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 !����������
:<�����$��,���+�����
#�<	��	
���+��
� %-�/����/
���+�&� �������$����

�����
��&������
�3��%-�/����3����������
� glycosyl hydrolase family 10 !�$���"��
� 

(Pomacea canaliculata) �������������$��,���+�����
#�<	��)+�
� 2 <�#FK���� (GHF10-

Pc1 3�� GHF10-Pc3) �
���� 1300 bp 3�� 1277 bp &���,���+  #��	�:� 2 <�#FK�����


open reading frame (ORF) 	
���+��
��
���� 1188 3�� 1191 bp &���,���+ F-�������J

J���$��!$�#��&
�	
��
���� 395 3�� 396 �������#� ��E���,��,���+�������#�����
���

���
�+�	
�+�����$�E����+�
�	
��
������<��)+�=��,���+����������#�����
�	
�<���
����

�������+�
��F������!�$�� Ampullaria crossean 98% 3�� 82% &���,���+ 3���
����

�������+�F������!���'=� glycosyl hydrolase family 10 (GHF10) ������%-�/���������
��

&������
�)+�=� GHF10-Pc1 3�� GHF10-Pc3 �
���� 4937 3�� 4512 bp �����+���� 9 

exon 3�� 8 intron &���,���+ ������&�����+���3����������
�!�$���"��
�����&=�� S 

�"=�<�=$�� 3�����$�����' 1 3�� 10 ��� )+�=�<�=�
���3����������
�	�:����!�����<�=

$�� 3��)+�=��
���3��������� GHF10-Pc1 !����$������ 1 3�� 10 ��� �=���
� 

GHF10-Pc3 )+�
���3������!����� 1 ��� ������%-�/����3����������
��F������!� 

E. coli  #���$�
����,�!$��������3����������
����� IPTG 3���������$��
���+�3��	�

#��&
����� SDS-PAGE )+�=��
���3����������
���+�3��	�#��&
����=!��=�� inclusion 

bodies F-�������J	,�!$�+���'	*�[<��#��!"� Ni-NTA column chromatography ��E���������$�3J+

#��&
����� SDS-PAGE )+�=��
���+�3��	�#��&
�	
�<���
���� 44 kDa F-����E���,��
���

+�3��	�#��&
�<�&�����+�'
��+�&�������<F��)+�=��
���+�3��	�#��&
��
3��&���&
:���

���<F�� endo-�-1,4-xylanase 

 

�@�!�
� : Pomacea canaliculata, �F������, #���, $���"��
�,  

 

 

 



Abstract  

 

Project Code :  MRG4980168 

Project Title :  Molecular cloning and expression of cellulase protein from  

golden apple snail (Pomacea canaliculata) 

Investigator :  Dr. Chanprapa Imjongjirak and  

Associate Professor Dr. Siriporn Sittipraneed 

E-mail Address :  chanprapa.i@chula.ac.th 

Project Period :  1 July 2006 – 30 June 2008 

 Two cellulase cDNAs (GHF10-Pc1 and GHF10-Pc3) belonging to glycoside 

hydrolase family 10 (GHF10) were successfully isolated and characterized from stomach 

tissue of golden apple snail (Pomacea canaliculata), a kind of herbivorous mollusca. 

Sequencing analysis revealed full-length cDNAs of 1300 and 1277 bp in length, 

respectively. The open reading frame (ORF) of cellulase cDNA was 1188 and 1191 bp, 

encoding 395 and 396 amino acid, respectively. Sequence alignment revealed that 

GHF10-Pc1 and GHF10-Pc3 shared high identity with glycosyl hydrolase family 10 

(GHF10) and had an overall similarity of 98 and 82% to those of Ampullaria crossean 

cellulase EGX. A neighbour-joining tree showed a clear differentiation between each 

species and also indicated that GHF10-Pc1 and GHF10-Pc3 from P. canaliculata and A. 

crossean EGX are closely related phylogenetically. The genomic organization of 

cellulase GHF10-Pc1 and GHF10-Pc3 genes was also investigated. The GHF10-Pc1 

and GHF10-Pc3 genes spanned over 4937 and 4512 bp, respectively. Both genes 

contained 9 exons interrupted by eight introns. The result verified the endogenous origin 

of the GHF10-Pc1 and GHF10-Pc3 genes. Analysis of RNA by RT-PCR from several 

ages of P. canaliculata revealed that neither gene was expressed in eggs. GHF10-Pc1 

was also expressed in 1- and 10-day-old juvenile snails whereas GHF10-Pc3 was 

expressed only in 1-day-old juvenile snails. The result showed that two GHF10-Pc 

transcripts were developmentally expressed. The mature GHF10-Pc1 was cloned into 

the expression vector pET28b with an N-terminal hexa-histidine tag fused in-frame, and 

expressed in E. coli as inclusion body. The recombinant (r)GHF10-Pc1 was successfully 

purified by Ni-NTA chromatography. The purified rGHF10-Pc1 showed activity of endo-

�-1,4-xylanase. 

 

Keywords : Pomacea canaliculata, cellulase gene, cloning, golden apple snail 

 



4. ��;,�!������	
� 

4.1 �$�@� 

�F���#�� (cellulose) ��;�#|#�)���3F7���<������&������:,�&�����#��F-��&=��������

)��*�<��#�F����	
�&,�3$�=� �-D-(1-4) �
�'
��+�&�<�=������:,� 	�&=��}�������������<F�� 

��� 3���=��	
� ��E���� �F���#�������;�#)�
�����	
�)+���	
��'�!�*���"�&� 3����;�

�=�������+$�����������F���)E" #�����&�����=��+<F3�� (xylan) 3�������� (lignin) !����

�=�������F���#��&���!"����<F��$���"���	
�	,�����=����� <��3�= �F������ (cellullase) F-��

�����+���� exo-�-1,4-glucanase (E.C.3.2.9.11) ���<F�� endo-�-1,4-glucanase 

(E.C.3.2.1.4) ���<F�� �- glucosidase (E.C. 3.2.1.21) 3�����<F��<F3�����F-��

�����+���� endo-�-1,4-xylanase (E.C.3.2.1.8) 3�����<F�� �-xylosidase (E.C.3.2.1.37)  

�����"E��3&=����	
��=���&��<�=�����J�=���F���#��<����E������<�=�����J��������<F��

�=���F���#���-:�<����� 3&=���<F��	
�!"��=���F���#����<�������3+�	
��
�	
����=!���++

	��������$�� (symbiotic gut microorganisms) (Cleveland 1924) 	,�!$���������	
��=����

��;����%-�/����<F��!���'=��F������!������
"
��&	
���;��'�"
))�� �� 3��3+�	
��
���;��=��

!$�= 3&=��E��<�=������
:<���
������������)+���<F�� endo-�-1,4-glucanase !���&��<�=�


���������$���$���"��� �"=� ���� $���&����� 3�����+ �'���:,��E� 3����@�3�7� 3��!�

$�� �����������������<F��!���'=��F������!�$����������!��@ 1977, Purchon &���)+3�

�&���&
������<F���F������!��:,��=��!�����)����������
"
��&)��$�����~� !��@ 2000 Xu 

3���
� <��3��3��%-�/����/
���+�&�������<F�� endo-�-1-4-glucanase ��� blue 

mussel, Mytilus edulis 3��!��@ 2003 Wang 3���
�<��	,����#����
��F���������$�� 

Ampullaria crossean 3��	,����3������ (expression) �)E�����&�
���+�3��	�#��&
� 3��

%-�/�3��&���&
������<F�������=�� )+�=��
��F������!�$��"����
:�
 3 activity �E� exo-�-1-

4-glucanase, endo-�-1-4-glucanase 3�� endo-�-1-4-xylanase  

$���"��
� (Pomacea canaliculata) $�E�$��#�=��������!&� $�E�����|E:��:,��E� ��;�$��

~���
��������=!���%���
����+$��#�=� (apple snail, Pila spp.) $���"��
��
J����,�����!�	�
�

�������!&�  3)�=��������=	�
����F
�	������	%�
��'�� <&�$��� 3��KB����B��� !�����	%<	��


���,������&������&�������;�$�������� ��E:�$���"��
��
�'
�=�	����$����� #���
#��&
�

���J-� 34-53% �-��
����,�����������)��*'�3���)����
:����;������� 3&=��E��<�=<����+��������

	,�!$��
���	�:�$����=��!$�3)�=����=3$�=��:,�&��*���"�&������������+��	,��������!��� 

�����������
�$��!$�3�=��/&�����;���=����� 

$���"��
������J������&�+#&3������)��*'�<����=�������7� #��$���)%��
������J

���<�=<��&����@ ���$�����'�)
�� 2-3 ��E�� �����J��+��=���)��*'�<�� 3��$���������)��*'�

&����
�������<����<�=&��	
�3$���$�E��:,�!����������E� <�=��K�������;�&��$�����!� 7-

12 ��� $���"��
����)E"�:,�<����E�+	'�"��� �"=� 3$� 3$�3�� <�=�:,� ���+'�� ��������� 



��$�=��&=��S ����=�����&+"�� #�������J���<����=�������7�3�����<��&������� �����;�

�:,�$�����$��	
���� 50% ����:,�$���&��&=����  

���<F��!���'=��F�����������J3+=����<��$�����'=�#����%������3&�&=�����

#�������� 3 ��&�����,���+�������#�!�+����
 catalytic domain !�����'+�����<�=�
������

���%-�/���'=����<F���F������!�$���"��
� !��
�	
�������
������������)+���<F��!���'=�

�F������!�$��"����E�� S �����:�!�#������������
: �-���!�	
���%-�/��
��F������!�$���"��
�

#��	,����#��� $��,���+�����
#�<	�� %-�/����/
���+�&�����
��F���������$���"��
�!�

����	%<	� 3��%-�/�������&���<F��#���	�����
���+�3��	�#��&
�  

 

�
�B-���
��� 

1. ���$��,���+�����
#�<	��	
���+��
� (full length cDNA) ����
��F���������$���"��
� 3��

%-�/����/
���+�&�����
��F������!�$���"��
� 

2. 3�� 3���������$���������
��&������
� (genomic organization) !��=����� exon 3�� 

intron ����
��F������!�$���"��
� #��!"��	���� PCR  

3. %-�/����3����������
��F������!� E. coli �����
���+�3��	�#��&
� (recombinant 

protein) 3��3��+���'	*�[�)E���,�<�%-�/��'
��+�&�������<F���F������ 

 

4.2 ��+�����@����������	
� 

4.2.1 ����������
���4��  

��7+&����=��$���"��
�&���&7����  (Pomacea canaliculata) 3���,���&���=�����

����)����$�� 3"=��!�<�#&�����$�� (liquid nitrogen) 3����7+<��	
� –80 
o
C �)E��!"�!�

���%-�/�&=�<� 

4.2.2 
�
� total RNA ��� mRNA 	������*����!�����!���"���# 

���� total RNA ����=������)�����$���"��
����� Trizol Reagent (Gibco-BRL, 

USA) #���,���E:���E�����&����=����+�#���&�� liquid nitrogen 3��+�&����=��!$�����
�� �,�

��E:���E��	
�+�3�����!�=!�$��� 1.5 ml 3���&�� Trizol Reagent !���&���=�� 1 ml ��� Trizol 

Reagent &=���E:���E�������
 50-100 mg !"�3	=�3���+�!$�����
���
����:� 3���,�<� vortex 

��;����� 2-5 ��	
�,�<�����	
� 12000 rpm 	
� 4 
o
C ��;����� 10 ��	
 �)E���,�����%/�F��� 

&=������:�������������=��+�!�=!�$��� 1.5 ml !$�=3���&�� 0.2 ml ��� chloroform &=� 1 

ml ��� Trizol Reagent 3���,�<� vortex ��;����� 2-5 ��	
 �,�<�����	
� 12000 rpm 	
� 4 
o
C 

��;����� 10 ��	
 ������������=��+�!�=!�$��� 1.5 ml $���!$�= �,�<�<��+��:,�3�7� 

�����:�&�&���� RNA #���&�� 0.5 ml ��� isopropanol &=� 1 ml ��� Trizol Reagent +=�	
� 

-20 
o
C ��� 30 ��	
 �,�<�����	
� 12000 rpm 	
� 4 

o
C ��;����� 10 ��	
 	�:����������=��+� 

���� RNA pellet #���&�� 1 ml ��� 75% ethanol �,�<�����	
� 10000 rpm 	
� 4 
o
C ��;����� 5 

��	
 	�:����������=��+� �,� RNA pellet  <� air-dried #��!"� vacuum ��;����� 3-5 ��	
 



����� RNA pellet ���� RNase-free water ��7+ RNA 	
�<��<��	
� -70 
o
C �������$������
3��

�'
��)��� RNA �����	���� spectrophotometry �����:��,���� DNA 	
��������������#��

����=�� DNA ���� RNase-free DNase I 3������3�� mRNA ��� total RNA #��!"� oligo 

(dT) cellulose column ��� QuickPrep mRNA purification kit (Amersham Biosciences, 

USA) 3���������$������
3���'
��)��� mRNA �����	���� spectrophotometry 

4.2.3 �3�!�����������
����$���� Reverse Transcription Polymerase Chain 

Reaction (RT-PCR)  

4.2.3.1 ������7*������ 

�,��,���+�����
#�<	�� 3���,���+�������#�����
��F������	
��
������<��!� GenBank 

��	,� alignment #��!"�#��3��� ClustalX �)E��$�+����
	
������J!"����3++ degenerate 

primers 	
����,���!"�	,� RT-PCR  

4.2.3.2 

������!� first-strand cDNA 

��������$� first-strand cDNA #��!"� ImProm-II
TM

 Reverse Transcription System 

(Promega Corporation Medison, Wisconsin, USA) F-���������+���� 2 �g mRNA, oligo   

(dT)12-16 primer 3�����<F��  reverse transcriptase +=�	
��'
$���� 42 
o
C ��;����� 1 "���#�� 

�����:��,���	,� PCR #��!"�<)������	
����3++<�� #��	,��}������ PCR !������&� 25 

<�#����&� F-�������+���� 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 2 mM MgCl2, 100 �M 

��� dATP, dTTP, dCTP 3��dGTP, 0.4 �M ���3&=�� primer 3�� 1 U ��� Taq DNA 

Polymerase 	,�����)��������
 DNA #���
 PCR profiles ����
:�E� Predenaturation 94 
o
C 

��;����� 3 ��	
 3��&������ Denaturation 94 
o
C ��;����� 1 ��	
 Annealing 48 

o
C ��;�

���� 1 ��	
 Extension 72 
o
C ��;����� 2 ��	
 �,���� 5 ��+ 3�� Denaturation 94 

o
C  ��;�

���� 1 ��	
 Annealing 58 
o
C ��;����� 1 ��	
 Extension 72 

o
C   ��;����� 2 ��	
 �,���� 

35 ��+  &������ Final extension 72
 o
C  ��;����� 10 ��	
 �,���� 1 ��+ �������$� PCR 

products 	
�<��!� 1.4% agarose gel electrophoresis 3���������� ethidium bromide 

&�����+�����E��3����� DNA #�� UV transilluminator 

4.2.3.3 �";#���4�"�,�����������
�
�*��
��� pGEM�-T easy 

�����E��3J+ DNA 3��&��3J+ DNA ����
��F������	
�<��������	,� RT-PCR ���

�������#����� 3��"�:� DNA ������ #��!"� Qiaquick gel extraction kit (Qiagen, USA) 

�����:��,���	,����#���#����*
 TA-cloning #���"E���&=���+)������ pGEM�-T easy 3���

�,�������=�F��� E. coli #����*
 electroporation 

4.2.3.4 �
���;������������$����� ������!��@��
���������7$�� 

 $��������"�:� DNA insert #���'=������E�� recombinant clones ��$�������� 

cDNA insert #��!"��	���� colony PCR #��!"�<)������ pUC1 primer:                          

5
/
-CCGGCTCGTATGTTGTGTGGA-3

/
 3�� pUC2 primer: 5

/
-GTGGTGCAAGGCGA 

TTAAGTTGG-3
/
 3�����&������ restriction enzyme �������$�������� DNA insert !� 



1.4% agarose gel electrophoresis �����:�����)�������
��7�������
���+�3��	�#��� 3���

�,�<�$��,���+�����
#�<	��#��!"� automated DNA sequencer (ABI377, PE Applied 

Biosystems, USA) 	,�������3++<)����������������,���+�����
#�<	��	
�<�� �)E���,�<�!"�$�

�,���+�����
#�<	�� full length ����
��F������  

4.2.4 ���!� full length cDNA �������������
 ���&"3�$���� Rapid Amplification of 

cDNA End (RACE)-PCR 

4.2.4.1  3/ RACE-PCR 

  �,� first-strand cDNA 	
�<����	,� 3
/
 RACE-PCR (SMART RACE cDNA 

amplification kit, BD-Biosciences Clontech, USA) #��!"�<)������	
����3++������,���+��

���
#�<	��+����
 5
/
 UTR ����
��F������	
�<��3�� oligo(dT)-Not I primer 	,�����)���

�����
 DNA #���
 PCR profiles �E� Predenaturation 92 
o
C ��;����� 3 ��	
 3��&������ 

Denaturation 94 
o
C ��;����� 45 ����	
 Annealing 65 

o
C ��;����� 45 ����	
 Extension 72 

o
C ��;����� 1.30 ��	
 �,���� 5 ��+ 3�� Denaturation 94 

o
C  ��;����� 45 ����	
 

Annealing 60 
o
C ��;����� 45 ����	
 Extension 72 

o
C   ��;����� 1.30 ��	
 �,���� 25 ��+  

&������ Final extension 72
 o
C  ��;����� 10 ��	
 �,���� 1 ��+ �������$� PCR product !� 

agarose gel electrophoresis &�����+�����E��3����� DNA #�� UV transilluminator 

4.2.4.2 �
���;������������$����� ����������!�!��@��
���������7$�� 

&��3J+ DNA ����
��F������	
�<��������	,� 3
/
 RACE-PCR ����������#����� 

3��"�:� DNA ������ #��!"� Qiaquick gel extraction kit (Qiagen, USA) �����:��,���

�"E���&=���+)������ pGEM�-T easy 3����,�������=�F��� E. coli #����*
 electroporation $�

�������"�:� DNA insert #����*
 colony PCR 3�����&������ restriction enzyme �������$�

������� DNA insert #����*
 agarose gel electrophoresis ����)�������
��7�������
���

+�3��	�#��� 3����,�<�$��,���+�����
#�<	��#��!"� automated DNA sequencer (ABI377, 

PE Applied Biosystems, USA)  

4.2.4.3 �*�#���������� full length cDNA �������������
 

    ���3++<)����������,���+�����
#�<	��+����
 5
/
 UTR 3��+����
 3

/
 UTR ����
�

�F������ 3���,���	,� PCR #��!"� first-strand cDNA 	
��&�
���������)����$�����$��

�"��
���;� template �������$� PCR product !� agarose gel electrophoresis 3��"�:� DNA 

��� full length ����
��F����������������#����� 3����,����"E���&=���+)������ pGEM�-

T easy 3����,�������=�F��� E. coli 	,���������E���
���+�3��	�#��� �������$�������� DNA 

insert #����*
 colony PCR 3�� agarose gel electrophoresis �����
���+�3��	�)������ 

3���������$�$��,���+�����
#�<	�� 

4.2.5 'H�6��
�6��
��
���������������
 

�������$�����������,���+�����
#�<	��	
�<��#��!"�#��3��� GENETYX software 

(Software Development Inc.) 3��#��3��� SMART analysis (http://smart.embl-

 



heidelberg.de/) �����:��,�������	
�<���,�<����
�+�	
�+��+�����������
#�<	��	
��
������!�

*������
� (GenBank) #��!"�#��3��� BLASTX 3�� BLASTN 

(http://www.ncbi.nlm.nih.gov) 3�����
�+�	
�+�����$�E������,���+�������#�#��!"�

#��3��� Clustal W 3�������3����)�������)��*��"������?����� (phylogenetic tree) 

4.2.6 ������ ���'H�6����	
�������
��������������
 

4.2.6.1 
�
�	����������J��� 

 �����
��7�����=���	�����$���"��
�#��!"���*
 phenol-chloroform-sodium dodecyl 

sufate (SDS) �������$������
3���'
��)����
��7��������	���� spectrophotometry 3�� 

agarose gel electrophoresis 

4.2.6.2   �������������
���&"3�$���� PCR 

   ���3++<)����������,���+�����
#�<	����� cDNA ����
��F������ �)E���,���!"�!�

����)��������
����
��F������#��!"��
#�����
��7������$���"��
���;� template 	,����

�������$� PCR product !�����#����� 3��&��3J+ DNA ����
��F����������������#��

��� 3��"�:� DNA ��������� �����:��,����"E���&=���+)������ pGEM�-T easy 3����,�����

��=�F��� E. coli 	,���������E���
���+�3��	�#��� �������$�������� DNA insert #����*
 

colony PCR 3�� agarose gel electrophoresis �����
���+�3��	�)������ 3���������$�$�

�,���+�����
#�<	�� 

4.2.6.3  'H�6��
�6��
��
���������������
 

%-�/����/
���+�&�����
��F�������������������,���+�����
#�<	��	
�<��#��!"�

#��3��� GENETYX software (Software Development) �����:��,�������	
�<���,�<�

���
�+�	
�+��+�����������
#�<	��	
��
������!�*������
� (GenBank) #��!"�#��3��� 

BLASTX 3�� BLASTN (http://www.ncbi.nlm.nih.gov)  

4.2.7 ���	
������
������������3���$���� RT-PCR  

���� total RNA ���$���"��
�!�����&=�� S �"=�<�=$�� 3�����$�����' 1 3�� 10 

��� ����� First-stand cDNA #��!"� ImProm-II
TM

 Reverse Transcription System 3���,� 

cDNA 	
�<�����)��������
�����	���� PCR #��!"�<)������	
�<�����3++<�� �������$� PCR 

products !� 1.8% agarose gel electrophoresis #�����
�+�	
�+��+�
� EF1-� 

4.2.8   'H�6�����
������������������
&� E. coli  
4.2.8.1 ����"�,�����������
��3�
�4 expression vector ����@���3�
�4����� E. coli Rosetta 

(DE3)pLysS  

��������$� full length ����
��F���������� PCR #��!"��������,���+�����
#�<	�����

�
��F������	
�<�� #�����3++<)������!$��
�,���+�����
#�<	��	���������� 3’ ��� cDNA �
 

6x histidine tag 	
���3���$����;��������#�|��&��
� 6 residues 	���������� C-terminal 

����
��F������	
���������$��-:� �)E��"=��!����3��+���'	*�[���#��&
� 	,�����)��������
 

cDNA ����
��F������#��!"��}������� PCR �,� PCR product 	
�<�����"E���&=���+����&��� 

 



pET28b 3���,�������=�F��� E. coli �����E���
���+�3��	�#���#����*
 colony PCR ����)

�������
��7�������
���+�3��	�#��� 3���,�<�$��,���+    �����
#�<	�� �,��
���+�3��	�)

������	
�<��������=�F��� E. coli Rosetta(DE3)pLysS  

4.2.8.2 ����!��#���@�&!3��������
����������� 

	,������
:���"E:� E. coli !���$����
:���"E:� LB 	
��'
$���� 37 
o
C 3���$�
����,�!$�����

���3����������
����� IPTG ����������� 1 mM +=��"E:�	
��'
$���� 37 
o
C ��;����� 4 

"���#�� ����&�&�����F��� 3��&�����+���3����������
����� SDS-PAGE �����:�	,�

���3���
���+�3��	�#��&
�!$�+���'	*�[ 3���������$�#��&
�!� SDS-PAGE &�����+3J+

#��&
�#������������� Coomassie Brilliant Blue 

4.2.8.3 ������������&!3���
-$+�V 

�����&�����F������� binding buffer (20 mM sodium phosphate buffer, pH 7.4, 

500 mM NaCl, 10 mM imidazol) 3��	,�!$��F���3&�#��!"� sonicator 3��#��&
�!$�+���'	*�[

#��!"� Ni-NTA column chromatography 	,����"�#��&
������������������ elution buffer 

(20 mM sodium phosphate buffer, pH 7.4, 500 mM NaCl, 500 mM imidazol) 3��

�������$�#��&
�!� SDS-PAGE �,�#��&
�	
�3��+���'	*�[<�&�����+3��&���&
 ��7+#��&
�	
�<��

<��	
� 4 
o
C 

4.2.8.4 �������!�����������$�������$�#������
������3�� Sodium Dodecyl Sulfate 

Polyacrylamide Gel Electrophoreis  

���#��&
�������+ sample buffer (50 mM Tris-HCl, pH 6.8, 10% glycerol, 1% 

SDS, 0.01% bromophenol blue, 50 mM DTT) 	,�!$�#��&
���
����)	
��'
$���� 100 
o
C 

��;����� 5 ��	
 �������$������#��&
�!� 10% SDS-PAGE &�����+3J+#��&
��������

�������� Coomassie Brilliant Blue 

4.2.8.5 �������!�
��
���������������$������� 

%-�/���+�&������=��}�����������
���+�3��	�#��&
�+���'	*�[#����%�������,��)��&=� 

��+��	�& (Kluepfel, 1988) #��&�����+3��&��
&
:��� endo-�-1-4-glucanase #��!"� 

agarose plate 	
��
 0.2 g/l carboxylmethyl cellulose sodium (CMC-Na), 100 mM NaCl 3��

100 mM acetate buffer, pH 5.2. +=�	
��'
$���� 30
 o
C ��;����� 48 "���#�� 3����������� 1 g/l 

Congo red 3����-� destain #��!"� 1 M NaCl 3��&�����+3��&��
&
:��� endo-�-1,4-

xylanase #��!"� agarose plate 	
��
 1 g/l xylan ��� birchwood, 20 mM NaCl, 100 mM 

phosphate buffer, pH 5.8. +=�	
��'
$���� 30
 o

C ��;����� 48 "���#�� 3����������� 1 g/l 

Congo red 3����-� destain #��!"� 1 M NaCl 

 

 

 

 

 



4.3 =����$���������	���� 

4.3.1 ���
�
� Total RNA   

��7+&����=��$���"��
�&���&7���� 3��&���=���������)����$�� 3"=��!�J��

<�#&�����$�� 3����7+<��	
� –80 
o
C 	,�������� total RNA ����=������)�����$���"��
�

#��!"� Trizol Reagent 3���,���� DNA 	
��������������#������=�� DNA ���� RNase-free 

DNase I 3������3�� mRNA #��!"� Quick Prep mRNA purification kit �������$������


3���'
��)��� mRNA �����	���� spectrophotometry #����E���,�<�����=���������E�3��	
� 

OD260 )+�=��
�����
��� mRNA 	
�<��	�:�$�������
 3-5 �g ��E���,�<�����=���������E�

3��	
� OD260 / OD280 <���=����=!�"=�������
 1.9 - 2.0 3����=� RNA 	
�<���=������+���'	*�[ 

4.3.2 ����3�!�����������
&�!���"���# (P. canaliculata) �3���$���� RT-PCR 

4.3.2.1 ���

������!� first strand cDNA 

�,� mRNA 	
�3��<���������)����$�����$���"��
�����������$� first-strand cDNA 

#��!"� ImProm-II
TM

 Reverse Transcription System (Promega Corporation Medison, 

Wisconsin, USA) F-�������+���� 2 �g mRNA, oligo(dT)-Not I primer 3�����<F��  

reverse transcriptase +=�	
��'
$���� 42 
o
C  ��;����� 1 "���#�� �������$������
3���'
��)

��� first-strand cDNA �����	���� spectrophotometry  

4.3.2.2 RT-PCR analysis 

!�������$� cDNA ����
��F�����������	���� RT-PCR #���,��,���+�����
#�<	��

3���,���+�������#�����
��F���������$�� A. crossean (accession no. AY285999) 3��

�
��F��������������
"
��&	
�!�����
�����	
��
������<��!� GenBank ��	,� alignment #��!"�

#��3��� Clustal W �)E��$�+����
��'���/� (conserved region) 	
������J�,���!"�!����

���3++<)������ F-��)+�=������J��E�����3++ degenerate primers 3�� specific primer 

���+����
 5’ UTR 3��+����
��'���/����!��
��F�������)E��!"�	,� RT-PCR #��!"� cDNA 

�������)����$�����$���"��
���;� template ������	������+��=���<)������&=�� S 3��

$������	
��$������,�$��+���	,� PCR )+�=� ��E���,� RT-PCR product 	
�<�����������$�

���� agarose gel electrophoresis )+3J+�
��7������������
 500 bp F-����E��3��3J+�


��7������� 500 ��=�+�	
���������$�<����� RT-PCR ������ agarose gel 3���,����"E���&=�

��+ pGEM�-T easy 3����,�������=�F��� E. coli DH5� #����*
 electroporation 	,�����'=�

�����E�� recombinant clones ��$�������� insert ��� cDNA #��!"� colony PCR (pUC1 

primer: 5
/
-CCGGCTCGTATGTTG TGTGGA-3

/
 3�� pUC2 primer: 5

/
-

GTGGTGCAAGGCGATTAAGTTGG-3
/
) 3���������$�!� 1.0% agarose gel 

electrophoresis )+�=��
3J+ DNA insert ���������
 530 bp �����:��,� recombinant 

clone ������ plasmid �)E���,�<�$��,���+�����
#�<	�� ��������%-�/��+E:��&��#�����	,� 

RT-PCR ��������)+�=��
��F������!�$���"��
�	
�<���
�����������-���+�
��F������!�$�� A. 

crossean ��=��<��7&���������������$��
�	
�3��<��)+�=��
�,���+�����
#�<	���)
��+���=�� 

 



(partial cDNA) ���<�=��+��+��
� �-�	,�������3++<)����������������,���+�����
#�<	��	
�

<�� �)E���,�<�!"�$��,���+�����
#�<	�� full length ����
��F������ 

4.3.3 ����3�!� full length cDNA �������������
 ���&"3�$���� RACE-PCR 

<������� 3
/ 
RACE ��� mRNA 	
����������E:���E������)����$�����$���"��
� �)E��$� 

full-length cDNA ����
��F������ #��!"�<)������	
����3++�����+����
	
�	��+�,���+�����


#�<	�� ������������$� PCR product )+3J+�
��7������������
 1000 bp �-�<��&��3J+�


��7�����#��� 3��$��,���+�����
#�<	�� ���������������$��,���+�����
#�<	��#���,�<�

���
�+�	
�+�����$�E����+�
�	
��
������<��!� GenBank )+�=��
�����$�E����+�
��F���

���!�$�� A. crossean  

 �����:��-�<�����3++<)����������,���+�����
#�<	��+����
 5
/
 UTR (<)������ 

5UTR-EGX) ��=��+<)������ 3RACE-EGX F-����+<��+����
 3
/
-UTR ����
��F������ 3���,���

	,� PCR #��!"� first-strand cDNA 	
��&�
���������)����$�����$���"��
���;� template 

�)E���,���!"����$� full-length cDNA ����
��F������F-��������	,� PCR )+3J+�
��7���

���������
 1250 bp (���	
� 1) �-�<��3��"�:� DNA ��� full length ����
��F���������

�������#����� 3����,����"E���&=���+)������ pGEM�-T easy 3����,�������=�F��� E. coli 

�����������E���
���+�3��	�#���#���������$�������� DNA insert #����*
 colony PCR 

3��������
���+�3��	�)�������)E���,�<��������$�$��,���+�����
#�<	�� 

 

���$�# 1 Agarose gel electrophoresis ��� full-length cDNA ����
��F���������$���"��
� 

Lane M �E� 100 bp DNA ladder ���%�"
: 3���������� RT-PCR ���� 1250 bp 

 

 



4.3.4 ����������!��@��
���������7$����� full length cDNA �������������
 

�������������,���+�����
#�<	����� cDNA ����
��F���������$���"��
� (P. 

canaliculata) 	
�<���,����������$�#��!"�#��3��� GENETYX software (Software 

Development Inc.) 3�����
�+�	
�+��+�����������
#�<	��	
��
������!�*������
� 

(GenBank) #��!"�#��3��� BLASTX 3�� BLASTN (http://www.ncbi.nlm.nih.gov) )+�=��


�=��	
� homology ��+�
��F���������$�� A. crossean �������������$��,���+�����
#�<	��

����
��F���������$���"��
� P. canaliculata )+�=������J3���
�	
���+��
� (full-length 

cDNA) <�� 2 isoform �E� GHF10-Pc1 3�� GHF10-Pc3  

�������������$��,���+�����
#�<	����� GHF10-Pc1 (���	
� 2A) 	
�<��)+�=��
���� 

1300 bp �����+���� 5’ 3�� 3’ UTR �
������� 52 3�� 60 bp &���,���+ �=��	������ 3’ 

)+ putative poly (A) signal consensus sequence (AATAAA) ���=����$������ poly A tail 

18 bp �,���+�����
#�<	��!��=��	
���;� open reading frame (ORF) �
���� 1188 bp F-��

�����JJ���$����;��������#�<�� 395 residues F-����E���,���
&�� molecular mass ��!$�

#��&
����������
 44438 Da 3���
�=� pI 6.49 �������������$� GHF10-Pc3 (���	
� 2B) 

)+�=��
���� 1277 bp �����+�����=��	
���;� open reading frame (ORF) �
���� 1191 bp 

F-�������JJ���$����;��������#�<�� 396 residues F-����E���,���
&�� molecular mass ��

!$�#��&
����������
 44820 Da 3���
�=� pI 6.75 �������������$�#��!"�#��3��� 

SignalP (http://www.cbs.dtu.dk/services/SignalP) <�=)+�������#�!��=��	
���;� signal 

peptide ������$� N-glycosylation sites (NXT 3�� NXS) )+�=��
��F������	
�<���
 putative 

N-glycosylation sites 1 &,�3$�=� 	
��������#�&,�3$�=� 393 (NIS) F-��3����=��
��F��������;� 

glycoprotein 3����E���,��,���+�����
#�<	������
��F������ GHF10-Pc1 3�� GHF10-Pc3  

��� P. canaliculata <����
�+�	
�+�����$�E����+�
�	
��
������<��)+�=��
�����$�E����+

�
��F������!� A. crossean 98% 3�� 82% &���,���+  

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

���$�# 2A �,���+�����
#�<	�� (full-length cDNA) 3���,���+�������#�����
�����
��F������ 

GHF10-Pc1 ���$���"��
� P. canaliculata  &�����/��
�,�����3���&,�3$�=� polyadenylation 

signal (AATAAA)  

 

 

 

 

 

 

 

 

 



 
 

���$�# 2B �,���+�����
#�<	�� (full-length cDNA) 3���,���+�������#�����
�����
��F������ 

GHF10-Pc3 ���$���"��
� P. canaliculata  &�����/��
�,�����3���&,�3$�=� polyadenylation 

signal (AATAAA)  

 

 

 

 

 

 

 

 

 

 



4.3.5 ����������!� function domains ��� conserved motifs �������������
 

��E�������F�����������J3+=����<����;�$�����'=� #����%������3&�&=�����

#�������� 3 ��&�����,���+�������#�!�+����
 catalytic domain (Beguin and Aubert, 1994) 

F-��!�����'+�������J3+=�<����;� 106 3K����
 (CAZY database; http://afmb.cnrs-

mrs.fr/~cazy/CAZy/index.html) 3���������,��,���+�������#�	
�<��#�����J���$����� 

cDNA ����
��F������	
�<�����������$�#��#��3��� SMART analysis (http://smart.embl-

heidelberg.de/) )+�=� primary structure ���#��&
��F������&�:�3&=�������#�&,�3$�=�	
� 84 

J-� 336 �
�����������+�F������!���'=� glycosyl hydrolase family 10 (GHF10) �����:��-����

�F������	
�<�����=!���'=� glycosyl hydrolase family 10 F-�� glycosyl hydrolase !���'=��
:�����


"E����
���=� cellulase family F �����+�������<F��	
��
3��&���&
&=�� S �"=� xylanase (EC: 

3.2.1.8); endo-1,3-beta-xylanase (EC: 3.2.1.32) 3�� cellobiohydrolase (EC: 3.2.1.91) 

�������������$��,���+�������#�)+�=��
�������#�	
�����=�����;� conserve catalytic 

nucleophile 3�� proton donor F-���
�����,����&=������=��}������� �E� Glu268 F-�����=!�

+����
��'���/� WDVNNE 3�� Glu167 	
����=!�+����
��'���/� TELD &���,���+ ������

�������$� neighbor-joining tree )+�=��
��F������	
�<���
�������)��*�!���"�� (close 

relationships) ��+�F��������� A. crossean  

 



 

A)

Clostridium   AKWYSNESSQGNVSYANADYLYNWCAENGIKVRGHCIFWEPEEWQPSWLKGLTGDALMKA 
Bacillus  AKWYANEPERGKITYEKADAMLNFADRHQLPVRGHALFWEVEDANPSWLRSLPNHEVYEA 
Hordeum  LKWYHTEVQQGQLNYADADALLAFCDRLGKTVRGHCVFWSVDGDVQQWVKNLNKDQLRSA 
Triticum  LKWYHTEAQQGQLNYADADALLAFCDRLGKHVRGHCVFWSVDGDVQQWVKNLNKDQLRSA 
Arabidopsis  LKWYWTEPEQGKLNYQDADDMLNLCSSNNIETRGHCIFWEVQATVQQWIQNMNQTDLNNA 
Nicotiana  LKWYWTEAQQGNFNYKDADELLDFCTKNNIQVRGHCIFWEVVGTVQAWVQSLNKNDLMTA 
Oryza  LKWYWTEPEKGQLNYADADDLLKLCADHGMCVRGHCIFWEVDSAVQQWVKALPADELSAA 
GHF10-Pc1       LKWASIEPNRGQKNYQPGLNMLHGLRNHGIKVRGHNLVWSVDNTVQNWVKALHGDELRKV 
Ampullaria  LKWASIEPNRGQKNYQPGLNMLHGLRNHGIKVRGHNLVWSVDNTVQNWVKALHGDELRKV 
GHF10-Pc3       LKWRTIEPTRGHKNYQPALTMIHGLKSHGIKVRGHNLVWSVNSTVQSWVKALHGDELRKV 
                 **   *  :*: .*  .  :          .*** :.*.       *:: :    :  . 

Clostridium  IDARLESVVPHFRGKFLHWDVNNEMLHGDFFKSRLG-ESIWPYMFKRARELDPDAKLFVN
Bacillus        MKKRLEHAGNHFKGRFRHWDVNNEMMHGSFFKDRFG-KNIWKWMYEETKKIDPQALLFVN
Hordeum         MQSRLEGLVSRYAGRFKHYDVNNEMLHGRFFRDRLGDEDVPAYMFKEVARLDPEPVLFVN
Triticum        MQSRLEGLVSRYAGRFRHYDVNNEMLHGRFFRDRLGDEDIPAYMFKEVARLDPEPALFVN
Arabidopsis  VQNRLTDLLNRYKGKFKHYDVNNEMLHGSFYQDKLG-KDIRVNMFKTAHQLDPSATLFVN
Nicotiana       VQNRLTGLLTRYKGKFEHYDVNNEMMHGSFYQDRLG-KEIRVNMFKTARQLDPSPILFVN
Oryza           VASRINGLLTRYKGKFRHYDVNNEMLHGSFYQDKLG-AGARAAMFRAASELDPDALLFVN
GHF10-Pc1       VHDHIVETINTFKGLVEHWDVNNENLHGQWYQHQLNDNGYNLELFRIAHAADPNVKLFLN
Ampullaria      VHDHIVETINTFKGLVEHWDVNNENLHGQWYQHQLNDNGYNLELFRIAHAADPNVKLFLN
GHF10-Pc3       VHDHIVETVNTFKGLVEHWDVNNENLHGQWYQQQLNDPNYNIELFRIAHAADPNVKLFLN
                :  ::      : * . *:***** :** ::: ::.       ::. .   **.  **:* 

Clostridium  DYNIITYV-----EGDAYIRQIEWLLQNGAEIDGIGVGGHFDEDVEP--LVVKARLDNLA
Bacillus        DYNVISYG-----EHHAYKAHINELRQLGAPIEAIGVGGHFEERVDP--VIVKERLDVLA
Hordeum         DYNVECGN-DPNATPEKYAEQVAWLQSCGAVVRGIGLGGHVQNPVGE--VICAA-LDRLA
Triticum        DYNVERAN-DPNATPEKYAEQVAWLQRCGAVVGGIGLGGHVQNPVGE--VICAA-IDRLA
Arabidopsis  DYHIEDGC-DPKSCPEKYTEQILDLQEKGAPVGGIGIGGHIDSPVGP--IVCSA-LDKLG
Nicotiana       DYHVEDGS-DTRSSPEKYIEHILDLQEHGAPVGGIGIGGHIDSPVGP--IVCSA-LDKLG
Oryza           DYNVEGACVDVRATPEAYIAQVTGLQEQGAAVGGVGLGGHVTAPVGA--VVRAA-LDRLA
GHF10-Pc1       DYNVVSNS----YSTNDYLRQGQQFKAANVGLYGLGAGCHFGDEADP-EPGTKQRLDTLA
Ampullaria      DYNVVSNS----YSTNDYLRQGQQFKAANVGLYGLGAGCHFGDESDP-EPGTKQRLDTLA
GHF10-Pc3       DYNVVAYG----AATNAYLQQGQQFKAANVSLYGLGAQCHFGDEANPNVAGMKQHLDILA
                **::           . *  :   :   .. : .:* * *.              :* *. 

Clostridium  TLGIPIWVTEYDSKTPDVNKRAENLENLYRIAFSHPAVEGIIMWGFWAGNHWRGQDAAIV 
Bacillus        ELGLPIWVTEYDSVHPDPNRRADNLEALYRVAFSHPAVKGVLMWGFWAGAHWRGEHAAIV 
Hordeum         KTGVPIWFTELDMPEYDVGLRAKDLEVVLREAYAHPAVEGIVFWGFMQGTMWR-QNAWLV 
Triticum        KTGVPIWFTELDVPEYNVSLRAKDLEVVLREAYAHPAVEGIVFWGFLQGTMWR-ENSWLV 
Arabidopsis  ILGLPIWFTELDVSSVNEHIRADDLEVMMWEAFGHPAVEGIMLWGFWELFMSR-DNSHLV 
Nicotiana       ILGLPIWFTEVDVSSGNEYIRADDLEVMLREAYAHPAVEGIMLWGFWELFMSR-PNAHLV 
Oryza           VLGLPLWFTELDVSSANEHVRADDLEAMLREAYAHPAVDGVVLWGFWELSMSR-DDAHLV 
GHF10-Pc1       QVGVPIWATELDVVASDENRRADFYEHALTVLYGHHAVEGILMWGFWDKAHWRGARAALV 
Ampullaria      QVGVPIWATELDVVASDENRRADFYEHALTVLYGHHAVEGILMWGFWDKAHWRGARAALV 
GHF10-Pc3       QVGLPIWATELDVLATDENKRADFYEHALTALYSHHAVEGILMWGFWDKAHWRHERAALL 
                  *:*:* ** *    :   **.  *      :.* **.*:::***      *   : :: 

Clostridium  DHD-WTVNEAGKRYQALL 
Bacillus        NYD-WSLNEAG------- 
Hordeum         DAD-GTVNEAGQMFLNLQ 
Triticum        DAD-GTVNEAGQMFLNLQ 
Arabidopsis  NAE-GDVNEAGKRFLAVK 
Nicotiana       NAE-GDINEAGKRYLALK 
Oryza           DAE-GEVNEAGRRLLQLK 
GHF10-Pc1       VGDNLQLTAAGRRVLELF 
Ampullaria      VGDNLQLTAAGRRVLELF 
GHF10-Pc3       VGDNLQLTAAGRRVLELY 

���$�# 3A Multiple alignments ����,���+�������#�����
��F������ GHF10-Pc1 3�� 

GHF10-Pc3 ���$���"��
� P. canaliculata 3���F�������E����� A. crossean (AAP31839), 

Oryza sativa (BAD52808), Arabidopsis thaliana (BAB83869), Populus tremula x Populus 

tremuloides (AAX33301), Nicotiana tabacum (AAZ79232), Triticum aestivum 

(AF156977), Hordeum vulgare (AAB51668), Bacillus pumilus (AF466829), Clostridium 

thermocellum (EAM47104), Thermotoga neapolitana (Q60041), Actinomadura sp. 

(AAA17888), Penicillium purpurogenum (AAF71268), Cellumonas fimi (AAZ76373), and 

Thermoascus aurantiacus (AF127529) &�����/��
�,�����3��3����3��� conserve catalytic 

nucleophile 3�� proton donor 	
�&,�3$�=� Glu268 	
����=!�+����
��'���/� (WDVNNE), 3�� 

Glu167 	
����=!�+����
��'���/� (TELD)  

               :   :. ** 

 



 

 
 

 

���$�# 3B Neighbor-joining tree ����
��F������ GHF10-Pc1 3�� GHF10-Pc3 ������	,� 

bootstrapping 1,000 ���:� P. canaliculata, A. crossean (AAP31839), Oryza sativa 

(BAD52808), Arabidopsis thaliana (BAB83869), Populus tremula x Populus tremuloides 

(AAX33301), Nicotiana tabacum (AAZ79232), Triticum aestivum (AF156977), Hordeum 

vulgare (AAB51668), Bacillus pumilus (AF466829), Clostridium thermocellum 

(EAM47104), Thermotoga neapolitana (Q60041), Actinomadura sp. (AAA17888), 

Penicillium purpurogenum (AAF71268), Cellumonas fimi (AAZ76373), and Thermoascus 

aurantiacus (AF127529) 

 

 

 

 

 

 

 

 



4.3.6 ������ ���'H�6����	
�������
��������������
 

!����3���
��F���������$���"��
������	���� PCR <��	,�������3++<)������

�,���� 3 ��= ����������,���+�����
#�<	����� cDNA ����
��F������ �)E��!"�!�����)���

�����
�
��F������#���	���� PCR �������������$� PCR product )+3J+�
��7������

�����
 2200, 1500 3�� 1200 bp �-�<��&��3J+�
��7�����#���3���������$�$��,���+�����


#�<	�� �������������$��,���+�����
#�<	��	�:� 3 fragment )+�=������+�����=������
�

�F������	
� overlap ��� �-�<�����3++<)�������
� 1 ��= �)E��!"��)��������
 full length ����
�

�F������ �������������$� PCR product 	
�<�� 3��	,����&��3J+�
��7������������
 5 kb 

��#���3��$��,���+�����
#�<	�� 

������������$��,���+�����
#�<	��)+�=��
��F������ GHF10-Pc1 3�� GHF10-Pc3

���$���"��
� P. canaliculata �
���� 4937 3�� 4512 bp &���,���+ (���	
� 5A 3�� 5B) ��E��

�,��,���+�����
#�<	������
��F������	
�<�������
�+�	
�+��+�,���+�����
#�<	����� cDNA 

����
��F������ �)E���������$�$���������
��&������
��F������ )+�=��
��F������	�:����

�����+���� 9 exon 3�� 8 intron #���
 start codon ATG ���=!� exon 	
� 1 3���
 stop 

codon TAG ���=!� exon 	
� 9 ��E���������$�������������
#�<	��!�3&=�� exon 3�� intron 

)+�=��
��F�������
������� exon ���=��$�=�� 46 bp (exon 2) – 234 bp (exon 9) 3�� 

intron �
�������=��$�=�� 234 bp (intron 6) – 1071 bp (intron 8) 3����E���������$�+����


���&=���$�=��3&=�� exon 3�� intron )+�=���;�<�&�� GT/AG rule  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
A)

CGACGCTTCAGTCAAGCGCATGCCCGCTGGTGCTGCTGGTGCTGGGGTGACCAGCGACAT     60 
                    M  P  A  G  A  A  G  A  G  V  T  S  D  I 
CGACAGACTGAGAAGAAGCGACATAACGGTTCAgtgcgtgctgctttcaatatataacaa    120 
  D  R  L  R  R  S  D  I  T  V  H      
cctcacttagttctgcattgataaaatatctcgtcagtagtgtaccaattctgtgtgtat    180 
caagaaagtaacaccgttgttataccatttttaaagtaaagcgaatttaatctggaatag    240 
tacaatacttgtatgtaatgcatatataattcatgattttggtagtaataataagtataa    300 
ttgtaacataaacggatagaatattaataacaatcttatgtcacgggtcatttcaagttt    360 
gcacgatatcctggaatcaagaaccgaaatagtaattaaggccgaacgttgcggcgtaga    420 
aaatcgtgtgcagcccgtcatgggatgttaatactaaagaaacacaataacatccggcag    480 
ccgtcgtcaagtgtgtaaaatctgacctgaaatccattcacgaagttgatgatttcttat    540 
atcagCGTGAATGTTGGTGGTAACATCAACCACGGTCAAGTGAGCATTCGTgtaagtcat    600 
       V  N  V  G  G  N  I  N  H  G  Q  V  S  I  R 
agatgagagcatcatccgcctgaggacagggggcaataaaaagagcaagctcatcaaagg    660 
tgtcaacctcgagaatgtgccttaagtaaacttgattgcgaggtacagttgaccacgtga    720 
acagataggagagaagagagacaaaaaatgaaggatacaatagaagatgtaggaataata    780 
ttaattttaatacttattttatattttaatgttaatgtataaaagccacccagactaaat    840 
ctttgttcttcaaggtaactgtcgttgattacagGTGTTACAAAAGAAAAAGGCATTCCC    900 
                                   V  L  Q  K  K  K  A  F  P 
GTTCGGGACATGTGTGGCCGCCTGGGCCTACAACGATGGGTCCAAAGGAGCATACCGGGA    960 
  F  G  T  C  V  A  A  W  A  Y  N  D  G  S  K  G  A  Y  R  D 
TTTCATCCACCAGCACTACAACTGGGCCGTGCCAGAAAACTCACTCAAGTGGGCTAGCAT   1020 
  F  I  H  Q  H  Y  N  W  A  V  P  E  N  S  L  K  W  A  S  I 
CGAACCTAACAGGgtacattttttattaatgagatttataaatttaacataaattgatag   1080 
  E  P  N  R 
tatattaataaaaatcttctttaacgttttacttccagtttgcacgatagtctttaatca   1140 
agaactgaaatatttttcaatactgaatgttgctgcgcataaaatcgtttgcagcctgtc   1200 
atttgatgttactactaaagaaatacaataacatatattgaaatgatgtttaaggggtct   1260 
tctgatttatatctgttcagggagagaatagtttaaaaggtactccattcacagcaagga   1320 
aagacaaagttacccgttgtcatattcatagttttactttctaaatcgtgtgtgtgtgtg   1380 
tatatatatttatgtctgagcgcgcttgaatgcttaagtcgacaacttaatgtaacagat   1440 
tagttttattaagagtatactaaaaactgggttgttcctgctagccaaagaaatggggtt   1500 
ttgggggtatttgataatcgcacgtgtgtcttccttgtgaataaaataaacaagtaaaaa   1560 
ttctggagggaacatacttttgaggcactcgacattgaggcttccgttatgatcgccatt   1620 
taatgcttgcctctcctcttggacatatagaaggggaaaatataatgactgttgattgtg   1680 
tttttcagGGACAAAAGAATTATCAGCCTGGCCTAAACATGCTTCACGGACTGAGAAATC   1740 
         G  Q  K  N  Y  Q  P  G  L  N  M  L  H  G  L  R  N 
ACGGgttagtaaacattaggatactgcaacccccatcaccgacattataatcatcatcgt   1800 
H  G 
cgacttcattatcgtataataatgaaagaattggcgaattttaattatttaagaattatt   1860 
aacataaatttaattaacatttaataaatcaaagaaagtttagcgtttcagagattgctc   1920 
ctcccccatgtattttactatttctatcacttcgttaaaagcaagtctcagactcagttc   1980 
tgtctttttgataattccttaaaatagtcctacaaatgaaatagtaactgaaatgtctca   2040 
cattgatacgaaattaagaaaatattcacttacactaagagttaacacatgtcgtgtaca   2100 
gaggtgtttgtagaaatgtttgttatagttttcttgcatccactcgagatgtttaaaaca   2160 
gGATTAAGGTGAGAGGTCACAACCTGGTGTGGTCTGTCGACAATACGGTGCAGAACTGGG   2220 
   I  K  V  R  G  H  N  L  V  W  S  V  D  N  T  V  Q  N  W 
TGAAGGCTCTGCATGGGGATGAGCTGCGAAAGGTTGTCCATGACCACATCGTGGAAACCA   2280 
V  K  A  L  H  G  D  E  L  R  K  V  V  H  D  H  I  V  E  T 
TCAACACATTTAAGGGCCTgtaagtttatatcatttgttactttctttctaaaatgtcag  2340 
I  N  T  F  K  G  L  
tagtttattttttattttttatcttgttatttggagaaacaaaatttactgttctacata   2400 
caccaaaccagatgataccagttacaatactgaattttatgttgtaaaaatatgtttgaa   2460 
ccttatagcaatagactgccactaatttaagaagtcacgttgtcaagtgttagtttttaa   2520 
ctcactcatcaacagatcaagcaagaggttttttctgttttgaccagAGTGGAGCACTGG   2580 
                                                 V  E  H  W   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

���$�# 4A ��������
��&������
� (Genomic organization) ����
��F������ GHF10-Pc1 &�����/�

)��)�!$�=3����,���+�����
#�<	��3���,���+�������#�+����
 exon &�����/�)��)���7�3��3����

3���+����
 intron &�����/�����3��� start 3�� stop codon 

GATGTGAACAACGAGAACCTGCATGGCCAGTGGTACCAGCATCAACTGAATGACAATGGC   2640 
 D  V  N  N  E  N  L  H  G  Q  W  Y  Q  H  Q  L  N  D  N  G   
TACAACCTGGAACTGTTCCGTATCGCACACGCCGCCGACCCCAACGTCAAACTCTTCCTC   2700 
 Y  N  L  E  L  F  R  I  A  H  A  A  D  P  N  V  K  L  F  L   
AACGACTACAACGTTGTGTCCAACAGTTATTCAACAAACgtgagtgaatgagaaaacttg   2760 
 N  D  Y  N  V  V  S  N  S  Y  S  T  N  
cttctacatcacctgagaacaaatgtttgcaagcatcgtatgctttatttctgcctaaaa   2820 
tatactcttgttgtctttagcattatagtcttctgtgccttgctatgttgccgaacaatg   2880 
caacttgtactgctccatactagtctgtagtgtctattttttttatctgtaaaaacgaat   2940 
atcatcttcacaagtctttgcggtgtgtgacagGACTATCTTCGACAAGGTCAACAGTTT   3000 
                                  D  Y  L  R  Q  G  Q   Q  F 
AAGGCCGCTAATGTGGGTCTTTACGGTTTGGGTGCTCAATGCCACTTTGGCGACGAAGCC   3060 
 K  A  A  N  V  G  L  Y  G  L  G  A  Q  C  H  F  G  D  E  A 
GACCCAGAACCCGGTACTAAGgtaagaaaaataatataaacatccttcgcctttctcatt   3120 
 D  P  E  P  G  T  K  
ccccattttattattattctaaaaaataaaacaaaggtacgcacaacaatgaattagttc   3180 
tacaatgcagtaagatacaagatttcagcttctgtccgtatccttttttctatttagtta   3240 
tttgcatttttttactattatttgttaatttacgttaaatggaataacatatctttatgt   3300 
tgagaaatcaaaaagtcttcattttatagctgtggatgtaaaaaatactcatctaacgtc   3360 
ttctatactccaaaagctgttttagctacatgtgggtttttttctaatctcagCAACGTC   3420 
                                                      Q  R  
TGGATACTTTAGCTCAAGTGGGCGTGCCCATCTGGGCCACTGAGTTGGATGTGGTAGCTT   3480 
L  D  T  L  A  Q  V  G  V  P  I  W  A  T  E  L  D  V  V  A 
CGGATGAGAACAGACGAGCGGATTTCTACGAGCACGCGCTGACAGTCCTGTACGGCCATC   3540 
S  D  E  N  R  R  A  D  F  Y  E  H  A  L  T  V  L  Y  G  H   
ATGCCGTGGAGGGCATCCTGATGTGGGGCTTCTGGGACAAGGCCCACTGGCGTGGTGCCA   3600 
H  A  V  E  G  I  L  M  W  G  F  W  D  K  A  H  W  R  G  A 
GAGCTGCTCTTGTTGTCGGAGACAACCTGCAGgtgtgttgggttacaattaacctaatgg   3660 
R  A  A  L  V  V  G  D  N  L  Q 
gaatcttacaggtattatagcacagccagcatccagacagacatttaggaatcactgtca   3720 
tgatgagaacacattggattcttcttttattagaatttctacccagaactacccttgact   3780 
tcaactttttcttttccttataagagacatctgacaaatgcttactcagtgtacctatgg   3840 
ttagtccagattatgcgtgtatgtttttccattttagaattactttagcacaaacacgac   3900 
caaaacgattaccatctatgtgaggacaaagatacgtgttctgcttgtttataatgaata   3960 
atattgttatgataaaactgcaaaatactcagtttgaagtagacattttttccatgaaaa   4020 
ttcgcaaaaaaaagaaagaccggaaatgaacccatttgaacgagtttaaaaaattgttta   4080 
cagcaaagtcctttatctctgctataaatgtgttgaaggtaaatgtatattcacatcagt   4140 
attatttgactgagaatgttttcggctgttttcttcatatataatcaaaagtatcacaat   4200 
gttcattgaagaaacgaggacacctggttgtagccaacgacattgtttgacattaatgca   4260 
aataataacgtgttacaacaatctaagcggtactttgacagaagtgtaaaaattaatatt   4320 
gagacttcatcaacgcttaaacaattccaagactttaaaattgcaagaatcaagcttgcg   4380 
cgctttttttcacatcgataaggatgatgttataatgtaaccagctggtaaagtgaaaca   4440 
ctgtttaaattactattggttgcggcagaagagttatgacgttgtaaaggacattgtctt   4500 
acttaaggattgcttcattcgaaatacttctgatagtgaatgcgaaacgcacattccatc   4560 
aataataaaagtataagatatgagaattgttactgaaatatgtctgttttagtctccatg   4620 
attagccaaatgattgctttcgttaaagttcatgaaacaccgggtgtttgtggtagacat   4680 
aaaataaatgtttgattctatagCTGACGGCGGCCGGACGTCGCGTGCTGGAGCTCTTTG   4740 
                        L  T  A  A  G  R  R  V  L  E  L  F 
AGCACAGGTGGATGACAGACGAGACGCACAACCTGGCAGCGGGCACCCAGTTCACAGTAC   4800 
E  H  R  W  M  T  D  E  T  H  N  L  A  A  G  T  Q  F  T  V 
GCGGTTTCCATGGCGACTACGAGGTGCAAGTCATCGTCCAGGGTCAAGAGCACACCAACC   4860 
R  G  F  H  G  D  Y  E  V  Q  V  I  V  Q  G  Q  E  H  T  N   
TGAGGCAGACGTTCTCGTTGGGCAACGGTCCCCACACCGTCAACATTAACATTAGCTAGA   4920 
L  R  Q  T  F  S  L  G  N  G  P  H  T  V  N  I  N  I  S  *   
GCGACACTCAGAGGGCA                                              4937 

 

 



 B)

CGACGCTTCAGTCAAGCGCATGCCCGCGGGTGCTGCTGCTGCTGATGTGAGCAGCGAGAT     60 
                    M  P  A  G  A  A  A  A  D  V  S  S  E  I   
CGACAGACTGAGAAGAAGCAACATAGTGGTTCAgtgcgtgctgctttcaatatataacaa    120 
  D  R  L  R  R  S  N  I  V  V  H   
cctcacttagttctgcattgataaaatatctcgtcagtagtgtaccaattctgtgtgtat    180 
caataaagtaacactgttgttataccatttttaaattaaagcgaatttaatctgactatt    240 
acaatattgtatgtaatcatatataattcattattttttattaataatatttataatttt    300 
aacataaatggatagtatattaataacaatcttatttcacggcttatttcaagtttgcac    360 
gatgttctttaatcaagaacttaaatatttttcaaatcagaatgttgctgcgtataaaag    420 
cgttttcagcctgtcattggatgttactactagacaaacacaataacatcttcatccttc    480 
gttaaatgtgtaaaatctgacctgaaatccattcacgaccttgctgattttgttttcagC    540 
GTGACAGCTGGTGGTAACATCAGCCACGGTGAAGTAAACATACGGgtaagtcatagttga    600 
 V  T  A  G  G  N  I  S  H  G  E  V  N  I  R   
tatcatcatccgcctgaggacagagtacaacaaactaaagagctactttaccgcaagctc    660 
cacctggtgtcacccccgatttgccttcgttatggctttagtagttatttgaatattctt    720 
tgtcactttgtcactagagacatctgtagcgacaagaccaaaattcagcatactcttatg    780 
ttgaaacataatcatttcaattctaatacatgtgtaaactgtgttgtgaggcacatttga    840 
ccacgtgaacagttagtagagaagagatacacaaaataaaagatacagtagaagatttgg    900 
ggttaatattaattttaatacttattttatatttttaatattaatgtataaaaatcaccc    960 
agactaagtctttgttcttcaagctaactgtcgttgattacagGTGGTACAAAAGAAGAA   1020 
                                            V  V  Q  K  K  K 
GTCGTTCCCGTTCGGAACCGCTGTGGCCGCCTGGGCCTACAACAATGATTCCAAGACAAA   1080 
  S  F  P  F  G  T  A  V  A  A  W  A  Y  N  N  D  S  K  T  K 
ATACCGGGATTTCATCCACCAGCACTACAACTGGGCGGTGCCAGAAAACGAACTCAAGTG   1140 
  Y  R  D  F  I  H  Q  H  Y  N  W  A  V  P  E  N  E  L  K  W 
GCGCACCATCGAACCTACCAGGgtacactttttattaatatgatttataattttaacata   1200 
  R  T  I  E  P  T  R   
aattgatagcataatgataacaatcttatttaacgttttacttccagtttgcatgatagt   1260 
ctttaatcaagaacttaaatatttttcaatgctgaatgttgctgcgcataaaatcgtgtg   1320 
cagccgtctttgtatgttactactaaagaaatacattaacatacattgaaatgatgttta   1380 
aggggtcttgtgatttgcatttgttcaggtaatatagtttaaaaggtacagattaatttt   1440 
attaagactatactaaaaactgggtagtttctgctagccaaagaaatggggttttggggg   1500 
catttgataatcgcacgtgtgtcttccttgtgaataaaataaacaagtaaaaattctgga   1560 
gaaaaatacttttgatgcactcgacattgaggcttccgttatgatcgccatttaatgctt   1620 
acctctcctcttggtcacatcactccacaaatagaggaggaaaatataacagttgattgt   1680 
ggttttcagGGACATAAGAACTATCAGCCTGCCCTGACCATGATTCACGGACTGAAAAGT   1740 
          G  H  K  N  Y  Q  P  A  L  T  M  I  H  G  L  K  S   
CACGGgttagtaaacattaagatttagcaaccaccatcaccgacattataatcatcctct   1800 
 H  G
tcgacttcattattgtatgataatgaaagaattggtgaattttagttataaaacatttat   1860 
taaatgaaagagagtttagcgtttcagagattgctcctcccccatgtattttactatttt   1920 
tcgtacttcgttaaaagcaagtcgcagactcagttctgactttttgataattccttaaag   1980 
tagtcctacaaatgaaatagtaactgcaaatgtctcacactgatacgaaatgaagaaaat   2040 
attcgcttacactaagagtcagcacatgtcgtgtacagaggtgtttgtagagatgtttgt   2100 
tatagttttcttgcattcactcgagatgtttaaaatagGATTAAGGTGAGAGGTCACAAC   2160 
                                        I  K  V  R  G  H  N   
CTGGTGTGGTCTGTCAATTCAACGGTGCAGAGCTGGGTCAAAGCTCTGCATGGGGATGAG   2220 
 L  V  W  S  V  N  S  T  V  Q  S  W  V  K  A  L  H  G  D  E   
CTGCGAAAGGTTGTCCATGACCACATTGTGGAAACCGTCAACACATTTAAGGGCTTgtaa   2280 
 L  R  K  V  V  H  D  H  I  V  E  T  V  N  T  F  K  G  L 
gtttatttcatttatttctttctaaaatgtcagtagtttatttgtttatgttttgtattg   2340 
ttgcgttatgtggagaaacaaaatttactattctacatacaccaaaccagatgataccag   2400 
ttacaatactgaattttatgttgtaaaaatatgtttgaaccttttagcaatagactgcca   2460 
ctaatgaaagaagtcacgttgtgaagtgttagtttttaactcattcatcaacacatcaag   2520 
taagagtgttttctgttttgaccagAGTGGAGCACTGGGACGTGAACAACGAGAACCTGC   2580 
                           V  E  H  W  D  V  N  N  E  N  L   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ATGGCCAGTGGTACCAGCAACAACTGAATGACCCGAACTACAACATAGAACTGTTCCGTA   2640 
H  G  Q  W  Y  Q  Q  Q  L  N  D  P  N  Y  N  I  E  L  F  R   
TCGCACACGCTGCCGACCCCAACGTCAAACTCTTCCTCAACGACTACAACGTGGTGGCTT   2700 
I  A  H  A  A  D  P  N  V  K  L  F  L  N  D  Y  N  V  V  A   
ACGGTGCCGCAACCAATgtcagtggatgagaaaacttgcttctatatcacctgagaacaa   2760 
Y  G  A  A  T  N   
atgtttccaagcatagtatgcttcatttctgcataaaatatactcttgttgtctttagca   2820 
ttatagtcttctgtgccttgctatgttcccgaacaatgcaacttgtactgctccatacta   2880 
gtctgtagtctttgttttaatctgtaaaaacgaatatcatcttcacacagtctttatggt   2940 
gtgtgacagGCCTATCTTCAGCAAGGTCAACAGTTTAAGGCCGCTAATGTGAGTCTTTAC   3000 
          A  Y  L  Q  Q  G  Q  Q  F  K  A  A  N  V  S  L  Y   
GGTTTGGGTGCCCAGTGCCACTTTGGCGATGAAGCTAACCCAAACGTCGCTGGGATGAAG   3060 
 G  L  G  A  Q  C  H  F  G  D  E  A  N  P  N  V  A  G  M  K   
gtaagaaaaataatatcataaacatccttcgcctttctcattttccttctcctattatta   3120 
ttattctaaaaaatgaaacaaatgtacgcacaacaatgaagtagttctacaatacagtaa   3180 
gataaaagattttagattttgtctgtatcattttttctttttagttatctgcatttttta   3240 
ccattttactttacatggaataacatatctttatgttgagaaatcagaaagtcttcattt   3300 
tatagctgtggatttaaaaaatattcttctcacttcttctatactccataagctgtttta   3360 
gtgacatctgggttttttctaatctcagCAACATCTGGATATTTTAGCTCAAGTGGGGTT   3420 
                             Q  H  L  D  I  L  A  Q  V  G  L   
GCCCATCTGGGCCACTGAGTTGGATGTGTTAGCTACGGACGAGAACAAACGAGCGGACTT   3480 
  P  I  W  A  T  E  L  D  V  L  A  T  D  E  N  K  R  A  D  F   
CTACGAGCACGCGCTGACAGCCCTGTACAGCCATCATGCCGTGGAGGGCATCCTGATGTG   3540 
  Y  E  H  A  L  T  A  L  Y  S  H  H  A  V  E  G  I  L  M  W   
GGGCTTCTGGGACAAGGCCCACTGGCGGCATGAACGAGCTGCTCTTCTTGTCGGAGACAA   3600 
  G  F  W  D  K  A  H  W  R  H  E  R  A  A  L  L  V  G  D  N   
CCTGCAGgtgtgttgggttacaattaaccaaatagggatcttacaggcattatagcacag   3660 
  L  Q
ccagtatccagacagacgttttgtaatcactgtcatgatgagaacacattggattcttct   3720 
tctattagaatttctacccagaactatccttgacttcaacatttttttttctataagaga   3780 
aatccgacaaatgcttactgagtgtacctatggttagtccaaattatgcgggcatgcttt   3840 
tttccattctagaattactttagcacaaatacgaccaaaatgattaccatctaagtctca   3900 
acattagtttttacatttttcatcaacgcttaaacactttaaagacttttaaattgtaag   3960 
aatcaagcttttcacagcgataaggattcttttagatgtaaccagctggtaaagtaaaac   4020 
agtttaaattactattggtagaggcaaaggagttatgatgttgtaaaggacattgtctta   4080 
cataaggaatgcttcattcaaagtacttctgatagtgaatgcgaaacacatttcattaat   4140 
aataaaaaaataagatatgagaattgttactaaaatatgtctgtttagtctccatgatta   4200 
ataaaatgtttgcttcgttaaagttcatgaaacaccgggtgtttgtggtagacataaaat   4260 
aaacgtttgattgtatagCTGACGGCGGCCGGACGTCGCGTGCTGGAGCTCTATGAGCAC   4320 
                   L  T  A  A  G  R  R  V  L  E  L  Y  E  H 
AGGTGGATGACAGACGAGACGCACAACCTGGCAGCGGGCACCCAGTTCACAGTACGCGGT   4380 
 R  W  M  T  D  E  T  H  N  L  A  A  G  T  Q  F  T  V  R  G   
TTCCATGGCGACTACGAGGTGCACGTGATCTACCAAGGTCAGGAGCGCACCAACCTGAAG   4440 
 F  H  G  D  Y  E  V  H  V  I  Y  Q  G  Q  E  R  T  N  L  K   
CAGACGTTCACGTTGGGCAACGCAGCCCACACCGTCAACATCAACATTAGCTAGAGCGAC   4500 
 Q  T  F  T  L  G  N  A  A  H  T  V  N  I  N  I  S  * 
ACTCAGAGGGCA                                                   4512 

���$�# 4B ��������
��&������
� (Genomic organization) ����
��F������ GHF10-Pc3 &�����/�

)��)�!$�=3����,���+�����
#�<	��3���,���+�������#�+����
 exon &�����/�)��)���7�3��3����

3���+����
 intron &�����/�����3��� start 3�� stop codon 

 

 

 

 



4.3.7 ������	
������
������������3���$���� RT-PCR 

 ������&�����+���3����������
� GHF10-Pc1 ��� GHF10-Pc3 !�$���"��
�

����&=�� S <��3�= <�=$���"��
� ���$�����' 1 3�� 10 ��� #��!"��	���� RT-PCR 3��!"� 

EF1� ��;� internal control (���	
� 5) ��)+�=�<�=)+�
���3����������
�	�:����!�����<�=

$�� 3����E���,� PCR product 	
�<����&���������<F�� Rsa I F-�������J	,�!$�3������

3&�&=����$�=�� GHF10-Pc1 ��� GHF10-Pc3 <�� ��)+�=��
���3��������� GHF10-Pc1 

!����$������ 1 3�� 10 ��� �=���
� GHF10-Pc3 )+�
���3������!����� 1 ��� (���	
� 6) 

 
���$�# 5 ���3����������
� GHF10-Pc1 ��� GHF10-Pc3 ���$���"��
�!�����<�=$�� (lane 

1-3), &���=�����' 1 ��� (lane 4-6), &���=�����' 10 ��� (lane 7-9) 

 

 
���$�# 6 ���3++���&�� PCR product ���� Rsa I ���&���=�����' 1 ��� (lane 1-3), &���=��

���' 10 ��� (lane 4-6) 

 

 

 



4.3.8   'H�6�����
������������������
&� E. coli ������$@����
-$+�V��������

�����$������� 

 ������%-�/����3����������
���+�3��	�#��&
� GHF10-Pc1 #��!"� pET28b 

expression vector ��E���$�
����,����3����������
�#��!"� 1 mM IPTG 3����7+�F���	
�<��

&�:�3&="=������ 1- 4 "���#�� 3���������$��
���+�3��	�#��&
�!� 12.5% SDS-PAGE )+�=��
� 

GHF10-Pc1 �����J�$�
����,�!$��
���3����������
���+�3��	�#��&
����	
��'�	
����� 4 

"���#�� 3���
�����:,�$���#����'������
 44 kDa F-���
����&����+	
����<������,���+

�������#� ������3���=����� soluble fraction 3�� insoluble fraction $���������	,�!$�

�F���3&� )+�=��
���+�3��	�#��&
� GHF10-Pc1 ���=!���� inclusion bodies 3��<��3��

+���'	*�[#��!"� Ni-NTA column chromatography 3���������$�3J+#��&
����� SDS-PAGE 

)+�
���+�3��	�#��&
��
���������
 44 kDa (���	
� 7)  

 

 
 

 

���$�# 7  3����
���+�3��	�#��&
� GHF10-Pc1 	
�3��+���'	*�[���� Ni-NTA column 

chromatography  

 

 

 

 

 



4.3.9 ����������!�
��
���������������$������� 

������ refolding �
���+�3��	�#��&
�+���'	*�[!��������� PBS (pH 7.4) 3���,��


���+�3��	�#��&
�+���'	*�[	
�<����%-�/���+�&� Cellulase (endo-�-1-4-glucanase) 3�� 

Xylanase (endo-�-1,4-xylanase) ����
���+�3��	�#��&
�+���'	*�[&=������=��}������������+�

�	�&���"��� �E� carboxylmethyl cellulose 3�� birchwood xylan &���,���+ #��!"� agar 

plate assay ��������	����)+�=��
���+�3��	�#��&
�+���'	*�[�
3��&��
&
:��� endo-�-1,4-

xylanase #�������J�=�� birchwood xylan F-��	,�!$����� clear zone +� agar plate  (���	
� 

8) !��
�	
����	���+3��&��
&
: endo-�-1-4-glucanase )+�=��
���+�3��	�#��&
�+���'	*�[<�=

�����J�=�� carboxylmethyl cellulose F-��<�=���� clear zone +� agar plate (���	
� 9) �����

���	����3���!$��$7��=��
���+�3��	�#��&
��
3��&���&
:��� endo-�-1,4-xylanase  

 

 

 
���$�# 8 3���3��&���&
: endo-�-1,4-xylanase ����
���+�3��	�#��&
� GHF10-Pc1 	
�3��

+���'	*�[  

rGHF10-Pc1-A J-� rGHF10-Pc1-F 3��������
����
���+�3��	�#��&
�&�:�3&= 1,2,3,4,5 

3�� 6 <�#������ &���,���+ Control 3����������� PBS (pH 7.4) 

 



 
���$�# 9 3���3��&���&
: endo-�-1-4-glucanase ����
���+�3��	�#��&
� GHF10-Pc1 	
�3��

+���'	*�[  

rGHF10-Pc1-A J-� rGHF10-Pc1-F 3��������
����
���+�3��	�#��&
�&�:�3&= 1,2,3,4,5 

3�� 6 <�#������ &���,���+ Control 3����������� PBS (pH 7.4) 

 

 

 




�-�=����$���� 

���������$�3��%-�/����/
���+�&�����
��F������!�$���"��
� GHF10-Pc1 3�� 

GHF10-Pc3 )+�=��
�,���+�����
#�<	����+��
����� 1300 bp 3�� 1277 bp &���,���+ ��E��

�������$��,���+�������#����#��&
��F������ )+�=��
�����������+�F������!���'=� glycosyl 

hydrolase family 10 (GHF10) #���
�������#�	
�����=�����;� conserve catalytic 

nucleophile 3�� proton donor �E� Glu268 3�� Glu167 &���,���+ !����3��3���������$�

��������
��&������
�!��=����� exon 3�� intron )+�=��
��F������ GHF10-Pc1 3�� 

GHF10-Pc3 �����+���������
#�<	������ 4937 3�� 4512 bp 3����E���,��,���+�����
#�

<	��	
�<�����������$���������
��&������
�)+�=��
�	�:���������+���� 9 exon 3�� 8 intron 

#��!�+����
���&=���$�=��3&=�� exon 3�� intron ��;�<�&�� GT/AG rule ��E��&�����+

���3����������
��F������ GHF10-Pc1 3�� GHF10-Pc3 !�$���"��
�����&=�� S �"=�<�=

$�� 3�����$�����' 1 3�� 10 ��� ��)+�=�<�=)+�
���3����������
��F������ GHF10-

Pc1 !�����<�=$�� 3��)+�=��
���3������!����� 1 3�� 10 ��� �=���
��F������ GHF10-

Pc3 )+�
���3������!����� 1 ��� ������%-�/����3����������
��F������!� E. coli  

#���$�
����,�!$��������3����������
����� IPTG 3���������$��
���+�3��	�#��&
����� 

SDS-PAGE )+�=��
���3����������
���+�3��	�#��&
����=!��=�� inclusion bodies F-��

�����J	,�!$�+���'	*�[<��#��!"� Ni-NTA column chromatography ��E���������$�3J+#��&
�

���� SDS-PAGE )+�=��
���+�3��	�#��&
�	
�<���
���� 44 kDa F-����E���,��
���+�3��	�

#��&
�<�&�����+�'
��+�&�������<F��)+�=��
���+�3��	�#��&
��
3��&���&
:������<F�� 

endo-�-1,4-xylanase 
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Cloning, genomic organization and expression of two glycosyl hydrolase

family 10 (GHF10) genes from golden apple snail (Pomacea canaliculata)
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Abstract
Two cellulase cDNAs (GHF10-Pc1 and GHF10-Pc3) belonging to glycoside hydrolase family 10 (GHF10) were successfully
isolated and characterized from stomach tissue of golden apple snail (Pomacea canaliculata), a kind of herbivorous mollusca.
Sequencing analysis revealed full-length cDNAs of 1300 and 1277bp in length, respectively. The open reading frame (ORF)
of cellulase cDNA was 1188 and 1191bp, encoding 395 and 396 amino acid, respectively. Sequence alignment revealed that
GHF10-Pc1 and GHF10-Pc3 shared high identity with glycosyl hydrolase family 10 (GHF10) and had an overall similarity of
98 and 82% to those of Ampullaria crossean cellulase EGX. A neighbour-joining tree showed a clear differentiation between
each species and also indicated that GHF10-Pc1 and GHF10-Pc3 from P. canaliculata and A. crossean EGX are closely related
phylogenetically. The genomic organization of cellulase GHF10-Pc1 and GHF10-Pc3 genes was also investigated.
The GHF10-Pc1 and GHF10-Pc3 genes spanned over 4937 and 4512bp, respectively. Both genes contained 9 exons
interrupted by eight introns. The result verified the endogenous origin of the GHF10-Pc1 and GHF10-Pc3 genes. Analysis of
RNA by RT-PCR from several ages of P. canaliculata revealed that neither gene was expressed in eggs. GHF10-Pc1 was also
expressed in 1- and 10-day-old juvenile snails whereas GHF10-Pc3 was expressed only in 1-day-old juvenile snails. The result
showed that two GHF10-Pc transcripts were developmentally expressed.

Keywords: Pomacea canaliculata, cellulase gene, cloning, golden apple snail

Database accession number: DQ848667, DQ848668, DQ848669, DQ848670

Introduction

Cellulose, a main component of plant cell walls, is the

most abundant biopolymer in the world (Nathan et al.

2003). Cellulose is a linear biopolymer of D-glucose,

linked by b-l,4-glucosyl linkages. The degradation of

cellulose is considered to be achieved by the

synergistic action of three types of cellulase com-

ponents: exo-b-l,4-glucanase (EC 3.2.1.91), endo-b-

l,4-glucanase (EC 3.2.1.4), and b-glucosidase (EC

3.2.1.21) (Beguin and Aubert 1994).

Cellulases belong to the large group of glycosyl

hydrolases, of which there are several families based

on amino acid sequences similarities. Over the years,

the number of glycosyl hydrolase families has grown

steadily and currently there are 106 known families

recorded in CAZY database (http://www.afmb.

cnrs-mrs.fr/, cazy/CAZy/index.html).

Cellulase has been shown to exist in plants

(Brummell et al. 1994), fungi (Tomme et al. 1995),

bacteria (Tomme et al. 1995) and protista (Moriya

et al. 1998). Recently, the cellulose hydrolytic enzyme

ISSN 1042-5179 print/ISSN 1029-2365 online q 2008 Informa UK Ltd.

DOI: 10.1080/10425170701517911
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has been also reported in herbivorous invertebrates,

such as arthropods (Watanabe et al. 1997; Xue et al.

1999), nematodes (Smant et al. 1998) and molluscs

(Xu et al. 2000). Although, the origin of the

invertebrate cellulases was initially explain as being

the product of symbiotic microorganisms in the

digestive tract, endogenous endo-b-l,4-glucanase

genes have been cloned in some herbivorous

invertebrates such as the endogenous endo-b-1, 4-

glucanase NtEG belonging to GHF9 from termites,

Nasutitermes takasagoensis (Tokuda et al. 1999),

endoglucanase CqEG belonging to GHF9 from

crayfish, Cherax quadricarinatus (Byrne et al. 1999),

endoglucanase HG-eng1, HG-eng2 and GR-eng1, GR-

eng2 belonging to GHF5 from nematodes Heterodera

glycines and Globodera rostochienesis (Yan et al. 1998),

endoglucanase belonging to GHF45 from blue

mussel, Mytilus edulis (Xu et al. 2001), and

endoglucanase HdEG66 belonging to GHF9 from

abalone, Haliotis discus hannai (Suzuki et al. 2003).

It seems likely that most reported cellulases from

animal belong to GHF9, GHF5 and GHF45.

Recently, the GHF10, a multifunctional cellulase

generally involved in microbial degradation of

cellulose and xylans was isolated from Ampullaria

crossean (Wang et al. 2003). This gene was the first

multifunctional cellulase gene that was isolated from

animals. It exhibited the endo-b-l,4-glucanase, exo-b-

l,4-glucanase and endo-b-l,4-xylanase activity.

The golden apple snail, Pomacea canaliculata, is

native to South America. These snails were spread out

and introduced to Philippines, Malaysia, Thailand,

Indonesia, China and the other Asian countries in the

1980s as an aquarium pet and food source. However,

the commercial market demand for the snail was poor,

many snail-farming projects were abandoned and in

many instances the snails escaped and subsequently

became a pest to crops causing serious damage to

paddy rice and the other vegetables in Asia.

In Thailand, P. canaliculata was first discovered in

the wild in 1984 (Keawjam and Upatham 1990).

Because of its high rate of reproduction, the number of

snails consistenly increases. The genetic diversity and

species-diagnostic markers in the introduced

P. canaliculata were investigated by PCR-RFLP

analysis of COI (Thaewnon-ngiw et al. 2004). Serious

destructive damage of rice crops by P. canaliculata has

been reported since 1996 and it is now regarded as

being the most harmful pest to rice seedlings in

Thailand.

P. canaliculata are herbivores with an ability to

consume large amounts of several kinds of vegetation

such as rice seedlings, algae, azolla and other succulent

leafy plants. In addition, several enzymatic activities of

polysaccharide-hydrolysing enzymes against lami-

narin, cellulose and xylan in snail viscera have

previously been reported (Suzuki et al. 1986). This

implies the possible potential composition

of cellulolytic enzymes in golden appple snails.

However, themolecular information on gene sequence

and an unambiguous origin for the corresponding

genes in P. canaliculata has not been established.

Identifying and characterizing the genes involved will

be a crucial step in better understanding the cellulase

system in the golden apple snail, P. canaliculata.

Therefore, the objective of the present study was

to clone and characterize the full-length cDNA of

cellulase GHF10-Pc1 and GHF10-Pc3 genes from

the golden apple snail, P. canaliculata in Thailand and

to evaluate mRNA expression at various stages of

development. The genomic organization of cellulase

genes was also determined.

Materials and methods

Biological specimens

Golden apple snails (P. canaliculata) were collected

locally (Bangkok, Thailand). The stomach and foot

tissue of each snail was dissected out, immediately

placed in liquid nitrogen and stored at 2808C until

required. Fertilized eggs and juvenile snails were

stored at 2808C until the RNA was isolated.

RNA isolation and genomic DNA extraction

The total RNA was extracted from P. canaliculata

tissue using the TRIzol Reagent (Gibco-BRL, USA).

Contaminant DNA was eliminated by incubation of

the total RNA with 1 unit of DNase I for 15min at

378C. mRNA was isolated with a QuickPrep mRNA

purification kit (Amersham Biosciences, USA). Foot

muscle was homogenized followed by incubation with

lysis buffer [100mM Tris–HCl, 50mM EDTA, and

100mM NaCl; pH 8.0, 1.0% sodium dodecyl sulfate

(SDS), 200mg/ml Proteinase K]. Genomic DNA was

extracted with phenol/chloroform/isoamyl alcohol

(25:24:1), and then re-extracted by chloroform/iso-

amyl alcohol (24:1). The aqueous phase was

transferred to a new tube and precipitated with two

volume of ice-cold absolute ethanol. DNA pellet was

collected by centrifuging, washed with 70% ethanol

and dissolved in 50ml of water. RNA and DNA

concentration was assessed by UV spectrophotometry

and agarose gel electrophoresis.

Isolation of cellulase GHF10 cDNA by reverse-

transcription PCR (RT-PCR)

Single-stranded cDNA was synthesized from two

micrograms of total RNA with an oligo (dT)17 primer

and reversely transcribed according to the manufac-

turer’s instructions (Improm-II Reverse Transcription

System; Promega, USA). The first-stranded cDNA

was subjected to PCR using oligonucleotide primer

(GHF10-1F and GHF10-1R; Table I) designed from

Glycosyl hydrolase family 10 (GHF10) genes from golden apple snail (Pomacea canaliculata) 225
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50 untranslated region (UTR) of A. crossean EGX

cellulase genes (accession number AY285999) and

conserved region (DVNNENLH) ofGHF10 cellulases.

The amplification reaction and PCR condition are

described in Imjongjirak et al. (2005). The amplifica-

tion products were cloned and electrotransformed into

Escherichia coli XL 1-Blue. Plasmid DNA was

extracted from each recombinant clone and double-

stranded sequenced using an automated sequencer

(ABI377, PE Applied Biosystems, USA). A core

fragment of 600 bp of P. canaliculata cellulase cDNA

was isolated by RT-PCR.

Cloning of cellulase GHF10 full-length cDNA by RACE-

PCR

To obtain the full-length GHF 10 cDNA, a specific

primer GHF10-2F corresponding to the cDNA

sequence obtained from the internal amplification

was synthesized. The 30-rapid amplification of the

cDNA end (RACE) reactions was performed with a

SMART RACE cDNA Amplification kit (BD-

Biosciences Clontech, USA) according to the manu-

facturer’s instructions. RACE-PCR amplification was

described in Amparyup et al. (2007). Amplification

was composed of 928C for 3min followed by 5 cycles

of 948C for 45 s, 658C for 45 s and 728C for 1.30min,

followed by 25 cycles of 948C for 45 s, 608C for 45 s

and 728C for 1.30min. The final extension was carried

out at 728C for 10min. The expected DNA fragments

of 30 RACE-PCR product were cloned and sequenced

in both directions.

Amplification of a single fragment representing the

full-length cDNA of cellulase GHF10 was performed

using Pfu Turbow DNA Polymerase (SRATAGENE,

USA) and the specific primer primed at 50 UTR

(GHF10-3F) under the following conditions: 3min

initial denaturation at 958C; 25 cycles of a 948C

denaturation step for 1min, a 658C annealing step for

1min and a 728C extension step for 4min. The final

extension was carried out at 728C for 10min. The

PCR product was electrophoretically analyzed

through 1.6% agarose gels and visualized under a

UV transilluminator after ethidium bromide staining.

The resulting PCR product was cloned and sequenced

in both directions.

Isolation and characterization of genomic structure

of cellulase GHF10-Pc1 and GHF10-Pc3 genes

According to our experimentally determined GHF10-

Pc1 and GHF10-Pc3 cDNA sequences, the GHF10-

Pc1 and GHF10-Pc3 genes were cloned by a PCR-

based strategy. The full-length genes were obtained

from the amplification of genomic DNA of the

P. canaliculata by using the primers GHF10-3F and

GHF10-3R located in the 50 and 30 UTR. PCR was

performed with the BD Advantagee Genomic PCR

Kit (BD-Biosciences Clontech, USA) that allow

amplification of long DNA fragments from genomic

DNA. The amplification reaction was described in

Imjongjirak et al. (2007). The PCR condition was

composed of 948C for 3min followed by 5 cycles of

948C for 1min, 558C for 1.30min and 688C for 4min,

followed by 25 cycles of 948C for 1min, 658C for

1.30min and 728C for 4min. The final extension was

carried out at 728C for 10min. The expected DNA

fragments of PCR product were cloned and

sequenced. Internal sequencing primers were sub-

sequently designed and used for sequencing along the

entire length of the insert.

DNA sequencing and data analysis

Plasmid DNA was extracted from each recombinant

clones and sequenced for both directions. Nucleotide

sequencing was performed byMacrogen Inc. (Korea).

DNA sequences were further edited with GENETYX

(Software Development Inc.) and blasted against data

in the GenBank using BlastN and BlastX (http://www.

ncbi.nlm.nih.gov). Potential functional motifs in the

ORFs were searched using the PROSITE database

and SMART analysis (http://www.smart.

embl-heidelberg.de). Multiple sequence alignments

of nucleotide and translated amino acids were

performed using Clustal W. Aligned sequences were

bootstrapped 1000 times using Seqboot. Sequence

divergence between different families of cellulase was

calculated based on the two parameter method using

Prodist. Boostrapped neighbour-joining trees were

constructed using Neighbour and Consense. All

phylogenetic reconstruction programs are routine in

PHYLIP and phylogenetic trees are appropriately

illustrated using TREEVIEW (http://www.taxonomy.

zoology.gla.ac.uk/rod.html).

Expression analysis of cellulase GHF10 by reverse

transcription-polymerase chain reaction

The RT-PCR was carried out to examine the

expression profile of GHF10-Pc1 and GHF10-Pc3

genes in different developmental stages. Six individuals

of each stage (e.g. 1- and 10-day-old juveniles) of

P. canaliculata were examined. The first-stranded

cDNA was synthesized from 1mg total RNA and used

Table I. Sequences of oligonucleotide primers used for amplifica-

tion of GHF10-Pc1 andGHF10-Pc3 cDNAs.

Primer Sequence (50 –30)

GHF10-1F AGGACCAGAGGAGGGCATCAG

GHF10-1R ATGCAGRTTCTCRTTRTTNACRTC

GHF10-2F CAAAGCTCTGCATGGGGATGAGCTGCGA

GHF10-3F TGTCGACGACGCTTCAGTCAAGCGCATG

GHF10-3R ACTTTATTGCCCTCTGAGTGTCGCTCTA

EF1a-F CGAGAAGGAGGAAGCCCAGGAGGAAATG

EF1a-R GCATCAATGATGGTGAATGTAGAAC

C. Imjongjirak et al.226
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as a template for RT-PCR analysis. The GHF10

primers (GHF10-3F and GHF10-3R; Table I) were

designed and used in the PCR reaction. As an internal

control, elongation factor 1a was amplified by PCR

with the primer EF1a-F and EF1a-R (Table I).

Composition and amplification conditions were

identical to that described above. Ten microlitres of

the amplification product was electrophoretically

analysed through 1.8% agarose gel electrophoresis.

To differentiate GHF10-Pc1 from GHF10-Pc3, PCR

product was digested with Rsa I and analysed in

agarose gel electrophoresis. The expression level of

GHF10-Pc1 and GHF10-Pc3 transcripts in different

developmental stages of P. canaliculatawas normalized

by that of elongation factor la.

Results and discussion

Isolation, cloning and characterization of cellulase

GHF10-Pc1 and GHF10-Pc3 cDNAs

Two full-length cDNAs of P. canaliculata cellulase

designated as GHF10-Pc1 and GHF10-Pc3

were successfully isolated from stomach tissue by

RACE-PCR method. The full-length cDNA of

GHF10-Pc1 was 1300 bp in length containing

52 bp of 50 UTR, and open reading frame (ORF) of

1188 nucleotides, and 60bp of 30 UTR. A consensus

sequence of polyadenylation signal (AATAAA) was

located 18 bp upstream of the poly (A) tail

(Figure 1A). The ORF encodes for a 395 amino acid

polypeptide with a calculated molecular weight of

44,438Da and an estimated isoelectric point (pI) of

6.49. The nucleotide sequence of GHF10-Pc3 was

1277 bp in length and contained a 1191-bp ORF

coding for a sequence of 396 amino acid residues. The

calculated molecular mass was 44,820Da with an

estimated pI of 6.75 (Figure 1B). These structural

characteristics indicate that the cellulase GHF10-Pc1

and GHF10-Pc3 cDNA are not derived from

prokaryote like intestinal bacteria.

Analysis of the putative signal peptidase cleavage

site by SignalP software indicated no potential signal

peptide cleavage site. The predicted N-linked

glycosylation site (NXS/T) was observed in deduced

Glycosyl hydrolase family 10 (GHF10) genes from golden apple snail (Pomacea canaliculata) 227
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GHF10-Pc1 and GHF10-Pc3 protein (NIS, 393rd)

and (NIS, 394th), respectively. Two cysteine

residues were observed and suggested the presence

of one disulfide bond in proteins. The full-length

sequence was deposited in the NCBI GenBank

under accession number DQ848667 and

DQ848668.

A database search performed with the BLAST

software shows that the P. canaliculata GHF10-Pc1

and GHF10-Pc3 deduced amino acid sequences

shared an identity of 98 and 82%, respectively to

those of A. crossean cellulase EGX (accession number

AY285999). The cellulase EGX of A. crossean is a

multifunctional cellulase with the activity of exo-b-l,4-

glucanase, endo-b-l,4-glucanase and endo-b-l,4-xyl-

anase (Wang et al. 2003).

When the predicted GHF10-Pc1 and GHF10-Pc3

sequence was analysed with the SMART software,

it appeared that it contained a characteristic domain

of family 10 of glycosyl hydrolases (GHF10).

In GHF10-Pc1, the domain started at position 84 aa

and ended at position 336 aa. The corresponding

E-value for the glucanase-like domain prediction was

5.3 £ 10213. In GHF10-Pc3, the domain started at

position 84 aa and ended at position 337 aa with the

corresponding E-value of 3.4 £ 10214. It is noted that

both GHF10-Pc1 and GHF10-Pc3 appears to consist

of only a single catalytic domain and lack both a

cellulose-binding domain (CBD) and a spacer

sequence. This is in agreement with some fungal

cellulases (Yan et al. 1998), A. crossean EGX cellulase

(Wang et al. 2003) and in endo-b-l,4-glucanase from

marine blue mussels, M. edulis (Xu et al. 2001). The

absence of a CBD and associated peptide linker has

been observed in some endoglucanases and this

appears to affect substrate specificity but does not

prevent enzyme activity (Gilkes et al. 1991; Wang and

Jones 1995a,b).

By multiple sequence alignment (Figure 2A),

residues paticipating in catalytic action as proton

Figure 1. The full-length nucleotide (above) and deduced amino acid (below) sequences of cellulase GHF10-Pc1 (A) and GHF10-Pc3

(B) cDNAs from P. canaliculata. The start codon, stop codon, putative polyadenylation signal (AATAAA) and N-linked glycosylation site

(NXS/T) are in bold and underlined.

C. Imjongjirak et al.228
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donor or nucleophile in GHF10 enzymes were

conserved in GHF10-Pc1 and GHF10-Pc3 as E167

(putative catalytic acid/base) and E268 (putative

catalytic nucleophile). Thus, we concluded that

GHF10-Pc1 and GHF10-Pc3 is an enzyme belonging

toGHF10.Conservation of the nucleophilic glutamate

and the considerable sequence similarities between the

other enzymes in glycosyl hydrolases family 10

suggested that the GHF10-Pc1 and GHF10-Pc3

should also be retaining enzymes.

Cellulolytic enzymes, on the basis of sequence

similarities, can be classified into families. One of

these families is known as the GHF10 (Henrissat

1991) or as the cellulase family F. This enzyme family

is a large and diverse group of hydrolases that also

comprises enzymes with a number of known activities;

xylanase (EC 3.2.1.8), endo-l,3-b-xylanase (EC

3.2.1.32) and cellobiohydrolase (EC 3.2.1.91). It

has been shown that known animal cellulases mostly

belong to three glycosyl hydrolase families: GHF5

(plant parasitic nematodes), GHF9 (termites, cock-

roaches and crayfish) and GHF45 (mussels and

beetles) but A. crossean EGX and P. canaliculata

GHF10-Pc1 and GHF10-Pc3 possessed the family 10

Glycosyl hydrolase family 10 (GHF10) genes from golden apple snail (Pomacea canaliculata) 229



D
ow

nl
oa

de
d 

B
y:

 [2
00

7 
- 2

00
8 

C
hu

la
lo

ng
ko

rn
 U

ni
ve

rs
ity

] A
t: 

02
:1

7 
6 

M
ay

 2
00

8 

GHF. Accordingly, P. canaliculata GHF10-Pc1 and

GHF10-Pc3 is considered to be the second animal

cellulase that belongs to family 10 GHF.

To determine the relatedness of the GHF10-Pc1

and GHF10-Pc3 with other sequences, a phylogenetic

tree was constructed based on the amino acid

sequence of catalytic GHF 10 domain of GHF10-

Pc1 and GHF10-Pc3 and other GHF 10 members. A

bootstrapped NJ tree constructed from a sequence

divergence of deduced amino acids (Figure 2B) clearly

indicates that GHF10-Pc1 and GHF10-Pc3 is more

closely linked to mollusca (A. crossean) cellulase than

with plant cellulases and bacterial cellulases.

Genomic organization of cellulase GHF10-Pc1 and

GHF10-Pc3 genes

To identify the genomic structure of GHF10-Pc1 and

GHF10-Pc3 genes and to confirm the existence of the

GHF10-Pc1 and GHF10-Pc3 gene in the P. canalicu-

lata chromosomal DNA, a genomic polymerase chain

reaction (PCR) approach was performed. The

genomic PCR amplification generated two bands of

approximately 4.6 and 5-kb fragment. PCR products

were cloned and sequenced. The GHF10-Pc1 and

GHF10-Pc3 gene sequences have been deposited in

the GenBank nucleotide sequence database under the

accession no. DQ848669 and DQ848670.

The GHF10-Pc1 and GHF10-Pc3 genomic

sequences were 4937 and 4512 bp in length, respect-

ively. The intron–exon boundaries of the GHF10-Pc1

and GHF10-Pc3 genes were determined by aligning

the genomic DNA with cDNA of each corresponding

gene (Figure 3A, B). Both genes were composed of 9

exons interrupted by 8 introns. The sequence of

GHF10-Pc1 and GHF10-Pc3 gene was in good

agreement with the cDNA sequence. The sixth intron

was the shortest (234 bp in GHF10-Pc1 and 232 bp in

GHF10-Pc3), the last eighth intron was the longest

(1071bp in GHF10-Pc1 and 671 bp in GHF10-Pc3)

(Table II). The size of the introns between

P. canaliculata GHF10 and A. crossean EGX was quite

Figure 2. Multiple alignments of deduced amino acid sequence of catalytic GHF1O domain from various species (A) and a bootstrapped

neighbour-joining tree (B). P. canaliculata cellulase gene (GHF10-Pc1 and GHF10-Pc3, this study), A. crossean (AAP31839), Oryza sativa

(BAD52808), Arabidopsis thaliana (BAB83869), Populus tremula £ Populus tremuloides (AAX33301), Nicotiana tabacum (AAZ79232),

Triticum aestivum (AF156977), Hordeum vulgare (AAB51668), Bacillus pumilus (AF466829), Clostridium thermocellum (EAM47104),

Thermotoga neapolitana (Q60041), Actinomadura sp. (AAA17888), Penicillium purpurogenum (AAF71268), Cellulomanas fimi (AAZ76373) and

Thermoascus aurantiacus (AF 127529). Black indicates complete conservation. Grey indicates conservation in three or more species. The

conserved catalytic nucleophile and proton donor of Glu268 and the Glu167 are arrowed. Values at the node of a bootstrapped neighbour-

joining tree indicate the percentage of times that the particular node occurred in 1000 trees generated by bootstrapping the original deduced

protein sequences.

C. Imjongjirak et al.230
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different. The length of intron 2 in P. canaliculata

GHF10-Pc1 and GHF10-Pc3 (283 and 418 bp,

respectively) was approximately 3- or 2-fold smaller

than that of intron 2 (1032 bp) in A. crossean EGX.

The sequences of all the exon–intron boundaries

conformed to the typical eukaryotic splice sites,

including an invariant GT at the intron 50 boundary

and an invariant AG at its 30 boundary. In contrast, the

exon–intron boundaries of corresponding introns in

A. crossean EGX conformed to GT–AG rule only in

intron number 1, 5, 7 and 8 (Wang et al. 2003).

Therefore, in spite of the high similarity of

P. canaliculata GHF10-Pc1 and GHF10-Pc3 cDNA

to A. crossean EGX cDNA, the difference in genomic

organization of these genes was observed.

Itakura et al. (2006) reported successful identifi-

cation of termite species by using cDNA and genomic

DNA sequences of termite origin. A pair of common

primers that amplified 381-bp fragments from cDNAs

encoding the endo-b-1,4-glucanases (EGases) of

Coptotermes formosanus Shiraki and Reticulitermes

speratus (Kolbe). The cDNAs from C. formosanus

and R. speratus and genomic DNA from R. speratus,

were amplified by using this primer pair and then

cloned and sequenced. Sequences amplified from

C. formosanus cDNA displayed 97–99% identity to

cDNA encoding the EGase of C. formosanus (CfEG),

and 92–94% identity to cDNA encoding the EGase

of R. speratus (RsEG). By contrast, cDNA from

R. speratus displayed 99–100% identity to RsEG

cDNA and 93–94% identity to CfEG cDNA. CfEG

and RsEG cDNAs can therefore be used as markers for

the identification of these termite species. Accord-

ingly, the different in intron size of the cellulase genes

in two snail species may be used as markers for species

identification.

The GC content analysis showed a slightly greater

thermal stability in exons (31–58%) than in introns

(26–35%) (Table II). Intron 1, 4 and 5 interrupt

ORFs after the 2nd of the codons (type 2 intron)

whereas the remaining introns interrupt ORFs

between two codons (type 0 intron).

All of intron sequences from GHF10-Pc1 and

GHF10-Pc3 genes were examined to identify potential

homology between introns. A strong sequence homo-

logy existed between the corrresponding intron of

GHF10-Pc1 and GHF10-Pc3. Intron numbers 1, 4–7

of GHF10-Pc1 and GHF10-Pc3 shared 86–97%

identical internal sequence as well as similarity in size.

In contrast, the size of the last GHF10-Pc1 intron

Glycosyl hydrolase family 10 (GHF10) genes from golden apple snail (Pomacea canaliculata) 231
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is 1071bp as compared to that of GHF10-Pc3, which is

671bp.

Expression analysis by reverse transcription-polymerase

chain reaction

To examine the expression pattern of GHF10-Pc1 and

GHF10-Pc3 in P. canaliculata, RT-PCR was carried

out against the first-stranded cDNA synthesized from

total RNAs of different ages of juvenile snails. Results

showed that none of GHF10-Pc1 and GHF10-Pc3

transcripts was detected at the egg stage whereas the

fragment of approximately 1200 bp RT-PCR product

was amplified in 1- and 10-day-old snails (Figure 4A).

Elongation factor la generated band of

150 bp (Figures 4B and 5B). The undetectable of

mRNA transcripts encoded by the GHF10-Pc1 and

GHF10-Pc3 genes from the eggs suggested that the

expression of both genes should start during or after

the hatching period.

From sequence analysis, both GHF10-Pc1 and

GHF10-Pc3 cDNA sequences contain Rsa I recog-

nition sites at different location. Therefore, this

enzyme can be used to differentiate the family

of GHF10-Pc1 and GHF10-Pc3 cDNAs. The Rsa I

digested GHF10-Pc1 showed restriction fragments of

approximately 519, 227, 196, 124 and 122 bp,

respectively whereas Rsa I digested GHF10-Pc3 gave

fragments of 395, 354, 196, 124 and 122 bp,

respectively (Figure 5A). The result showed that the

Rsa I digested PCR product of 1- day-old snails

revealed restriction fragments that corresponded well

to both the GHF10-Pc1 and GHF10-Pc3 pattern.

In contrast, Rsa I digested PCR product of 10-day-old

snails corresponded only with the GHF10-Pc1

pattern. The restriction profile indicated that the

GHF10-Pc1 was expressed in both ages of juvenile

P. canaliculata whereas GHF10-Pc3 was observed in

1-day old snails but not in 10-day-old snails. Our

result suggested that the GHF10-Pc3 transcripts

should have expressed in the early development of

juvenile snail. However, the expression of cellulase

GHF10-Pc1 and GHF10-Pc3 transcripts was investi-

gated in pooled cDNA of the whole body of 1 and 10-

day-old juvenile P. canaliculata. Therefore, it is

interesting for further studies to examine the cellular

type involved in cellulase GHF10-Pc1 and GHF10-

Pc3 expression using in situ hybridisation.

Figure 3. Genomic structures of GHF10-Pc1 (A) and GHF10-Pc3 (B). Coding nucleotides and deduced amino acids of each exon are

capitalized. Introns are shaded and illustrated with lower letters.

C. Imjongjirak et al.234
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Here we show that in spite of the high similarity of

GHF10-Pc1 and GHF10-Pc3, the two cellulase genes

revealed different expression patterns. The differential

expression of the two isoforms supports the idea that

these forms may play different physiological roles in

P. canaliculata. However, the functional role of the

cellulase gene and its catalytic properties remains to be

elucidated.

In summary, we have successfully cloned two full-

length cDNAs of cellulase GHF10-Pc1 and GHF10-

Pc3 belonging to GHF10 from the fresh water

golden apple snail, P. canaliculata. We also report

here the gene structures of two endogenous GHF10-

Pc1 and GHF10-Pc3 genes. Both genes contained

nine exons and eight introns. The endogenous origin

of these cellulase genes in P. canaliculata was

unambiguously verified in this study. The expression

analysis of GHF10-Pc1 and GHF10-Pc3 during

several ages of P. canaliculata was analysed by RT-

PCR. The result showed that GHF10-Pc1 and

GHF10-Pc3 transcripts were developmentally

expressed.

Figure 4. RT-PCR of GHF10-Pc (1200bp; A) and EF1a (150bp;

B) was examined in the egg (lane 1–3), 1- day-old (lane 4–6),

and 10-day-old (lane 7–9) juveniles of P. canaliculata. Lanes M are

100-bp DNA marker.

Table II. GC content and length of exons and introns in GHF10-Pc1 and GHF10-Pc3 genes.

Exon

Genomic DNA

(Number of nucleotides)

GC content

(%) Intron

Genomic DNA

(Number of nucleotides)

GC content

(%)

GHF10-Pc1

1 1–93 (93bp) 53 1 94–545 (452bp) 34

2 546–591 (46bp) 36 2 592–874 (283bp) 35

3 875–1033 (159bp) 50 3 1034–1688 (655bp) 32

4 1689–1744 (56bp) 35 4 1745–2161 (417bp) 30

5 2162–2299 (138bp) 48 5 2300–2567 (268bp) 27

6 2568–2729 (172bp) 48 6 2740–2973 (234bp) 35

7 2974–3081 (108bp) 48 7 3082–3413 (332bp) 27

8 3414–3632 (219bp) 56 8 3633–4703 (1071bp) 33

9 4704–4937 (234bp) 56

GHF10-Pc3

1 1–93 (93bp) 48 1 94–539 (446bp) 27

2 540–585 (46bp) 38 2 586–1003 (418bp) 33

3 1004–1162 (159bp) 49 3 1163–1689 (527bp) 31

4 1690–1745 (56bp) 31 4 1746–2138 (393bp) 32

5 2139–2276 (138bp) 48 5 2277–2545 (269bp) 28

6 2546–2717 (172bp) 51 6 2718–2949 (232bp) 28

7 2950–3060 (111bp) 46 7 3061–3388 (328bp) 26

8 3389–3607 (219bp) 55 8 3608–4278 (671bp) 32

9 4279–4512 (234bp) 58

Figure 5. Restriction patterns of the Rsa I-digested RT-PCR products of GHF10-Pc1 and GHF10-Pc3 (A) and EF1a (B). The 1-day old

juveniles (lane 1–3) of P. canaliculata revealed restriction patterns corresponding to both the GHF10-Pc1 (519, 227, 196, 124 and 122bp) and

GHF10-Pc3 (395, 354, 196, 124 and 122bp) whereas the 10-day old juveniles (lane 4–6) corresponded only with the GHF10-Pc1 pattern.

Lanes M are 100-bp DNA marker.

Glycosyl hydrolase family 10 (GHF10) genes from golden apple snail (Pomacea canaliculata) 235
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