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?�)+'S2<jE2 �!@Al�BCml1�n+'B D
EFT�<j'[\]�(oGH.�)+'V>!2 IJpq
6��r"!KC�7L!T�stpq6�(M+'8�up
q6�G%(Nd[\]^�_�Nv1O/0%&VB *"*
O�G%1w9�$%2 �7PQ�sRG%)S1>xgy2
IJpq6�2 T�stpq6��z�G%)S*"�#0%
&�"$VB O�D:��"2 �k?�)S2{|a}� 10

(GH10)!T+'IJpq6�9�st~����{|a}�
13 (CBM13)!T+'T�stpq6�(M+'UVl Strep-

tomyces olivaceoviridis[\]^�_�Wpq6�NvZ<�
sRG%��X!>x*V �- 1�B
IJpq6�, (b/a)85��2 CBM13, 3��EY*Z[
DEG>J0'�Apq6�G%(M*%RE2 Wpq6��
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tQG%)SDE2 �S2�ef[\]�!g+'T�9:�
G('/"!*VB
UVl[\]^�_�T�stpq6� CBM13,2 40`
a��h�iJ�jkZ[1 3��EY*%G>J0' b�
�{�6�9��0'G%(l*%&'12 W0,�	m2<
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a-`a]�_,�����8��7}��� a-1,4-��©\
pst(k?�)+'S2<jE2 *+	ªIK�<���«
�1�.2 �7���
�¬��!N�$%&'B T�stG
%��­®atQG%(¯° GH13!T+'±�l Bacillus

subtilis a-`a]�_2 ;�]²�l Bacillus stearothermo-

philuswx a-`a]�_��QG%('/"!*V �- 2�B
±�l a-`a]�_,T�stG%��(�'V>2 
��

���9*%IJ`a��<j' Glu208(��
a�!�
§JgV E208Q�§Q(2 T�9*%8����
7��
(G5)(��*2 W0/(¥sRªJgVB E208Q,����
�8��7}��!g+'�) F(NVy2 ³.st+'W
9"/2 G51S2�IJ´!st*VG%(�'W9!>x
*VB a-`a]�_, ( b/a)85���IJpq6�9µ�� b

\����}�
[�~u�{(Nd C��pq6�DEG
>J02 J/!IJpq6�, ( b/a)85���©`<j'A

pq6�9O�p;"/�t*%IJ´�g¶(;>+' B

pq6�!�·/0%&'B G5�st��RDAIJ`a�
�9�¸�"/2 �d�IJ¹�`a����º2 RDA2 �
�)�G()'+'W91<�VB XV2 ±�l a-`a]�_

1 1 UVl (Streptomyces olivaceoviridis)[\]^�_�
[\��}7��9�atQ�sRG%
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�HI)<.�� L�� 56� (Umbelopsis vinacea)78 a-/
�$012	 I�� '(/�$0	
����x�9A��
yzh	$<F�3v	��*� ����)%&J�B�� 4

:���k�HI�<&� 4:�{@AJ�)%&$%;l�
|<k�=}~)�>�F�>
?@k��]^� 3v
<F
���(��4w�+�AJ�kA]^�� a-/�$012	
 ������NO78���kB~�Ct+�����D�
<.��
� � � �
�|� ���m/�$!"!"#$����IH A-���m
	
�E&F@���m:�m12	 ����P���� J
�B��� $%;VN"� 2GH� b;VN"� GH27� a

/�$012	 �u���m.IJK*	���� ����
�j-�+�Ak� C'(L)M*�;VN"�N�)OP�
+8&� ���;VN"� CBM13)"@AF�>
;VN"
��A� GH27, CBM13��)/�$0	
���@A��k
%DQH^+�Ak� ,B��� A-���m	
���@A�
$%;VN"��� /�$0	
� A-���m	
����o
���*���m.�Rl)%&�`�J]^+�AJ�k�
HI)<.�� J�%y)����@AB�G!"#$���
�H^���Z��	U�Sx
�KG� ��m.�Rv)%
&TDv<A����UG�	�A@J�k�A� W)� TD
oyB�*V��WX)j-����Z��	U��Y@AJ
�k�A� J�Z)8�+� ���[B�G�>
!"#$�
�� B�\��]�@A�t��=�R����!	�c0�
�&���t��=��F^k_`]^**�Ak� ��]^

+�<�Z��L�aDb]^+�A� c,�� B��de�
���a��f�de8%9��Fg��)8�+� B~
)
p+�u��h��P�+8&� ��%y<�}�����)
��^AJ�)�i�� �`j`���������y��k
�l��m�n�K+��� A%y����.+¡&���

,���� o��pqr Qstu�fvR t���w¢��
x!"#$�(U��zhc0 Q8%9sy��Az{(U�
�[	£� ¤|=}~¥����R ���^�����&� �
�/��<.����� !"#$�(U��zhc0�
!c
\G¦��§��� ��0�� ���
��x� f�¦��

��x� ��0�<=�aD��*���� ��]¨���)
��L���J^L��©��� ©ª�)�D�i���L@�
L�� ���«0�t�;t¬{�­t�����IH�L
&� t��}¦���x� t���w¢��x��®A¯��
aD���� �����°�Q&
�]L±L<J���²J
�k�`wE)�.+�L@� J^L��©��)�D�i�
��L@� ��)� ,���)©��D�]�L��c,t¬
{�³���;���«0�´�� ���8%9©�§ .
�¡���)µD�¢£¶L@�

� 3 NO (Oryza sativa L.) a-/�$012	 �>!��
Q·R� 8%956� (Umbelopsis vinacea) a-/�$01
2	 I� 4:��� Q¸R

� 2 ¹¤� (Bacillus subtilis) a-���	 / G 5 �
�
Q·R� �
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