2552 +�����/���)��)� / "�	�+���()� 

7 ��.�. 2552 	�����
�!��������  / Environmental Management for Hotels 

10 ��.�. 2552 �J��
�9�
!����
��������  / Think Green : ����
!)�����"��F�(�J��@��
�%�

��'��	!�()� 

17 ��.�. 2552  ���
������������� ���	�����
�8)���*�  / +)������/�/��8)��
�
�����

�������� ������"��/J�/
!F������*����
9��'���9�� 

19 ��.�. 2552 ����
;������ �������������	�����
�  / ���"��#�	�� ��'��	!�()� �������� 

21 ��.�. 2552 �J��
�����
���8(���#�����
�>)� (�.�.)  / ������
��'�	�
/

��
���������#��� ������/������
!�����'��	!�()� 

21 ��.�. 2552 �-�/
��*�
��������)�	�������������
��+�+���(��	�.) / +����'���
/+���()� 

27 ��.�. 2552 ���0��~� ���&�����*�9��
��0��  / ������ CSR 8)� ��&. 

30 ��.�. 2552 �,�����F/0�(
8��	  /  Greening Tourism Business for New Challenges with 

Health Promotion Hotel 

10 
�.�. 2552 ��*	��������
��@�%� �����'��	!�()� / Clean Development Mechanism : 

CDM 

16
�.�. 2552 ����*�
�������	��
������'��	!�()������
����������� �.���!�/�
	#�?	
!!(��

����@�%����	��
� 

7 �.�. 2552 �-�/
��
���8(���#����J��	�/ ���9~)��
� 
������
/ ���9�
/�
	
&#���
/"�	�

+���()� 

11 �.�. 2552 ������� A day / "��+�*" ��0����'�J�+������!�� 
�>')��'��	!�()� 

15 �.�. 2552 �����)���������0��~���*�9��
��0�� / ��
������	
������F�
)
#��)��
��� 

16-17 �.�. 2552 ���/���������@�%� �.���!�/����������
�����
��,�����	�#���� 

18 �.�. 2552 /��%
� 9��. �J��
! (���#�) /  ����
!���
�!���'
9H������*)��'��	!�()� 9��. 

20 �.�. 2552 /��.���/��0��/�"�	�+���()���&�����/�
/��8"��0!()�*��0�/ 
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��� / �'7&� / +[ /�-�
��� / /���"&��7�&� 

20 �.�. 2552 ����	/���+��/&�����/�����'��	!�()����
��%;�����'��&��*)+����!�*)���	*��

������
�	� 

21 �.�. 2552 ����*�
�������"����'��	!�()� / ���/������
!���8��F�/��/��()�-�'�

("��
��>)) 

25 �.�. 2552  �-�/
��
���8(���#����J��	� / ���/������
!�����
����������
�����(��"
�

+���()�/161�� 

26 �.�. 2552  �,�����F/0�(
8��	 / Greening Tourism Business for New Challenges with 

Health Promotion Hotel 

28 �.�. 2552 �,�����F/0�(
8��	 / +��������(���	���*	��>)���	*��"���F��*	�+�*)�9������

�*)�
��'�	 ��+�9-0�� 
��')�*�
����)������������)�������������*)�
��'�	��'

�
'��>� 

3 ��.�. 2552 �J��
��������� ���. / "�	�+���()�&�����/�*)"������������8 

9 ��.�. 2552 ����	/���+�� / �"��9���� ���9~)��
��	/���+����%���
8/(�F��
�	������ 

�������
���F��(�	�*)09 

15 ��.�. 2552 ����	/�������% / "���
;-
)�#� 8
/
��>')����&���������/��+"�)�*���
'��>� 

�*	�&��� �J���*�� F#(����(���'
9H������
/��'��	!�()� 

19 ��.�. 2552 �-�/
��
���8(���#����J��	� / "�	�+���()�/&,(��� 130 �� 

23 ��.�. 2552 Faculty of Environment and Resource Studies and Faculty of Graduate 

Studies./ Global Environment and Natural Resources forum 

25 ��.�. 2552 #���&,(/��������	��	����F�+����� / ���F#(��
�����)�*����9�������"��F�

������+����� 

30 ��.�. 2552 +�����/���J��	� / ��
�����������!F#(��
���� 

10 �.�. 2552 �J��
���������������
���
��%;�������
�����*�#��� / �	���(������
�

	��$��
��%;���+�� :+)���8)�9��
��0�� 

15 �.�. 2552 ����	/���+��/	����%��&���������������J��
!+����%���
�/(� 

16 �.�. 2552 �J��
��������� ���. / ”������	
���?�/��!���>)” &,(��� 500 �� 

20 �.�. 2552 �-�/
��
���8(���#����J��	� / ���9~)��
�
������
/���9�
/�
	
&#��"�	�+��

�()� 

 

��� / �'7&� / +[ /�-�
��� / /���"&��7�&� �<��	
���' 

09 �.�. 2553 �-�/
����9�
��(� 

9��
!���*	���
�
��'�	�
/��
���������#��������'��	!�()� 

���/��� 

25 �.�. 2553 +�����/���)��)� 

�-�������"�	�+���()� : &�����/�*)+�� ��8"�� ���

��'��	!�()� 


#���F��* 
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��� / �'7&� / +[ /�-�
��� / /���"&��7�&� �<��	
���' 

26 �.�. 2553 +�����/���)��)� / �-�������"�	�+���()� : &�����/�*)+�� 

��8"�� �����'��	!�()� 


#���F��* 

02 �.�. 2553 +�������
����-��9���)/���9�)!/����' ( �.�.�.) 

/�/��8)��-��9���)/���F������
�����F�(��
����
���/����' 

���. 

05 �.�. 2553 �,�����F/0�(
8��	 

����;������
�%���'��	!�()������(��
������8"��8)�+����� 

9���	/����8
��� 

06 �.�. 2553 �,�����F/0�(
8��	 

����;������
�%���'��	!�()������(��
������8"��8)�+����� 

9���	/����8
��� 

09 �.�. 2553 	�����
�����J��	� 

���9~)��
� 
������
/ ���9�
/�
	
&#��"�	�+���()� 

���. 

24 �.�. 2553 ���)���
�  �����	���������8 

"�	�+���()��
/9������������8 

���. 

25 �.�. 2553 ���
���������+�����/��������/!� �.���!� 

���9����
!��
����������)���
�%��"���	!�()��������#��� 

�����/��� 

04 ��.�. 2553 	����"� / �&����9�
/�
	8)��>?���'#�� ��������!
/�?J���
���'�,�8@?� �����9����� 

05 ��.�. 2553 +�����/���J��	� / ��
�����������!F#(��
���� ���. 

18 ��.�. 2553 +�����/���� �̈ /  "�	�+���()��
/�	��)�,*�)!8)����%�� ���. 

19 ��.�. 2553 +�����/���J��	� / �*	��>) �*	�F� �!F#(��
���� �����/��� 

24 ��.�. 2553 �������������	�����
� / ���"��#�	�� ��'��	!�()� ����������� ���. 

25 ��.�. 2553 ����
;������ ���	�����
���*+�( 

#��#��*	���(�� ��
�����!��� �*	�����(��+���()� 


#���F��* 

20 
�.�. 2553 �-�/
��*�
�������/�����������/(��
�>)���'!� 

��	+�(�����+�/����'
��'�	8()��
/��
���������#������

��'��	!�()� 

���. 

27 
�.�. 2553 �J��
���� �.�. / #�	����'���	���
/&�!#)/ ���/��� 

28 
�.�. 2553 	�����
�����J��	� 

���9~)��
� 
������
/ ���9�
/�
	
&#��"�	�+���()� 

���. 

01 �.�. 2553 �,�����F/0�(
8��	 

����;������
�%���'��	!�()������(��
������8"��8)�+����� 

9��
���*)��� 

06 �.�. 2553 +��
����0&�)�!��@�%� / TEAM TEACHING ���. 

08 �.�. 2553 +��
�����$����� ��/��� / ���)���
�%���
���������#������

��'��	!�()� 

�����/��� 

11 �.�. 2553 �J��
��������� / Global Crisis ���. 

12 �.�. 2553 	�����
�����J��	�/ ���9~)��
� 
������
/ ���9�
/�
	
&#��"�	�

+���()� 

���. 

18 �.�. 2553 +�����/����#/��� / 	��$������+���()�������9~)��
� ���. 

25 �.�. 2553 �-�/
��*�
�������/�����������/(��
�>)���'!� / /�/��8)�9��
��

0��F�����
!�����'��	!�()�8)�+�� : "�	�+���()� 

#�/��� 
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��� / �'7&� / +[ /�-�
��� / /���"&��7�&� �<��	
���' 

25 �.�. 2553 ���	�����
�/,��� / ����
!�����'��	!�()�������)���
�%���
���� #�/��� 

01 ��.�. 2553 ���0��~� ���&�����*�9��
��0�� 

����!���9�*)��¦������/)�0!))�0�!� 

��
#��
��� 

03 ��.�. 2553 �,�����F/0�(
8��	 / Greening Tourism Business for New 

Challenges 

��+8�
� 

04 ��.�. 2553 �,�����F/0�(
8��	 / Greening Tourism Business for New 

Challenges 

��+8�
� 

05 ��.�. 2553 �,�����F/0�(
8��	/ Greening Tourism Business for New 

Challenges 

��+8�
� 

09 ��.�. 2553 ���0��~� ���&�����*�9��
��0�� 

����!���9�*)��¦������/)�0!))�0�!� 

8)���*� 

14 ��.�. 2553 �,�����F/0�(
8��	 / Healthy Holiday Healthy Stay at Green Hotel ���. 

16 ��.�. 2553 ���0��~� ���&�����*�9��
��0�� 

����!���9�*)��¦������/)�0!))�0�!� 

��� 

21-25 ��.�. 2553 Asian Productivity Organization / Training Course on Integrated 

Waste Management at Resorts,Hotels and Restaurants 

�������
; 

��,*
������� 

30 ��.�. 2553 +�������
����-��9���)/���9�)!/����' ( �.�.�.) 

�
���0���J�)�*��0�F�(9�)!/����' 

���. 

01 �.�. 2553 ���0��~� ���&�����*�9��
��0�� 

����!���9�*)��¦������/)�0!))�0�!� 

�����/��� 

07 �.�. 2553 �,��� «�)/���J��	�",��"�� 7 / 	�#�����
���
��%;����//�
'��>� ���9;� 

08 �.�. 2553 �,��� «�)/���J��	�",��"�� 7 / 	�#�
��+�+�����
���������#��� ���9;� 

14 �.�. 2553 ���)���
� �����	���������8 / 9��
��0���
/"
������>'��	��

�()� 

���/��� 

20 �.�. 2553 ���0��~� ���&�����*�9��
��0�� 

Green Energy : �,(����*� �,(�
�%� �
�����'��	!�()� 

�����/��� 

22 �.�. 2553 �J��
������������8�
��	
!���9;� 

�-�������!(����'��	!�()��
/����
�����8"�� 


�#�/��� 

23 �.�. 2553 �J��
�9��#��
��
���
8� 5 / 	��$��+���()����&�����/ ������������# 

29 �.�. 2553 ���	�����
�
�%�������� �J������� / System Thinking ���9;� 

30 �.�. 2553 	�����
�����J��	� / ���9~)��
� 
������
/ ���9�
/�
	
&#��"�	�

+���()� 

���. 

 

11 �.�. 2553 /��%
�9,���
����0��(�*���	�) �J��
! 

���9����
!��
����F�/(���
�����J��
���� 

���/��� 

26 �.�. 2553 ���	�����
�
�%�������� �J�������  

�����!
#����//
�>')���	���&����
�%��)�*���
'��>� 

���9;� 

24 �.�. 2553 ������������� ���	�����
�
#���F��* 

Health impact on Global Warming 


#���F��* 
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3.6 ��
��.�#*	
� �
�$ �	*�!��J���	�   
 

�/'/+ ��
���(/�����.�/�������	
�&���) /�-�
���	
���' 

   

3 �� 51 	������/�����
�>')� “Zinc gluconate ���
�>)�F��*F�����J�

��
����
8
��&,( ”��
��,��
��'��
��"������	/����
�	������J�

+����!�*)���	*���
�	������” � +�����#��
�����
������)��� 

�.#�/���  

���9���
�	�    

11 �� 51 	������/�����
�>')� “Rabies Situation and Trends in 

Thailand” F����9��#��	�#����+����%���
8/(���
?���' 4  9� 

2551 “Rabies in Thailand: Situation and Trends” � +�����

������� ����
��¡ 

�-��
��	"� 

14 �� 51 	������/�����
�>')� “+����%���
8/(�F��
�	�������	�����
�” 

F�(��*�
��@�%��
�	����� ����
�	���������� �.���!� 9� 4 

� �-��
��	"� 

19 �� 51 

17 �� 51  

21 �� 52 

/�����
�>')� “+����%���
8/(�F��
�	�������	�����
�” F�(��*

�
��@�%��
�	����� ����
�	���������� �.
�%��¡9� 6 

� �-��
��	"� 

19 �� 52 	������/�����
�>')� “���	�����
�+����%���
8/(�” F�(��*�����

9���J�/(�� ��8�
	#���������
������)����������� ���

���������� ��.����¡ 

� �-��
��	"� 

2-3 Mar 

2009 

Lecture “Dog Rabies in Thailand” for Dr. Satoshi Inoue. 

DVM, PhD. Research Laboratory of Zoonosis  

Department of Veterinary Science, National Institute of 

Infectious Diseases, Japan and Dr Masaru Sato. DVM, 

The Japan Society of Clinical Study for Rabies, Japan 

� �-��
��	"� 

20 ��� 52 	������/�����
�>')� “Animal rabies clinic: Diagnosis and 

management” F�(��*&,(�
/���)������)���
�+�� 5 

� �-��
��	"� 

24 �� 52 	������/�����
�>')� “���	�����
�+����%���
8/(�” F�(��*�����

�����#
?�9���' 5 +������
	#������#��#� 2 ������������� 

����¡ 

� �-��
��	"� 

24 �� 52 	������/�����
�>')� “	�#�#���
�	������
/����J������'�-��


��	"�” F�(��*�
�
����#
?��. 4 +��
��������� ����¡ 

� �-��
��	"� 

27-29 �� 52 	������
�>')F�(�	���,("��	�#��������*	�9��/
������������J�

��
���*���
8
��&,( � 
��/��
�>)�#�)J� �.
�#�/��� 


��/��
�>)�#�)J� �.


�#�/��� 

5 ��.52 	������/�������� «�)/��
�>')� “���	�����
�+����%���
8/(�” 

F�(��*����
�	��������
�(���(���'����
��������  

� �-��
��	"� 

3-4 �� 52 	������/�����
�>')� “Rabies diagnosis in dogs” F�(��* Mr. 

Saif Saeed Amour Al-Habsi 9��
��+)���  

� �-��
��	"� 
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�/'/+ ��
���(/�����.�/�������	
�&���) /�-�
���	
���' 

27-29 �� 52 	������
�>')F�(�	���,("��	�#��������*	�9��/
������������J�

��
���*���
8
��&,( 


��/��
�>)�#�)J� �.


�#�/��� 

22 �� 52 	������)/��
#��9��/
�������!��
8(�)
������
8
��&,(+!�0�*

�()�&*��
!�J���
� (Non-surgical sterilization of dogs by 

intratesticular injection)  


��/���J�/�/��
��* 

�.#�/��� 

8 �� 53 	������)/��
#��9��/
�������!��
8(�)
������
8
��&,(+!�0�*

�()�&*��
!�J���
� F�(��*����
�	����� ����.�.�
�	��
������

���
��/���J�/��J��,��� �.9������� �J��	� 3 ��  

� �-��
��	"� 

12 ��� 19 

�� 53 

	�������)���!�
�>')� “+����%���
8/(�F��
�	�������	�����
�

����()�9��/
�����” F�(��*�
��@�%��
�	����� ����
�	

���������� �.
�%��¡ 9� 3 �@�%�!,���  

� �-��
��	"� 

26 �� 53 	������)/��
#��9��/
�������!��
8(�)
������
8
��&,(+!�0�*

�()�&*��
!�J���
� F�(��*����
�	���������
�	����� ���


��/�� �.9������� �J��	� 6 ��  

� �-��
��	"� 

9 ��� 53 	������)
!������+���
��� “��#�!
�>')���” 8)��"���#�!

0�� 
�>')� “+����%���
8/(�” 

�"���#�!0�� 

25-27 �� 53 	������/�����
�>')� “Clinical and laboratory diagnosis” ���


�>')� “Dog and cat vaccinations” F����9��#�� International 

Workshop “Rabies Control : Human and animal 

perspective”  

Udayana University, 

Bali, Indonesia. 

5 – 7 �� 53 	������F�(�	���,("��	�#��������*	�9��/
�������������!

���������������,+�
��
8(��,�)
��� 
�>')�J���
�-�	�F����
8


��&,(  


��/��
�>)�#�)J�

9�)!+����%���
8/(�

������
8���
!9� 2553 

2 �� 53  	������/�����
�>')� How to control animal rabies F����

9��#��	�#����+����%���
8/(���!
/#��� “Rabies Prevention in 

Thailand : Safety and Efficacy”  � +������������ 

����
��¡ 

 

�-��
��	"� 

15 �� 53  	�������()��
/����J�#���*&,(
8(��
/���)/��
#��9��/
�����

����#��� The diagnosis of zoonotic diseases �J��	� 20 

�� ���@�%�!,������#
��,��+����%���
8/(�F��
�	�  

� �-��
��	"� 

15 –17 �� 

53  

	������F�(�	���,("��	�#��������*	�9��/
�������������!

���������������,+�
��
8(��,�)
��� 
�>')�J���
�-�	�F����
8


��&,(  


��/��
�>)�#�)J�

9�)!+����%���
8/(�

������
8���
!9� 2554  

18 �� 54 	������/�����
�>')� Rabies in Thailand and Clinical 

Diagnosis of Rabid Dogs F�(��* Dr. Malcolm Anderson 

(BVMS, MVPHMgt) Manager Disease Surveillance of 

Biosecurity  - Animal Health ,  Government of South 

� �-��
��	"� 
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Australia.   

�/'/+ ��
���(/�����.�/�������	
�&���) /�-�
���	
���' 

4 �� 54  	������/�����
�>')� Animal Rabies in Thailand and Clinical 

Diagnosis of Rabid Dogs F�(��* WHO Fellowships 2 �� �>) 

Dr. Lionel Harischandra Patrikiri Achchige (D.V.M.) Director 

of Public Health Veterinary Services, Sri Lanka. and  Dr. 

Darshani Abeysekera (M.D.) from Sri Lanka. 

� �-��
��	"� 

9 �� 54  	������/������()��
/����J�#�
�>')� /�/����(���'���

�J�����
�	�����F����9~)��
��	/���+�� F�( ��*�
��@�%�

�
�	����� 9� 6  ����
�	���������� ���	�����
�
#���F��* 

9�����@�%� 2553  

� �-��
��	"� 

27 - 28 �� 

54  

	������
�>')����F#(���
 ~���	
�����()�9��/
�����
9H������

�J��
�F�����	�!�(��+����%���
8/(�  � +�������
� ��
�� 

����
��¡ 

�J��
���/�!	���� 

�����	���������8 

 

  

 

3.7 '�.%����� ���+�&' 

 

1. 28-30 �� 2551 	������/������
	8()
�>')� “�	���,(F��*
��'�	�
/+����%���
8/(�” F����

9��#��	�#����+����!�*)���	*���
�	�������
/"�	�+���()�  ���9���
�	��*	��
/�����	�

��������89���J�9� 2551  � +������)��
!�� )����  )J�
")
�>)� �.
#���F��* 

2. 22-22 �� 2552 	������/������
	8()
�>')� “�	���(�	��(�8)�+����%���
8/(�F��
�	������” 

F����9��#��	�#����+����!�*)���	*���
�	������F�"����	
�))�
����
��>)  9���J�9� 

2552  � +������)���)���   �.)�!�����    

3. 	������/������
	8()
�>')� “ Maternal immunity and interferences on rabies vaccination 

in Thai dogs ” �������������� ���	�����
�+))��� 9��
����'9��� 5 ��. 2552 

4. �*	�9��#��	�#���������!�&�������	�#����F����9��#�� 3rd Vaccine Global Congress 

9��
������+9�� 4-6 ������ 2552 

1) “ Can Pre-exposure rabies vaccination be shortened?”  

                   Pakamatz Khawplod, Wipaporn Jaicharoensub, Artikaya awangvaree,Sompop 

  Prakongsri, Thiravat Hemachudha, Henry Wilde, Tirapong  Tantawichien, 

  Visith Sitprija. 

2) “ The suppressive effect on antibody responses when ERIG or HRIG is 

 administered with  various rabies post-exposure WHO recommended 

 regimens” Pakamatz Khawplod, Praphan Phanuphak, Maneerat 

Benjawongkulchai,Wantanit Pairoj     
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)7�&%�"	=����(�������� 

1. �.��.����	
��� 
�������  

�-����'��!�*) "��	�#�)���������� ������������� 

  �������������	�����
� -.������ 4 

  +���
��� 0 2256 4000 �*) 3598   +����� 0 2652 3122 

   E-mail address:  fmedthm@gmail.com, th-cu@usa.net  

2. !�. ��"�"��� 	
#��$%�!�  

�-����'��!�*) �,���9��/
�����+�������)�  �������������  

 �������������	�����
� -.������ 4 

          +���
���      0 2256 4000 �*) 3561   +����� 0 2652 3122 

 E-mail address: spwa@hotmail.com 

3. &�.!�.����� �������	� 

�-����'��!�*) �����'��	!�()������
����������� 

 ���	�����
����!� ������  

 +���
��� 0-2800-2442   +�����  0-2800-2442 

 E-mail address encsi@mahidol.ac.th 

4. �.��.#�� #*	�+#�� 

  �-����'��!�*) "��	�#������	���� �������������  

 �������������	�����
� 

 +���
���  0-2256-4235 +����� 0-2652-   4208           

 E-mail address shanop@gmail.com 

5. !�.������
�%� �)�����,� 

�-����'��!�*) �()�9��/
�����+9���+)����� �-�/
���+�� 

 �-�/
��,����
���	��	�������
��+�+���#�	"����*�#��� 

 +���
��� 0-2564-6700 �*) 3253 +����� 0-2564-6584 

 E-mail address sittiruk@biotec.or.th 

6. ����
�	����� 	��� 
����
�������  

 �-����'��!�*)  ���#
��,�����	��
�+��F��
�	� 

 �-��
��	"� �"���#�!0�� 

 +���
���  0-2252-0161, 252 0167 ext. 127  +�����  0-2254-0212 

 E-mail address tepsumethanonv@yahoo.com 

7. !�.&����� 8�	9�)!  

�-����'��!�*)  ���	��
�����
���  

 �-��
��	"� �"���#�!0�� 

 +���
��� 0-2252-0161, 252 0167 ext. 152 +����� 0-2254-0212 

 E-mail address  pakamatz@yahoo.com 



  95 

            

 

8. �.�.�
;"����� -�)����
!##
�  

�-����'��!�*) ������������� �������������	�����
� 

 +���
��� 0-2256-4000 �*) 3576   +����� 0-2652-3122 

 E-mail address tnatt_ninee@yahoo.com 

9. �.�.�
����  	�+����"�����  

�-����'��!�*) ������������� �������������	�����
� 

 +���
��� 0-2256-4000 �*) 3576   +����� 0-2652-3122 

 E-mail address phatthamon@gmail.com 

10. �.�.����#� 
��� 

�-����'��!�*) ������������� �������������	�����
� 

 +���
��� 0-2256-4000 �*) 3576   +����� 0-2652-3122 

 E-mail address nisaaohn@hotmail.com 

11. �.�. ������ ��"	���	��� 

�-����'��!�*) �,���9��/
�����+�������)� ������������� 

 �������������	�����
� 

 +���
��� 0-2256-4000 �*) 3576   +����� 0-2652-3122 

 E-mail address mtpornpun@gmail.com 

12. ��.)"����
��� ������ 

�-����'��!�*) �,���9��/
�����+�������)� ������������� 

 �������������	�����
� 

 +���
��� 0-2256-4000 �*) 3576   +����� 0-2652-3122 

       E-mail address 

13. !�.
)��� ���	�������� 

�-����'��!�*) �,���9��/
�����+�������)� ������������� 

 �������������	�����
� 

 +���
��� 0-2256-4000 �*) 3576   +����� 0-2652-3122 

                           E-mail address 

14. �.�.)���%;� ���������"�� 

�-����'��!�*) �,���9��/
�����+�������)� ������������� 

 �������������	�����
� 

 +���
��� 0-2256-4000 �*) 3576   +����� 0-2652-3122 

        E-mail address  

15. �.�.8��%;� ��	���������� 

�-����'��!�*) �,���9��/
�����+�������)� ������������� 

 �������������	�����
� 

 +���
��� 0-2256-4000 �*) 3576   +����� 0-2652-3122 
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                  E-mail address   

16. ).�.��.���#
� ��'��
�!�¥���� 

�-����'��!�*) �,���9��/
�����+�������)� ������������� 

 �������������	�����
� 

 +���
��� 0-2256-4000 �*) 3576   +����� 0-2652-3122 

 E-mail address 

17. �.��.	
��" ��8�������	��� 

�-����'��!�*) �,���9��/
�����+�������)� ������������� 

 �������������	�����
� 

 +���
��� 0-2256-4000 �*) 3576   +����� 0-2652-3122 

         E-mail address 
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1. Phatthamon Virojanapirom, Pakamatz Khawplod, Arthikaya Sawangwaree, Supaporn 

Wacharapluesadee, Thiravat Hemachudha, Kinjiro Morimoto and Akira Nishizono. 

 BHK-cell adapted canine rabies virus variant: mutation in intergenic phosphoprotein and 

matrix protein gene non-coding region may confer higher neurovirulence in adult mice. 

(submitted for publication) 

2. Preecha Ruangvejvorachai, Chatchai Nopvichai,  Veera Tepsumethanon,  Supaporn 

Wacharapluesadee, Thiravat Hemachudha, Shanop Shuangshoti. Role of inhibitory 

neurons in the pathogenesis of paralytic and furious rabies in canine. (submitted for 

publication) 

3. Natthapaninee Thanomsridetchai, Nilubon Singhto, Veera Tepsumethanon, Shanop 

Shuangshoti, Supaporn Wacharapluesadee, Supachok Sinchaikul, Shui-Tein Chen, 

Thiravat Hemachudha, and Visith Thongboonkerd. Comprehensive proteome 

analysis of hippocampus, brainstem and spinal cord from paralytic and furious dogs 

naturally infected with rabies. (submitted for publication) 

4. Wacharapluesadee S, Hemachudha T. Ante- and post-mortem diagnosis of rabies 

using nucleic acid-amplification tests. Expert Rev Mol Diagn. 2010  Mar;10(2):207-

18. Review.  

5. Wacharapluesadee S, Phumesin P, Supavonwong P, Khawplod P, Intarut N, 

Hemachudha T. Comparative detection of rabies RNA by NASBA, real-time PCR and 

conventional PCR. J Virol Methods. 2011 Aug;175(2):278-82.  

6. Supaporn Wacharapluesadee, Veera Tepsumethanon, Pornpun Supavonwong, 

Thongchai Kaewpom, Nirun Intarut, Thiravat Hemachudha. Detection of rabies viral 

RNA from non-neural specimens of rabies infected dogs by Taqman real-time RT-

PCR. (submitted for publication)  

7. Abhinbhen Saraya, Thiravat Hemachudha, Chirapol Sintunawa, Pornpun 

Supavonwong, Kusuma Sawangpun, Supaluk Damrongsheaur, Supaporn 

Wacharapluesadee. Marine Fish Ciguatera toxin: Case series report and survey at 

fish markets in Bangkok. (submitted for preparation)   

8. Chirapol Sintunawa. Epidemic Marine Fish Ciguatoxin: special appraisals on global 

warming and climate changes. (submitted for preparation)   
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9. Shuangshoti S, Thepa N, Phukpattaranont P, Ruangvejvoracha R, Jittmittraphap A, 

Intarut N, Tepsumethanon V, Wacharapluesadee S, Hemachudha T. Canine furious 

and paralytic rabies: pattern differences in rabies viral antigen and inflammation 

localization in the central nervous system. (submitted for publication)  

10. Wacharapluesadee S, Sutipanya J, Damrongwatanapokin S, Phumesin P, 

Chamnanpood P, Leowijuk C, Hemachudha T. Development of a TaqMan real-time 

RT-PCR assay for the detection of rabies virus.J Virol Methods. 2008 

Aug;151(2):317-20.  

11. Wacharapluesadee S, Boongird K, Wanghongsa S, Ratanasetyuth N, Supavonwong 

P, Saengsen D, Gongal GN, Hemachudha T. A Longitudinal Study of the Prevalence 
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Introduction 

 

Rabies virus is a non-segmented negative-stranded RNA virus. It belongs to order mononegavirales, 

family Rhabdoviridae, genus Lyssavirus. Rabies virus is a neurotropic virus, causing fatal neurological 

disease. It infects animals mainly through bites contaminated with rabies virus containing saliva. Once 

rabies virus enters the wound, it multiplies at muscle cells then travels to central nervous system 

(CNS) by retrograde axonal transport.  

Genome of rabies virus consists of 11,923 or 11,928 nucleotides, containing a leader 

sequence at the 3’ end, followed by five monocistronic genes that encode the nucleoprotein (N), 

phosphoprotein (P), matrix protein (M), glycoprotein (G) and RNA transcriptase (L). At the center of 

the bullet-shaped virus particle is a core of helical RNA, ribonucleoprotein (RNP), which in turn is 

surrounded by a lipid-protein envelope. RNP core consists of single-stranded genome RNA 

encapsidated with nucleoprotein N, polymerase cofactor phosphoprotein P and virion-associated RNA 

polymerase L. After progeny genome RNA is encapsidated to form RNP structures, M protein binds to 

the RNP and condenses into the bullet-shaped structures. Then they interact with trimeric G proteins 

anchored in the plasma membrane and assemble into virus particles that bud out of infected cells [1, 

2].  

Passage of rabies virus obtained from dog brain in heterologous cell types, such as BHK cells, 

results in the selection of genotypically and phenotypically different variant from that present in 

mouse-brain passage. The latter is more pathogenic for adult mice than the BHK cell passage variant 

which grows faster in BHK cells [3]. Serial passages of Street-Albama-Dufferin (SAD) strain resulted 

to oral vaccine strain (SAD-B19) [4].  

QS05-BHK-P7 is a virus variant obtained from 7 serial passages of QS05 Thai canine street 

rabies virus isolated from a rabid dog brain into baby hamster kidney cells (BHK-21). Comparison of 

pathogenicity between QS05-BHK-P7 and QS05-SMB-P2, it was found that the former had increased 

neurovirulence. It was able to infect adult mice by both intracerebral (IC) and peripheral intramuscular 

(IM) chanllenges. Parental strain, QS05-SMB-P2, infected adult mice only by IC route. 

In this study, we here reported the phenotypic differences as visualized in BHK-21 cells among 

these 3 variants, QS05, QS05-SMB-P2 and QS05-BHK-P7. Greater number and larger size of viral 

particles were demonstrated in the case of QS05-BHK-P7 as compared to its counterparts passaged 

in neuronal cells.  Results of whole genome sequencing and aligned sequences of these 3 variants 

were compared. Genetic alteration located at polyadenylation signal between phosphoprotein and 

matrix protein intergenic region (IGR) was demonstrated. This may emphasize the significance of IGR 

noncoding region in determining neurovirulence and pathogenicity. 
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Materials and Methods 

 

Viruses and cells 
 The rabies virus QS-05 strain was directly isolated from the brain of a Thai rabid dog. It was 

amplified once in suckling mice brain (SMB) to obtain 20% brain suspension of stock seed virus. This 

isolate was then passaged twice in suckling mouse brain, designated as QS-SMB P2, or 7 times in 

baby hamster kidney (BHK)-21 cells, designated as QS-BHK-P7. 

  BHK-21 cells were maintained in Minimum Essential Medium Eagle (MEM) with 10% fetal 

bovine serum. 

 

Immunofluorescence staining 
 BHK-21 cells were infected with QS-05, QS-SMB-P2 or QS-BHK-P7 viruses. One day post 

infection, cells were washed twice with phosphate buffer saline, acetone-fixed and stained with FITC 

conjugated antibody to rabies nucleoprotein. 

 

Viral Infection of mice   
 A group of five 6-week-old female mice were inoculated intracerebrally (IC) or intramuscularly 

(IM). The clinical disease signs and symptoms were observed daily for at least 4 weeks, and, based 

on the percentage of surviving animals in each group; the lethal dose or LD50 was calculated as 

previously described.  

Whole genome sequencing 
 

Primer design 

 Primers were designed based on rabies virus strain 8743THA (accession number EU293121) 

(Table 1). 

RNA isolation and reverse transcription 

 Total RNA was extracted from brain suspension or cell supernatant using High Pure Viral RNA 

Kit (Roche) according to manufacturer's protocol. For reverse transcription, cDNA was synthesized 

using 1 ug of total RNA and 1 ul of random primer (Promega) heated at 70 
o
C for 5 min, then 

immediately chilled on ice for 5 min. The reaction was transferred to ImProm-II
TM

 Reverse 

Transcription reaction tube and incubated at 25 
o
C for 5 min followed by 42 

o
C for 1 hour and 70 

o
C 

for 15 min. 
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Table 1: Primers used in the whole genome sequencing 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fragment Sequences 
Primers 
Name Length Location as on QS05 

1 
CTA CAA TGG ATG CCG AC CN1 17 66-82 (F) 

GGA TTG AC(AG) AAG ATC TTG CTC AT CN4 23 1514-1536 (R ) 

2 
TTA CTT CTC CGG TGA (GA)AC (GA)AG GAG RabPfor 24 1247-1272 (F) 

GAG G(GA)T TTT TGA GTG TCC TC(GA) TC RabPrev 23 2532-2554 (R ) 

3 
TGA TCT GAA CCG TTA TAC ATC CC RabM (F) 23 2381-2403 (F) 

AAA CAA AAG AGC CTG AGG AAT C RabM (R ) 22 3318-3339 (R ) 

4 
TCT GGT GTA TCA ACA TGA AC RabG1.2a 20 2998-3016 (F) 

GAC TTG GTG GTC ATG ATA GAC RabG1.2b 21 4236-4256 (R ) 

5 
AGA CCT GTG GAT TTG TGG ACG A RabG1.5a 22 3986-4007 (F) 

GTT CAG CCT CTA ACT CGA TT RabG1.5b 20 5451-5470 (R ) 

6 
CTG TGG AAC AGA AGG ACA AT RabL1 F 20 5356-5375 (F) 

CCT GAA CTT CTC TGC CCT CT RabL1 R 20 6341-6360 (R ) 

7 
CTC CGG TTA TGA AGT CAT TAA AAT RabL2 F 24 6285-6309 (F) 

ACA TCT TCT GTT GAC TCC AAC C RabL2 R 22 7289-7310 (R ) 

8 
GGT TAC ATA TGC CTT TCA CCT G RabL3 F 22 7239-7260 (F) 

CTC TCC AAG ATC TGG ATT CC  RabL3 R 20 8243-8262 (R ) 

9 
ATC TGG CTG AGC TCC CAT GA RabL4 F 20 8191-8210 (F) 

CTG TAC TTA CGG AGA TAT GAG AGA G RabL4 R 25 9190-9214 (R ) 

10 
CAA GTC TGC TAG ATA CAG TGA AGG RabL5 F 24 9138-9161 (F) 

AGA TTC TAA GGT GTC CTC TCC ATG RabL5 R 24 10147-10160 (R ) 

11 
GCA TGA GAA CTA ACC TGC GA RabL6 F 20 10091-10110 (F) 

GCC CTC TGC ATC TCA CTC TT RabL6 R 20 11119-11138 (R ) 

12 
GCT GTA CCT CAG ATT CTC CAA G RabL7 F 22 11010-11031 (F) 

CAG CTA GAG GTT CTG ACT TGA G  RabL7 R 22 11861-11882 (R ) 

3'RACE 
AGG AGT GAT CTT GTC TCC TTT CN10 21 385-365(R) 

CGA CAA GAT TCC ATA ACT GGT CCA G RabN 334R 25 334-355 (R ) 

5'RACE 

CCG TCT GAC CCC AAG ATC TTG A 

RabL 

11389F 22 11389-11410 (F) 

GGC ACT TCA ATA TCT GCT GCA GT 

RabL 

11411F 23 11411-11433 (F) 

TGA TGTCCC CAG CTT TGC AAG 

RabL11463

F 21 11463-11483 (F) 
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Amplification 

 Polymerase chain reaction (PCR) was performed using GoFlexiTaq DNA polymerase 

(Promega) on GeneAmp
® 

PCR System 9700 (Applied Biosystems). Briefly, 10 ul of cDNA was 

amplified with 1x PCR buffer, 10 pmol of each primer (forward and reverse), 25 mM MgCl2, 10 mM 

dNTP and 1 Unit of Taq DNA polymerase. The cycling profile was as followed; 94 
o
C for 5 min, initial 

denaturation, followed by 30 cycles at 94 
o
C for 30s, 55 

o
C for 30s and 72 

o
C for 2 min, and final 

extension at 72 
o
C for 10 min. PCR products were confirmed by agarose gel electrophoresis and 

visualized by ethidium bromide staining (under UV illumination) with 1 kb DNA marker (Fermentas). 

The gels containing expected PCR products were excised and DNA was purified using QIAquick Gel 

Extraction Kit (QIAGEN) according to manufacturer’s protocol. 

 

3' and 5' untranslated region (UTR) amplification 

 3' and 5' end of rabies genome were amplified using 3' RACE System for Rapid Amplification 

of cDNA Ends and 5' RACE System for Rapid Amplification of cDNA Ends, version 2.0 (Invitrogen), 

respectively. Briefly, 1 ug of total RNA was used in first strand cDNA synthesis along with oligo(dT)-

containing adapter primer, SuperScript
TM 

II RTand reaction buffer. 2 ul of cDNA was then added to 

PCR reaction containing Abridged Universal Amplification Primer (AUAP) and CN10 reverse primer. 

Heminested PCR was performed using PCR product and AUAP and RabN334R (reverse primer), 

cycling profile as described above. 

  For 5' RACE, first strand cDNA was synthesized from total RNA using RabL11389 forward 

primer, gene-specific primer (GSP1), and SuperScript
TM 

II RT. The RNase Mix was added to remove 

mRNA template. Next, the homopolymeric tail was added to the 3'-end of cDNA using TdT and dCTP 

following the separation of cDNA from unincorporated dNTPs, GSP1 and proteins by S.N.A.P Column. 

The dC-tailed cDNA was amplified using AUAP and RabL11411 forward primer. Heminested PCR 

was performed using PCR product and AUAP and RabL11463 forward primer, cycling profile as 

described above. 

 

Indirect sequencing (TA cloning of full-length PCR products) 

 The G1.2 and G1.5 PCR fragments were obtained from 1 ug of cDNA with RabG1.2a and 

RabG1.2b, and RabG1.5a and RabG1.5b, respectively. The second round PCR was performed using 

the combination of G1.2 and G1.5 as template with RabG1.2a and RabG1.5b primers. PCR products 

were cloned into pGEM-T 
®
 easy vector system (Promega). Twenty white colonies were picked up 

and the purification of plasmids was performed using Nucleospin 
®
 Plasmid (Macherey-Nagel). The 

purified plasmids were sequenced. 
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Sequencing 

 Purified DNAs or plasmids were commercially sequenced (1
st
 Base, Malaysia). 

 

Sequence alignment and Analysis 

 The sequences were analyzed using Chromas, multiple sequence alignment was performed 

using ClustalW. The identity of nucleotide and amino acid were performed using GENEDOC. 

 

Results 

 

Passages of canine street rabies virus in non-neuronal and neuronal (SMB) cells yielded in 
vitro (BHK-21 infected cells) and in vivo phenotypic differences   

Immunofluorescent staining of rabies viral nucleoprotein was performed 1 day post infection. 

Tiny dot-like immunofluorescent staining viral particles were observed in both QS-05 and QS05-SMB-

P2 infected cells, the latter being slightly increased in numbers and size in the cytoplasm. Large viral 

particles of greater number were demonstrated in QS05-BHK-P7 infected cells (Figure 1).   

  

           
   QS-05 SMB-P2  

 

 

 BHK-P7 

Figure 1 morphological difference under microscopy 

  

To study whether neuronal and non-neuronal cell passaged viruses have different pathogenicity, QS-

05, SMB-P2 and BHK-P7 viruses were injected IC and IM to group of mice. The differences in 

susceptibility to lethal infection among these 3 viruses were demonstrated (Figure 2). Parental QS-05 

strain could cause death only by IC inoculation. This was similar in the case of neuronal-adapted 

strain, QS05-SMB-P2. Increased neurovirulence was observed in non-neuronal adapted strain, QS05-

BHK-P7. Following IC or IM inoculation, BHK-P7 caused a 100% mortality rate.  Virulence of BHK-P2 

could not be determined due to insufficient viral amount.  
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�   
IC IM 

Peripheral susceptibility index  

      (IC LD50/IM LD50)  

QS-05  10-2.5  no death(5/5)  - 

QS-SMB-P2  10-3.25  no death(5/5)  0.006 

QS-BHK-P7  10-3.83  10-0.83  0.079 

Figure 2 Comparison of pathogenicity 

 

Sequence organization of whole genome 
 Three viral strains, QS-05, QS-SMB-P2 and QS-BHK-P7, were subjected to whole genome 

sequencing. All three strains of rabies viruses were 11,923 base pairs consisting of five coding 

regions, nucleoprotein 71-1423, phosphoprotein 1515-2408, matrix protein 2496-3104, glycoprotein 

3316-4896 and RNA-dependent RNA polymerase 5407-11793. The first 58 base pairs were 3' 

untranslated region (UTR) or leader and the last 70 base pairs were 5'UTR or trailer sequences. 

Intergenic region (IGR)s located at each gene junction were 2, 5, 5, 24 base pairs, respectively.  

As shown in Table 2, we found that there were 2 nucleotides changes in nucleoprotein, one 

silent mutation, 898C>T, and one missense mutation, 994G>C which caused amino acid substitution, 

A332P (alanine to proline), in QS-SMB-P2 comparing to QS-05 and QS-BHK-P7. The identity of 

nucleotide and amino acid was 99% (data not shown). There was no mutation among these three 

strains in P and M genes. We found 2 missense mutations, located both in the ectodomain of 

glycoprotein in QS-BHK-P7, causing 2 amino acid substitutions, S23R (serine to arginine) and H424P 

(histidine to proline). The identity of QS-BHK-P7 at nucleotide and amino acid levels was 99% as 
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compared to other two strains (data not shown). One missense mutation, 6352A>G resulted in K316E 

(lysine to glutamate), and two silent mutations, 6351G>A and 6354G>A, were observed in QS-SMB-

P2 of RNA-dependent RNA polymerase (L gene). One missense mutation, 10537A>G resulted in 

I1711V (isoleucine to valine), and silent mutation, 9189C>T, were found in QS-BHK-P7. Gene 

junctions of QS-05 and QS05-SMB-P2 were identical. One point mutation, 2475A>G, located at non-

coding region between P and M genes of QS-BHK-P7. This mutation lay at the 7
th
 adenine residue of 

polyadenylation sequence. The identity of nucleotides between all 3 strains and 8743THA, Thai street 

strain, was 98%. No mutation was found in leader and trailer sequences.  

 

Table 2 Nucleotide and amino acid changes of SMB-P2 and BHK-P7 in comparison to QS05 

Position Amino acid Gene 
Nucleotide  Amino acid 

SMB-P2 BHK-P7 SMB-P2 BHK-P7 

1-70   Leader  -  -  -  -  

71-1423 450 N 
898C>T 

-  
 

A332P 
-  

994G>C 

1424-1514   inter N-P -  -  -  -  

1515-2408 297 P -  -  -  -  

2509-2495   inter P-M -  2475A>G -  -  

2496-3104 202 M -  -  -  -  

3105-3315   inter M-G -  -  -  -  

3316-4890 524 G -  
3441T>G 

-  
S23R 

4643A>C H424P 

4891-5406   pseudogene -  -  -  -  

5407-11793 2128 L 

6351G>A 9189C>T 

K316E I1711V 6352A>G 10537A>G 

6354G>A   

11794-11923   Trailer -  -  -  -  

 

Genetic diversity of glycoprotein gene 
 To determine whether the amino acid substitution at positions 23 and 424 of G protein was the 

result of viral quasispecies or the adaptation to the new environment, indirect sequencing of QS-05 

and QS-BHK-P7 clones of G gene was performed. In QS-05, all 20 clones were identical in   

nucleotide sequences with no amino acid substitution at positions 23 and 424. All 20 clones of QS-

BHK-P7, had amino acid substitution, S23R, located at the ectodomain of rabies glycoprotein. This 

amino acid substitution at position 23 of glycoprotein could also be found in mouse brain-adapted 
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rabies virus, challenge virus standard (CVS)-24, that had been passaged in BHK-21 cells (CVS-B2c). 

Therefore, this substitution might represent the adaptation in non-neuronal cells. We found H424P 

(histidine to proline) substitution in 19 out of 20 clones of BHK-P7. One clone had proline at position 

424 as in QS-05 and QS-SMB-P2.
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Discussion 

We showed here that adaptation of dog virus variant in non-neuronal cell line resulted in 

morphologic appearance of viral particles as examined by fluorescent antibody staining of infected 

BHK cells. Viral particles (QS05-BHK-P7) in cytoplasm appeared larger in size and increased in 

number; this became obvious by 7
th
 passage. Further, QS05-BHK-P7 was able to cause mortality in 

adult mice by both IC and peripheral IM challenges whereas parental strain QS05 as well as its 

neuronal adapted strain, QS-SMB-P2 could only by IC route. 

          Such finding was intriguing since rabies viral pathogenicity usually became attenuated 

following passages in non-neuronal cell. These included SAD-B19 (oral vaccine strain) [passages of 

SAD (Street-Albama-Dufferin) strain in BHK cells] [4], CVS-B2c (CVS-N2c in non-neuronal cells, BHK-

21 cells) [3]. The latter contained S23R mutation in glycoprotein gene; with higher replication rate than 

parental strain. CVS-B2c was less neurotropic both in vitro and in vivo comparing to CVS-N2c. 

Nishigahara stain was derived from the original Pasteur stain before 1915, had divergence at 

noncoding pseudogene region [5]. It was serially passaged through several kinds of animals and cell 

cultures and was used as seed strain for animal vaccine production. Non-pathogenic Ni-CE was 

resulted from Nishigahara strain after passages in chicken embryo fibroblast cells [6].  

Alteration of viral transcription/replication, budding and immune evasive mechanism and 

spreading can affect the pathogenicity of virus [7-12]. This has been clearly demonstrated by 

modification of rabies viral gene(s) by reverse genetic technique [1, 2,13]. Higher replication rate and 

degree of apoptosis are inversely correlated and how well that the virus can evade immune system is 

directly correlated with pathogenicity [8,14-16]. Enhancement of neuroinvasiveness following IM 

inoculation has been observed after replacement of G or G and M genes of SAD-B19 with those of 

silver-haired bat-associated rabies virus strain 18 (SHBRV-18) [15].  

Homeostasis in rabies virus replication/transcription is balanced by interaction between N, P 

and L genes. Failure to phosphorylate N resulted in the reduction of replication and transcription 

[9,17]. Overexpression of L gene resulted in enhanced RNA replication and virus titer. Such 

imbalanced protein expression also resulted in degree of cytopathic effect of infected cells expression 

[7]. Multifunctional M protein can regulate the transcription and replication. By attenuation of M 

expression, by shifting M gene to downstream L gene, lower replication level can be acheived [8]. As 

previously mentioned, Ni-CE was derived from Nishigahara strain. Clear cytopathic effect in mouse 

neuroblastoma cells has been clearly demonstrated after infection with Ni-CE but not with parental 

Nishigahara strain infection.  Matrix protein of Ni-CE stain has a single amino acid substitution at 

position 95. This is a cytopathic determinant in mouse neuroblastoma cells [6]. Apoptosis also partly 

plays role in this.  

Budding of rabies virus occurs at plasma membrane of the host cells.  This process requires 
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glycoprotein and matrix protein expression. Although recombinant SAD-L16 strain (lacking of the 

entire G gene) could produce a non-infectious spike-less virion, virus release was decreased by 30-

fold. M-deleted mutant has been shown to increase G expression at infected-cell surface with a 

drastic decrease in infectious virion [18]. 

Evasion of host immune response is one of the important characteristic of pathogenic rabies 

virus. This is influenced by both glycoprotein expression and sequence. An inverse relationship 

between pathogenicity and the amount of glycoprotein produced in infected cells has been 

documented. Comparing to the pathogenic SHBRV strain, the attenuated rabies virus strain, 

laboratory-adapted virus B2c, expressed higher glycoprotein level and triggered greater immune 

response [14]. A reshuffled Evelyn-Rokitnicki-Abelseth (ERA) rabies virus with the G gene switched 

with the M gene (N-P-G-M-L versus N-P-M-G-L of parental strain) conferred higher G expression 

according to the transcription gradient mechanism and resulted in less virulent phenotype comparing 

to parental strain [19]. 

Expression level of the G gene is not sufficient in attenuating pathogenicity [20, 21]. 

Sequences within the G gene also play role in determining the virulence of the virus. Recombinant 

nonpathogenic live rabies virus vaccine which has two G genes with Arg333Glu is able to control 

Asn194Lys mutation. Mutation at position 194 is associated with a reversion to the pathogenic 

phenotype [20]. Recombinant viruses with glycoprotein sequence unaltered from highly pathogenic 

wild type parental strain but with 2-3 folds more of the glycoprotein expression remain pathogenic 

[21]. 

Recently, ERA strain of rabies virus has been demonstrated to encode a carboxyl-terminal 

PDZ domain-binding motif within cytoplasmic domain of G gene that interacts with cellular PDZ 

proteins; serine-threonine kinases, MAST1 and MAST2 [16, 22]. These cellular protein targets control 

neuronal survival which promotes spreading and virulence of rabies virus. Only single amino acid 

change in this domain triggered apoptotic death of infected neurons resulted to attenuation of rabies 

virus. However, the difference in the degree of pathogenicity between QS-05 and QS05-BHK-P7 

strains should not be explained by alteration of functional cellular PDZ proteins, since both of them 

share identical sequences of cytoplasmic G domain. 

Both mutations at G gene ectodomain should not be responsible for an increased 

neurovirulence of QS05-BHK-P7. Amino acid substitution located at position 23 of glycoprotein gene 

has already been shown to be the non-neuronal adaptation marker of CVS-adapted strain, CVS-B2C, 

with attenuated pathogenicity [3]. This finding was consistent with the indirect sequencing result of all 

20 colonies of QS05-BHK-P7 that possessed S23R mutation. Owing to the lack of supporting study, 

the impact of the aother mutation, H424P, on pathogenicity is still unknown. 
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The mutations in L gene are intriguing. D1671V mutation within domain VI and G1481R 

between domains V and VI of vesicular stomatitis virus (VSV) L protein inhibited viral mRNA cap 

methylation and further reduced transcription and replication in vitro [23,24]. In the case of Sendai 

virus, alanine substitution at charged residues in conserved domain III affected viral protein stability 

and might attenuate pathogenicity [25]. Abrogation of polymerase activity in rabies virus was 

accomplished by altering the GDN motif in motif C [26]. However, replacement of L gene of 

pathogenic strain, SHBRV-18, with vaccine strain, SAD-B19, did not alter pathogenicity of the 

recombinant virus [27]. Besides, one amino acid substitution in L gene which was found following 4
th
 

passage of SAD-B19 strain in foxes did not affect the virulence in vivo [28]. Thus, the importance of 

synonymous and nonsynonymous mutations in polymerase (L) gene of QS05-BHK-P7 (both of which 

not residing in 6 documented functional domains) on virulence is still inconclusive. 

Non-coding sequences located between coding gene regions or IGR has been reported to 

play role in viral pathogenicity and gene expression. Transcription gradient occurs as a result of the 

dissociation of polymerase complex when it reaches transcription stop signal between each gene 

junction in rabies [29]. Re-initiation of downstream gene transcription, therefore, is lower than the 

predecessor at approximately 30%. The IGR length has impact on rabies gene expression. 

Overexpression of polymerase gene was achieved by replacing G/L (24 nucleotides) with N/P (2 

nucleotides) IGR [7]. Relocation of M with G gene in ERA recombinant virus resulting in increased 

glycoprotein expression and attenuated phenotype [19]. This emphasized the importance of the gene 

order. The sequences per se involved in viral virulence. In the case of VSV, mutation of the intergenic 

dinucleotide sequences increased read-through mechanism across the P/M gene junction [30]. 

Deletion of conserved AUACU7 sequences, polyadenylation signal of VSV, resulted in the loss of 

transcription termination of upstream transcripts [31]. Seven U residues was the minimum number 

required for transcription termination of upstream mRNA. The shortened or complete deletion of U7 

tract or nucleotide substitution at the 7
th
U of U7 tract gave rise to the readthrough transcripts [32]. 

We hypothesize that A>G mutation at the 7
th
polyadenylation sequence located between P and 

M gene junction may cause the read-through mechanism with the consumption that glycoprotein of 

QS05-BHK-P7 strain is well adapted to support the spread of the virus. Owing to the transcription 

gradient and the read-through mechanism of polymerase across P/M IGR, we hypothesize that this 

may lead to attenuation of matrix protein expression but may increase in glycoprotein expression in 

QS05-BHK-P7 strain. The former should have an impact on viral budding, transcription/replication and 

immune evasive strategy that overcome the effect of over-expression of glycoprotein. The precise 

mechanism on how these mutations involved in the increased virulence of non-neuronal adapted 

strain remains to be further elucidated. 
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Abstract

Reduction of inhibitory neurons have been observed in cerebral cortex of mice 

experimentally infected with rabies virus, and in some human psychiatric and 

neurological diseases such as schizophrenia and epilpesy. To investigate the possible 

role of inhibitory neurons in the contribution of paralytic and furious symptoms in 

rabies, postmortem examination of the brain was performed in 15 rabies infected dogs 

(8 furious and 7 paralytic cases). Parvalbumin-positive neurons were countered at 

several brain regions, including neocortex (frontal, parietal, temporal, and occipital 

lobes), caudate nucleus, thalamus and hippocampus. Significant difference in the 

number of inhibitory neurons between the two clinical forms of rabies was found only 

at the frontal cortex where greater number of inhibitory neurons was observed in the 

furious canine. It remains to be further investigated whether or not the inhibitory 

neurons in both forms of rabies carry the same rate of rabies viral infection. 

Keywords: Rabies, furious rabies, paralytic rabies, inhibitory neuron, parvalbumin 
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Introduction 

Rabies is an almost universally fatal infectious disease of the central nervous system 

(CNS), caused by a neurotropic RNA virus of genotype 1 in the family 

Rhabdoviridae, genus Lyssavirus [1]. The worldwide number of rabies deaths as 

estimated by the World Health Organization survey in 1998 was 55,000 annually, 

with the highest incidence found in Asia [2]. Based on the recent report in Thailand, 

about 21 patients (0.03 per 100,000 population) die of rabies each year in Thailand 

[3].

In humans and dogs, rabies can manifest either as furious or paralytic forms. 

Limbic symptoms dominate the clinical picture in the former, whereas paralysis of 

lower motor neuron type is the salient feature of the latter [4]. The ratio between 

furious and paralytic rabies in human cases is approximately 3: 1 [5]. Furious rabies 

patients tend to die faster (average within 5.7 days compared to 11 days in paralytic 

form) [4]. The mechanisms contributing to the two distinct clinical forms remain 

poorly understood.

CNS neurons are divided into two main subgroups, excitatory (~80%) and 

inhibitory (~20%) neurons. The former uses glutamate as a key neurotransmitter 

while the other uses GABA (gamma-aminobutyric acid). Reduction of inhibitory 

neurons was demonstrated in the prefrontal cortex of schizophrenic brains [6, 7] and 

in the temporal lobe of epilepsy [8, 9]. 

Studies of inhibitory neurons in rabies have been sparse, and were done only in 

mice [10-12]. Significant reduction of inhibitory neurons in the cerebral cortex was 

found in mice experimentally infected with rabies [10], suggesting the role of 

inhibitory neurons in rabies encephalitis. Since mice do not have the 2 clinical 

symptoms (furious and paralytic) as observed in human and dog, the current study 

was conducted to determine whether the inhibitory neuron was affected equally or not 

between the furious and paralytic rabid dogs.
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Materials and Methods 

Animals

15 naturally rabies-infected dogs (8 furious and 7 paralysis) were enrolled in the 

study. Each animal was observed for rabies signs at the quarantine and diagnostic unit 

of the Queen Saovabha Memorial Institute. The diagnosis was confirmed by 

identification of rabies viral RNA in saliva by nucleic acid sequence-based 

amplification (NASBA) [13]. Categorization of canine furious or paralytic rabies was 

based on the following clinical features: aggression and biting behavior in furious, 

and hind limb paresis with none or only mild degree of aggression in paralytic rabies 

[14].

Collection of samples and tissue preparations 

All brains were fixed with 10% buffered formalin. The regions studied included 

neocortices (frontal, parietal, temporal, and occipital regions), caudate nucleus, 

thalamus and hippocampus. One section was taken from each brain and brainstem 

regions. All specimens were routinely processed and embedded in paraffin wax. Four-

micrometer-thick sections of all paraffin blocks were stained with hematoxylin and 

eosin. Standard indirect immunohistochemical method was carried out by automated 

stainer (Ventana Benchmark LT, Tucson, USA), using anti-parvalbumin antibody 

(Abcam, Canbridge, UK, at dilution of 1: 100,000) as an inhibitory neuronal marker. 

Negative control was performed by omission of the primary antibody. 

Analysis of parvalbumin-positive neurons 

Parvalbumin-positive neurons were viewed under a light microscope (Olympus, 

BX41TF, Japan) at 400x magnification (high-power field, HPF). All positive neurons 

in 10-20 consecutive HPF were manually counted. Analysis was performed blind to 

the clinical data. 

Statistical analysis 

Number of parvalbumin-positive neurons at each brain region was compared between 

the furious and paralytic groups of rabid dogs using the Mann-Whitney U test for a 

two-tailed test. Statistical analyses were performed using Statistical Package for 

Social Science software (SPSS version 17.0, SPSS Inc., Chicago, IL, USA). 

Statistical significance was considered when p < 0.05. 



5

Results

In the cerebral cortex of paralytic rabies (Table 1), parvalbumin-positive neurons were 

mostly frequently found in the occipital, followed by the parietal, frontal, and 

temporal cortices. In furious rabies, parvalbumin-positive neurons were most 

populated also in the occipital cortex, followed by the frontal, parietal, and temporal 

cortices. The midline structures (thalamus, caudate, and hippocampus) contain few 

inhibitory neurons in both clinical forms. When the number of parvalbumin-positive 

neurons was compared between the paralytic and furious rabies, significant difference 

was observed only at the frontal cortex, 7.31 ± 3.21 positive neurons per HPF for 

furious and 3.95 ± 2.23 for paralytic rabies (p=0.029). 

Table 1. Distribution of parvalbumin-positive neurons in various brain regions in 

canine paralytic and furious rabies 

Brain Regions Paralyic rabies 
(N=7)

Furious Rabies 
(N=8)

Parv-positive neurons/HPF
(Mean ± SD) 

Parv-positive neurons/HPF 
(Mean ± SD) p-value

Frontal lobe 3.95 ± 2.23 7.31 ± 3.21 0.029
Temporal lobe 0.79 ± 0.78 4.02 ± 3.36 0.054
Parietal lobe 6.64 ± 3.54 6.70 ± 2.69 0.955
Occipital lobe 16.06 ± 6.65 16.20 ± 3.40 0.694
Thalamus 0.14 ± 0.38 0.11 ± 0.18 0.397
Hippocampus 0.13 ± 0.16 0.05 ± 0.53 0.536
Caudate nucleus 0.96 ± 1.2 0.71 ± 0.78 0.955

Parv = Parvalbumin, HFP = high-power field, SD = standard deviation 
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Discussion 

The basic mechanism of furious or paralysis symptoms in human and canine rabies 

remains unknown. The observation that the same rabid dog transmitted paralytic 

rabies to one and furious to another may suggest differential response of host [15].  

Sequence analysis of glycoprotein (G), nucleoprotein and phosphoprotein genes of 

rabies virus isolated from human patients and dogs with furious and paralysis did not 

show any specific pattern [16]. Study of genetic diversity of the G gene of rabies virus 

within a single rabies infected dog by comparing the cloned sequences in the virus 

population showed closely related heterogeneous populations with minor substitutions 

at nucleotide and amino acid levels [17].  

Although previous magnetic resonance imaging (MRI) studies in human rabies 

patients revealed no differences between both clinical forms [18], our recent study in 

canine rabies at the early stage of disease has shown otherwise [19]. Abnormal lesion 

localization was similar in both clinical forms at the inferomedial temporal lobes, 

hippocampi, hypothalami, brainstem, and upper spinal cord; however, it was more 

pronounced in paralytic cases particularly at the brainstem. Nevertheless, the 

neuroimaging and neuropathological findings do not explain the furious or paralytic 

symptoms. 

Role of inhibitory neurons in rabies encephalitis has been suggested by 

demonstration of reduced inhibitory neurons in the cerebral cortex of mice 

experimentally infected with rabies virus [10-12]. Interestingly, reduction of 

inhibitory neurons was also observed in human diseases such as schizophrenia and 

epilepsy [6-9]. We, therefore, hypothesized whether the reduction of inhibitory 

neurons could explain the furious or paralytic symptoms in rabies. Based on our 

results, significant difference was only found at the canine frontal cortex where 

greater number of inhibitory neurons was observed in furious rabies. It, however, 

remains to be further investigated if the inhibitory neurons show different or 

comparable rate of rabies viral infection by double-labeling (rabies viral antigen and 

parvalbumin) immunohistochemical study. 

In conclusion, the number of inhibitory neurons is generally comparable in 

canine paralytic and furious rabies, except for the frontal lobe where greater number 

of inhibitory neurons was demonstrated in furious form. It remains to be investigated 
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whether or not the inhibitory neurons in both forms of rabies carry the same rate of 

rabies infection. 
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