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1. !"#$#%&'(� C1��������)*
�����-�.���/� 01�2�/345��?�(
�7898�:y;�� ��������-��'(�l��
��J������<=2�8����-��4B��{7|
��8~��`345� >B�����'(�"8K'(N�
cRS �r�¡"¢#k����t���345%���]
+5Q() �y;�������E�N�cRS �ry�?
H(s�£��cRS¤�¥ (AOD)"[(������
HCHO¦�§�"[C¨>( 6L 1;) HCHO�N�cRS 
�ry�?H(©uv8RSsª9�S���¥ (DAS)"[
C«>]+5f�¬M"=#+(. ?� j0l?L��7c
� (GSH)­�2�§�¬M"[\5 CO2">?§�]+()
N®,�`" Candida boidinii-�Q� N�cRS �ry�
�8~9�z�� HCHO�E���-E,#"4� ],"�y
;"¯�(�2���y���G-�84B)

1.1 +,-./0%1'2�3456
C. boidinii��������?��� c°b�§� 9-s±M
�-O.��/34B3�"GN�cRS �rT8K'()
N®,�� �²���/� P�/?'(4B3�"N�cRS
 �r�`-�y�¯[³Q��´Ol�8~9��F-`"

7 1 �7898�:y;�������E��-3��y���
y � R � S µ¶ AOD, alcohol oxidase; DAS, dihydroxyacetone synthase; CTA, catalase; FLD, formaldehyde
dehydrogenase; FGH, S-formylglutathione hydrolase; FDH, formate dehydrogenase; Pmp20, glutathione peroxidase.
� l R � S µ¶ Xu5P, xylulose 5-phosphate; DHA, dihydroxyacetone: GAP, glyceraldehyde 3-phosphate; GSH,
glutathione.
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1.2 HCHO�������	
GSHA � HCHOB0C*�DE�@F+,G'�H�-
 '2� HCHO�.78�:�	�I"J"�K�/����
�
��B0�'L� HCHO�M0�1C*
/N� CO2

H�B0'2� ��*��2@2� NADH�OP�Q�R�
��34'2�	 1C*��
 ST�UV�WXYWXY"Z
[�\ ] FLD, S-T�^�_��I`aXY"b�\ ] FGH�
QBWXY"Z[�\ ] FDHc �de� 56@� FLD� FGH
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�6j� HCHO��.
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 HCHO(
>?-� GSH�k'
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C� 9�� HCHO�>?i%
�6j GSHm�`noq�\ (Pmp20)
/�*B0rD�
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EF�:�.�(3�i��	 '@
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"Z[�\+GH-�QB�I�'IJv� HCHO�.
E
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2. ������HCHO��

2.1 �������� !�"#$%
�I"J"�KDE� C10����
$��� HCHO�

EF6��g�h�:�	 DE� HCHO��C*�M��:
���"�{#
�aB (RuMP)C*���
 3-�n{"�
{-6-�aBoa��\ (HPS)� 6-T{T-3-�n{"�p�b
�\ (PHI)��I"J"�KDEi%�6j� i�I"J"�
KDE|V�nV
�j 9���� Sj 2c	 DE�� HPS

$/� PHI(u�Y-�����`m"a(�I��$4�
HCHO� 9
/N�����+��'2� HCHO��.

kj.�(M@�
��	 1`m"a�T�UV�WXYA 
�6����0�V�78�lj��N��6�N�+� i�
I"J"�KDE�:��mE (Bacillus subtilis)� HPS /

PHI`m"an�
 9-����1� (HxlR)+� 1`m"
an�o�
��-��� DNA�������0���:�
.�(M@�
��	

2.2. &�'&�HPS/PHI���()
p�q�V�nV Pyrococcus horikoshii | Thermococcus

kodakaraensis��� HPS� PHI�M��r�s
u�Y'
2�t7)��
�6N���	 V�nV� HPS, PHI
l-
�A3� u�:N�+� 56@�.2@�t7)��
(X
vEB���'�� wx-��
��(��.�(!��	 H
���'(�¡¢
l��� maJ�{�aBC*(£��V
�nV�M¤
 HPS� PHI+ 9-�.�
yz��	 ma
J�{�aBC*+{¥l6V�nV��� GB�I�|¦h
�6��§�{ 5-�aB�¨©C*+{M�:N�+� T. ko-

dakaraensis�xª���(7f����'«��(�¬�.
�
/4� HPS-PHI�T�UV�WXY���­Jv+ma
J�{�aB�¨©
<=�:�.�(�
0��®����

}~�� Sj 3c	 .2�V�nV�`��
M¯6�A3(
@?�i%�6j� RuMPC*+ C10����°±
EF6
'(�7)(��.�(!��²8���:4� �M�
+D
E�V�nV���­x6��³�Jv
��'(�¡¢(�
�.�(8<�M@�
�����:�	
* + , -
1´µ
/4� �'�� C10����
l�-��
�'

. 2 HPS, PHI����[¶

. 3 T. kodakaraensis
$%�maJ�{�aB�IC*
� 
 � � � ·] RPE, ribulose-5-phosphate 3-
epimerase; RPI, ribose-5-phosphate isomerase; TK,
transketolase; TA, transaldolase; HPS, 3-hexulose-
6-phosphate synthase; PHI, 6-phospho-3-hexuloiso-
merase.
�D���·] Ru 5 P, ribulose 5 -phosphate; Xu 5 P,
xylulose 5-phosphate; R5P, ribose 5-phosphate; S7P,
sedoheptulose 7-phosphate; GAP, glyceraldehyde
3-phosphate; E4P, erythrose 4-phosphate; F6P,
fructose 6-phosphate; Hu6P, hexulose 6-phosphate.
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