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ȾȲ7ȼĹ6ľø5Ɛɷ$I�21�ŀǱ4ȼĹ�52�0Ⱦŋ�ʖǧ

$I�241�I�ȼĹƙĴ6£1DȜŷ7Ů5ĮȺ�5ŋĭ$I*C�Ȝŷ5

Ř$IƐɷ6áŊǳǰ6ˎǐ7̙˅4˝͉1.I�ǝɟɰ17��q�õȲ1.

Iʒʹ Caenorhabditis elegans (C. elegans) 6½ȜʜƓȹ˥Mˎǡ�q�2"0�

õȲ6ȜŷƐɷǳǰ6ˎǡM2�4-*�ʒʹ6½ȜʜƓ27�20	E 25	1

͏ʟ"*Ç¾7 2	5ʙ3JI2Ǹȡ$I65Ř"�15	1͏ʟ"*Ç¾7 2	

5ʙ3J0DȾŋ1�I2��ȹ˥1.I�ǝɟɰ17�Ƕ ´ DNA d×^�

b×43Mɀ�*̎ºŌɓˎǡ3G�½ȜʜƓMèƉ$IǇˈ̎ºŊ xdh-1 Mē

Ŏ"*��6̎ºŊ7�{r6Zb�m�q{±�_t×i (XDH) 5͘�ɘē

ƓMɤ$�XDH 7���¾´ˠʊ˰6�ȏ1Í��{�Zb�m�3GZb�

m��Zb�m�3GŠ̗<6ªǼ̲6Ȃ̗øćƐMˏŉ$I̖ʄ1.I�xdh-

1 ̎ºŊ6ɐȹʇʠˎǡ2 xdh-1 ľɉ¾6ʇʠȳɉɓĥƊŏ͖3G�XDH-1 7

AIN 2 AVJ 6L%3 2 .6±ĭu�×��1½ȜʜƓMèƉ$I�24ɤĠ 

J*�AIN 2 AVJ 7±ĭu�×��1.I*C�(JG6�ȏ5ȜŷMƜɝ$

IƜˊu�×��4ŋĭ$IčʡƓ4ʛ1GJ*�AIN 2 AVJ ±ĭu�×��

6�ȏ57 ASG Ɯˊu�×��436�XwĊœ¾4ɐȹ"0�IƜˊu�×

��4˃ǃŋĭ"0�*�(�1�XwĊœ¾5ȬȩMſ0�½ȜʜƓˎǡM2

�4-*ʋǣ�Degenerin/epithelial sodium channel (DEG/ENaC) kR�6�XwĊ

œ¾ DEG-1 6ľɉ¾52�0͊ʳ4½ȜʜƓɉŮ4ˇGJ*�deg-1 ̎ºŊ7

ASG Ɯˊu�×��1ɐȹ"0�I*C�Ca2+R�×e�]5FH ASG Ɯˊu
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�×��6Ȝŷ5Ř$IȾȻɓƐɷMȝŎ"*�(6ʋǣ�̚ ȾǨ17�ASG Ɯ

ˊu�×��7Ȝŷ5Ř"0ʇʠÙ Ca2+ȧŷMľø &I65Ř"�deg-1 ľɉ

¾17(6ľø4͊ʳ5½�"0�*�.@H ASG Ɯˊu�×��6ȜŷƐɷ

5 DEG-1 4̩�"0�I�24ɤĠ J*�DEG-1 4ȜŷĊœ¾2"0ǳʡ$

I63M˞=I*C5�Ȝŷ�ǎ5ćƐ"4� ASE ęˊu�×��5 DEG-1 M

žèɓ5ɐȹ &Ȝŷ�ǎéȥM�10ʇʠÙ Ca2+ȧŷ6ľøMȝŎ"*�(

6ʋǣ�DEG-1 Mɐȹ &* ASE 52�0ȜŷƐɷ4ˌŗ J*� G5ɗƲ

ɓ5 DEG-1 6ȜŷĊœʡMˎǡ$I*C5�P~�Xo�YU�6āǾʇʠ 

(Xenopus oocyte) Mɀ�*̻ȁȾȻˎǡM2�4-*�ʒʹ6 DEG-1 2(6{

r���]1.I MDEG1 M(J)Jɐȹ &*āǾʇʠ5ȜŷľøM�1*

2�K��%J52�0DȜŷ5Ř$IƐɷ4ˇGJ*�.@H DEG-1 2

MDEG1 7ǳǪéȥ+�174�ȜŷDĊœ"0�I�24ɤĠ J*�µ�6

ʋǣ7�{rMĖBõȲ52�0�XwĊœ¾ DEG/ENaC 4ȜŷMĊœ"�Ç

¾6ȜŷʜƓMèƉ"0�I�2Mɤ"*äC06^×f1.I� 
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C. elegans Caenorhabditis elegans 

cDNA  Complementary DNA 

CFP  Cyan fluorescent protein 

cGMP  Cyclic guanosine monophosphate 

cRNA  Complementary RNA 

DEG/ENaC Degenerin/epithelial sodium channel 

DMSO  Dimethyl sulfoxide 

DNA  Deoxyribonucleic acid 

dNTPs  Deoxynucleotide triphosphates 

DsRedm  Discosoma sp. Red 

EGFP  Enhanced green fluorescent protein 

FAD  Flavin adenine dinucleotide 

FOXO  Forkhead box-containing protein, O sub-family 

FRET  Fluorescence resonance energy transfer 

GCaMP  GFP-calmodulin fusion protein 

GFP  Green fluorescent protein 

GMP  Guanosine monophosphate 

GPCR  G protein coupled receptor 

HEPES  2-[4-(2-Hydroxyethyl)-1-piperazinyl] ethane sulfonic acid 

H2DCF-DA 2', 7'-dichlorofluorescin diacetate 
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HSP  Heat shock protein 

HSF  Heat shock factor 

LB  Luria-Bertani 

mRNA  Messenger RNA 

PCR  Polymerase chain reaction 

SNP  Single nucleotide polymorphism 

TRP  Transient receptor potential 

NAD  Nicotinamide adenine dinucleotide 

NGS  Next generation sequencer 

NGM  Nematode growth medium 

PBST  Phosphate buffered saline with Tween 20 

rGC  Receptor guanylyl cyclase 

RFP  Red fluorescent protein 

RNA  Ribonucleic acid 

ROS  Reactive oxygen species 

XDH  Xanthine dehydrogenase 

XO  Xanthine oxidase 

XOR  Xanthine oxidoreductase 

YC  Yellow cameleon 

YFP  Yellow fluorescent protein 
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1.1 õȲ6ȼĹƐɷ2�q�õȲ2"06ʒʹ C. elegans 

 

ȜŷƙĴ7Ů5ĮȺ�5ŋĭ"�̍ ǆ$I�241�4��(6*C�

{rMĖBȾȲ57Ȝŷ2(6ľøMĊœ"�(JG5Ř"0Ɛɷ$IȾ¾�

Xug�4ŋĭ$I (Murray et al., 2007)�Á18�ƕȜõȲ1.I{r6ĵĒ�

ɔʨEƜˊɨʊ3GĊœ J*ȜŷƙĴ7£Ǥɨʊ1.Iʤ6ˉŴ�̔1ʍĒ

 J�͗ǩɶ6̼15FIɐȯEʼɺMƨŽ &0ȯM˿4$436ľøMŻ

�˭�"0ȼĹȜŷ5̌â5Ɛɷ"0�I (Nakamura, 2011)�"3"�{r43

6͘ɵõȲ54I>3Ⱦ¾Eʤ6ǰ̃4˃̹ø$I*C�ȜŷƐɷ6áŊ�X

ug�6ˎǐ57Ų̌M˅$I�24ʛ1GJI� 

ǝɟɰ17d���4ŏ͖õȲ1.Iʒʹ C. elegans M�q�ŏ͖ʂ

2"0ɀ�0�õȲ6ȼĹȜŷƐɷǳǰ6ˎǐMɖƫ"*�ʒʹ C. elegans 7�

¾̥4ʃ 1 mm 6īļ£5Ⱦʟ$I̿ŔȾƓ6ʒʹ1.H�Ç¾�ʇʠvnr�

×\�Ç
6ʇʠ�̎ºŊ�áŊ2�� @!@4���1�Ⱦěȹ˥6ĳǝĂ

Ȼ6ˎǡ5̌"*�q�õȲ1.I�C. elegans 57 L1�L2�L3 2 L4 6 4 .6

Ųʹǚ2Ơʹǚ4.H�ȾȎȼ7̿Ů5ɞ�̚͜Ⱦİ17 20	1ʃ 3 ǋ �̂͝Ů

7̸̶ē¾2"0ŋĭ"���ƲĒ¾2"06ʂʍʐƪ4ɽÿ4�25ð1�

0.1%6͈ŷ1àȹ$I̶Mçɀ"0­̕4čʡ1.I*C�̎ºŌɓˎǡ5D

̌"0�I (Brenner, 1974)�¾7́ǐ1.I*C�ʑʯʺÓk�z\˪ GFP 4

36̎ºŊMʒʹ6¾Ù1ɐȹ &I�21ȳŎ6̎ºŊ6ɐȹʇʠ6ēŎE
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ȳŎ6k�z\˪6ʇʠÙšĭMȾ�*Ç¾ (in vivo) 52�0ˎǡ$I�24

œǑ1.I (Zhang et al., 2004)� G5�ǒ°6W�reTvpQ\f6ɐţ5

FH�Á18�ʇʠÙ6 Ca2+ȧŷ5F-0ʺÓȊ̥EʺÓžŷ4ľø$I YC3.60

E GCaMP ɵ6k�z\˪M`×±$I̎ºŊMɀ�I�21�in vivo 52�I

ɨʊʇʠ6ȎõMȝŎ$I�241�I (Miyawaki et al., 2013; Nakai et al., 2001)�

Ö 959 Ç6¾ʇʠ6�,�ɨʊʇʠ7 302 Ç1.H�Öɨʊʇʠ̨6øŌdt

�fą:[�n�ʋĒ4̻Ŋ͊Ƌ̤5FHǐG35 J0�I (Cook et al., 

2019; White et al., 1986)�@*�_w�bRg7�q�õȲ6£1Dȳ5Ş �ʃ

100 Mb 1.H�1998 ű5Öĸĳ̕ã4ȄŎ J0�I (C. elegans Sequencing 

Consortium, 1998)�_w�ˎǡ6ʋǣ3G�Ö̎ºŊ6ʃ 36%4{r6̎ºŊ2

͋»"*̎ºŊ1.-**C�C. elegans 6̎ºŌɓˎǡ3Gˇ.3-0�*̎

ºŊM{r6̎ºŊˎǡ5ŘƐ³�"E$���JG6ȳƌ3G�C. elegans 7�

ȜŷƐɷ6áŊ�Xug�M˞Ǧ$I65ÏJ*�q�õȲ6�.1.I2ʛ

1GJI� 

 

 

1.2 ȾȲ6ȜŷʜƓ 

 

ȼĹ<6ʜƓ2"0�͘ ȜȼĹE½ȜȼĹ5Ř$IʜƓ4.I�½Ȝȼ

Ĺ5Ř$IʜƓ͜½ȜʜƓ͝6ɟɰ7�ǬȲEǍʹ12�4LJ0�I�½Ȝ

ʜƓ27�̂Ů6ȾʟȜŷFH½Ȝ6ȼĹ1DȾŋ1�IƓ˪6�21.I�

Ǎʹ7�ʇʠʩ6�͐Ĝʢʞ̗ĖǙȸMĺð &0�½ȜȼĹ�1Dʩ6ȏõ



� 
�

ƓMÆ-0�I�@*�ʇʠÙ5P�w̗Eʁ͋ɵ6�ÞʋȲ˪MÆƪ$I�

21ȓ́ĬM˞ɻ$I�2E�͘ȜE½ȜȴȆ3G6ĥƊǓ5�{×rd�n

\k�z\˪ (HSP) 4ǳʡ$I�21ʇʠ4ɡĻ JI6M̫��24ɝG

J0�I (Tsumiki et al., 2010)��JG6áŊ�Xug�7�ǬȲ5DēǱ5ŋ

ĭ$I�C. elegans 5D HSP E{×rd�n\ĦŊ (HSF) 4ŋĭ"�Ȝŷfr

�fMƜ#I2ǳʡ$I�24ɝGJ0�I4�ȜŷƙĴMĊœ"03GƐɷ

5ʬI@16˖ʇ4ƙĴº̉ʊ˰57Ǜɝ6ȩ4ŀ�Ǻ J0�I� 

 

 

1.3 C. elegans 6½ȜʜƓ 

 

C. elegans 6ȾʟȜŷ7ʃ 13�27	1.H�ȾʟȜŷMˮ1* 30	µ

�6͘Ȝ@*7͍͓5 G JI2 L1 ǚ6Ųʹ6Ł̔á4ʜƓŲʹ͜l�×͝

54I͘ȜʜƓ4ɝGJ0�I (Barr, 2003)�l�×24-*Ç¾7´ˠȎõ4

½�"02H�ŀ�6Ɯˊu�×��6Ɯˊǜɳ4̽à"0�IċM\m\�

ť1ˆ��21Ŀ̔3G6ȼĹƙĴM̍ǆ"�ñƘ4ȼĹMȾ�Ź:I�24

1�I (Hu, 2007)� 

C. elegans 57�½Ȝ5Ř$IʜƓ�Xug�Dŋĭ$I�C. elegans 6

½ȜʜƓ27�Á18�15	1͏ʟ J*̚ȾǨ͜N2 Ǩ͝7 2	6½Ȝéȥ5

Dʜ1GJI4�20	E 25	1͏ʟ J*̚ȾǨ7 2	6½Ȝéȥ5ʜ1GJ

%�Ǹȡ"0"@�͜ Ĩ 1 (͝Ohta et al., 2014; Okahata et al., 2019; Sonoda et al., 2016; 

Ujisawa et al., 2018)��J@16ſɟɰŐ6ˎǡ5FH�͇̔6 ASJ 2 ADL 2
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Ě8JI 2 .6Ɯˊu�×��4ȜŷMĊœ"�½ȜʜƓMèƉ$I�24L

3-0�I͜Ĩ 2 (͝Ohta et al., 2014; Okahata et al., 2019; Sonoda et al., 2016; Ujisawa 

et al., 2018)�ASJ 7ȜŷMĊœ$I2�dt�f3GR�f��Máȇ"�(6

R�f��7ʧ2ɨʊ1Ċœ J�R�f��ƙĴº̉ʂM±"0�FOXO İ˲

ÛĦŊ5F-0̎ºŊɐȹèƉ42�4LJI͜Ĩ 2͝(Ohta et al., 2014)� G

5�½ȜʜƓèƉ52�0�ʧ7fp�R±����M±"0ʀŊ5Í�3��

ʀŊ3G ASJ u�×��<6~Q×±yn\ǳǰ4ŋĭ$I�24ɤĠ J0

�I͜Ĩ 2 (͝Sonoda et al., 2016)��JG6 ASJ 2 ADL ȜŷĊœu�×��2F

:�ʧ2ʀŊM±"*½ȜʜƓ6èƉǳǰ7�¥5½ȜʜƓM˦5èƉ$Iǳǰ

1.I (Ohta et al., 2014; Sonoda et al., 2016; Ujisawa et al., 2018)��ǈ1�½Ȝʜ

ƓMǷ5èƉ$Iǳǰ5̩"07>2N34Ǜˎǐ6ȴƝ1.I� 

ǝɟɰ17�C. elegans 6½ȜʜƓȹ˥MõȲ6ȜŷƐɷǳǰ6ˎǡ�

q�2¼ʙ/��½ȜʜƓ6Ǉˈľɉ¾6̎ºŌɓˎǡM2�4�22D5�(

6ˎǡ3GǐG324-0�*�½ȜʜƓ52�I�XwĊœ¾6ȜŷĊœ¾

2"06ǳʡMˎǡ"*� 

 

 

1.4 Zb�m�q{±�_t×i͜XDH͝ 

 

ğ§͋52�0�Zb�m�WZd�l\k×i (XOR) 7 2 .6ǰƠ

±�R�Mʗ���X×��m±6Ǚȫ5FH���X×��m±MǙ$IZ

b�m�q{±�_t×i (XDH) 2��X×��m±4ȔŅ"*Zb�m�
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WZdl×i (XO) 6 2 ɮ͋6ƀƝ1ŋĭ"0�I (Xi et al., 2000)� G5�

�JG6¡̖ʄ7���¾´ˠʊ˰6�ȏ1Í�02H�XDH 7{�Zb�m

�3GZb�m�� G5Zb�m�3GŠ̗<6ªǼ̲6Ȃ̗øćƐMˏŉ

$I͜Ĩ 3�4͝(Moriya and Satoh, 2016; Wang et al., 2016; Xi et al., 2000)��6ø

ŌćƐ6̴57�NADH 4ēǓ5ȾƠ JI͜Ĩ 4͝(Xi et al., 2000)�XDH k�

z\˪7�ʮɓ5̞�ɢ͚£Ǝ�FAD����±�p��6 3 .6±�R�Mƪ

,�ª̛¾2"0Ⱦ¾Ù1ŋĭ"0�I͜ Ĩ 4 �͝FAD 7 NAD ʋĒ̔¼1.H�

���±�p��7̗ø̏Ð£Ǝ1.I�̞ �ɢ͚£Ǝ7̻ŊÂ�¾2̻ŊĊœ

¾63,G6ǳʡDƪ.±�R�1.H�õȲɆÖ¾1͘ŷ5Æŋ J0�I� 

{r52�0�XDH 7ʝʪEŞʧɿʩ431ɐȹ"02H (Chung et 

al., 1997)�{r6Ĳ͑ʇʠMɀ�*ˎǡ3G�XDH 6ɐȹ̛6�ǎ7ʦɍȓȣ

EȨɌ˘ɐƓ�ÔɊƓbRrXR�6ɐȹ6�ǎ5̩̄"0�I�24L3-

0�I (Saidak et al., 2018)�(6*C�{r52�0�XDH 6ɐȹ̛2ɏʦɍ6

Ơ̥4̩Å"0�I�24ɤĠ J0�I (Saidak et al., 2018)��6F�5�

XDH 7ʦɍɟɰ52�IǙɀ4ȾȲŌɓz��×k×1.I5D̩LG%�XO

>3ɟɰ72�4LJ0�4���J7�ğ§͋6 XDH 4č̀ɓ@*7�č̀

ɓ5 XO 5ľƶ JI*C�¾Ù6 XDH ̛4 XO 5ǿ=0ş4��24ĂĦ1

.IčʡƓ4.I (Saksela et al., 1999; Terawaki et al., 2017)��ǈ1�ȫʣǭõȲ

6 XOR 7 XDH 2"06Aŋĭ$I*C (Terawaki et al., 2017)�C. elegans 7

XDH Mˎǡ$I65̌"*�q�õȲ1.I2ʛ1GJI� 
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1.5 ȾȲ6ȜŷĊœ�Xug� 

 

�J@16ɟɰ3G�ȾȲ6ȜŷĊœ�Xug�52�0 TRP m�v

�4Ȝŷh�b×2"0ų�ɝGJ0�I (Dhaka et al., 2006)�TRP m�v�7

RW�m�v�1.H�TRPC�TRPV�TRPM�TRPA�TRPN�TRPP�TRPML

6 7 .6b�~O��×5á�GJI�1 .6b��unr5 6 .6ʩ˧̂±�

R�2RW�4ȏÕ$I*C6�PMƪ-0�I�TRP m�v�7{r3Gʒ

ʹ@1ų�Æŋ J02H�ˉˊEĢˊ436¬Ɯ6>35ȲȻéȥ�øŌé

ȥ�Ȝŷéȥ43Ǳ
4éȥ6ĊœĤ2"0ǳʡ"0�I (Venkatachalam and 

Montell, 2007)�ğ§͋52�0�ȜŷƜĊƓ4.I TRP m�v�2"0 TRPV�

TRPM�TRPA 6b�~O��×6£3G 9 .6m�v�4ĴĘ J02H�(

J)JȎƓø$IȜŷ̪É4Ȅ@-0�I (Dhaka et al., 2006; Talavera et al., 

2008; Tominaga and Caterina, 2004; Venkatachalam and Montell, 2007)�Á18͘Ȝ

1ćƐ$I�24ɝGJ0�I TRPV1 7 42	µ�5ćƐ"�TRV2 7 G5͘

Ȝ͆ı6 52	µ�1ćƐ$I (Dhaka et al., 2006)��ǈ1 TRPM8 E TRPA1 7

½Ȝ͆ı5ćƐ$I TRP m�v�2"0ɝGJ02H�TRPM8 7 26	µ��

TRPA1 7 17	µ�6ÜéȥĊœ¾2"0ǳʡ$I (Dhaka et al., 2006)� 

TRP m�v�5Ãŋ"4�ȜŷĊœ�Xug�DĴĘ J0�I�Á

18�d�Se�SyU6�±�d�͜ G k�z\˪×ƂİĊœ¾ (GPCR) 4͝�

Ųʹ4Ȝŷö̕�1ģŇȜŷ5ɬõ$Iʽõ5̩�"02H��±�d�6ľ

ɉ¾17�6ʽõ4ɉŮ54I�23G��±�d�4ȜŷĊœ¾2"0Í�

čʡƓ4ĴĘ J0�I (Shen et al., 2011)� G5�ʒʹ C. elegans 6 AFD Ȝ
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ŷĊœu�×��1ɐȹ"0�I�h�k×İ6]Pu�̗d\�×i (rGC) 

4ȜŷĊœ¾2"0ǳʡ"0�I�24ʛ1GJ0�I (Takeishi et al., 2016)�

�6 rGC MȜŷ�ǎ5Ɛɷ"4��24L3-0�I ASE ęˊu�×��5ɉ

Ƣɓ5ɐȹ &�ȜŷéȥM�1I2�ASE u�×��4Ȝŷ�ǎ5ćƐ$I

F�54-* (Takeishi et al., 2016)��6F�5 C. elegans 6ɨʊʂ52�I�

ȜŷĊœ5̩"07 rGC 4ĴĘ J0�I4�ɨʊʂ1ɐȹ"�Ç¾6½Ȝʜ

Ɠ5̩LIȜŷĊœ¾7ˇ.3-0�43-*�(6*C�ǝɟɰ17½ȜʜƓ

5̩LIǇˈ6ȜŷĊœ¾6ēŎMɖƫ"*� 

 

 

1.6 DEG/ENaC kR��XwĊœ¾ 

 

DEG/ENaC k�z\˪7ŀǱ4tr�S�RW�m�v�~O��×

3G4H (Chen et al., 2016; Geffeney et al., 2011; Waldmann et al., 1996)�ǳǪéȥ

MĊœ$I�̛¾6�XwĊœ¾͜ǳǪĊœ¾͝1.I͜Ĩ 5͝(Geffeney et al., 

2011; Zhong et al., 2010)�DEG/ENaC kR�6�XwĊœ¾7ǳǪéȥ6>35

DǱ
4éȥMĊœ$I�24L3-0�I�DEG/ENaC kR��XwĊœ¾

7̗ęEĸę436ęˊMĊœ$IĊœ¾2"0ǳʡ" (Chandrashekar et al., 

2010; Liu et al., 2003; Ugawa et al., 2003)�@*�Ȓ͕6dt�fčĶƓEȒ͕5

Ãŋ$Iɱ̨˒ƞ�ƔƑǞ·³�6ɨʊǳǰ5D̩�"0�I (Wemmie et al., 

2003; Wemmie et al., 2002; Wemmie et al., 2004; Zha et al., 2006; Ziemann et al., 2009)�

C. elegans 6 DEG/ENaC kR��XwĊœ¾ DEG-1 7��.36Ɯˊu�×�
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�1ɐȹ"02H�ǳǪéȥMĊœ$I�XwĊœ¾2"0Í�0�I 

(Geffeney et al., 2011; Hall et al., 1997; Wang et al., 2008)��ǈ{r17�DEG-1 6

{r���]1.I MDEG1 4ŋĭ"�{r17ʤEɔ˪MĖBǱ
4ʉʘ1

ɐȹ"0�I� G5�MDEG1 6PRj~V×�1.I MDEG2 (ASIC1) 4½

Ȝ�1��r�5Ř$IćƐ4ĺž$I�24L3-0�I (Askwith et al., 

2001)�"3"44G�DEG/ENaC kR��XwĊœ¾4ɗƲȜŷĊœ5̩LI

33�35.�06ɝˇ7ĴĘ J0�4�� 
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�� ʋǣ�

 

2.1 ½ȜʜƓ5̩LIǇˈľɉ6ēŎ 

 

C. elegans 6½ȜʜƓ5̩LIǇˈ6̎ºŊMēŎ$I*C5�͏ʟȜ

ŷÃŋɓ5ɐȹľõ$I̎ºŊ5̩"0ˎǡM2�4-*�ƢŤɟɰŐ52�

0̈ă52�4LJ* DNA �R\�P�RˎǡFH�15	͏ʟƅ5 25	5 3 Ǔ

̨̾ʙ"*2�5ɐȹ̛4ľõ$I̎ºŊ4ēŎ J0�*͜P\hnd��

t�y× GEO: GSE81409͝(Sonoda et al., 2016)�(JG6̎ºŊ6�,�15 ʂ

ʍ6ľɉ¾5̩"0½ȜʜƓ6ʿȹİMˌŗ"*ʋǣ�RB2575 flp-17(ok3587) 

ľɉ¾ʂʍ52�0�͊ʳ4½ȜʜƓɉŮ4ˌŗ J*͜Ĩ 6 �͝2�K4�flp-

17̎ºŊ6æ6wn\PSrľɉ¾ flp-17(n4894) Mɀ�0½ȜʜƓpfrM2

�4-*2�K��6ʂʍ7ɉŮMɤ 43-*͜Ĩ 7 �͝ G5�RB2575 flp-

17(ok3587) ľɉ¾5̚ȾǨ N2 6_w�3Gĺů"*ǷŮ4 flp-17 ̎ºŊMŝ

Õ"�ĥƊŏ͖M2�4-*4�RB2575 ʂʍ4ɤ$½ȜʜƓɉŮ7ĥƊ"43

-*͜Ĩ 8 �͝µ�6�23G�RB2575 Ǩ4ɤ$½ȜʜƓɉŮ7_w� DNA £

6 flp-17(ok3587) µĿ6̎ºŊ436ľɉ�yn\]�S�±��×p×d��

5F-0Ż�˭� J0�I�24ɤĠ J*�(�1�RB2575 Ǩ4ɤ$½Ȝ

ʜƓɉŮ6ĂĦ24IľɉMēŎ$I*C5�Ƕ ´ DNA d×^�b× (NGS) 

Mɀ�0 RB2575 ʂʍ6Ö_w� DNA ̕ãMˎ˜"�_w�q×k�×fM¿

˂"*͜P\hnd��t�y×: DRA 002599 �͝(6ʋǣ�RB2575 ʂʍ57̚

ȾǨ N2 2ǿ˵"0�652 Ç6�ĸĳŀİ SNP MĖBľɉ4ŋĭ"*��JG6
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SNP ƙĴMɀ�0�RB2575 ʂʍ4ɤ$½ȜʜƓɉŮ6ĂĦľɉ6ǥʯ¾�6¼

ʙ6̎ºŌɓ�n}�]M2�4-*2�K�ĂĦľɉ7�4 Ɉǥʯ¾6ďʥ5

�n� J*͜ Ĩ 9 �͝�n}�]͆ıM G5ʌH˻B*C5�4 Ɉǥʯ¾6ď

ʥ6ʉAƶ1ʂʍ#bc5-1�#bc5-2 2 KHR066� G5 KHR066 3G flp-17 ̎ºŊ

�6 ok3587 ľɉMĉH̰�*ʂʍ KHR069 Mȷƈ"*͜ Ĩ 10a �͝�JG6ʂʍ

6½ȜʜƓʿȹİ2 SNP zk×�5ĳ/�0�ĂĦľɉ6 4 Ɉǥʯ¾�6�n

}�]M̅C*2�K�4 Ɉǥʯ¾6 6.13 cM 3G 16.24 cM 6̨5½ȜʜƓɉ

Ů6ĂĦľɉ4.I�24ɤĠ J*��6͆ı57�L%3 4 .6̎ºŊ6

£6 5 .6ľɉ6AMĖN1�*͜Ĩ 10b �͝4 .6̎ºŊ6�, 3 .6̎ºŊ

5̩"07�ľɉ¾4ŋĭ"0�**C�(JG6½ȜʜƓˎǡM2�4-*�

@*�ľɉ¾6ŋĭ"43-* irg-6 ̎ºŊ5̩"07�RB2575 Ǩ5̚ȾǨİ

6 irg-6 ̎ºŊMŝÕ$IĥƊŏ͖5F-0ĂĦ̎ºŊ1.I36åæM2�4

-*��JG6ˎǡM2�4-*ʋǣ�F55B11.1 ̎ºŊ6ľɉ¾16A RB2575

Ǩ2ē#�G�ž�½ȜʜƓɉŮ4ˌŗ J*͜Ĩ 11 �͝ G5�̚Ⱦİ6

F55B11.1 ̎ºŊM RB2575 Ǩ2 F55B11.1 ľɉ¾5ŝÕ$I�21�đľɉ¾6

½ȜʜƓ6ɉŮ4ĥƊ"*͜Ĩ 12�13 �͝@*�­̕5F-0¿˂ J*ʉAƶ

1ʂʍ KHR066 2 KHR069 7 F55B11.1(ok3234) ľɉ¾2ēǱ6½ȜʜƓɉŮM

ɤ"*͜Ĩ 14 �͝RB2575 Ǩİ6½ȜʜƓɉŮMɤ$ KHR066 2 KHR069 573

,G5D F55B11.1 ̎ºŊ�5ľɉ4ŋĭ"0�**C��6ľɉ4½ȜʜƓɉ

ŮMŻ�˭�$ĂĦľɉ1.I�24ɤĠ J*�½ȜʜƓɉŮMŻ�˭�$

ĂĦľɉ7 chr1 ľɉ2ěĔ"*͜Ĩ 13 �͝ 
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2.2�½ȜʜƓ5̩�$IZb�m�q{±�_t×i (XDH-1) 

 

F55B11.1 ̎ºŊ7�{r6Zb�m�q{±�_t×i  (XDH) 

(NP_000370) 5͘�ɘēƓMɤ$áŊM`×±"0�**C��6̎ºŊM xdh-

1 2Ĕ³��C. elegans ̎ºŊq×k�×f WormBase (https://wormbase.org) 5ɑ

̠"*͜Ĩ 15 �͝XDH 7��ʮɓ5̞�ɢ͚£Ǝ2 NAD ʋĒbRr (FAD) 2

̗ø̏Ð£Ǝ (���r�p��) MD,ª̛¾1ǳʡ$I͜Ĩ 4 �͝XDH 7�

���¾´ˠʊ˰6�ȏ1{�Zb�m�MȂ̗ø"0Zb�m�5´ˠ"�

 G5�Zb�m�MȂ̗ø"0Š̗<´ˠ$I̖ʄ1.I͜Ĩ 3 (͝Moriya and 

Satoh, 2016; Wang et al., 2016; Xi et al., 2000)�C. elegans 6 XDH-1 2{r XDH 6

P�w̗̕ãMǿ˵"*2�K�đ±�R�4 37�57͛6ɘēƓ2 52�67͛6

͋»ƓMɤ"*͜Ĩ 15 �͝ȳ5�õȲɆÖ¾1͘ŷ5Æŋ J0�I̞�ɢ͚£

Ǝ57̿Ů5ÆŋƓ6͘�̕ãMǙ"0�*͜Ĩ 15�16; Æŋ̕ã 1�2 �͝chr1

ľɉ7�̞�ɢ͚£Ǝ±�R�6{r XDH 17Æŋ J0�4�P�w̗Ǻĳ

5 1 .6ȩľɉ4.H�(J5ð10�ɴ 2 R�r��2ɴ 3 U\j�6.4

�ɖ5.If��Rd�]P\h�k×bRr�5ȩľɉ4ŋĭ"*͜Ĩ 13�

16 �͝�ǈ�ok3234 ľɉ7 NAD ʋĒ̔¼4ǵƹ$Iľɉ1.-**C͜Ĩ 13�

16 �̎͝ºŌɓ5t�ľɉ1.I2ʛ1GJI��Jµ̭6ˎǡ57 xdh-

1(ok3234) ľɉ¾Mɀ�*� 
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2.3�xdh-1 ľɉ¾6 ROS ��� 

 

XDH 7����¾´ˠʊ˰52�0�{�Zb�m�MȂ̗ø$I�

21Zb�m�5´ˠ"� G5Zb�m�MȂ̗ø$I�21Š̗5´ˠ$

I�XDH 7��JG6Ȃ̗øćƐMˏŉ$I̖ʄ1.H�Ȃ̗øMŻ�˭�$

̴5ȎƓ̗ʄɮ (ROS) MȿȾ$I (Moriya and Satoh, 2016; Xi et al., 2000)�@*�

XDH6ˏŉ5F-01�IǘʈȿȲ6Š̗7ƥ̗øȲ˪1.H (Boardman et al., 

2019)�XDH 6ǵƹ5F-0Š̗4ȿȾ J4��27ƥ̗øȲ˪6Țş5ʗ4

H�ǘʈɓ5 ROS 4ĺð$I�24ʛ1GJI�.@H�ʇʠÙ52�0�XDH-

1 6ǵƹ4�ɗƲɓ4 ROS 6Țş�2�̨Ʋɓ4 ROS 6ĺð�2��ɘć$I

ȹ˥M×5Ż�˭�$čʡƓ4.I�(�1�ROS 5F-0ǰ̃ľøM˭�"

0ʺÓMɐ$IF�54I ROS R�qQ^×k×H2DCF-DA Mɀ�0�xdh-1

ľɉ¾6¾Ù6 ROS ���ȝŎM2�4-*�(6ʋǣ�̚ȾǨ17Ų̌ʊ̈

22D5 ROS ���6�ǎ4ˇGJ�xdh-1 ľɉ¾1DēǱ6ʋǣ4ƈGJ*

͜Ĩ 17 �͝`�r�×�ʂʍ2"0�¾Ù6 ROS ���4½�"0�I�24

ĴĘ J0�I daf-2 ľɉ¾MÀɀ"*͜Ĩ 17͝(Larsen, 1993; McElwee et al., 

2004; Murphy, 2006; Panowski et al., 2007; Vanfleteren, 1993)�@*�ROS 6ȿȾ5

̩LI��.36̎ºŊ6ľɉ¾Mɀ�0�½ȜʜƓMȝŎ"*4�ROS ��

�6ĺȚ5̩LG%�½ȜʜƓ5ɉŮMɤ$ʂʍ7ȹJ43-*͜Ĩ 18 �͝µ�

6ʋǣ3G�ROS ���6ľõ4½ȜʜƓ5Ł�4Ɓ̓M�1I�274�2

ʛ1GJI��ǈ1�°ĥ2�4-*ʒʹ6 ROS ���ȝŎ17�Ç¾6¾Ö

¾M$HȤ"�ȕø &*D65 H2DCF-DA MȘð$I�21ȝŎM2�4-
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*�(6*C�xdh-1 ľɉ¾7¾Ö¾6 ROS ���7ǷŮ1.-*2"0D�

xdh-1 ľɉ¾Ù6ȳŎ6 1 .6ʇʠ52�I ROS ���5ɉŮ4ŋĭ$Ičʡ

Ɠ7Ǻ J0�I� 

 

 

2.4�xdh-1 ľɉ¾4½ȜʜƓɉŮMɤ$*C6Ǟ·ˎǡ 

 

xdh-1 ľɉ¾4ɤ$½ȜʜƓɉŮ4�½ȜéȥŲ̌5F-0ľø$I3

Mˎǡ$I*C5�½ȜéȥŲ̌M 1�8 Ų̌6̨1 1 Ų̌�25Țş &*̴

6ȾŋȸMȝŎ"*�`�r�×�2"0�xdh-1 ľɉ¾4½ȜʜƓɉŮMɤ$

�24L3-0�IǞ·1.I 24 Ų̌6½ȜéȥM�1*Ǟ·16pfrM2

�4-*�ˎǡ6ʋǣ�xdh-1 ľɉ¾7�L%3 1 Ų̌6½ȜéȥM�1I�2

1Ⱦŋȸ4ʃ 55%5½�"�2 Ų̌6½ȜéȥM�1I�21ʃ 80%6Ç¾4

Ǹȡ"*͜ Ĩ 19 �͝�JG6Ǟ·52�0̚ȾǨ7ʃ 100%Ⱦŋ1�I͜ Ĩ 19 �͝ 

xdh-1 ľɉ¾4ɤ$½ȜʜƓɉŮ2ɐȾǼ̲6̩ÅM˞=I*C5�Ơ

ʹǚ6 xdh-1 ľɉ¾2Ųʹǚ͜L4͝6 xdh-1 ľɉ¾Mɀ�0�½ȜʜƓ5ūɉ4

Ⱦ#I3Mˎǡ"*�15	1͏ʟ"* xdh-1 ľɉ¾2̚ȾǨ6Ơʹǚ2Ųʹǚ

͜L4͝6ɐȾǼ̲(J)J52�0½ȜéȥM�1*�Ųʹǚ͜L4͝6ʒʹ1

ˎǡM2�4�2�7 1 ǋ̇�pfrM̧ň$I�21ɐȾǼ̲M˞ɻ"*�

ˎǡ6ʋǣ�Ơʹǚ6 xdh-1 ľɉ¾4ɤ$½ȜʜƓɉŮ7�Ųʹǚ͜L4͝6 xdh-

1 ľɉ¾17ż@-*͜Ĩ 20 �͝ 
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2.5�xdh-1 ľɉ2Ǌɝ6̎ºŊľɉ26̎ºŌɓ̩Å 

 

�J@16ɟɰ3G�ASJ Ɯˊu�×��4ȜŷMƜɝ"�R�f��

2fp�R±����M±"0�½ȜʜƓM˦5èƉ$I�24L3-0�I 

(Ohta et al., 2014)�xdh-1 ľɉ2Ǌɝ6½ȜʜƓ5̩LI̎ºŊ6ľɉ26̎ºŌ

ɓ̩ÅMˎǡ$I*C5�tax-4; xdh-1 ª̙ľɉ¾2 daf-2; xdh-1 ª̙ľɉ¾M¿

˂"*�TAX-4 7�ASJ 4ȜŷMƜɝ"*̴�ʇʠÙ cGMP ȧŷ4�ǎ$I�

25F-0̧ċ$I cGMP ÃŋƓm�v�1.H�ʇʠÙ5 Ca2+Ḿ̈ &�

ASJ MȎƓø &I�24ɤĠ J0�I (Ohta et al., 2014)�@*�DAF-2 7ʒ

ʹ52�Iġ�6R�f��Ċœ¾1.H�ʧ2F:u�×��6¡ǈ1½Ȝ

ʜƓ5̩�"0�I�24ɤĠ J0�I (Ohta et al., 2014)�15	1͏ʟ"*ƅ

6̚Ⱦİ N2�tax-4 ľɉ¾2F: daf-2 ľɉ¾7½ȜéȥM�10DȾŋ1�*

4�xdh-1 ľɉ¾7ēǞ·�1Ǹȡ"*͜ Ĩ 21 �͝tax-4; xdh-1 ª̙ľɉ¾7�đ


6ÿȵ6ľɉ¾27ɉ4I£̨6ʿȹİMɤ"*͜ Ĩ 21 �͝@*�daf-2; xdh-1 ª

̙ľɉ¾6ʋǣ3G�daf-2 ľɉ¾4ɤ$½ȜʜƓʿȹİ7 xdh-1 ľɉ5F-0

͊ʳ5ƤĬ J*͜Ĩ 21 �͝ 

 

 

2.6�xdh-1 ľɉ¾52�IøŌˬƓʽõ2ʜƓŲʹƀƠ 

 

ʒʹ6 XDH-1 4ǳʡ$IʇʠMƳȝ$I*C5�xdh-1 ľɉ¾52�

I�ȳŎ6Ɯˊu�×��6ǳʡ5Ãŋ$IˬƓʽõEʜƓŲʹƀƠMȝŎ"



� ���

*�Ø¾ɓ57�͇̔5ŋĭ$I AWA Ģˊu�×��5F-0Ċœ JIeP

hm�<6øŌˬƓ2�AWC Ģˊu�×��5F-0Ċœ JI��gP�q

{±<6øŌˬƓ2�͇̔6˃ǃ6Ɯˊu�×��4̩�$Il�×ƀƠMƫ

ǲ5ˎǡM2�4-*�(6ʋǣ�`�r�×�1.I AWA 6÷�ƙĴº̉5

̩LI TRP m�v�4ǵƹ"* osm-9 ľɉ¾17�ePhm�<6ˬƓ4ˇG

J4�65Ř"0�̚ȾǨ2 xdh-1 ľɉ¾7ePhm�<6ˬƓMɤ"*͜Ĩ

22b �͝@*�AWC 6÷�ƙĴº̉5̩LI cGMP ÃŋƓm�v�4ǵƹ"* tax-

4 ľɉ¾2 tax-4; xdh-1 ª̙ľɉ¾7�AWC 1Ċœ JI��gP�q{±<6

ˬƓMɤ 43-*65Ř"0�̚ ȾǨ2 xdh-1 ľɉ¾7��gP�q{±<6

ˬƓMɤ"*͜Ĩ 22c �͝.@H�ePhm�2��gP�q{±<6ˬƓʽõ

MĐIǳǰ5 XDH-1 7̩�"0�4��24ɤĠ J*� 

ʒʹ C. elegans 7͘ȜE͘ŕŷ436ȼĹǞ·5F-0ʜƓŲʹ͜ l�

× M͝ƀƠ$IǳǰMÌ102H�l�×ʜƓŲʹ54I�21�͘ Ȝ436f

r�f5ʜ1I�241�I�ǝɟɰFH�XDH-1 4½Ȝfr�f5Ř$Iʜ

Ɠǳǰ5̩�$I�24ɤĠ J**C�XDH-1 2ʜƓŲʹƀƠǳǰ6̩ÅM

˞=I*C5�ǰƠɓ4l�×ƀƠɉŮMɤ$ daf-2 ľɉ¾Mɀ�0l�×ƀƠ

͈ŷ6ˎǡM2�4-*�`�r�×�ʂʍ6 daf-2 ľɉ¾7�20	µ�1͏ʟ

 JI2 L1 3G L2 <6ɬʽǚ5ǰƠɓ5l�×54I�20	�23	�25	1

͏ʟ JI2daf-2ľɉ¾17̿Ů5͘�l�×ƀƠ͈ŷ4ˌŗ JI65Ř"

0�̚ ȾǨ2 xdh-1 ľɉ¾7�âl�×ƀƠ4ˇGJ43-*͜ Ĩ 23 �͝daf-2 ľ

ɉ¾6ǰƠɓ4l�×ƀƠ7 xdh-1 26ª̙ľɉ¾54-0Dʎʏ"0ˌŗ 

J*͜ Ĩ 23 �͝"*4-0�XDH-1 7l�×ƀƠǳǰ5̩�"0�4��24ʛ
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1GJ�@*�daf-2; xdh-1 ª̙ľɉ¾1D͘�l�×ƀƠ͈ŷ4ˌŗ J*�

23G�XDH-1 6ǵƹ7 DAF-2 ľɉ4Ż�˭�$l�×ƀƠɉŮMƤĬ"4�

�24L3-*� 

 

 

2.7�XDH-1 6ɐȹʇʠ 

 

xdh-1 ���×k×5ʑʯʺÓk�z\˪ GFP MƲʏ"*��f�±

E xdh-1 ���×k×5 xdh-1 cDNA 2 GFP MƲʏ"*��f�±43M̚ȾǨ

5ŝÕ"�XDH-1 6ɐȹʇʠM GFP ʺÓMƫǲ5ˎǡ"*ʋǣ�AIN 2 AVJ ±

ĭu�×��MĖB͇̔6��.36ɨʊ2ʧ2ȓ́Ĭ˞ɻʇʠ (Excretory 

cell) 1ɐȹ4ˌŗ J*͜Ĩ 24�25 �͝xdh-1 ̎ºŊ6ɐȹu�×��MēŎ$

I*C5�FH˖ʇ4ɐȹʇʠˎǡM2�4-*�Ơʹǚ6ʒʹ52�0�AIN

ȳɉɓ5ɐȹM˘ŝ$I inx-17 ���×k×5 YFP Mʗ�+��f�±M¿˂

"�xdh-1p::dsRedm 2ēǓ5̚ȾǨ5ŝÕ"*�YFP 2 DsRedm 6ʺÓM×Ȭ

ȩ͊Ƌ̤1ˌŗ"*ʋǣ�2 .6ʺÓk�z\˪4 AIN u�×��1×ɐȹ"

0�*͜Ĩ 24c �͝@*�AVJ ȳɉɓ5ɐȹM˘ŝ$I hlh-34 ���×k×5

DsRedm Mʗ�+��f�±M¿˂"�xdh-1p::xdh-1 cDNA::gfp 2ēǓ5̚ȾǨ

5ŝÕ"*ʋǣ�AVJ u�×��52�0 GFP 2 DsRedm 6×ɐȹ4ˌŗ J

*͜Ĩ 24d �͝42�hlh-34 ̎ºŊ4 C. elegans q×k�×f WormBase 52�

0�AVJ 5ð1ʧ1Dɐȹ4ˇGJI2˒˶ J0�*4�°ĥ6ˎǡ1Àɀ"

* hlh-34 ���×k×͆ı7 AVJ u�×��16AɐȹM˘ŝ$I2ĴĘ J
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0�I (Cunningham et al., 2012)� G5�hlh-34p::dsRedm MŝÕ"*ʂʍ6

DsRedm 6ʺÓMˌŗ"*ʋǣ�AVJ u�×��ȳɉɓ5ɐȹ4ˇGJ�ʧ16

ɐȹ7ˇGJ43-*͜ Ĩ 26 �͝(6*C�ǝɟɰ1Àɀ"0�I hlh-34 ���

×k×7�AVJ ȳɉɓ5̎ºŊɐȹ$I���×k×1.I2ʛ1GJI� 

 

 

2.8�xdh-1 ľɉ6ʇʠȳɉɓ4ĥƊˎǡ 

 

½ȜʜƓ52�0�XDH-1 4ǳʡ$IʇʠMēŎ$I*C5�4 ɮ͋

6̥ 6 xdh-1 ���×k×5 xdh-1 cDNA 2 GFP MʻĒ"*��f�±M¿˂

"�(J)JM xdh-1 ľɉ¾5ŝÕ"*ʂʍM¿˂"*͜Ĩ 27 �͝�JG6ʂʍ

5̩"0�xdh-1 ľɉ¾4ɤ$½ȜʜƓɉŮ4ĥƊ"0�I63�@*�̥ 6

ɉ4I xdh-1 ���×k×5F-0ɐȹ˘ŝ JIʇʠǃ5̊�4.I63M

GFP ʺÓMƫǲ5ˎǡ"*͜Ĩ 27 �͝½ȜʜƓˎǡ6ʋǣ�4 ɮ͋6 xdh-1 ��

�×k×͜428 bp�952 bp�1,772 bp 2F: 3,346 bp͝1 XDH-1::GFP Mɐȹ˘ŝ

"*$=06̎ºŊŝÕʂʍ52�0�xdh-1 ľɉ¾4ɤ$½ȜʜƓɉŮ6ĥƊ

4ˌŗ J*͜Ĩ 27b �͝GFP 6ʺỚ7���×k×6̥ 4ɞʕ$I5.J

0L%35Țş"*4�ɐȹʇʠ6zk×�7Ö06̎ºŊŝÕʂʍ52�0

ēǱ1.-*͜Ĩ 27a �͝µ�6�23G�XDH-1 6½ȜʜƓ52�Iǳʡʇʠ

16ɐȹ7�xdh-1 ̎ºŊ6�ȏL%3 428 bp 6���×k×͆ı1˘ŝ JI

�24ɤĠ J*͜Ĩ 27͝� 

½ȜʜƓ52�0�xdh-1 ̎ºŊ436ʉʘ1ǳʡ$I�24Əͅ1.
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I3MēŎ$I*C5�xdh-1 ľɉ¾6ȳŎ6ʉʘ52�0 xdh-1 ̎ºŊMɐȹ

 &�ʉʘȳɉɓ4ĥƊŏ͖M2�4-*͜Ĩ 28�ʿ 1 �͝(6ʋǣ�>?$=

06u�×��1 XDH-1 6ɐȹ4˘ŝ JI2�xdh-1 ľɉ¾6½ȜʜƓɉŮ

4ĥƊ"*͜Ĩ 28�ʿ 1; xdh-1; Ex[unc-14p::xdh-1 cDNA] �͝�ǈ1�xdh-1 ľɉ

¾6ʧEȓ́Ĭ˞ɻʇʠ (Excretory cell) 1 xdh-1 ̎ºŊMɐȹ &0D�½Ȝ

ʜƓ6ɉŮ7ĥƊ"43-*͜Ĩ 28�ʿ 1 �͝xdh-1 ̎ºŊ6½ȜʜƓ52�I

ǳʡu�×��MēŎ$I*C5�Ǳ
4u�×��16ɐȹM˘ŝ$I��

�×k×5F-0 xdh-1 ̎ºŊM xdh-1 ľɉ¾5ɐȹ &�ʇʠȳɉɓĥƊŏ͖

M2�4-*͜Ĩ 29�30�ʿ 2�3 �͝xdh-1 ľɉ¾52�0�XDH-1 Mʃ 70 ɮ

6u�×��1ɐȹ˘ŝ"*ʂʍ (Ex35) 52�0�½ȜʜƓɉŮ6ĥƊ4ˇG

J*͜Ĩ 29�ʿ 2 �͝ēǱ5ʃ 30 ɮ6u�×��1 XDH-1 6ɐȹM˘ŝ"*ʂ

ʍ Ex36 52�0D�xdh-1 ľɉ¾6½ȜʜƓɉŮ4ĥƊ"*�Ex36 ʂʍ17�

eat-4 ���×k×2 unc-42 ���×k×Mɀ�0 xdh-1 ̎ºŊMɐȹ"0�*

*C�Ƕ5�eat-4 ���×k×2 unc-42 ���×k×6đ
ÿȵ1 xdh-1 ̎º

ŊMɐȹ &*ʂʍ2"0 Ex38 2 Ex39 M¿˂"*��JG Ex38 2 Ex39 ʂʍ

6½ȜʜƓ6ʿȹİMˎǡ"*2�K�3,G6ʂʍ1D½ȜʜƓɉŮ6ĥƊ

4ˌŗ J*͜Ĩ 29�ʿ 2 �͝eat-4 ���×k×2 unc-42 ���×k×4ɐȹ

M˘ŝ$Iu�×��6�,�2 ɮ6���×k×1̙˃"0ɐȹ˘ŝ JI6

7 ASH�AIN�AVJ 6 3 ɮ6u�×��6A1.-*��JG6 3 ɮ6u�×

��1 XDH-1 6ɐȹ4˘ŝ J*ʂʍ͜Ex42 2 Ex46͝52�0D�xdh-1 ľɉ

¾4ɤ$½ȜʜƓɉŮ6ĥƊ4ˌŗ J*͜Ĩ 30�ʿ 3 �͝"3"�ASH�AIN

2 AVJ 6 3 ɮ6u�×��6�,�ASH u�×��16A XDH-1 Mɐȹ J
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*ʂʍ͜Ex47͝17 xdh-1 ľɉ¾6ɉŮ7ĥƊ"43-*͜Ĩ 30�ʿ 3 �͝µ�

6ʋǣ3G�AIN u�×��2 AVJ u�×��1 XDH-1 Mɐȹ &I�21

xdh-1 ľɉ¾6½ȜʜƓɉŮ4ĥƊ$I�24ʛ1GJ**C�inx-17 ���×

k×2F: hlh-34 ���×k×MēǓ5ɀ�0 xdh-1 ̎ºŊM AIN 2 AVJ 1ɐ

ȹ &I2�©ƚ̂H xdh-1ľɉ¾6½ȜʜƓɉŮ4ĥƊ"*͜ Ĩ30�ʿ 3; Ex52 �͝

 G5 Cre/LoxP dfp�Mɀ�0 AIN 2 AVJ ȳɉɓ5 XDH-1 6ɐȹM˘ŝ"

*2�K�xdh-1 ľɉ¾6½ȜʜƓɉŮ6ĥƊ4ˌŗ J*͜Ĩ 31 �͝�ǈ1�

AIN @*7 AVJ 6�%J36A1 XDH-1 Mɐȹ &0D�xdh-1 ľɉ¾4ɤ$

½ȜʜƓɉŮMĥƊ &I�271�43-*͜Ĩ 30�ʿ 3; Ex53, 54 �͝ 

 

 

2.9�xdh-1 ľɉ¾52�I AIN 2 AVJ 6 Ca2+R�×e�]ˎǡ 

 

XDH-1 4½ȜʜƓ52�0 AIN 2 AVJ 6 2 .6±ĭu�×��1ǳ

ʡ"0�I�24ɤĠ J**C�xdh-1 ľɉ¾52�0�AIN 2 AVJ u�×�

�6ǳʡ4ľø"0�I3M Ca2+R�×e�]ȈMɀ�0ȝŎ"*�Ca2+R�

qQ^×k×2"0�Ca2+ȧŷ5F-0ɐ$IʺÓ4ľø$IRU�×X��W

� (YC3.60) Mɀ�*�̚ ȾǨ2 xdh-1 ľɉ¾6 AIN @*7 AVJ 1 YC3.60 Mɐ

ȹ &*ʂʍM¿˂"�(6ʂʍ5ȜŷéȥM�1*̴6 AIN 2 AVJ 6ʇʠÙ

Ca2+ȧŷ6ľøMȝŎ"*�(6ʋǣ�̚ȾǨ5 10	3G 17	6ȜŷéȥM�

1I2�AIN u�×��52�I YC3.60 6ʺÓ˸ŷǿ4 8%ľø"*͜ Ĩ 32 �͝

(J5Ř"0�xdh-1 ľɉ¾17 AIN 6ʇʠÙ Ca2+ȧŷ6�ǎ4ˇGJ4�4
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-*͜Ĩ 32 �͝AVJ u�×��5̩"07�10	3G 17	6ȜŷéȥM�1I

2�̚ ȾǨ17Ȝŷ�ǎéȥɗƅ5 4%ɭŷ"3ʺÓ˸ŷǿ6ľø4ˇGJ4�

65Ř"0�xdh-1 ľɉ¾17Ȝŷ�ǎéȥɗƅ5ʃ 10%6ƒȥ4ʇʠÙ Ca2+ȧ

ŷ6�ǎ4ˌŗ J*͜Ĩ 33 �͝�JG6 xdh-1 ľɉ¾6 AIN 2 AVJ u�×�

�52�IɉŮ4 Ca2+ȧŷ6ľø7�xdh-1 ľɉ¾6 AIN 2 AVJ ȳɉɓ5 xdh-1

̎ºŊMɐȹ &I�25F-0ĥƊ"*͜Ĩ 32�33 �͝ 

  

 

2.10�½ȜʜƓ5̩�$I�XwĊœ¾ DEG-1 

 

xdh-1 ľɉ¾6ˎǡFH�XDH-1 4 AIN u�×��2 AVJ u�×��

6Ȝŷéȥ5Ř$IʇʠÙ Ca2+ȧŷľø5̩�$I�24ɤĠ J*�"3"

44G�AIN u�×��2 AVJ u�×��73,GD±ĭu�×��1.I*

C�AIN 2 AVJ ±ĭu�×��6�ȏ5Ɯˊu�×��4ŋĭ$I2¶Ŏ$I

2�(6Ɯˊu�×��4ȜŷMĊœ"�AIN 2 AVJ ±ĭu�×��5Ȝŷƙ

ĴM˾-0�IčʡƓ4ʛ1GJI�AIN 2 AVJ u�×��6�ȏ5ŋĭ$I

Ɯˊu�×��M C. elegans u�×��q×k�×f C. elegans Neural Network 

(http://wormweb.org/neuralnet#c) 1Ǯʆ"*2�K�9 Ř6Ɯˊu�×��4.H�

(6�,6 5 Ř6Ɯˊu�×��52�0ǳǪéȥMĊœ$I�XwĊœ¾6

ɐȹ4ˇGJ*�(6*C��.6čʡƓ2"0��XwĊœ¾Mɐȹ"0�I

Ɯˊu�×��4½ȜʜƓ5̩�$I�2M©ƚ"�Ǳ
4ǳǪéȥƙĴº̉

ʊ˰5̩LI̎ºŊ6ľɉ¾Mɀ�0ˎǡM2�4-*2�K��XwĊœ¾



� ���

EǳǪéȥƙĴº̉5̩̄$I̎ºŊ6ľɉ¾1.I mec-1�mec-2�mec-3�mec-

4�mec-5�mec-7�mec-8�mec-14�mec-15�deg-1�let-2 2 pezo-1 ľɉ¾52�

0½ȜʜƓ6ɉŮ4ˌŗ J*͜Ĩ 34�35͝�ȳ5�mec-8�mec-15 2 deg-1 ľ

ɉ¾1ž�½ȜʜƓɉŮ4ˇGJ*͜Ĩ 34�35͝�mec-8 7 RNA ʋĒk�z\

˪�mec-15 7 F-�n\f/WD �}×r±�R��("0 deg-1 7 DEG/ENaC k

R��XwĊœ¾M`×±"0�I�DEG/ENaC kR�µĿ6�XwĊœ¾1

7�deg-1 ľɉ¾>36͊ʳ4ɉŮ7ˇGJ43-*͜Ĩ 35 �͝ǝɟɰ17�ž

�ɉŮMɤ"�Ċœ¾2"0ɝGJ0�I DEG/ENaC kR��XwĊœ¾1.

I DEG-1 5̩"0˖ʇ4ˎǡM2�4-*� 

 

 

2.11�ASG Ɯˊu�×��52�I DEG-1 M±"*ȜŷƐɷ 

 

deg-1 ľɉ¾52�0�xdh-1 ľɉ¾2ēǱ5½ȜʜƓɉŮ4ˌŗ J

*�(�1�XDH-1 6ǳʡʇʠ1.I AIN 2 AVJ 6�ȏ6Ɯˊu�×��6�

,�deg-1 ̎ºŊMɐȹ"0�ID6M WormBase 2 C. elegans Neural Network 3

G˞=*�(6ʋǣ��JG6Ǟ·MȞ*$Ɯˊu�×��7͇̔5 1 Řŋĭ

$I ASG Ɯˊu�×��1.-*�ASG 7 DEG-1 4ɐȹ"0�I�24L3

-0�IƜˊu�×��1.H (Hall et al., 1997; Wang et al., 2008)�AIN ±ĭu

�×��6ɗƲ�ȏ5¼ʙ"�AVJ ±ĭu�×��27²6u�×��MƬN

1�ȏ5¼ʙ"0�*�(�1�ASG u�×��4ȜŷMĊœ"�AIN 2 AVJ

5ȜŷƙĴM˾-0�I2��¶˛Mɲ0*��6¶˛MǮ˔$I*C5 deg-1
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ľɉ¾Mɀ�0�Ca2+R�×e�]Ȉ5FIȜŷéȥM�1*̴6 ASG u�×

��6ʇʠÙ Ca2+ȧŷ6ľøMȝŎ"*�10	3G 17	6ȜŷéȥM�1GJ

I2�̚ȾǨ6 ASG 17 YC3.60 6ʺÓ˸ŷǿ4ʃ 8%6ľøMɤ$65Ř"

0�deg-1 ľɉ¾17ʇʠÙ Ca2+ȧŷľø7̚ȾǨ6ʃüá1.-*͜Ĩ 36 �͝

 G5��6 deg-1 ľɉ¾6 ASG u�×��6ɉŮ4ȜŷƐɷ7�deg-1 ľɉ¾

6 ASG ȳɉɓ5̚Ⱦİ6 deg-1 ̎ºŊMɐȹ &I�25F-0ĥƊ"*͜Ĩ

36 �͝�JG6ȹ˥7éȥȜŷıMų�0 13	3G 27	6ȜŷéȥM�1*̴

5Dˌŗ J*͜Ĩ 37 �͝@*�DEG-1 4ɐȹ$I�24ĴĘ J0�I²6

AVG E PVC ±ĭu�×��5̩"0D�Ca2+R�×e�]5FIȜŷƐɷˎǡ

M2�4-*2�K�Ȝŷéȥ5Ř"0ƐɷMɤ"*�23G͜Ĩ 38 �͝DEG-1

4Ǳ
4u�×��1ɐȹ"�(6u�×��6ȜŷƐɷ5̩�$IčʡƓ4

ʛ1GJI� 

 

 

2.12�dt�fº̉ǵƹľɉ¾52�I ASG u�×��6ȜŷƐɷ 

 

DEG-1 4�ASG 6Ȝŷéȥ5Ř$IʇʠÙ Ca2+ȧŷ6ľø5̩�$I

�24ɤĠ J*4��ǈ1�ASG Ɯˊu�×��4�²6Ɯˊu�×��1

Ċœ J*ȜŷƙĴMĊ�ĉH�Ȝŷéȥ5ćƐ"0�IčʡƓDǺ J0�

I�(6*C�ɨʊʇʠēĽ6dt�fº̉5ɉŮMƪ.ľɉ¾Mɀ�0�ASG

6ȜŷƐɷ4ǷŮ1.I33�3M Ca2+R�×e�]ˎǡ5F-0ȝŎ"*�

ɀ�*ľɉ¾7���dt�fʇʠ52�0dt�fŞʠ2��dt�fǜɳ
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6ʇʠʩ26±nZ�]5̩LIdt�r��|� (SNB-1) 6ľɉ¾1.I�

Ca2+R�×e�]6ʋǣ�snb-1(md247) ľɉ¾6 ASG 7̚ȾǨ2ēɭŷ6Ȝŷ

ƐɷƓMɤ"*͜Ĩ 36 �͝ 

 

 

2.13�deg-1 ľɉ¾52�I AIN 2 AVJ u�×��6ɨʊȎõ 

 

DEG-1 4 ASG u�×��6ȜŷƐɷ5̩�$I�24ɤĠ J� G

5�ASG Ɯˊu�×��7 AIN ±ĭu�×��6ɗƲ�ȏ5¼ʙ"�AVJ ±ĭ

u�×��27²6u�×��MƬN1�ȏ5¼ʙ"0�*�µ�6�23G�

ASG Ɯˊu�×��4 DEG-1 M±"0ȜŷMĊœ"�AIN 2 AVJ 5ȜŷƙĴ

Mº̉"0�IčʡƓ4ʛ1GJI�(6*C�deg-1 ľɉ¾52�0�Ȝŷé

ȥM�1*̴6 AIN 2 AVJ ±ĭu�×��Ù6 Ca2+ȧŷľø4ɉŮ54I�2

4ʛ1GJ*�(6čʡƓMǮ˔$I*C5�ȜŷéȥM�1*̴6 deg-1 ľɉ

¾52�I AIN 2 AVJ u�×��6ʇʠÙ Ca2+ȧŷľøM Ca2+R�×e�]Ȉ

Mɀ�0ȝŎ"*�ˎǡ6ʋǣ�ȜŷéȥM�1GJ* deg-1 ľɉ¾17�AIN

u�×��52�IʺÓ˸ŷǿ6ľø7ʃ 0%1.-*͜Ĩ 32 �͝�ǈ1�deg-1

ľɉ¾6 AVJ u�×��7�Ȝŷ�ǎéȥɗƅ5ʃ 12%6ƒȥ4ʇʠÙ Ca2+ȧ

ŷ�ǎMɤ"*͜Ĩ 33 �͝�JG6 deg-1 ľɉ¾6 AIN 2 AVJ 6Ȝŷéȥ5Ř

$IɉŮ4ćƐ7 xdh-1 ľɉ¾6 AIN 2 AVJ 6ȜŷƐɷɉŮ2͋»"0�*�

 G5�deg-1 ľɉ¾6 ASG ȳɉɓ5 deg-1 ̎ºŊMɐȹ &I�25F-0�

AIN 2 AVJ 6ɉŮ4ʇʠÙ Ca2+ȧŷ6ľø4ĥƊ"*͜Ĩ 32�33 �͝ 
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deg-1 ̎ºŊ2 xdh-1 ̎ºŊ6̎ºŌɓ̩ÅMˎǡ$I*C5�xdh-1; 

deg-1 ª̙ľɉ¾M¿˂"�½ȜʜƓpfrM2�4-*�(6ʋǣ�xdh-1; deg-

1 ª̙ľɉ¾7 15	͏ʟƅ5 2	1Ǹȡ$IɉŮMɤ"*��J7(J)J6ÿ

ȵľɉ¾4ɤ$½ȜʜƓɉŮ2ēɵ6ɉŮ1.-*͜Ĩ 39 �͝ 

 

 

2.14�Ȝŷéȥ�16 DEG-1 6̻ȁȾȻˎǡ 

 

DEG-14ASGu�×��6ȜŷƐɷ5̩�"0�I�24ɤĠ J*

*C�DEG-1 áŊ4ȜŷƐɷǳʡMƪ.63M˞=I*C5�Ȝŷ�ǎMƜɝ

"4�ęˊu�×�� ASE 5ɉƢɓ5 DEG-1 Mɐȹ &0�ȜŷéȥǞ·�1

6 ASE u�×��6ʇʠÙ Ca2+ȧŷ6ľøMȝŎ"*�(6ʋǣ�̚Ⱦİ6

DEG-1 MɉƢɓ5ɐȹ &* ASE 7�Ȝŷ�ǎéȥ4ðLI2Ł�4ʇʠÙ

Ca2+ȧŷ6ľøMɤ"*4�DEG-1 4ɐȹ"0�4�̚ȾǨ6 ASE 7Ȝŷ�ǎ

éȥ<6ćƐMɤ 43-*͜Ĩ 40 �͝ 

DEG-1 6Ȝŷ5Ř$IćƐMFHɗƲɓ5ˎǡ$I*C5�̻ȁȾȻ

ˎǡM2�42�2"*4�ʒʹ16̻ȁȾȻˎǡ7>2N3ɣɲ J0�4

��(6*C�P~�Xo�YU�6āǾʇʠ5 DEG-1 Mɐȹ &�2 ǝū"

̻ĬĩŎȈ5FI̻ȁȾȻˎǡM2�4-*��XwĊœ¾ DEG-1 2(6{r

���]1.I MDEG1 MāǾʇʠ5ɐȹ &I*C5�deg-1 cDNA 2F:

MDEG1 cDNA 5ŘƐ$I cRNA MāǾʇʠ5æ
5ȋÕ"*�(JG6āǾʇ

ʠMɀ�0̻ȁȾȻˎǡM2�4-*ʋǣ�Ȝŷéȥ5F-0 deg-1 cRNA 2F
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: MDEG1 cRNA M(J)JŝÕ"*āǾʇʠ52�0Ùĕ�̻ȏ4˘ŝ J*

͜Ĩ 41�42 �͝�ǈ�`�r�×�1.I�DEG-1 2 MDEG1 Mɐȹ &0�4

�āǾʇʠ17�(6F�4Ùĕ�̻ȏ7ˇGJ43-*͜ Ĩ 41a�42a; �i�

kʒ �͝@*�DEG-1 Mɐȹ &*āǾʇʠ6Ȝŷéȥ5Ř$IćƐ7�

DEG/ENaC kR��XwĊœ¾6̬őì2"0ɝGJIP���R±5F-0

Ƥè J*͜Ĩ 43 �͝ G5�P�uSf��nr5q×kMǖ�à$�21�

DEG-1 2 MDEG1 4ɐȹ"*āǾʇʠ6Ȝŷéȥ5Ř$IćƐ6ȎƓȜŷ̪É

Mˑɹ"�Űįø"*2�K�DEG-1 7 32.0 ± 0.8°C͜ˎǡʇʠǃ = 8͝5ćƐ

Mɤ"͜Ĩ 41c �͝MDEG1 7 31.0 ± 0.3°C͜ˎǡʇʠǃ = 8͝5ćƐMɤ"*͜Ĩ

42c �͝  
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3.1�½ȜʜƓ5̩LIǇˈľɉ6ēŎ 

 

ǝɟɰ17�͏ʟȜŷ6�ǎ5FHɐȹ̛Mľõ &I̎ºŊMŀǃ

ēŎ"�(JG6̎ºŊ6�, 15 Ç6ľɉ¾ʂʍ6½ȜʜƓMȝŎ"�(6£

3G½ȜʜƓɉŮMɤ$ RB2575 ʂʍMÿ̺"*͜Ĩ 6 �͝RB2575 ʂʍ6ɤ$½

ȜʜƓɉŮ4æP��6ľɉ¾17ˇGJ43-*�2E͜ Ĩ 7 �̚͝ Ⱦİ6 flp-

17 ̎ºŊM RB2575 ʂʍ5ŝÕ"0DɉŮ4ĥƊ"43-*�23G͜Ĩ 8 �͝

RB2575 ʂʍ4ɤ"*½ȜʜƓɉŮ7yn\]�S�±��×p×d��4Ă

Ħ1.I2ʛ1GJ*�Ƕ ´ DNA d×^�b×2 snip-SNPs ˎǡMʉAĒL

&*ĂĦľɉ6�n}�]3G�½ȜʜƓɉŮMŻ�˭�$Ǉˈľɉ7�xdh-1

̎ºŊ�6 chr1 1.I�24ɤĠ J*͜Ĩ 13�14͝�Ƕ ´ DNA d×^�

b×3GƈGJ*q×kFH�chr1 ľɉ7 xdh-1 ̎ºŊ£6 2 ɸƢ6ĸĳ6ʙ

ƶľɉ1.H�1 .ɖ6ľɉ7ɴ 1 U\j�6ȩľɉ1��J5FH XDH-1 ̎

ºŊȿȲ6̞�ɢ͚£Ǝ±�R�5P�w̗6ʙƶMŻ�˭�$͜ Ĩ 13�16 �͝

chr1 ľɉ5F-0Ż�˭� JI xdh-1 ̎ºŊ£6 2 .ɖ6ľɉ7�xdh-1 ̎º

Ŋ6ɴ 2 R�r��2ɴ 3 U\j�6.4�ɖ5.If��Rd�]P\h�

k×bRr6ȩľɉ1.H��6ľɉ5F-0 mRNA <6f��Rd�]ćƐ

4ɉŮ54I2ʛ1GJI͜Ĩ 13�16͝�ĂĦľɉM�n}�]$I̴5ĉƈ

"*ʉƶ¾ʂʍ KHR066 E KHR069 7×5 chr1 ľɉMƪ-02H�3,G6ʂ

ʍD�Zb�m�q{±�_t×i XDH-1 6ȎƓ5Əͅ1.I NADH 6ȾƠ
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5̩LI FAD ±�R�4ǵƹ"0�I xdh-1(ok3234) ľɉ¾2ēɵ6½ȜʜƓ

ɉŮMɤ"*͜Ĩ 14͝��JG6�23G�chr1 ľɉ7ş4�2D XDH-1 6ǳ

ʡ�ÖMŻ�˭�$ǳʡ½�İľɉ1.I2ʛ1GJI� G5�xdh-1(chr1) ľ

ɉ¾2 xdh-1(ok3234) ľɉ¾4ɤ$½ȜʜƓɉŮ7�̚Ⱦİ6 xdh-1 ̎ºŊMľ

ɉ¾5ŝÕ$I�21ĥƊ"*�23G�xdh-1 ̎ºŊ4½ȜʜƓ5̩LI�2

4ɤĠ J*͜Ĩ 12͝� G5�xdh-1(ok3234) ľɉ¾7�L%3 1 Ų̌6½Ȝ

éȥ1üǃµ�4Ǹȡ"0"@��23G͜Ĩ 19͝�XDH-1 7½Ȝ5Ř$Iʜ

Ɠ52�0Əͅ6áŊ1.I2ʛ1GJI� 

 

 

3.2�XDH-1 6 AIN 2 AVJ ±ĭu�×��52�I½ȜʜƓèƉ 

 

ʺÓk�z\˪Mɀ�*ˎǡFH�XDH-1 6ɐȹʇʠ7 AIN 2 AVJ ±

ĭu�×��MĖB͇̔6��.36ɨʊ2ʧ2ȓ́Ĭ˞ɻʇʠ1.-*͜Ĩ

24�25͝� G5�xdh-1 ľɉ¾6ʉʘȳɉɓ4ĥƊŏ͖2ʇʠȳɉɓ4ĥƊŏ

͖FH�XDH-1 7 AIN u�×��2 AVJ u�×��1ǳʡ$I�25FH½

ȜʜƓMèƉ$I�24ɤĠ J*͜Ĩ 29�30�31�ʿ 2�3͝�@*�xdh-1 4

ASJ 52�0½ȜʜƓM˦5èƉ"0�I tax-4 2̎ºŌɓ5z���1.I�

23G͜ Ĩ 21 �͝½ȜʜƓMǷ5èƉ$IǇˈ6ɨʊĥ˰6ŋĭ4ʛ1GJI� 

Ca2+R�×e�]ȈMɀ�*ˎǡFH�ȜŷéȥǓ6 xdh-1ľɉ¾17�

AIN u�×��6ćƐ½�2 AVJ u�×��6̈ȎƓø4ˌŗ J*�23G

͜Ĩ 32�33 �͝ǷŮ4½ȜʜƓ57 AIN u�×��6ȎƓø2 AVJ u�×��
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6Ƥè4Ə˅1.I2ʛ1GJI�XDH-1 7���¾´ˠʊ˰1ǳʡ"�Š̗

ȿȾ5̩LI*C�xdh-1 ľɉ¾52�0ʇʠÙ6Š̗���4½�"0�Ič

ʡƓ4ʛ1GJI�Š̗57ƥ̗øôǣ5FIɨʊÆˢ¿ɀ4.I2DĴĘ 

J0�I4 (Ya et al., 2018)�ɨʊʂ52�IŠ̗6ǳʡ5.�07Ǜɝ6ȩ4

ŀ��ȳ5ǝɟɰ6F�5ȳŎ6ɨʊʇʠ6ȎƓMɚ̀5èƉ$Iǳǰ5.�

07Ǜˎǐ1.I�@*�XDH-1 7Š̗ȿȾ6̈ɭ1 ROS MȿȾ$I�24L

3-0�I (Moriya and Satoh, 2016; Xi et al., 2000)��ǈ1�Š̗7žî4ƥ̗

øȲ˪1.I*C (Boardman et al., 2019)�XDH-1 6ǵƹ7ƥ̗øȲ˪1.IŠ

̗6ȚşM̂"0 ROS 6ʵɯMŻ�˭�$čʡƓ4ʛ1GJI�.@H�XDH-

1 6ǳʡ�Ö7ɗƲɓ4 ROS 6Țş2̨Ʋɓ4 ROS 6ĺðMŻ�˭�$čʡƓ

4ʛ1GJI�ǘʈɓ5 ROS 6ĺð2Țş63,G4Ż�˭� JI637�

đʇʠ6ÙĭƓáŊ5Ūď JI6174�32¶Ŏ"0�I�̈ă6˟ǅ3

G�ROS 6ĺð4u�×��6ʭņM˘ŝ$IčʡƓ4.I�24ĴĘ J0

�I (Lee et al., 2017)�µ�6�23G�xdh-1 ľɉ¾17�XDH-1 6ǵƹ2 AIN

2 AVJ u�×��Ù52�I(J)Jɉ4IÙĭƓáŊʊ˰5F-0�ROS �

��6ɉŮ4�ǎ3�̭34ȄŎ J�ɨʊʇʠȎõ6ƤèD"�7̈ȎƓø

4Ż�˭ J0�IčʡƓ4ʛ1GJI��6čʡƓMǮ˔$I*C57�h�

j×k×43Mɀ�0�xdh-1 ľɉ¾6 AIN 2 AVJ u�×��M(J)Jÿ�

ʇʠ2"0ÿ̺"�ROS ���MȝŎ$I�24Ə˅1.I2ʛ1GJI�"

3"�ÿ�ʇʠ6 ROS ���MȝŎ$I*C5�ʒʹÇ¾6ȳŎ6ʇʠ6AM

ǲɓ2"0�ROS ���ȝŎ5ʜ1�Iûá̛6ʇʠǃMȷƈ$I*C57ŀ

Ł4Ų̌M˅$I2ʛ1GJI� 
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3.3�½ȜʜƓMǷ5èƉ$IǇˈ6ɨʊĥ˰ 

 

Ca2+R�×e�]ˎǡFH�DEG/ENaC kR��XwĊœ¾ DEG-1 4

AIN 2 AVJ u�×��6ȜŷƐɷ5̩�$I�24ɤĠ J*͜Ĩ 32�33 �͝

DEG-1 4�ASG Ɯˊu�×��6Ȝŷéȥ5Ř$IʇʠÙ Ca2+ȧŷ6ľø5D

̩�$I�2͜Ĩ 36�37 �͝("0�DEG-1 7 AIN 2 AVJ u�×��17ɐȹ

"0�4��23G (Hall et al., 1997; Wang et al., 2008)�ȜŷéȥǓ52�0�

DEG-1 6 ASG u�×��52�IÍ�6ʋǣ2"0�AIN 2 AVJ u�×��

6ȎƓ4ľø"0�I2ʛ1GJI�deg-1 ľɉ¾6 ASG ȳɉɓ5 deg-1 ̎ºŊ

Mɐȹ &I�21�deg-1 ľɉ¾6 AIN 6ćƐ½�2 AVJ 6Ȝŷéȥɗƅ6

ƒȥ4ʇʠÙ Ca2+ȧŷ�ǎ4ĥƊ"*�23G��6¶˛7ǄĒƓ4.I2ʛ

1GJI͜Ĩ 32�33 �͝�ǈ1�10	3G 17	6Ȝŷ�ǎéȥƅ5Ż�ʏ��1

GJIȜŷéȥ5Ř"0 deg-1; Ex[ASGp::deg-1 cDNA] 6 AVJ 52�0�͘ȧŷ

6ʇʠÙ Ca2+4ʐƪ J0�*͜Ĩ 33 �͝�J7�deg-1 ľɉ¾6 ASG 5ŝÕ"

* deg-1 ̎ºŊ6ɐȹ̛4̚ȾǨ27ɉ4I�2E�ASG µĿ6u�×��5

2�I DEG-1 6ɉŮ4Ɓ̓M�10�IčʡƓ4ʛ1GJI�µ�6�2M@

2CI2�ş4�2D ASG 16 DEG-1 6ɉŮ4�ȜŷéȥǓ6 AIN 2 AVJ 6

ćƐ5Ɓ̓M�10�I2ʛ1GJI�@*�̎ºŌɓ4ˎǡ3G�deg-1 ̎º

Ŋ2 xdh-1 ̎ºŊ7̎ºŌɓ5ē�ʊ˰�1ǳʡ$I2ʛ1GJI�23GD

͜Ĩ 39 �͝�˧"0 ASG u�×��4 AIN 2 AVJ u�×��6�ȏ1ǳʡ"0

�I2ʛ1GJI� 
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3.4�DEG/ENaC kR�6�XwĊœ¾ DEG-1 M±"*ȜŷƐɷ 

 

½ȜʜƓ52�0 ASG Ɯˊu�×��52�I DEG-1 6ǳʡ4�Ȝ

ŷéȥǓ6 AIN 2 AVJ ±ĭu�×��6ćƐ5Əͅ1.I�22͜ Ĩ 32�33 �͝

ASG Ɯˊu�×��7dt�fº̉4âǆ J*ȴƝ1DȜŷéȥ5Ɛɷ$I

�23G͜ Ĩ 36 �͝ASG 7ȜŷĊœu�×��2"0ǳʡ$I2ʛ1GJI� 

G5�DEG-1 6žèɐȹ5FH�̂ ŮȜŷ�ǎéȥ5Ř"0ćƐMɤ 4� ASE

ęˊu�×��5ȜŷƐɷʡM³�"*�23G͜ Ĩ 40 �͝½ȜʜƓMǷ5èƉ

$IǇˈ6ɨʊĥ˰52�0�DEG-1 4ȜŷĊœ¾2"0ǳʡ"0�IčʡƓ

4ʛ1GJI�Ca2+R�×e�]ˎǡ7�Ca2+6ȧŷľøMčˉø$Iˎǡ1.

I*C�Na+M̂$ DEG/ENaC kR��XwĊœ¾1.I DEG-1 6ćƐMɗƲ

ɓ5ˎǡ1�*L�174��"3"�Na+ȧŷ6�ǎ7 Ca2+6ʇʠ˪Ù<6ȏ

ÕM˘ɐ$I*C�DEG-1 Mžèɐȹ &* ASE ęˊu�×��6Ȝŷ�ǎǓ

6ʇʠÙ Ca2+ȧŷ�ǎ7�DEG-1 6ȜŷƐɷ6ʋǣ1.I2ʛ1GJI� 

P~�Xo�YU�6āǾʇʠMɀ�*̻ȁȾȻˎǡ3G�̂ŮāǾ

ʇʠ7Ȝŷéȥ5Ř"0ćƐMɤ 4�4͜Ĩ 41a�42a; �i�kʒ �͝DEG-1

2(6{r���] MDEG1 Mɐȹ &*āǾʇʠ7 10	3G 35	³˼@16

Ȝŷ�ǎ£5ş"%. Na+ȏỠ4ĺð$IPt�]4ćƐMɤ"�30�32	³

˼͜ȎƓȜŷ̪É6ŰįÉ͝1ƒȥ4̻ȏÉ6ľøMɤ"*͜Ĩ 41�42 �͝�J

G6DEG-1Mžèɐȹ &*āǾʇʠ6ćƐ7DEG/ENaC6̬őì1.IP�

��R±1Ƥ1GJ*�23G͜Ĩ 43 �͝Ȝŷéȥ5F-0 DEG-1 Ċœ¾4̧

ċ"*ʋǣ5FID61.I2ʛ1GJI��JG6ʋǣ3G�DEG-1 7Pt
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�]4ćƐ2�.IȜŷµ�1ƒȥ5ćƐÉ4�ǎ$I̪ÉćƐ6 2 .6Ë̀

Mƪ,ĒL&0�IčʡƓ4ʛ1GJI��6¶˛5ĳ/�2�Ȝŷ4Ɔ
5�

ǎ$I�21Ż�˭� JIʇʠʩ6ľøM�XwĊœ¾1.I DEG-1 4Ɯɝ

$I�21Pt�]4ćƐMɤ"�(J2ēǓ5�DEG-1 57 TRP m�v�2

ēǱ5Ȝŷ(6D6MƜɝ$Iǳʡ4.H�32	³˼4ŰįȎƓøȜŷ̪É1

.IčʡƓ4ʛ1GJI�.@H DEG-1 �XwĊœ¾7Ȝŷ5FIʩ6ľø2

Ȝŷ(6D6MƜɝ"0�IčʡƓ4.I�DEG-1 Mʒʹ6 ASE ęˊu�×�

�1žèɐȹ &0ˎǡ"*̴57�ASE u�×��7Ȝŷ�ǎéȥ5Ř"0

Ɔ
5�ǎ$IPt�]4ćƐMˇ&�ȎƓøȜŷ̪É7ˌŗ J43-*͜ Ĩ

40 �͝ASE u�×��16 DEG-1 žèɐȹˎǡ17�Ȝŷ�ǎéȥ5Ř$Iu

�×��6ćƐM Ca2+R�qQ^×k×GCaMP8 Mɀ�0ˑȝ"*�DEG-1 7

Na+M̂$m�v�1.I�23G��6ˎǡ17 DEG-1 6ªǶɓ4ćƐ"3

ˌŗ1�02G%�DEG-1 4Ȝŷ̪ÉMĹ5Ł�4ćƐMɤ"0�*2"0D�

Ȋƀ5ȹJ43-*čʡƓ4ʛ1GJI� 

DEG-1 Mɐȹ &*āǾʇʠ6 32	³˼16ćƐ7�C. elegans 6Ⱦ

ʟȜŷ4ʃ 13�27	1.I�22ɜə$I�C. elegans 6ȾʟȜŷ2āǾʇʠ5

2�I DEG-1 6ćƐȜŷ26̊�5.�0 3 .6ĂĦMʛ10�I�(1) C. 

elegans 2P~�Xo�YU�āǾʇʠ6ʩʢ˪ǰƠ6̊��(2) ̻ȁȾȻˎǡ

M2�4�̴6ȳǹ4ʇʠÙD"�7ʇʠĿ6ȼĹ�("0�(3) DEG/ENaC 4

1 .6̎ºŊȿȲ1m�v�MƀƠ1�IčʡƓ4ĴĘ J0�I4�ʒʹ¾Ù

1 DEG-1 4²6̎ºŊȿȲ22D5�p�m�v�MƀƠ"0�I2¶Ŏ$I

2�āǾʇʠ5 DEG-1 "3ŝÕ"43-*�24ĂĦ24-0�IčʡƓ4ʛ



� �	�

1GJI�@*�DEG-1 7�ASE ęˊu�×��5žèɐȹ &*̴5�13	

3G 27	6Ȝŷ�ǎéȥ5ćƐMɤ"*�23G�½Ȝ5ćƐ$IĊœ¾17

4�̂Ů͏ʟǓ6Ȝŷı5ćƐ$IĊœ¾1.I2ʛ1GJI͜ Ĩ 40 �͝�J7

̈ă6ɟɰ3G�C. elegans 6½ȜʜƓʡ4�15	E 25	436͏ʟǓ6ȼĹȜ

ŷ�52�0ȷƈ J0�I2��ʋǣ2ɜə"4� (Ohta et al., 2014)�.@

H�DEG-1 7½ȜʜƓ52�0�½Ȝ6Ċœ5̩L-0�I6174��͏ʟ

Ǔ6ȼĹȜŷMĊœ$IȜŷĊœ¾2"0ǳʡ"0�IčʡƓ4͘�2ʛ1G

JI� 
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ǝɟɰ3G�C. elegans 6Zb�m�q{±�_t×i (XDH-1) 4L

%3 2 .6±ĭu�×�� AIN 2 AVJ 1ǳʡ$I�21�Ç¾6½ȜʜƓMǷ

5èƉ"0�I�24L3-*� G5�AIN 2 AVJ ±ĭu�×��6�ȏ1

7 ASG Ɯˊu�×��4ȜŷMĊœ"02H�(6ȜŷĊœ57 DEG/ENaC k

R��XwĊœ¾ DEG-1 4̩LI�24P~�Xo�YU�6āǾʇʠMɀ�

*̻ȁȾȻˎǡ433GɤĠ J*��J@15�C. elegans 6½ȜʜƓM˦5

èƉ$IɨʊE�ʉʘ437ˎǡ J0�*4�½ȜʜƓMǷ5èƉ$Iǳǰ7

>2N3ˇ.3-0�43-* (Ohta et al., 2014; Okahata et al., 2019; Sonoda et 

al., 2016; Ujisawa et al., 2018)�@*�(6èƉǳǰ52�IȜŷĊœ¾Dˇ.3

-0�43-*�"3"�ǝɟɰ3G Degenerin/epithelial sodium channel 

(DEG/ENaC) kR��XwĊœ¾ DEG-1 4 ASG 1ȜŷĊœ5̩�"�AIN 2

AVJ M̂"0½ȜʜƓMǷ5èƉ$I2��Ǉ*4ɨʊĥ˰4ŋĭ$I�24

ɤĠ J*͜Ĩ 44͝� 

 DEG/ENaC kR��XwĊœ¾7�ŀ�6ȾȲ52�0Ǳ
4éȥ5

ćƐ$I�24ĴĘ J0�I4�DEG/ENaC 4Ç¾6½ȜʜƓ5̩�$I�

24ɤ JI67äC06^×f1.I�Ǳ
4�XwĊœ¾6ľɉ¾4½Ȝ

ʜƓɉŮMɤ"*�23G�DEG-1 6²5DȜŷƐɷ5̩�$I DEG/ENaC k

R��XwĊœ¾4ŋĭ$I2ʛ1GJI�(6*C�ʒʹ6½ȜʜƓMɀ�*

ŏ͖ʂ5F-0�TRP m�v�6F�5Ǳ
4Ȝŷı5ŘƐ$I DEG/ENaC k

R��XwĊœ¾4ˇ.3IčʡƓ4ǚƄ JI�@*�DEG-1 7Ȝŷ(6D
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6MĊœ"0�IčʡƓ5ð1�DEG-1 4ǳǪéȥMĊœ$I�XwĊœ¾1

.I�23G�Ȝŷľø5FIʇʠʩ6ȏõƓ6ľø2��ȲȻéȥMĊœ"

0�IčʡƓD.H��JG6�2Mˎǡ$I�25FH�ȜŷĊœ¾4ȜŷM

36F�5Ċœ"0�I63Mˎ�ǐ3$̢24IčʡƓ4ʛ1GJI� G

5�{r���] MDEG1 1DȜŷƐɷƓ4ˌŗ J0�I�23G�ʒʹ3G

{r@1×̂"*ȜŷƐɷ6áŊǳǰ6ˎǡ5ʗ4IčʡƓ4ʛ1GJ�Ŝǟ

ɓ4ʶȻŌɓˎǡ3G�{r6Ȝŷ̩̄ɋƗ<6ƐɀDǚƄ JI� 
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C. elegans 6͏ʟǈȈ�ĲĮEyn~O×6ʉƠɵ7 The Nematode Caenorhabditis 

elegans 5Ƈ-* (Wood and Researchers, 1988)� 

 

Àɀ"*ʂʍ 

̚ȾǨ N2 (Bristol ȿ) 

KHR066/RB2575 flp-17(ok3587) xdh-1(chr1), KHR067/RB2379 xdh-1 

/F55B11.1(ok3234), VC883 tag-273(gk371), FX07280 tbc-9(tm7280), KHR069 xdh-

1(chr1), CB1066 mec-1(e1066), CB75 mec-2(e75), CB1338 mec-3(e1338), CB1339 

mec-4(e1339), CB1340 mec-5(e1340), CB1472 mec-6(e1342), CB2477 mec-7(e1343), 

CB398 mec-8(e398), CB1515 mec-10(e1515), CB3284 mec-12(e1605), TU55 mec-

14(u55), TU75 mec-15(u75), TU265 mec-17(u265), TU228 mec-18(u228), TU38 deg-

1(u38), NC279 del-1(ok150), DH246 let-2(b246), VC1812 tab-1(gk858), MT1098 unc-

105(n506), VC2633 degt-1(ok3307), FX010725 pezo-1(tm10725), PT8 pkd-

2(sy606); him-5(e1490), TQ296 trp-4(sy695), CB49 unc-8(e49), xdh-1(ok3234); deg-

1(u38), RB791 hsp-16.48(ok577), FX05192 acox-3(tm5192), FX02994 hrg-4(tm2994), 

WM159 T23D8.7(tm1163), FX03455 mak-1(tm3455), RB2207 mak-1(ok2987), VC3059 

ZK6.11(ok3738), FX04022 sms-3(tm4022), RB2549 sms-3(ok3540), FX07132 gad-

3(tm7132), FX03007 C52B11.5(tm3007), VC1290 nhr-125(gk578), FX01987 lipl-

1(tm1987), FX06528 cnnm-1(tm6528), MT15933 flp-17(n4894), CB1370 daf-2(e1370), 

FX00776 sod-1(tm776), FX03294 gst-4(tm3294), CB767 bli-3(e767), TK22 mev-1(kn1), 
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CX0010 osm-9(ky10), FK127 tax-4(p678), tax-4(P678); xdh-1(ok3234), daf-2(e1370); 

xdh-1(ok3234), N2; Ex [xdh-1p::gfp, pRF04], N2; Ex[hlh-34p::dsRedm, xdh-1p(1,772 

bp)::xdh-1 cDNA::gfp], N2; Ex[xdh-1p::dsRedm, inx-17p::yc3.60::let-858UTR], xdh-

1(chr1); Ex[irg-6p::irg-6 genomic gene, pAK62, pKDK66], xdh-1(ok3234); Ex[pRF04], 

xdh-1(chr1); Ex[xdh-1p::xdh-1 genomic gene::gfp, pRF04], xdh-1(ok3234); Ex[xdh-

1p::xdh-1 genomic gene::gfp, pRF04], xdh-1(ok3234); Ex[pAK62, pKDK66], xdh-

1(ok3234); Ex[unc-14p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[pgp-

12p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[ges-1p::xdh-1 cDNA, pAK62, 

pKDK66], xdh-1(ok3234); Ex[xdh-1p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); 

Ex[dat-1p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[osm-6p::xdh-1 cDNA, 

pAK62, pKDK66], xdh-1(ok3234); Ex[osm-6p::xdh-1 cDNA, ncs-1p::xdh-1 cDNA, glr-

1p::xdh-1 cDNA, unc-8p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[unc-

47p::xdh-1 cDNA, acr-2p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[osm-

6p::xdh-1 cDNA, ncs-1p::xdh-1 cDNA, glr-1p::xdh-1 cDNA, unc-8p::xdh-1 cDNA, unc-

47p::xdh-1 cDNA, acr-2p::xdh-1 cDNA, eat-4p::xdh-1 cDNA, unc-42p::xdh-1 cDNA, 

pAK62, pKDK66], xdh-1(ok3234); Ex[eat-4p::xdh-1 cDNA, unc-42p::xdh-1 cDNA, 

pAK62, pKDK66], xdh-1(ok3234); Ex[unc-86p::xdh-1 cDNA, pAK62, pKDK66], xdh-

1(ok3234); Ex[eat-4p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[unc-

42p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[ocr-4p::xdh-1 cDNA, pAK62, 

pKDK66], xdh-1(ok3234); Ex[ceh-10p::xdh-1 cDNA, sra-6p::xdh-1 cDNA, pAK62, 

pKDK66], xdh-1(ok3234); Ex[ocr-4p::xdh-1 cDNA, lim-4p::xdh-1 cDNA, pAK62, 

pKDK66], xdh-1(ok3234); Ex[ser-2p::xdh-1 cDNA, ocr-4p::xdh-1 cDNA, lim-4p::xdh-1 
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cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[ceh-10p::xdh-1 cDNA, pAK62, pKDK66], 

xdh-1(ok3234); Ex[sra-6p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[glr-

1p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[inx-17p::xdh-1 cDNA, hlh-

34p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[inx-17p::xdh-1 cDNA, pAK62, 

pKDK66], xdh-1(ok3234); Ex[hlh-34p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); 

Ex[hlh-34p::xdh-1 cDNA, ges-1p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex 

[ceh-10p::nCre, inx-17p::LoxP::xdh-1 cDNA::LoxP, hlh-34p::LoxP::xdh-1 

cDNA::LoxP], N2; Ex[hlh-34p::yc3.60, pRF04], xdh-1(ok3234); Ex[hlh-34p::yc3.60, 

pRF04], deg-1(u38); Ex[hlh-34p::yc3.60, pRF04], N2; Ex[inx-17p::yc3.60::let-

858UTR], xdh-1(ok3234); Ex[inx-17p::yc3.60::let-858UTR], deg-1(u38); Ex[inx-

17p::yc3.60::let-858UTR], N2; Ex[gcy-21p::yc3.60], deg-1(u38); Ex[gcy-21p::yc3.60], 

deg-1(u38); Ex[gcy-21p::yc3.60, gcy-21p::deg-1 cDNA], N2; Ex[flp-6p::GCaMP8, gcy-

5p::tag-rfp], N2; Ex[flp-6p::GCaMP8, gcy-5p::tag-rfp, gcy-5p::deg-1 cDNA], flp-

17(ok3587) xdh-1(chr1); Ex[pAK62, pKDK66], flp-17(ok3587) xdh-1(chr1); Ex[flp-

17p::flp-17 genomic gene, pAK62, pKDK66], N2; Ex[xdh-1p::gfp], N2; Ex[xdh-1p::gfp, 

pgp-12p::dsRedm], xdh-1(ok3234); Ex[pRF04], xdh-1(ok3234); Ex[xdh-1p(3,346 

bp)::xdh-1 cDNA::gfp, pRF04], xdh-1(ok3234); Ex[xdh-1p(1,772 bp)::xdh-1 cDNA::gfp, 

pRF04], xdh-1(ok3234); Ex[xdh-1p(952 bp)::xdh-1 cDNA::gfp, pRF04], xdh-1(ok3234); 

Ex[xdh-1p(428 bp)::xdh-1 cDNA::gfp, pRF04], N2; Ex[hlh-34p::dsRedm, xdh-1p(1772 

bp)::xdh-1 cDNA::gfp], N2; Ex[nmr-1p::yc3.60, pRF04] 
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Łʧʱ 

OP50 Ǩ: ʒʹ6͒2"0 NGM ��×r5ķŬ"*� 

 

͊Ƌ̤ 

́̈źŏ¾͊Ƌ̤ SZX12 (Olympus Corporation, Japan) 

ʺÓŏ¾͊Ƌ̤ SMZ18 (Nikon Corporation, Japan) 

IX81 ͊Ƌ̤ (Olympus Corporation, Japan) 

×Ȭȩ͊Ƌ̤  ͘ƜŷqQp\k×³�  (FV1000, GaAsP PMT) (Olympus 

Corporation, Japan) 

 

NGM ��×r (1000 ml) 

NaCl 3 g�¸̑Ŗł͜¸̑͌ĝũǯǨź¹ɦ�ǋǝ͝20 g�Bacto Peptone (Becton 

Dickinson, USA) 2.5 g�H2O 975 ml M�ˍ~�f`436ʜȯœĤ5ÕJ0ȗĒ

"�MADIA CLAVE10 (INTEGRA Biosciences, Switzerland) 6Ù̜5ÕJ�20	�

121	1ðȯȡʱ"*�(6ƅ�60	5ÆȜ"03G�Cholesterol (5 mg/ml in EtOH) 

1 ml�1 M CaCl2 Ƞȕ 1 ml�1 M MgSO4 Ƞȕ 1 ml�1 M Potassium Phosphate (pH6.0) 

Ƞȕ 25 ml Mð1*��JMɗƃ 6 cm 6d�×�5 14 ml %.̻õáȋǳ (FH-

10SS; Ǩź¹ɦ{�X��ǋǝ) 1áȋ"0ĩC*�½ȜʜƓpfr57��J

Mɗƃ 3.5 cm 6d�×�5 6 ml %.áȋ"ĩC*D6MÀɀ"*� 
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øŌˬƓpfrɀ��×r (1000 ml) 

¸̑Ŗł͜ ¸̑͌ĝũǯǨź¹ɦ�ǋǝ 2͝0 g�H2O 1000 ml M MADIA CLAVE10 

(INTEGRA Biosciences, Switzerland) 6Ù̜5ÕJ�20	�121	1ðȯȡʱ"*�

(6ƅ�ƻƧ"44Gʃ 50	5Ü@"03G 1 M CaCl2 Ƞȕ 1 ml�1 M MgSO4

Ƞȕ 1 ml�1 M Potassium Phosphate (pH6.0) Ƞȕ 25 ml Mð1*��JMɗƃ

9 cm 6d�×�5 12 ml %.̻õáȋǳ (FH-10SS; Ǩź¹ɦ{�X��ǋǝ) 

1áȋ"0ĩC*� 

 

P�}d��ÕH LB ��×r 

H2O 500 ml�LB Broth Lennox (Becton Dickinson, USA) 10 g�¸̑Ŗł͜¸̑͌ĝ

ũǯǨź¹ɦ�ǋǝ 1͝0 g M�ˍ~�f`436ʜȯœĤ5ÕJ0ȗĒ"�W×

r\�×�1ðȯȡʱ"*�(6ƅƻƧ"44Gʃ 50	5Ü@"03GP�}

d�� (100 mg/ml) 1000 μl Mð1*��JMɗƃ 9 cm 6d�×�5 12 ml %.

áȋ"0ĩC*� 

 

LB ȕ¾ĲĮ (200 ml) 

H2O 200 ml�LB Broth Lennox (Becton Dickinson, USA) 4 g MȗĒ"�W×r\�

×�1ðȯȡʱ"*� 

 

M9 yn~O× (1000 ml) 

KH2PO4 3 g�Na2HPO4 6 g�NaCl 5 g�H2O 1000 ml MȗĒ"�W×r\�×�1

ðȯȡʱ"*ƅ5 1 M MgSO4 Ƞȕ 1 ml ð1*� 
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ɐȹʇʠˌŗɀPY�×f_�zn± 

M9 yn~O× 5 μl�Agarose 1200 (PH Japan, Japan) 0.1 g M 15 ml ~O�`�m

�×�5ÕJȗĒ"�7�8 áɖ@1 H2O 6Õ-* 100 ml |×X×5ÕJȜC

*�Agarose 4Ƞˎ"*G�zfo×�}�nr1f�R±Y�f5Ȣ�"��

3G G5f�R±Y�fM3;&*� 

 

in vivo Ca2+R�×e�]ɀPY�×f_�zn± 

M9 yn~O× 5 μl�Agarose 1200 (PH Japan, Japan) 0.1 g M 15 ml ~O�`�m

�×�5ÕJȗĒ"�7�8 áɖ@1 H2O 6Õ-* 100 ml |×X×5ÕJȜC

*�Agarose 4Ƞˎ"*G�zfo×�}�nr1 24 × 24 Xy×Y�f5Ȣ�

"��3G G5 24 × 24 Xy×Y�fM3;&*� 

 

R�eT\d��ɀPY�×f_�zn± 

Agarose 1200 (PH Japan, Japan) 0.05 g�RW�­ƶȂ 2.4 ml M 15 ml ~O�`�

m�×�5ÕJȗĒ"�7�8 áɖ@1 H2O 6Õ-* 100 ml |×X×5ÕJȜ

C*�Agarose 4Ƞˎ"*G�zfo×�}�nr1Xy×Y�f5Ȣ�"��

3G G5Xy×Y�fM3;&*�Agarose 4Xy×Y�f6̙A1Ʀ"ų�

GJ*2�K1Xy×Y�fM�ǢĿ"�60	1 1 Ų̌¨ȯȡʱM"*� 

 

̗øȝŎɀʺÓ˕ʶ H2DCF-DA 

H2DCF-DA (0.2 mol) (Thermo Fisher Scientific, USA) 100 mg MȫȂ DMSO 

(Molecular Probes, USA) 2 ml 5Ƞ3"�10 μl %. 200 μl m�×�5áȋ" -20	
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5Æŋ"*��JMfrn\Ƞȕ2"�ȝŎ6̴57frn\ȠȕM 50 μM 5

4IF�5ȫȂ DMSO 1ŭ̘"0Șð"*� 

 

C. elegans 6ÞʋÆŋ5ɀ�* Freezing Solution (2000 ml) 

NaCl 10.85 g�KH2PO4 9.8 g�Na2HPO4 6 g�Glycerol 300 g�1 M NaOH Ƞȕ 5.6 ml

M�eS�Ƚ5ð1*ƅ5 H2O 1 2000 ml @1�fPn�"*��JMW×r

\�×�1ðȯȡʱ"*ƅ5 1 M MgSO4 Ƞȕ 1.3 ml Mð1*� 

 

½ȜʜƓpfr 

1 PnhR5.� NGM ��×r (3.5 cm) M 4 Ǣɀ�*�̚Ⱦİ6 C. elegans

M�1 @*7 2 Ç¾%. OP50 4ķŬ J*Ǉ"� 2% (w/v) NGM ��×r5Ǭ

1ʎ�͜ľɉ¾5F-07 2�4 ù͝�P0 2"*�P0 M 15℃1 16�24 Ų̌͏ʟ

"ȿā &*�͏ʟƅ�ɐȾǼ̲Mƴ1IȪ5 P0 MĉH̰��ā͜F1͝4Ơʹ

ǚ54I@1 15℃1 144�150 Ų̌͏ʟ"*���×r£6 F1 70�150 Ç¾4

Ơʹǚ@1Ơ̥"*ƅ�NGM ��×r6ŖłËM�5ĕ�*ȴƝ1 20 ą́ȃ

�5ʙ�*�(6ƅ 2	6R�Z��×k× (CRB-41A; Hitachi, Japan) 5 1�96

Ų̌̾ʙ"½ȜéȥM�1*�½Ȝéȥƅ�ŐȜ5ĉHà"ǃŲ̌̾ʙD"�7

15	5ɬ"�ǔ̾ʙ"*�(6ƅ�ȾŋÇ¾2ǸȡÇ¾Mǃ1�đ��×r6Ⱦ

ŋȸ2�PnhRM2�4-*��×r6Ⱦŋȸ3GŰįȾŋȸ�ǲȟÊū�ǲ

ȟ˚ūMɹà"* (Ujisawa et al., 2014)� 
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×Ȭȩ͊Ƌ̤ˎǡMɀ�*ʺÓ6ˌŗ 

f�R±Y�f�5¿˂"* 2% (w/v) 6PY�×f_�zn±5 100 mM P

eøtr�S� (NaN3) ȠȕM 10 µl Ȣ�"*�(6�5 5�6 ù6ʒʹMʙ��

Xy×Y�fM3�*��6��z�×rM×Ȭȩ͊Ƌ̤ (FV1000, GaAsP 

PMT) 1ˌŗ"�FV10-ASW software (Olympus Corporation, Japan) 1ˎǡ"*� 

 

�R\�R�eT\d��5FI̎ºŊŝÕ 

ʒʹ6̎ºŊŝÕʂʍ¿˂7�J@15ĴĘ J0�*ǈȈMD252�4-

* (Mello et al., 1991)�PY�×f_�zn±5�v��WR�Mʲ2"�(6

£5͒64���×r3G}n\"*ʒʹMʙ�*�ʒʹ6ʙ3J*PY�×

f_�zn±M͊Ƌ̤5ʙ��ʒʹ6ȾǻŨ5̝Mé"�ɖɓ6ǥʯ¾Ŀ̎ºŊ

(J)J 5�100 ng/µl 2��×X×̎ºŊ2"0 pKDK66 ges-1p::nls::gfp M 50 

ng/µl 2 pAK62 AIYp::gfp M 30 ng/µl�@*7 pRF4 rol-6gf M 50 ng/µl MŝÕ"

*�̎ºŊŝÕ1�*D67�GFP 6ʺÓEĥ˲$Iõ�4ˌŗ JI�F1 1

�×X×Mƫǲ5 1 Ç¾%.Ǉ"� NGM ��×r5ɬ"�20°C 1͏ʟ"*�

ʫŒĊʀ5FHǶ ´Mȿ@&�F2 5D�×X×4ɣ˗1�*2�K1��J

M̎ºŊŝÕʂʍ2"0ˎǡ5ɀ�*� 

 

{×rd�n\5FIWf6ĉƈ 

̚ȾǨ N2 6 L4͜ P0 M͟͝��×r5 30�40 ù6&0 30	6͘ȜéȥM 8 Ų̌

�1*�ʚǋ���]Pl�rǚ54-* P0 M 3 ù%.Ǉ"� NGM ��×r

5ʙ��20	5 2 ǋ̨̾ʙ"*�2 ǋƅ���×r3GWf (F1) Mˇ.�à"
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4 ù%.�RpQ�]��×r͜ĲĮ6£Ǝ̔á+�5Łʧʱ OP50 M6&*D

6͝5ɬ"�(�5̸̶ē¾6̚ȾǨ N2 M 5 ù6&�ǔ­̕ &*�­̕4Ơ

ï$I2 F2 5 50%6ɣȸ1Wf4ɐȾ$I� 

 

ʿȹİMƫǲ2"*ơ"­̕͜Á: RB2575 xdh-1(chr1) flp-17(ok3587)͝ 

ľɉ¾ RB2575 xdh-1(chr1) flp-17(ok3587)͜P0͝2̚ȾǨ N2; ExUDA17[pAK62 

AIYp::gfp, pKDK66 ges-1p::nls::gfp] (P0)6Wf2M­̕ &I2�½ȜʜƓ5ɉŮ

MŻ�˭�$ľɉ chr1 4�p�24HʺÓMɐ$IÇ¾4Ⱦ@J*͜ F1 �̸͝ ̶

ē¾ F1 MʫŒĊʀ &I2�chr1 ľɉ6����p�D"�7 N2 İ6ʒʹ4

ɐȾ"*͜F2 �͝F2 M͟ù%.Ǉ"� NGM ��×r5ɬ"�ĺǻ & F3�F6 5

.�0½ȜʜƓpfrM2�4-*�̎ ºŌɓ57�1/4 6ɣȸ1 chr1 İ��6

ʂʍ4ȹJI�.@H�1/4 6ɣȸ1½ȜʜƓ4ɉŮ4ʂʍ4ɐȾ$I�½Ȝʜ

Ɠ6ɉŮMɤ"*ʂʍMÿ̺"� G5ơ"­̕M2�4��21½ȜʜƓ5

̩Å64�yn\]�S�±��×p×d��MĉH̰�*� 

 

̎ºŊľɉMƫǲ2"*ơ"­̕͜Á: xdh-1(ok3234)͝ 

ľɉ¾ xdh-1(ok3234)͜P0͝2̚ȾǨ N2; ExUDA17[pAK62 AIYp::gfp, pKDK66 ges-

1p::nls::gfp] (P0)6Wf2M­̕ &�ok3234 ľɉ4�p�24HʺÓMɐ$I

Ç¾Mƈ*͜ F1 �͝F1 6̸̶ē¾MʫŒĊʀ &I2 ok3234 ľɉ6����p�

D"�7 N2 İ6ʒʹ4ɐȾ"*͜F2 �͝F2 M͟ù%.Ǉ"� NGM ��×r5

ɬ"��ǔāMȿ@&*�ʚǋ F2 3Gʒʹ͟Ç¾ɂǟ6_w�MƱĉ"*�(

6_w�Mɀ�0 PCR M2�4��ok3234 ľɉ6����p�D"�7 N2 İ
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Måæ"�ok3234 ľɉ6��İ6ʂʍMɀ�0D��ŷơ"­̕M2�4��

ok3234 ľɉµĿ6yn\]�S�±��×p×d��MĉH̰�*� 

 

snip-SNPs ˎǡ͜Á: RB2575 xdh-1(chr1) flp-17(ok3587)͝ 

RB2575 xdh-1(chr1) flp-17(ok3587) ľɉ¾52�0½ȜʜƓɉŮ4ɣ˗ J*4�

_w�£6yn\]�S�±��×p×d��4ɉŮMŻ�˭�"0�I2ʛ

1GJ*�(6*C RB2575 xdh-1(chr1) flp-17(ok3587) ľɉ¾6Ö_w�̕ãM

Ƕ ´ DNA d×\U�b×5F-0ˎ˜"�(6ƙĴMÐ5 snip-SNPs ˎǡM

2�4-*�@%7 1�5 Ɉ2 X ǥʯ¾(J)J6£Ǝ̔¼2¡ɳ̔¼6 SNP

Mɀ�0��~�n}�]M2�4-*� 

�snip-SNPs Ȉ6ĂȻ  

ʒʹ C. elegans 17�̚Ⱦİ N2 Ǩ2̚Ⱦİ CB4856 Ǩ6̨6�ĸĳŀİ (SNP) 

M_w��6�n��ed��6�×X×2"0ɀ���n}�]M2�4�

ǈȈ (snip-SNPs Ȉ) 4ɣɲ J0�I (Wicks et al., 2001)��6 snip-SNPs ȈM

çɀ"0ǝɟɰ17�@%�RB2575 xdh-1(chr1) flp-17(ok3587) Ǩ͜P0͝M̚ȾǨ

N2͜ P0 M͝ɀ�0ơ"­̕M2�4��ǷŮ4½ȜʜƓMɤ$ʂʍ͜ F2 µ̭ 2͝

RB2575 İ6ɉŮ4½ȜʜƓMɤ$ʂʍ͜F2 µ̭͝2Mƈ*�(J)J6ʂʍ3

G_w�MƱĉ"�đǥʯ¾6£Ǝ̔¼2¡ɳ̔¼6 SNP İ4̚ȾǨ N2 ɂǟ

1.I3 RB2575 İɂǟ1.I3Måæ"*�Ø¾ɓ57�đʂʍ3Gʀ˂"*

_w� DNA M̟İ2"0�PCR 5F-0 SNP MĖB_w�ǆȱMĺů"�SNP

MĖB̕ãM˗ˡ$Iè̮̖ʄ1ßȻ"*�(6̴�̚ȾǨ N2 İ2 RB2575 İ

21ɉ4Iy�±zk×�4.GLJIF�5��R�×ą:�è̮̖ʄM˓
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ˑ"*�µ�6F�4ǈȈ1�ʉAƶ1¾6̷ħ6_w�3G�PCR ą:è̮

̖ʄßȻ2��ɽÄ4ƽ¿5F-0�ǥʯ¾63�5 RB2575 xdh-1(chr1) flp-

17(ok3587) İɂǟ6 SNP MĖB63åæ$I�241�*� 

 

ŀ̙ľɉ¾¿˂͜Á: daf-2(e1370); xdh-1(ok3234)͝ 

ľɉ¾ daf-2(e1370)͜ P0 2͝ xdh-1(ok3234); ExUDA17[pAK62 AIYp::gfp, pKDK66 ges-

1p::nls::gfp] (P0)6Wf2M­̕ &I2�e1370 ľɉ2 ok3234 ľɉ4�p�2

4HʺÓMɐ$IÇ¾4Ⱦ@J*͜F1 �͝F1 6̸̶ē¾MʫŒĊʀ &I2�

e1370/+;+/+, e1370/+; ok3234/ok3234, e1370/+; ok3234/+, +/+; +/+ , +/+; 

ok3234/ok3234, +/+; ok3234/+, e1370/e1370; +/+, e1370/ e1370; ok3234/ ok3234, 

e1370/ e1370; ok3234/+ İ6ʹ4ɐȾ"*͜F2 �͝F2 M 1 ù%.Ǉ"� NGM ��

×r5ɬ"��ǔāMȿ@&*�ʚǋ F2 3Gʒʹ 1 Ç¾ɂǟ6_w�MƱĉ"

0�(6_w�Mɀ�0 PCR 2è̮̖ʄßȻ͜ľɉǮà͝M2�4��̎ºŊ

İMåæ"*�̎ºŌɓ57�1/16 6ɣȸ1 e1370/e1370; ok3234/ok3234 İ6ʂ

ʍ4ȹJI�¡ǈ6ľɉ4��İ6ʂʍ4ĉƈ1�*G�Ƕ ´͜F3͝M 5�6

ù3G_w�MƱH�Úŷ PCR 2è̮̖ʄßȻ1̎ºŊİMåæ"ʂʍ6ōƠ

2"*�(6²6ŀ̙ľɉ¾DēǱ5¿˂"*� 

 

Ç¾���16 ROS ���6ȝŎ 

`�r�×�57 ROS ���4½�"0�Iľɉ¾1.I daf-2(e1370) Mɀ�

*�Ơʹǚ6ʒʹM 2 ù%.Ǭ1ʎ�"̚͜ȾǨ N2 6 Ǣ�xdh-1(ok3234) 6 Ǣ�

daf-2(e1370) 8 Ǣ͝15	1 16 Ų̌͏ʟ"*͜P0 �͝ʚǋ� ´Mƴ1I*C5 P0
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MĉH̰� F1 4Ơʹ54I@1 15	1 5 ǋ̨͏ʟ"�5 ǋƅ5ùǃMǃ1*�

đʂʍ 250�5 ù54IF�5˞ɻ"�M9 1ĥĈ"�3 ĥȍȐ"0ŁʧʱMĉH

̰�*�ȍȐƅ M9 MĉH̰� PBST 400 μl MȘð"�PBST 1×ȍ�"*Y�

f��eTtRc×5ɬ"0ʒʹ6˱¾4ɣ˗1�4�4I@1ɾɠ"*��

6̴a�ƣˀMɛɀ"�ȃ�1¿ǯ"*�ɾɠƅ 4	�10,000 × g�15 á̋Ǝ"

*��șM 1.5 ml m�×�5ɬ"�Ö¾̛M 100 μl 2"0�Ăȕ�2 Èŭ̘�4

Èŭ̘�8 Èŭ̘6]�q×d��1ŭ̘" 8 ̄m�×�5ɬ"*�@*`�r

�×�2"0 PBST 6A6ȠȕDɀƛ"*�ŭ̘ƅ6Ƞȕ(J)J5 100 mM 

H2DCF-DA frn\ȠȕM 50 μM 54IF�5 0.5 μl %.Șð"�~kM̦C

0 CFX96 Real-Time System (Bio-Rad, USA) 1ʺÓM 1 Ų̌ 10 á�25ˑȝ"*

͜ó˭Ó 485 nm ʺÓ 535 nm �͝ 

 

½ȜʜƓľɉ¾6ʿȹİĥƊŏ͖ 

½ȜʜƓ5ɉŮMɤ"*ľɉ¾5̚ȾǨ6_w�3Gĺů"*̎ºŊ�@*7

��f�±2�×X×̎ºŊ4ŝÕ J*̎ºŊŝÕʂʍM¿˂"*�¿˂"

*ʂʍMɀ�0½ȜʜƓ6ʿȹİ4̚ȾǨ2ēɭŷ@1ĥƊ"0�I3½Ȝʜ

Ɠpfr5F-0ˎǡ"*�pfr6̴57̎ºŊŝÕʂʍ6A½Ȝéȥ6ë

ǋ5�×X×̎ºŊ6 GFP ʺÓMǙ"0�IÇ¾+� 30 ùµ��3 ��×rƩ

��ʚǋ½ȜéȥM�1*� 

 

 

 



� ���

DNA ǆȱ6�R_×d��͜U�\r���×d��ɀ͝ 

ē#è̮̖ʄ1ßȻM"*�\k×DNA 2R�b×r DNA M 1 Ř 3 6��ǿ

1ȗ'ĒL&�2.5 μl @1 dH2O 1�fPn�"*�(�5 Electro Ligase Reaction

yn~O× (New England Biolabs, Japan) 2.5 μl 2 Electro Ligase (New England 

Biolabs, Japan) 0.5 μl Mð1}�npQ�]1ȗĒ"�ŐȜ 25	1 30�60 ą́̾

ʙ"*�ǘƅ5 Electro Ligase MŅȎ &I*C5 65	1 15 ą́ȜC*� 

 

DNA ǆȱ6�R_×d��͜{×rd�n\ɀ͝ 

ē#è̮̖ʄ1ßȻM"*�\k×DNA 2R�b×r DNA M 1 Ř 3 6��ǿ

1ȗ'ĒL&��\k×DNA 2R�b×r DNA 6Ēˑ̛2ɵ̛54IF�5

Ligation high Ver. 2 (ǠȌʅ�ǋǝ) MÕJ*�ȗĒȕM}�npQ�]"�15	

R�Z��×k×1 60 ą́��ǔ̾ʙ"��R_×d��ćƐ &*� 

 

U�\r���×d��5FI��f�± DNA 6Łʧʱ<6ƀ˪˲ƶ 

-80	5Æɺ"0.I`�}p�rh� DH10β͜U�\r���×d��ɀ͝M

ȃ�1 20 ą́̾ʙ"0Ƞ3"*��6̴Z��nrMÜE"02�*�Ƞ�*

`�}p�rh� 20 μl 5��f�± DNA M 1�2 μl ÕJkn}�]1˴�ȗ

'�Z��nr6̨̳5ȉɲ*4�F�ȋƛ"44GÕJ*�MicroPulser (Bio-

Rad, USA) 6�y×5Z��nrMƮÕ"�Setting M Bacteria 5˓Ŏ"�Pulse

2ǖ3J*�k�MǳǪ͂4͙I@1Ʀ"*�(6ƅ�180 μl 6 LB ȕ¾ĲĮM

Z��nr5ÕJ0 LB ȕ¾ĲĮ�2`�}p�rh�MĥĈ"�50 μl�Ơ̈

MP�}d��ÕH LB ��×r5@�0 37	1�ǔĲ͑"*� 
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{×rd�n\5FI��f�± DNA 6Łʧʱ<6ƀ˪˲ƶ 

-80	5Æɺ"0.I`�}p�rh� DH10β͜ {×rd�n\ɀ M͝ȃ�1 20

ą́̾ʙ"0Ƞ3"*�Ƞ�*`�}p�rh� 20 μl 5��f�± DNA M 1

�2 μl ÕJkn}�]1˴�ȗ'�42	�45 ɫ{×rd�n\M�1*�{×

rd�n\ƅ6ȠȕMȃ�5 2 ą́̾ʙ"*ƅ�50 μl�Ơ̈MP�}d��Õ

H LB ��×r5@�0 37	1�ǔĲ͑"*� 

 

In-Fusion 

è̮̖ʄßȻD"�7 PCR 5F-0ʒȴ5"*�\k×DNA 6ǜɳ̕ã5ɘ

ē4 15 ĸĳM�R�b×r DNA ĺůɀ��R�×6 5'ǜɳ5³ð"�ɖɓ̎

ºŊM PCR 1ĺů"*�Ơ̈ 10 μl 2"�R�b×r DNA͜PCR ȿȲ 1͝0 ng/μl

24IF�̛̌�5 × In-Fusion HD Enzyme Premix (Takara Bio, Japan) 2 μl�ʒȴø

�\k×DNA 5 ng/μl 24IF�̛̌MȗĒ"�dH2O 1 10 μl 54IF�5�f

Pn�"*�ȗĒȕM 50℃�15 á1 In-Fusion ćƐ &*� 

 

Ƕ ´ DNA d×^�fɀ_w� DNA 6Ʊĉ 

Ơʹǚ6ʒʹM 3 ù%. 6 cm ��×r5 20 Ǣ5ʙ��Ñá5Ç¾ǃ4ĺ1I

6MƄ-*͜15	�8 ǋ�20	�5 ǋ �͝ȃ�1 dH2O 800 μl 1ʒʹM 15 ml ~O

�`�5ĥĈ"�dH2O 4 ml 1 3 ĥȍȐ"*�2,000 rpm�3 á�4	̋Ǝ"*ƅ�

ȃ�1 30 ɫɭ̾ʙ"0ʒʹMȅC��șMĉH̰�*�dH2O 1 ml ð1ƟȦ"�

1.5 ml m�×�5ȠȕMĥĈ"�13,000�16,000 rpm�3 á�4	1̋Ǝ"*�̋

Ǝƅ�ȃ�5 30 ɫ̾ʙ"�Ú:�șMĉH̰�*�ʇʠʩMɡĻ$I*C Cell 
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Lysis Solution 600 μl ð1�1.5 ml m�×�Mć˲ &0ȗĒ"*�Ƕ5 DNAase

MɡĻ$I*C 20 mg/ml Puregene Protein K 3 μl MȘð"�m�×�M 25 ĥć˲

 &0ȗĒ"*�Puregene Protein K 4m�×�Ù5áǁ"*Gʒʹ4ōÖ5Ƞ

ˎ$I@1 3 Ų̌3G�ǔ 55	1R�Z��×r"*��ǔʙ�0Dʒʹ4ō

Ö5Ƞˎ"0�4�ĵĒ�Cell Lysis Solution M 600 μl�1,200 μl ˽ð"� G5

1�2 Ų̌ 55	1R�Z��×r"Ƞˎ &�(6ƅ6ßȻȕ7ĺE"* Cell 

Lysis Solution 6Èȸ2ɵÈ5"*�ʒʹ6ȠˎMɣ˗"*G�RNase A Solution 

3 μl ð1�m�×�M 25 ĥć˲ &0ȗĒ"�15 á�1 Ų̌ 37	1R�Z��

×r"*�R�Z��×rƅ�ȃ�5 1 á̾ʙ"�Protein Precipitation Solution 

200 μl Șð"�20 ɫ̨xRf}×±1��pn\f"*�13,000�16,000 rpm�

3 á�4	1̋Ǝ"�k�z\˪Mȅǽ &0�șMǇ"�m�×�5ĥĈ"*�

Ǉ"�m�×�5Rj��zw×� 600 μl Mð1�(�5Ò>3Ʊ-*�șM

ð1�50 ĥɭʓE35ȗĒ"*�13,000�16,000 rpm�1 á�4	1̋Ǝ$I2

DNA 6ɒ�ȅǽ4ˇGJI*C�ėL4�F�5ȋƛ"�șMƯ0*�10�15

áŐȜ1ȅǽM¨Ȱ &�ȅǽ4ōÖ5¨Ȱ"*2�K1 DNA Hydration 

Solution 100 μl 1ƟȦ"�65	1 1 Ų̌R�Z��×r"*�DNA Hydration 

Solution 5 DNA 4Ƞˎ"*G�Nanodrop (Thermo Fisher Scientific, USA) 5F-

0ȧŷ2ėÓŷ 260/280 Mˑȝ"*�ėÓŷ 260/280 4 1.8�2.0 5Ĉ@IF�˞

ɻ"�100 ng/μl DNA Ƞȕ 100 μl MǶ ´ DNA d×^�fˎǡ5ɀ�*� 
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øŌˬƓpfr͜Ĩ 22a͝ 

ƷɐƓ÷�Ȳ˪5Ř$IøŌˬƓŏ͖7̈ă6˟ǅMĄʛ52�4-*

(Bargmann et al., 1993)�ʒʹM 3 ùM 6 cm NGM ��×r5ʙ��20	1āMȿ

@&*ƅ P0 MĉH̰��20	6͒Mûá5�1*Ǟ·1 F1 M͏ʟ"0ƈGJ*

ƠʹÇ¾ (150�300 ù) Mpfr5Àɀ"*�ƠʹÇ¾M M9 yn~O× 1 ml

1˕͖ɺ5ĥĈ"�ʒʹ4˕͖ɺ6Ŷ5ûáȅN+ƅ��șM̰�*�ŁʧʱM

ĉH̰�*C M9 yn~O×1 2 ĥȍȐ"�øŌˬƓpfrɀ��×r6£ń

ʒ�5ʒʹM 3 ȩ5á�0f�nr"*�f�nrƅ�Z��R�6ÒɳMʇ

�¤CȂá44�4I@1ė�2-*�øŌˬƓpfrɀ��×r6ɳ57 1 M 

NaN3 Ƞȕ 1 μl 2ƷɐƓ÷�Ȳ˪1.IePhm� 4 μl @*7��gP�q{

± 4 μl MȢ�"�Řˍʒ�ćŘ57`�r�×�2"0 1 M NaN3 Ƞȕ 1 μl 2

Ukw×� 4 μl MȢ�"*�60 ą́̾ʙ"0ʒʹMʫɂ5ʽõ &*ƅ�\�

����MÀ�ʒʹMǸȡ &�4	1�ǔR�Z��×r"�ʚǋùǃMǃ1

*�÷�Ȳ˪5˘Ż J*Ç¾ǃ3G`�r�×�6˘ĦǃMȚɹ"�Ö¾ǃ1

í-*D6MˬƓƫǃ2"*�Ö¾ǃMǃ1I̴�7#C5f�nr"*¼ʙ3

Gõ�0�4�ʒʹ7Ė@4�F�ǃ1*� 

 

in vivo Ca2+R�×e�] 

�J@16ǈȈMĄʛ52�4-* (Kuhara et al., 2011; Ohnishi et al., 2011)�2% 

(w/v) PY�×f_�zn±5ˎǡ$IʂʍM 1�ǃùʙ��úɎɀP��P�

~O A͜ɴ��×Ǩź¹ɦ�ǋǝ͝1ĩŎ"�M9 yn~O×5ȓ"0¤İXy

×Y�fM3;&*�Xy×Y�f6ʔM�uZ�P1řM"0ʴɐM̫��R
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�×e�]ˎǡ$I��6ƽ¿M 3 áµÙ52�4-*�b���M IX81 ͊Ƌ

̤ (Olympus Corporation, Japan) 5ˁÌ J0�I�Xfk�R± ITO Y�f�

�×r (Tokai Hit, Japan) 6�5ʙ�*�Y�f��×r�6Ȝŷ7Xfk�R

±ȜŷèƉˁʙ (Tokai Hit, Japan) 5F-0èƉ�˒̠"*�W-View gemini 

(Hamamatsu photonics, Japan) Mɀ�0ʺÓMˌŗ"*�ʺÓɅÎ7 EM-CCD X

�� Evolve 512 (Photometrics, USA) Mɀ�0�EM _R� 10�300�̽ÓŲ̌ 

10�300 ms�1 × 1 |u�]1 1 ɫ�25 300 ɫ̨ƺƁ"*�(J)J6ɅÎ6

ʺÓžŷ7 MetaMorph Image Analysis Software (Molecular Devices, USA) 5FH

ˎǡ"*�ʇʠÙ6 Ca2+ȧŷ6ɘŘľø7RU�×X��W� (YC3.60) 6

acceptor/donor (͚ʯʺÓÉ͞ʷʯʺÓÉ ) D"�7 GCaMP8 2 tag-RFP 

(pKOB006 gcy-5p::tag-rfp (Kobayashi et al., 2016)) 6 acceptor/donor (ʑʯʺÓÉ͞

˫ʯʺÓÉ) ʺÓ6ǿ1ˑɹ"*�RU�×X��W�7�N ǜ5 CFP�C ǜ5

YFP MD,�£ń5 Ca2+ʋĒbRrMD.Z��k�z\1.I�RU�×X

��W�7�ʇʠÙ Ca2+ȧŷ4½�2�57�440 nm 6ó˭ÓMȮś$I2ʷ

ʯ6ʺÓMɐ$I�2�K4�ʇʠÙ Ca2+ȧŷ4�ǎ$I2�CFP 2 YFP ̨6

˯̺4ǃ nm >35˼/���6̴5�440 nm 6ó˭ÓM.0I2�FRET 2Ě

8JIUv�[×ɬõ4˭�H�͚ ʯ6ʺÓMɐ$IF�54I��6͚ʯ2ʷ

ʯ6ʺÓ6ǿMĉI�21ʇʠÙ Ca2+ȧŷ6ľøMƠ̆ø"*�GCaMP8 7

EGFP 6 N ǜ5X��e����C ǜ5�Wd�˴̣ M13 ~�]��rMD.

Z��k�z\1.I�Ca2+4X��e���2ʋĒ$I2˃Ē¾MƀƠ$I�

�6˃Ē¾7 M13 ~�]��r2ɘ«¿ɀ"�EGFP 6ɲ¾ǰ̃Mľø &�

EGFP 6ʺÓžŷ4ĺž JI��6ȳƓMçɀ$I�25F-0�Ca2+̛Mʺ
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Óžŷ6ľø2"0Ǯà$I�241�I�ǝɟɰ17�̋ Óžŷ4ľø$I�

244� tag-RFP 2 GCaMP8 M×ɐȹ &�GCaMP8 6ʑʯ2 tag-RFP 6˫ʯ

6ʺÓ6ǿMĉI�21ʇʠÙ Ca2+ȧŷ6ľøMFHǷɣ5Ơ̆ø"*� 

 

P~�Xo�YU�6āǾʇʠMɀ�* 2 ǝū"̻ĬĩŎȈ 

deg-1 cRNA 2 MDEG1 cRNA MP~�Xo�YU�6āǾʇʠ (Xenopus oocyte) 

5đ
R�eT\d��"�̻ ȁȾȻˎǡM2�4�ë5 3�6 ǋ̨ 18	1Ĳ͑

"*�āǾʇʠ6ʩ̻¼M-80 mV 5Æƪ"�100 mM NaCl Ƞȕ�2 mM MgCl2 Ƞ

ȕ�10 mM HEPES (pH7.3) Ƞȕ1¿˂ J*yfj��×d��£1 Oocyte 

Clamp (OC-725C; Warner Instruments, USA) ą: pClamp software (Molecular 

Devices, USA) MÀɀ"* 2 ǝū"̻ĬĩŎȈMɀ�0̻ȏM˒̠"*�Ȝŷé

ȥ7 lab-made temperature controller Mɀ�0 10�35	@1˞ɻ"�āǾʇʠ5̵

Ʋ$IȜŷ��×�2Ȝŷˑ (DIGITAL THERMOMETER PTC-401; UNIQUE 

MEDICAL, Japan) 6¡ǈ5F-0˒̠"*�P�uSf��nr7�x ˳�5Ȝ

ŷ6̀ǃ (1,000/K)�y ˳�5Ȝŷéȥ5F-0˘ŝ J*̻ȏÉ6Řǃ (log) 

M2-0ɤ"*�Ȝŷ̪É7��nr J* 2 .6͆ı59�*Ʋʒ͜�i�

kʒ͝6­ȩ3Gˑɹ"�Űįø"*�vYpQ�`�r�×�ŏ͖2"0�

DEG/ENaC 6̬őì1.IP���R±MÀɀ"*�Ø¾ɓ57�̻ȁȾȻˎ

ǡë5āǾʇʠM 500 μM 6P���R±Ƞȕ͜Sigma-Aldrich, USA͝MĖBȠ

ȕ£1 18	�48 Ų̌R�Z��×r"*� 

 

 



� �
�

ʍˑˎǡ 

Ö06Ĩ5ʿ˒ J0�Iǲȟ˚ū7 standard error of the mean (SEM) Mʿ"0

�I�$=06ʍˑˎǡ7ǷˈáŬM¶Ŏ"�z��r�n\ǮŎ1.I Tukey-

Kramer Ȉ�Dunnett ǮŎ�@*7áǁ4ɵ"�4�2¶Ŏ"* 2 ǲǝ5FI t Ǯ

Ŏ (Welch) Mɀ�0ˎǡ"*�ŀ̙ǿ˵7 Tukey-Kramer Ȉ2 Dunnett ǮŎMɀ

�*�Dunnett ǮŎ7]�~�6�ɈŪ6]�×�M²6]�×�2ǿ˵$I*

C52�4-*�2 ǲǝ6ǿ˵7 t ǮŎ (Welch) MÀɀ"*�Ĩ£6 (*) 2 (**) 

7(J)J p < 0.05 2 p < 0.01 Mƛę$I (Okahata et al., 2019)�t ǮŎ (Welch) 

57q×káǡo×�͜Excel P±R�͝Mɀ�*�Tukey-Kramer Ȉ2 Dunnett

ǮŎ57�n\ʍˑˎǡ ver. 2 (Ǩź¹ɦUf��ǋǝ) Mɀ�*� 

 

áŊȾȲŌƣȈMɀ�*��f�±6¿˂ 

pNTN020 xdh-1p::xdh-1 genomic gene::gfp 7̚ȾǨ N2 _w�FH PCR 1ĺů 

J* xdh-1 ̎ºŊÖ̥2(6�ȏ 3,346 bp 6 xdh-1 ���×k×MĖN12H�

xdh-1 ̎ºŊ6frn�`±�MĉH̰�*͆ı5 GFP MƮÕ"*�xdh-1 ̎º

ŊÖ̥7̿Ů5̥�ǆȱ1.-**C�ĺů7 3 ǆȱ5á�02�4-*�

pNTN026 xdh-1p::gfp 7̚ȾǨ N2 _w�FH PCR 1ĺů J* 3,346 bp 6 xdh-

1 ���×k×2 xdh-1 ̎ºŊ6 3’UTR MĖN12H�xdh-1 ���×k×2

xdh-1 ̎ºŊ6 3’UTR 6̨5 GFP MƮÕ"*�pNTN032 pgp-12p::dsRedm 7 pgp-

12 ̎ºŊ6�ȏ 3,500 bp 6 pgp-12 ���×k×͜Ąʛ: (Zhao et al., 2005)͝2

DsRedm MĖB�pNTN058 xdh-1p (3,346 bp)::xdh-1 cDNA::gfp 7̚ȾǨ N2 _w�

FH PCR 1ĺů J* 3,346 bp 6 xdh-1 ���×k×2 cDNA �R���×F
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H¿˂ J* xdh-1 cDNA MĖN12H�xdh-1 cDNA 6frn�`±�MĉH̰

�*͆ı5 GFP MƮÕ"*�pNTN118 xdh-1p::dsRedm 7 xdh-1 ���×k×2

DsRedm MĖN1�I�pNTN027 7ʒʹ`cn\̕ã�xdh-1 cDNA�unc-54 ̎

ºŊ6 3’UTR MĖN12H�pNTN027 6ʒʹ`cn\̕ã2 xdh-1 cDNA 6�

ȏ5µ�6Ǳ
4̎ºŊ6���×k×͆ıMƮÕ"�˃ǃ6��f�±M¿

˂"*�pNTN027 6 xdh-1 cDNA �ȏ5 unc-14p (1.4 kb)�pgp-12p (3.5 kb)�ges-

1p (3.3 kb)�xdh-1p (3.4 kb)�dat-1p (0.7 kb)�osm-6p (2 kb)�ncs-1p (3.1 kb)�glr-1p 

(5.4 kb)�unc-8p (4.2 kb)�unc-47p (0.3 kb)�acr-2p (3.4 kb)�eat-4p (6.4 kb)�unc-42p 

(3 kb)�unc-86p (3.6 kb)�ocr-4p (4.8 kb)�ceh-10p (3.5 kb)�sra-6p (3.8 kb)�lim-4p 

(3.6 kb)�ser-2p (4.1 kb)�inx-17p (1.2 kb)�hlh-34p (2.5 kb)M(J)JƮÕ"�

pNTN034�035�036�046�047�048�049�050�051�052�053�054�055�057�

059�060�061�063�064�067�068 M¿˂"*�pNTN075 hlh-34p::yc3.60 7 2.5 

kb 6 hlh-34p 2 yc3.60 MĖB�pNTN106 gcy-5p::deg-1 cDNA 7Ǡ®ŁŌ6͎̚

ǀưFH�*+�* gcy-5 ���×k×2 deg-1 cDNA MĖB�pNTN116 7̚Ⱦ

Ǩ N2 _w�FH PCR 1ĺů J* inx-17 ���×k×2�yc3.60� G5�let-

858 ̎ºŊ6 3’UTR MĖB (Altun et al., 2009)�pNTN123 gcy-21p::yc3.60 7̚Ⱦ

Ǩ N2 _w�FH gcy-21 ̎ºŊ6�ȏ6 1,403 bp ���×k×͆ıM PCR 1ĺ

ů"�pNTN075 6 hlh-34p 2ÕJǗ1*�Ǌŋ6˟ǅFH�gcy-21p::gfp 6 gcy-

21 ���×k×57 gcy-21 ̎ºŊ6ɴ 1 U\j�2ɴ 2 U\j�4Ė@J02

H��6���×k×͆ı5F-0ɐȹM˘ŝ JI GFP 7 ASG 1ž�ɐȹ

"�ADL 17Ƌż4ɐȹ4ˇGJI (Ortiz et al., 2006)�"3"�gcy-21 ���

×k×3GÖ06UZj�2R�r��MĉH̰�*2�K�GFP 6ɐȹ7
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ASG 1+�ˌŗ J*�ǝɟɰ17$=06UZj�2R�r��4ĉH̰3

J* gcy-21 ���×k×M ASG ȳɉɓ���×k×2"0Àɀ$I�pNTN126 

gcy-21p::deg-1 cDNA 7 1,403 bp 6 gcy-21 ���×k×2 deg-1 cDNA MĖB�

pMIU34 flp-6p::CeGCaMP8 7 flp-6 ̎ºŊ6�ȏ6 2,680 bp 6 flp-6p 2 C. elegans

ɀ5`±�W�pQ�Rg J* CeGCaMP8 MĖB�pNTN119 7̻ȁȾȻˎǡ

ɀ5 deg-1 cDNA MP~�Xo�YU�6 β ]�|� 5'UTR 2 β ]�|� 3'UTR

Mƪ. pGEMHE 5ƮÕ"0¿˂ J*�xdh-1 PCR 1�2�3 ǆȱ7(J)J 1,772 

bp�952 bp�428 bp6 xdh-1���×k×2 xdh-1 cDNA::gfpMĖBF�5pNTN058

FH PCR 1¿˂ J*�pNTN125 7̻ȁȾȻˎǡɀ5 MDEG1 cDNA MP~�

Xo�YU� β ]�|� 5'UTR 2 β ]�|� 3'UTR Mƪ. pGEMHE 5ƮÕ"

0¿˂ J*�pNTN143 ceh-10p::nCre 7 ceh-10 ���×k×2 nCre ̕ãMĖ

B�pNTN144 hlh-34p::LoxP::xdh-1 cDNA::LoxP 7 hlh-34 ���×k×2frn

�`±�MĖB LoxP ̕ã5Ƭ@J* xdh-1 cDNA Mƪ.�pNTN145 inx-

17p::LoxP::xdh-1 cDNA::LoxP 7 inx-17 ���×k×2frn�`±�MĖB

LoxP ̕ã5Ƭ@J* xdh-1 cDNA Mƪ.�pNTN159 nmr-1p::yc3.60 7 nmr-1 ̎º

Ŋ6ɴ 1 U\j�6 5 `±�MĖB�ȏ 5 kb M���×k×͆ı2"0ĖA

͜Ąʛ: (Brockie et al., 2001)͝�yc3.60 MƲʏ"*��f�±1.I� 

 

Taq DNA ����×iMɀ�* DNA ǆȱ6 PCR 5FIĺů 

b×��bR\�×7 LifeECO (Hangzhou Bioer Technology, China) D"�7 Life 

Touch (Hangzhou Bioer Technology, China) Mɀ�* 
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�Ex Taq (Takara Bio, Japan) Mɀ�* PCR 

Ơ̈ 10 μl 54IF�5¿˂"*�10 × Ex Taq yn~O× 1 μl�2.5 mM dNTPs

Ƞȕ 0.8 μl�10 μM ~V�×±��R�× 0.5 μl�10 μM �y×f��R�× 

0.5 μl�Ex Taq 0.01 μl�dH2O 5.65 μl M 1.5 ml m�×�Ù1ȗĒ"�p���×

r24I DNA M 1 μl ð1*�b×��bR\�×6Ȝŷ��]��7 1 bR\

� (94°C�2 á)�42 bR\� (94°C�15 ɫ�58°C�30 ɫ�72°C�1 kb/1 á)�1

bR\� (15°C�
) Mɀ�*� 

 

�One Taq (New England BioLabs, Inc., USA) Mɀ�* PCR 

Ơ̈ 10 μl 54IF�5¿˂"*�5 × One Taq yn~O× 2 μl�2.5 mM dNTPs

Ƞȕ 0.8 μl�10 μM ~V�×±��R�× 0.2 μl�10 μM �y×f��R�× 

0.2 μl�One Taq 0.05 μl�dH2O 5.75 μl M 1.5 ml m�×�Ù1ȗĒ"�p���×

r24I DNA M 1 μl ð1*�b×��bR\�×6Ȝŷ��]��7 1 bR\

� (94°C�2 á)�42 bR\� (94°C�30 ɫ�64°C�30 ɫ�68°C�1 kb/1 á)�1

bR\� (68°C�5 á)�1 bR\� (15°C�
) Mɀ�*� 

 

�KOD -Plus- Neo (ǠȌʅ�ǋǝ) Mɀ�* PCR 

Ơ̈ 50 μl 54IF�5¿˂"*�10 × KOD -Plus- Neo yn~O× 5 μl�2 mM 

dNTPs Ƞȕ 5 μl�25 mM MgSO4 Ƞȕ 3 μl�10 μM ~V�×±��R�× 1.5 μl�

10 μM �y×f��R�× 1.5 μl�KOD -Plus- Neo 1 μl M 1.5 ml m�×�Ù1

ȗĒ"�p���×r7ɮ͋�25̛̌Șð"*͜_w� DNA ~200 ng/50 μl�

��f�± DNA ~50 ng/50 μl�cDNA ~200 ng/50 μl͝�dH2O 7Ơ̈4 50 μl 54
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IF�̛̌ÕJ*�b×��bR\�×6Ȝŷ��]��7�1 bR\� (94°C�

2 á)�45 bR\� (98°C�10 ɫ���R�×6 TM É°C�30 ɫ�68°C�1 kb/30

ɫ)�1 bR\� (15°C�
) Mɀ�*� 

 

�KOD -FX- Neo (ǠȌʅ�ǋǝ) Mɀ�* PCR 

Ơ̈ 50 μl 54IF�5¿˂"*�2 × KOD -FX- Neo yn~O× 25 μl�2 mM 

dNTPs Ƞȕ 10 μl�10 μM ~V�×±��R�× 1.5 μl�10 μM �y×f��R

�× 1.5 μl�KOD -FX- Neo 1 μl M 1.5 ml m�×�Ù1ȗĒ"�p���×r7

ɮ͋�25̛̌Șð"*͜ _w� DNA ~200 ng/50 μl���f�± DNA ~50 ng/50 

μl�cDNA ~200 ng/50 μl͝�dH2O 7Ơ̈4 50 μl 54IF�̛̌ÕJ*�b×�

�bR\�×6Ȝŷ��]��7�1 bR\� (94°C�2 á)�45 bR\� (98°C�

10 ɫ���R�×6 TM É°C�30 ɫ�68°C�1 kb/30 ɫ)�1 bR\� (15°C�
) 

Mɀ�*� 

 

�LA Taq (Takara Bio, Japan) Mɀ�* PCR 

Ơ̈ 10 μl 54IF�5¿˂"*�10 × LA Taq yn~O× 1 μl�2.5 mM dNTPs

Ƞȕ 0.8 μl�25 mM MgCl2 Ƞȕ 0.6~8 μl�10 μM ~V�×±��R�× 0.25 μl�

10 μM �y×f��R�× 0.25 μl�LA Taq 0.1 μl�p���×r24I DNA M 

< 200 ng 54IF�5ð1�m�×�Ù1ȗĒ"*�dH2O 7Ơ̈4 10 μl 54

IF�̛̌ÕJ*�b×��bR\�×6Ȝŷ��]��7�1 bR\� (94°C�

2 á)�40 bR\� (94°C�30 ɫ���R�×6 TM É°C�30 ɫ�68°C�1 kb/1

á)�1 bR\� (15°C�
) Mɀ�*�  
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JŜ ǦǬȝǷȝǻȅǽțǪǾȟǳ ȠŽŪŮȡ ǆ¨oJ

�ýÑǅǦǬȝǷȝǻȅǽțǪǾȟǳǇĲȞØŋ�xƤŬŧŪȠŴŧŪë?ī�ȡƤȓȘ
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JŞ ň÷¸n�[ÑǅÏÆU2ƴƻĩ�YǆUÎ�ǆ�¸õ{Č�

řŝƞň÷tƤŚŝƞǅś�ķóƨƻĿǅÏÆU2ǙÙƴƻĩ�YǆƩƽƤřŝæíǆUÎ
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Jş ƈƍƑŕřşĩ�Yǆ-ǜȚșǆUÎ�ǆ�¸õ{

Ƞ�ȡƈƍƑŕřşĩ�Yǆ¨oJƥ�ǐǰǼȗǞȉȍǸǧǰǇƐƌśŝŠşUÎƤ�ƨǨȚȟȍǸǧǰ
ǇƏŜŠšŜUÎǙÙƴǀƨǖƥ

Ƞ�ȡƈƍƑŕřşĩ�Yǆ-ǜȚșǆ�¸õ{ǙČ�ƴƻƭƤÎjǙÙƳǄƬƾƻ ŐǜǸǲǞ�
Ơōšőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ ŒƑōŤōŘŖŘŝţōŒŒƑōŤō
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JŠ İÈ¡ǆƈƍƑŕřşĩ�Y$ĴǙÊƨƻHw^ŉ
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JšōōŷŨŚŝşŝæíǆ�¸õ{Îjǆ8IUÎǙ@]ƶǖƻǐǆƓƏƋƑŕŸŴŶƓČ�
ȠȗȇȏǸȆȝǨȡ

ŷŨŚŝşŝ¡ ȠŶŘȡ ǙİÈ¡ŴŚōȠŶŘȡ ǂ�ư?ǘƸǀ�ƴ�ĬǙƫƱǄƨƤ«jǄ�¸
õ{ǙÙƶæí ȠŬŚ�Ļȡ ǂŷŨŚŝşŝOǆÎjǄ�¸õ{ǙÙƶæí ȠŬŚ�Ļȡ ǂ
ǙuƻƥƹǗƺǗǆæíƬǔǪȂȑǙ�:ƴƤ> þ�ǆ�xī�ǂ�ßī�ǆ
ŸŴŶOƭİÈ¡ŴŚË�ǁƧǖƬŷŨŚŝşŝōƖƆƊŕřŐƅƊƒřő ƈƍƑŕřşŐƐƌśŝŠşőō¡Ë�ǁƧǖ
ƬǙƓƏƋƑŕŸŴŶƓČ�ǅǓƾǀČ�ƴƻƥ&�ÑǅǇƤ>æíƬǔåąƴƻǪȂȑŪŴŧ
ǙĳOǂƴǀƤŶũŷǅǓƾǀŸŴŶǙBǏǪȂȑ�ÁǙTkƴƤŸŴŶǙBǏĬ+ǙđĖ
ƶǖ.ļĭçǁ(Çƴƻƥĩ�YOǇİÈ¡ ȠÐǤȗȑȡƤİÈ¡ŗŷŨŚŝşŝǆȊǺ
ț ȠĀǨȚȟǤȗȑȡƤŷŨŚŝşŝōȠ¾ǨȚȟǤȗȑȡ ǂƴǀăÙƶǖƥ

 þ��ó ĩ�YO

 þ��

ŜśşşŚŞř İÈ¡

ŞŚšŘŜŝŘ İÈ¡/RB2575
řŜŠşŜřŜŚ İÈ¡/RB2575

 þ� Ȣ

ŜşšŝŠŚŘ İÈ¡

ŞšŜŠřŜŝ İÈ¡

řŝŜŘśŘŞ İÈ¡/RB2575

 þ��

ŝšŚŘŚŚ

ŜŝšŜšŠŠ İÈ¡/RB2575
ŠŠŠśŚšŚ İÈ¡/RB2575

 þ��

řšŠřŝŚś İÈ¡/RB2575
şŞŞśšŘŠ İÈ¡/RB2575
řŜŜřŚşşŝ RB2575

 þ��

ŚŞśŠşŚś İÈ¡/RB2575
ŠşşśŘŘŘ İÈ¡/RB2575
řşŘŝşśŠŜ İÈ¡/RB2575

 þ� X
ŚŘŚšŞŞŠ İÈ¡/RB2575
šŚššŚŘś

řśŘŝŜšŜş İÈ¡/RB2575
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JřŘōōŜÍ þ�ǅĸƶǖĐèǄƓƏƋƑŕŸŴŶƓČ�

Ƞƃȡ ȗȇȏǸȆȝǨǅǓƾǀ8IUÎǆ�óƭŜÍ þ�ǍǁìǔǗƻƻǐƤé��
Ǚ�ąƴƤǓǕĐèǄȏǸȆȝǨǙƫƱǄƩƱǂǁ8IUÎǙŞŖřśōƅųƬǔřŞŖŚŜōƅųǍ
ǁìǕĢǚƼƥűŮŷŘŞŞǇŷŨŚŝşŝæíǙăÆO�§ǅ�ƴ�Ĭƴǀ�ąƴƻæíǁ
ƧǕƤ űŮŷŘŞŞƬǔƈƍƑŕřşĩ�Y�ǆƐƌśŝŠŝUÎǙ:ǕĽƨƻæíƭűŮŷŘŞšǁƧ
ǖƥĩ�YOǇİÈ¡ ȠÐǤȗȑȡƤİÈŗŷŨǆȊǺț ȠĀǨȚȟǤȗȑȡƤŷŨŚŝşŝō
Ƞ¾ǨȚȟǤȗȑȡƤ�Õ ȠǽǸǼȡ ǂƴǀăÙƶǖƥ

ȠƄȡ ŜÍ þ�ǆŞŖřśōƅųƬǔřŞŖŚŜōƅųǆŃPǅǇŜƿǆĩ�Yƭ[Mƴǀƨƻƥĩ
�Y�ǅǇUÎƭŝƿƧƾƻƥ

ĩ�YO

ƅų –12.45 3.38 3.96 4.83 6.13 6.46 9.30 11.87 12.18 16.24
æí irg-6 tbc-9 F55B1.1 tag-273 flp-17
#bc5-1 İÈ¡ İÈ/RB İÈ/RB İÈ/RB �Õ �Õ �Õ RB2575 RB2575 RB2575
#bc5-2 İÈ¡ RB2575 RB2575 RB2575 RB2575 RB2575 RB2575 RB2575 RB2575 RB2575
KHR066 İÈ¡ İÈ¡ İÈ¡ İÈ¡ İÈ¡ �Õ RB2575 RB2575 RB2575 RB2575
KHR069 İÈ¡ İÈ¡ İÈ¡ İÈ¡ İÈ¡ �Õ RB2575 RB2575 �Õ İÈ¡

ĩ�YA UÎǆÝŇ

irg-6 ǰȉȗǞǮȝǨǜǧǲȉǵȟǬǞǼ

tbc-9 ǜȐȂĮó�

F55B11.1 ǰȉȗǞǮȝǨǜǧǲȉǵǬǞǼ
& ǜȐȂĮó�

tag-273 ǜȐȂĮó�
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Jřř �Ąĩ�YǆUÎ�ǆ�¸õ{Č�

ŜÍ þ�ǆŞŖřśōƅųƬǔřŞŖŚŜōƅųǆŃPǅ[Mƴǀƨƻ�Ąĩ�YǆUÎ�ǆ�
¸õ{Č�ǙƫƱǄƾƻŐǜǸǲǞ� ƠōřŘőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥ ŒŒƑō
ŤōŘŖŘřōŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥƋƒƉŕŞĩ�YǆUÎ�Ǉ[MƴǄƬƾƻƻǐƤŷŨŚŝşŝæí
ǅİÈ¡Ë�ǆƋƒƉŕŞĩ�YǙd#ƴƻHw^ŉǙƫƱǄƩƱǂǁ¤ďƴƻƥƋƒƉŕŞ
ĩ�YǙd#ƴƻæíǇŷŨŚŝşŝOǆ�¸õ{ÎjǙÙƴƻƥŷŨŚŝşŝæíǂ@ƵƯ
ǔƨrƨ�¸õ{ÎjǙÙƴƻǆǇŬŝŝŨřřŖřUÎ�ǆǎǁƧƾƻƥ
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JřŚ İÈ¡ǆŬŝŝŨřřŖřĩ�Y$ĴǙÊƨƻHw^ŉ

İÈ¡ƬǔåąƴƻŬŝŝŨřřŖřĩ�Y$ĴȠȉțȓȟǵȟŃPBǏȡǙŷŨŚŝşŝæíǂ
ŬŝŝŨřřŖřŐƐƌśŚśŜőōUÎ�ǅd#ƴƤ�¸õ{ǆÎjƭHwƶǖƬǙČ�ƴƻŐǜǸ
ǲǞ� Ơōřřőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑō
ŤōŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥŷŨŚŝşŝæíǂŬŝŝŨřřŖřŐƐƌśŚśŜőōUÎ�ǆ�¸õ{Îjƭ
ŬŝŝŨřřŖřĩ�Y$Ĵǆd#ǅǓƾǀHwƴƻƥ
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Jřś �¸õ{Îjǆ8Iĩ�YƖƆƊŕřōŐĩ�YǫȟǽŢōŬŝŝŨřřŖř ő

ŷŨŚŝşŝæíƭÙƶ�¸õ{Îjǆ8Iĩ�YƖƆƊŕř Őĩ�YǫȟǽŢōŬŝŝŨřřŖř őō
ǆ¨oJƥřŞ�ǆǡǧǴȝȠ°þȍǸǧǰȡƤǞȝǼțȝȠŻZȡƤ�ßǅźŹŷȠĀǨȚȟ
ȍǸǧǰȡǁĩ�YƭÙƳǗǖȠǰǩȟșȃȟŢōřōƌƄȡƥřÍǡǧǴȝǂśÍǡǧǴȝƬǔ
pƨƻðǇƅƊƒřUÎǙÙƴǀƫǕƤƱǗǇŷŨŚŝşŝæíƤé��æíǆűŮŷŘŞŞƤ
űŮŷŘŞšƭ�ƴǀƨǖUÎǁƧǖƥŠÍǡǧǴȝ�ǅƧǖĚƨȍǸǧǰǇƐƌśŚśŜª�
UÎǙÙƴǀƨǖƥ
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ok3234ª�UÎ
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JřŜ ŬŝŝŨřřŖřŗƖƆƊŕřĩ�YǆUÎ�ǆ�¸õ{

JřŘǁÙƶƤűŮŷŘŞŞæíǂűŮŷŘŞšæíƤƹƴǀŬŝŝŨřřŖřŗƖƆƊŕřĩ�Y�ǅ
ƐƌśŚśŜUÎǙ�ƿUÎ�ǆ�¸õ{ÎjǙ¯ğƴƻ ŐǜǸǲǞ� ƠōřŚőƥűŮŷŘŞŞǇ
ŷŨŚŝşŝǙ�ƴ�Ĭƴǀ�ąƳǗƻæíǁƧǕƤ ƈƍƑŕřşĩ�Y�ǆƐƌśŝŠşUÎǂ
ŬŝŝŨřřŖřĩ�Y�ǆƅƊƒřUÎǙ�ƿƥűŮŷŘŞšǇƤűŮŷŘŞŞǂİÈ¡Ǚ�ư?ǘƸƤ
ƈƍƑŕřşĩ�Y�ǆƐƌśŝŠşUÎǙ:ǕĽƮƤŬŝŝŨřřŖřĩ�Y�ǆƅƊƒřUÎǆǎǙ
�ƾǀƨǖÄ~ǅƴƻæíǁƧǖƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō
§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥűŮŷŘŞŞæíǂűŮŷŘŞšæíƤƹƴǀ
ŬŝŝŨřřŖřŗƖƆƊŕřUÎ�ǆƶǋǀǆæíǁ�¸õ{ÎjƭĈǔǗƻƥČ�ǅÊƨ
ƻİÈ¡ǆǻȟǵǆ�īǙJřŠǂ%�ƴǀƨǖƥ

F55B11.1/xdh-1(ok3234)
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Jřŝ ũŖōƇƍƇƉƃƏƓǆŽŪŮŕřǂŮƐƎƐōƓƃƑƋƇƏƓǆŽŪŮōŐŴŶƂŘŘŘśşŘőōǆǜȐȂĮĬ+¯ğơ

ũŖōƇƍƇƉƃƏƓǆŽŪŮŕřǂŮƐƎƐōƓƃƑƋƇƏƓǆŽŪŮǆǜȐȂĮĬ+Ǚ¯ğƴƤÓ@{ǂŇ�{
Ǚ�ÙƴƻƥĬ+$�ǆÓ@{ǇŜşŎƤŇ�{ǇŝšŎǁƧƾƻƥǽȒǞȝƲǂǆÓ@{ǂ
Ň�{ǙƤĲȞØŋ�xȠĀǨȚȟȡƤŬŧŪȠ¾ǨȚȟȡƤȓȘȈǽȉǺȘȝȠǨȚȟȡ ǂþ
*ưƴǀÙƴƻƥĲȞØŋ�xǅǇÈÂÝķǁǂƯǅŊnǅ�[ƳǗǀƨǖ�[Ĭ+
ƭŚá�[MƴƤǃƽǔǆĬ+ǑũŖōƇƍƇƉƃƏƓǆŽŪŮŕřǂŮƐƎƐōƓƃƑƋƇƏƓǆŽŪŮǇŝŘŎ��
ǆÓ@{ǂŠŘŎ��ǆŇ�{ǙÙƴƻƥ

$Ĭ+
Ó@{ : 47%
Ň�{ : 59%

ĲȞØŋ�x FAD ȓȘȈǽȉǺȘȝ

�[Ĭ+ 1 : 58% / 81%
�[Ĭ+ 2 : 74% / 82%

(Ó@{ / Ň�{)

37% / 52% 49% / 60%

57% / 67%
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JřŞōũŖōƇƍƇƉƃƏƓǆŽŪŮŕřǂŮƐƎƐōƓƃƑƋƇƏƓǆŽŪŮōŐŴŶƂŘŘŘśşŘőōǆǜȐȂĮĬ+¯ğƢ

ũŖōƇƍƇƉƃƏƓǆŽŪŮŕřǂŮƐƎƐōƓƃƑƋƇƏƓǆŽŪŮǆǜȐȂĮĬ+Ǚ¯ğƴƤÓ@ǄǜȐȂĮ
Ƞ¾ǨȚȟȡǂŇ�ǆǜȐȂĮȠǨȚȟȡǙ�ÙƴƻƥƅƊƒřǆǜȐȂĮó�ȠĚ�ȡƤǰȉȗ
ǞǮȝǨǜǧǲȉǵȟǬǞǼ�ǆ¿UÎȠŌðȡƤ�[Ĭ+řƤŚȠŁ�ȡƤƐƌśŚśŜª�U
ÎȠȏǳȝǵðȡǆī�ǙƹǗƺǗÙƴǀƨǖƥ

ok3234ª�UÎ

FAD (NADë?ī�)

ȠĮ3Ī!�xȡ

ĲȞØŋ�x

ȓȘȈǽȉǺȘȝ

chr1: 
D29N

chr1: ǰȉȗǞǮȝǨǜǧǲȉǵȟǬǞǼ
�[Ĭ+ ř

�[Ĭ+ Ś
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Jřş ŮŚŪũŬŕŪŧǙÊƨƻ³{ĮçÝȠŷŵŸȡȚȋș¹]

ŷŵŸǆǞȝǯǩȟǵȟŮŚŪũŬŕŪŧǅǓǖƖƆƊŕřUÎ�ǆŷŵŸȚȋșǆ¹]ȠǜǸǲǞ
� ƠōřŘȡƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ ŒōƑōŤ ŘŖŘŝţōŒŒōƑōŤ ŘŖŘř ŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥ
ǫȝǼțȟșǅǇŷŵŸȚȋșǆ��ƭRCƳǗǀƨǖƆƃƈŕŚUÎ�ǙÊƨƻƥƖƆƊŕř
UÎ�ǆŷŵŸȚȋșǇ«jǁƧƾƻƥ
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JřŠ ŷŵŸÉÈĸĦĩ�YǆUÎ�ǆ�¸õ{

ŐƃőōUÎ�ƲǂǆŷŵŸȚȋșǆT·ƥ

ŐƄőōŷŵŸÉÈǅĸǘǖĩ�YǆUÎ�ǆ�¸õ{ǙČ�ƴƻŐǜǸǲǞ� Ơōřřőƥǡ
ȗȟȃȟŢō§ºēi ŐŸūųőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥŒŒƑōŤōŘŖŘřō
ŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥ�¸õ{ÎjǙÙƶUÎ�ǇÆǗǄƬƾƻƥČ�ǅÊƨƻİÈ
¡ǆǻȟǵǆ�īǙJřŜǂ%�ƴǀƨǖƥ
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Jřš ƖƆƊŕřUÎ�ƭ�¸õ{ÎjǙÙƶ�e�¸/½�ķǆ¤ď

ƖƆƊŕřUÎ�ǇǘƷƬř�ķǆ�¸/½ƭ�ƪǔǗƻƼưǁ�¸õ{ÎjǙÙƴ
ƻŐǜǸǲǞ� Ơōřřőƥřŝƞň÷tǅŚƞǅř�ŚŜ�ķóƨƻƥǡȗȟȃȟŢō§ºēi
ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐźƏƑƃƋƒƇƆōƔōƔƇƓƔōŐżƇƍƅƊőőƥ

24 hr 8 hr 7 hr 6 hr 5 hr 4 hr 3 hr 2 hr 1 hr

15℃→2℃ (24~1 hr) İÈ¡ xdh-1(ok3234)
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JŚŘ ÏÈ­ľƲǂǆƖƆƊŕřUÎ�ǆ�¸õ{

�ā�ǂmā�ȠŲŜȡǅƫưǖƤƖƆƊŕřUÎ�ǆ�¸õ{Č�ŐǜǸǲǞ� Ơōšőƥ
řŝƞň÷tǅŚƞǅŚŜ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřō
ŐŹƕƌƇƗŕűƒƃƎƇƒőƥ�ā�ǆƖƆƊŕřUÎ�ƭÙƶ�¸õ{Îjƭmā�ŐŲŜőǆƖƆƊŕ
řUÎ�ǁǇqǍƾƻƥ
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JŚř �Õǆ�¸õ{ĩ�YǆUÎ�ǂƖƆƊŕřUÎ�ǆ�įUÎ�Č�

�Õǆ�¸õ{ĩ�YǆUÎ�ƔƃƖŕŜŐƑŞşŠőōǂƆƃƈŕŚŐƇřśşŘőōǙÊƨǀƖƆƊŕřUÎ
�ǂǆ�įUÎ�Ǚ�ąƴǀƤ�¸õ{ǅƫưǖĩ�\Ñĸ�ǙČ�ƴƻŐǜǸǲǞ
� ƠōřŞőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤō
ŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥŹŧŽŕŜǇƅŭųŶ�[{ǷȔȁșǁƧǕƤŪŧŬŕŚǇǞȝǰȘȝ;
`�ǁƧǖƥƔƃƖŕŜţōƖƆƊŕř�įUÎ�ǇƔƃƖŕŜUÎ�ǂƖƆƊŕřUÎ�ǆ�ķǆăÆ
OǙÙƴƻƥǍƻƤƆƃƈŕŚţōƖƆƊŕř�įUÎ�ǆë�ƬǔƤƆƃƈŕŚUÎ�ƭÙƶ�¸
õ{ǆăÆOǇƖƆƊŕřUÎǅǓƾǀņÿǅ�LƳǗƻƥ
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JŚŚ ƖƆƊŕřUÎ�ǆ3\ě{ǺǰǼ

Őƃőō3\ě{ǺǰǼǆ��¨oJƥ
ŐƄőōŧżŧǿȕȟțȝǅǓƾǀ;`ƳǗǖǯǜǲǷșǊǆě{ǺǰǼŐǜǸǲǞ� Ơōšőƥ
ǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥƖƆƊŕřUÎ�Ǉǯǜǲ
Ƿșǅbƴǀ«jǄě{ǙÙƴƻƥ

ŐƅőōŧżũǿȕȟțȝǅǓƾǀ;`ƳǗǖȋȝǱǜșǻȅǽǊǆě{ǺǰǼŐǜǸǲǞ�
ƠōřŚőƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥƖƆƊŕřUÎ�Ǉȋ
ȝǱǜșǻȅǽǅbƴǀ«jǄě{ǙÙƴƻƥ
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JŚś ƖƆƊŕřUÎ�ǆ¥�ÑǶȜȟs�ŅnČ�

ŽŪŮŕřǂǶȜȟs�©¥ǂǆĸ�ǙĔǋǖƻǐǅƤǶȜȟs�ŅnǆČ�ǙƫƱ
ǄƾƻŐǜǸǲǞ� ƠōřřőƥǫȝǼțȟșǅǇƤ¥�ÑǄǶȜȟs�ÎjǙÙƶƆƃƈŕŚ
UÎ�ǙÊƨƻƥƖƆƊŕřUÎ�Ǉ¥�ÑǄǶȜȟs�ÎjǙÙƳǄƬƾƻƥǍƻƤ
ƆƃƈŕŚţōƖƆƊŕř�įUÎ�ǇƆƃƈŕŚUÎ�ǂ@ÜnǆǶȜȟs�ÎjǙÙƴƻƥ
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JŚŜ ƖƆƊŕřĩ�YǆÏÆèøơ

Őƃő ƖƆƊŕřĩ�YǆÏÆèøȄǵȟȝǆ¨oJƥ

ŐƄőōƖƆƊŕřƑŢŢƉƈƑ ǙÊƨƻŽŪŮŕřǆÏÆèøČ�ƥǿȕȟțȝƤúƤµĤLĔãèø
ǁŭŬŶǆĂ"ƭċaƳǗƻȠǰǩȟșȃȟŢōřŘƛƎȡƥ

ŐƅőōƖƆƊŕřƑŢŢƆƓŷƇƆƎ ȠȏǳȝǵȡǂƋƏƖŕřşƑŐŧůŴƑőŢŢƗƈƑ Ƞïȡ ȠǰǩȟșȃȟŢōřŘƛƎȡƥ
Ô6ǇƤŧůŴ
MǿȕȟțȝǅƫưǖžŬŶǂŪƓŷƇƆƎǆ%ÏÆǙÙƶȠÐȡƥ

ŐƆőōƖƆƊŕřƑŢŢƖƆƊŕřōƅŪŴŧŢŢƉƈƑ ȠïȡǂƊƍƊŕśŜƑŐŧŻŰƑőŢŢƆƓŷƇƆƎ Ƞȏǳȝǵȡ Ƞǰǩȟș
ȃȟŢōřŘƛƎȡƥÔ6ǇƤŧŻŰ
MǿȕȟțȝǅƫưǖŭŬŶǂŪƓŷƇƆƎǆ%ÏÆǙÙƶ
ȠÐȡƥ
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JŚŝ ƖƆƊŕřĩ�YǆÏÆèøƢ

ŐƃőōƖƆƊŕřƑŢŢƉƈƑ ǙÊƨǀŽŪŮŕřǆÏÆèøǙ<ĉ3ƥǿȕȟțȝƤúƤµĤLĔã
èøǁŭŬŶǆĂ"ƭċaƳǗƻȠǰǩȟșȃȟŢōřŘŘƛƎȡƥ
ŐƄőōƖƆƊŕřƑŢŢƉƈƑǅǓǖŽŪŮŕřǆÏÆèøČ�ƥĂ"ǇúǁǇ¤)ƳǗƷƤµĤLĔ
ãèøƭǇƾƮǕǂċaƳǗƻƥƱǗǇȓǭǞǧÆėƭ8IǁƧǖǂôƪǔǗǖȠǰ
ǩȟșȃȟŢōřŘŘƛƎȡƥ

ŐƅőōƖƆƊŕřƑŢŢƉƈƑ Ƞïȡ ǂƑƉƑŕřŚƑŢŢƆƓŷƇƆƎ Ƞȏǳȝǵȡ ȠǰǩȟșȃȟŢōřŘŘƛƎȡƥÐð
ǇµĤLĔãèøǅƫưǖŭŬŶǂŪƓŷƇƆƎǆ%ÏÆǙÙƶƥ
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JŚŞōƊƍƊŕśŜƑŢŢƆƓŷƇƆƎǆÏÆèø

ŐƃőōƊƍƊŕśŜƑŢŢƆƓŷƇƆƎǅǓǖŧŻŰǿȕȟțȝǆĂ"Ì ƥŪƓŷƇƆƎǆ1Ĝ"Àcǅ
ǓƾǀƤĂ"ǇŧŻŰǿȕȟțȝÃÎÑǅċaƳǗƻȠǰǩȟșȃȟŢōřŘƛƎȡƥ
ŐƄőōJŚŞƃǆȂȏșǰǦȟÌ ȠǰǩȟșȃȟŢōřŘƛƎȡƥ
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JŚş ȉțȓȟǵȟǆĴƳǙUƪƻƖƆƊŕřUÎ�ǆHw^ŉ

ŐƃőōJŚşƄǆĩ�Yd#æíǙ�ąƶǖǆǅÊƨƻȉȗǰȐǽǒŶũŷ�Áǆ¨oJƥ

ŐƄőōƖƆƊŕřȉțȓȟǵȟǆĴƳǙU�ƴǀƤŽŪŮŕřǆ�¸õ{ǅƫưǖ©ùèøǁǆ
ÏÆĒdǅyćǄȉțȓȟǵȟŃPǙČ�ƴƻŐǜǸǲǞ� ƠōřŠőƥřŝƞň÷tǅŚƞ
ǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥŜŚŠōƄƑ
ǍǁȉțȓȟǵȟƭÖñƳǗƻæíǁǑƖƆƊŕřUÎ�ǆ�¸õ{ÎjǆHwƭĈ
ǔǗƻƥ

xdh-1 
cDNA

pNTN058: 3,346 bp
xdh-1 PCR1: 1,772 bp  

xdh-1ȉțȓȟǵȟ

xdh-1 PCR2: 952 bp  
xdh-1 PCR3: 428 bp  
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JŚŠ ƖƆƊŕřŐƐƌśŚśŜőōǆéòÃÎÑHw^ŉ

ƖƆƊŕřUÎ�ǆ�¸õ{ÎjǇÚêæǁƖƆƊŕřĩ�YǙÏÆƳƸǖƱǂǅǓǕHw
ƴƻƥ��ƤƖƆƊŕřUÎ�ǆµĤLĔãèøǒúǁƖƆƊŕřĩ�YǙÏÆƳƸǀǑÎ
jǇHwƴǄƬƾƻƥŐǜǸǲǞ� Ơōšőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟ
ȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥİÈ¡ǂƖƆƊŕřţōūƖƀƕƏƅŕ
řŜƑŢŢƖƆƊŕřōƅŪŴŧƁōǆǻȟǵǆ�īǇJŚšǂ%�ƴǀƨǖƥ
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JŚš ƖƆƊŕřŐƐƌśŚśŜőōǆèøÃÎÑHw^ŉơ

ƖƆƊŕřUÎ�ǅƫƨǀƤ¦ƦǄÃÎÑȉțȓȟǵȟǙÊƨǀƖƆƊŕřĩ�YǙÏÆƳ
ƸƤŽŪŮŕřǆ�¸õ{ǅƫưǖ©ùǿȕȟțȝ@]ǙƫƱǄƾƻŐǜǸǲǞ� ƠōŞőƥ
řŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřō
ŐŹƕƌƇƗŕűƒƃƎƇƒőƥƖƆƊŕřUÎ�ǆ�¸õ{ÎjǇūƖŚŝŔōŚšŔōśŝŔōśŞŔōśŠŔōśšæíǁH
wƴƻƥİÈ¡ǂƖƆƊŕřţōūƖƀƕƏƅŕřŜƑŢŢƖƆƊŕřōƅŪŴŧƁōŐūƖŚŝőǆǻȟǵǆ�īǙJŚŠǂ
%�ƴǀƨǖƥ
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JśŘ ƖƆƊŕřŐƐƌśŚśŜőōǆèøÃÎÑHw^ŉƢ

ƖƆƊŕřUÎ�ǅƫƨǀƤ¦ƦǄÃÎÑȉțȓȟǵȟǙÊƨǀƖƆƊŕřĩ�YǙÏÆƳ
ƸƤŽŪŮŕřǆ�¸õ{ǅƫưǖ©ùǿȕȟțȝ@]ǙƫƱǄƾƻŐǜǸǲǞ� ƠōŞőƥ
řŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřō
ŐŹƕƌƇƗŕűƒƃƎƇƒőƥƖƆƊŕřUÎ�ǆ�¸õ{ÎjǇūƖŜŚŔōŜŞŔōŝŚæíǁHwƴƻƥ
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Jśř ũƒƇŗŲƐƖŶǮǰǺȑǙÊƨƻèøÃÎÑHw^ŉ

ũƒƇŗŲƐƖŶǮǰǺȑǅǓƾǀŧůŴǂŧŻŰÃÎÑǅƖƆƊŕřĩ�YǙÏÆƳƸƻèøÃÎ
ÑHw^ŉŐǜǸǲǞ� ƠōŞőƥřŝƞň÷tǅŚƞǅŠ�ķóƨƻƥǡȗȟȃȟŢō§º
ēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥƖƆƊŕřUÎ�ǆŧůŴǂŧŻŰǁǆǎƖƆƊŕřĩ
�YǙÏÆƳƸǖǂƤ�¸õ{ÎjƭHwƴƻƥ

İÈ¡ xdh-1(ok3234); Ex[ceh-10p::nCre, 
inx-17p::LoxP::xdh-1 cDNA::LoxP, 
hlh-34p::LoxP::xdh-1 cDNA::LoxP]
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JśŚ ŧůŴ
MǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ

ŐƃőōžũśŖŞŘǙÊƨƻŧůŴ
MǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐČ���� ƠōřŜőƥň÷
¸nŢōřŝƞƥ¸n/½ȄǵȟȝǇǨȗȇ�ǅĎĠƥƖƆƊŕřUÎ�ǂƆƇƉŕřUÎ�Ǉ
¸n/½ǅbƴǀÎjǄ9z��ǙÙƴƻƥƖƆƊŕřUÎ�ǆŧůŴǁƖƆƊŕřĩ�YǙ
ÏÆƳƸƻƖƆƊŕřţōūƖƀƋƏƖŕřşƑŐŧůŴƑőŢŢƖƆƊŕřōƅŪŴŧƁōæíǁǇ9z��ƭHwƴƻƥ
ǍƻƤƆƇƉŕřUÎ�ǆŧŸŭǁƆƇƉŕřĩ�YǙÏÆƳƸƻƆƇƉŕřţōūƖƀƉƅƗŕŚřƑō
ŐŧŸŭƑőŢŢƆƇƉŕřōƅŪŴŧƁōæíǁǇ9z��ƭHwƴƻƥ

ŐƄőōJśŚƃǆřŚŘŕřśřÛǆřřÛķǆĂ"ġn¯ ŐŎőōǆlNǙ£Ǩȗȇǅƴƻƥ£Ǩȗ
ȇǆþǇJśŚƃǆþǂbzƴǀƨǖƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ ŒŒƑōŤōŘŖŘřō
ŐŹƕƌƇƗƜűƒƃƎƇƒőƥ
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Jśś ŧŻŰ
MǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ

ŐƃőōžũśŖŞŘǙÊƨƻŧŻŰ
MǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐČ���� ƠōřŞőƥň
÷¸nŢōřŝƞƥ¸n/½ȄǵȟȝǇǨȗȇ�ǅĎĠƥƖƆƊŕřUÎ�ǂƆƇƉŕřUÎ�
Ǉ¸n/½ǅbƴǀÎjǄħ³{ǙÙƴƻƥƖƆƊŕřUÎ�ǆŧŻŰǁƖƆƊŕřĩ�YǙ
ÏÆƳƸƻƖƆƊŕřţōūƖƀƊƍƊŕśŜƑŐŧŻŰƑőŢŢƖƆƊŕřōƅŪŴŧƁōæíǁǇÎjǄħ³{ƭHw
ƴƻƥǍƻƤƆƇƉŕřUÎ�ǆŧŸŭǁƆƇƉŕřĩ�YǙÏÆƳƸƻƆƇƉŕřţōūƖƀƉƅƗŕ
ŚřƑŐŧŸŭƑőŢŢƆƇƉŕřōƅŪŴŧƁōæíǁǇ¸n��Òtǆħ³{ƭHwƴƻƥ

ŐƄőōJśśƃǆšŘŕřŘřÛǆřřÛķǆĂ"ġn¯ ŐŎőōǆlNǙ£Ǩȗȇǅƴƻƥ£Ǩȗȇ
ǆþǇJśśƃǆþǂbzƴǀƨǖƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ ŒŒƑōŤōŘŖŘřō
ŐŹƕƌƇƗƜűƒƃƎƇƒőƥ
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JśŜ ŪūŭŗūŴƃũǵǞȉȒǤȂ;`�ǒ©¢/½|R�ĨĸĦĩ�YǆUÎ�ǆ
�¸õ{Č�

ŪūŭŗūŴƃũǵǞȉǆȒǤȂ;`�Ǚǫȟǽƶǖĩ�YǆUÎ�ǒƤ©¢/½|R�
ĨĸĦĩ�YǆUÎ�ǆ�¸õ{Č� ŐǜǸǲǞ� ƠōřŘőƥřŝƞň÷tǅŚƞǅšŞ
�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒƑōŤōŘŖŘŝţōŒŒƑōŤōŘŖŘřōŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥ
ƎƇƅŕřŔōƎƇƅŕŚŔōƎƇƅŕśŔōƎƇƅŕŜŔōƎƇƅŕŝŔōƎƇƅŕşŔōƎƇƅŕŠŔōƎƇƅŕřŜŔōƎƇƅŕřŝŔōƆƇƉŕřŔōƍƇƔŕ
ŚUÎ�ƭ�¸õ{ÎjǙÙƴƻƥ�ǁǑƆƇƉŕřUÎ�ƭņÿǄÎjǙÙƴƻƥ
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Jśŝ ŪūŭŗūŴƃũǵǞȉȒǤȂ;`�ǂƹǆ�ǆȒǤȂ;`�ĸĦĩ�YǆUÎ�
ǆ�¸õ{Č�

ŪūŭŗūŴƃũǵǞȉ�VǆȒǤȂ;`�Ǚǫȟǽƶǖĩ�YǆUÎ�ǆ�¸õ{ǑČ
�ƴƻ ŐǜǸǲǞ� Ơōřřőƥřŝƞň÷tǅŚƞǅšŞ�ķóƨƻƥǡȗȟȃȟŢō§ºēi
ŐŸūųőƥŒƑōŤōŘŖŘŝţōŒŒƑōŤōŘŖŘřōŐŹƕƌƇƗƜűƒƃƎƇƒőƥƆƇƉŕřŔōƆƇƉƔŕřŔōƕƏƅŕŠǇŪūŭŗūŴƃũǵ
ǞȉȒǤȂ;`�ǙǫȟǽƶǖƥƑƇƘƐŕřǇȅǼǆŶůūſŵǆǣșǴțǨǙǫȟǽƶǖƥ
ƔƒƑŕŜ ǂƑƌƆŕŚǇŹŷŶǷȔȁșǙǫȟǽƶǖƥƆƇƉŕřUÎ�ǌǃņÿǄÎjǙÙƶæ
íǇÆǗǄƬƾƻƥ
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JśŞ ŧŸŭ}ĊǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ

ŐƃőōžũśŖŞŘǙÊƨƻŧŸŭ}ĊǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐČ���� ƠōřŜőƥǡ
ȗȟȃȟŢō§ºēi ŐŸūųőƥň÷¸nŢōřŝƞƥ¸n/½ȄǵȟȝǇǨȗȇ�ǅĎĠƥ
ƆƇƉŕřŐƕśŠőōUÎ�Ǉ¸n/½ǅbƴǀÎjǄ9z��ǙÙƴƻƥƆƇƉŕřŐƕśŠőōUÎ
�ǆŧŸŭǁƆƇƉŕřĩ�YǙÏÆƳƸƻƆƇƉŕřŐƕśŠőţōūƖƀƉƅƗŕŚřƑŐŧŸŭƑőŢŢƆƇƉŕřōƅŪŴŧƁō
æíǁǇ9z��ƭHwƴƻƥƕśŠUÎǇǽȐǾȝǼȁǥǺǝȈUÎǁƧǖƭƤİÈ
¡OǆƆƇƉŕřĩ�YǙd#ƶǖƱǂǁ©¢/½Ǌǆ9zÎjƭHwƶǖƱǂƭR
CƳǗǀƨǖ ŐũƊƃƍƈƋƇ ƇƔōƃƍŖŔōřššŘőƥƓƏƄŕřUÎ�ǁǇİÈ¡ǂ@àǆ9zƭĈǔ
Ǘƻƥ

ŐƄőōJśŞƃǆřŠŘŕřšřÛǆřřÛķǆĂ"ġn¯ ŐŎőōǆlNǙ£Ǩȗȇǅƴƻƥ£Ǩȗ
ȇǆþǇJśŞƃǆþǂbzƴǀƨǖƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ ŒŒƑōŤōŘŖŘřō
ŐŹƕƌƇƗƜűƒƃƎƇƒőƥ
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deg-1(u38); Ex[ASGp::deg-1 cDNA]
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Jśş ŧŸŭ}ĊǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐřśƞƟŚşƞƟřśƞő

ŐƃőōžũśŖŞŘǙÊƨƻŧŸŭ}ĊǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐČ���� ƠōŚŘőƥǡ
ȗȟȃȟŢō§ºēi ŐŸūųőƥň÷¸nŢōřŝƞƥ¸n/½ȄǵȟȝǇǨȗȇ�ǅĎĠƥ
ƆƇƉŕřŐƕśŠőōUÎ�Ǉ¸n/½ǅbƴǀÎjǄ9z��ǙÙƴƻƥƆƇƉŕřŐƕśŠőōUÎ
�ǆŧŸŭǁƆƇƉŕřĩ�YǙÏÆƳƸƻƆƇƉŕřŐƕśŠőţōūƖƀƉƅƗŕŚřƑŐŧŸŭƑőŢŢƆƇƉŕřōƅŪŴŧƁō
æíǁǇ9z��ƭHwƴƻƥƕśŠUÎǇǽȐǾȝǼȁǥǺǝȈUÎǁƧǖƭƤİÈ
¡OǆƆƇƉŕřĩ�YǙd#ƶǖƱǂǁ©¢/½Ǌǆ9zÎjƭHwƶǖƱǂƭR
CƳǗǀƨǖ ŐũƊƃƍƈƋƇ ƇƔōƃƍŖŔōřššŘőƥ

ŐƄőōJśşƃǆŚśŘŕŚŜřÛǆřřÛķǆĂ"ġn¯ ŐŎőōǆlNǙ£Ǩȗȇǅƴƻƥ£Ǩȗ
ȇǆþǇJśşƃǆþǂbzƴǀƨǖƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ ŒŒƑōŤōŘŖŘřō
ŐŹƕƌƇƗƜűƒƃƎƇƒőƥ
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JśŠ ŧŻŭ
MǿȕȟțȝǂŶŻũ
MǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ

žũśŖŞŘǙÊƨƻŧŻŭǂŶŻũǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐČ���� Ơōşőƥǡȗȟ
ȃȟŢō§ºēi ŐŸūųőƥň÷¸nŢōřŝƞƥ¸n/½ȄǵȟȝǇǨȗȇ�ǅĎĠƥ
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Jśš ƖƆƊŕřǂƆƇƉŕřǆĩ�\ÑČ�

ƖƆƊŕřĩ�YǂƆƇƉŕřĩ�Yǆ�įUÎ�Ǚ�ąƴƤ�¸õ{Č�ǙƫƱǄƾƻ
ŐǜǸǲǞ� ƠōřŚőƥřŝƞň÷tǅŚƞǅšŞ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ
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JŜŘ ŧŸūDĊǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ

ŐƃőōŭũƃųŶŠǂƔƃƉŕŷŬŶǙÊƨƻŧŸūDĊǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐČ���
� ƠōřšőƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥň÷¸nŢōřŝƞƥ¸n/½ȄǵȟȝǇǨȗ
ȇ�ǅĎĠƥŪūŭŕřǙr.ÑǅÏÆƳƸƻŴŚţōEx[gcy-5p(ASEp)::deg-1 cDNA] ǆ
ŧŸūǇ¸n��ǅ9zǙÙƴƻƥ

ŐƄőōJŜŘƃǆŚśŘŕŚŜřÛǆřřÛķǆĂ"ġn¯ ŐŎőōǆlNǙ£Ǩȗȇǅƴƻƥ£Ǩȗ
ȇǆþǇJŜŘƃǆþǂbzƴǀƨǖƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ ŒŒƑōŤōŘŖŘřō
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JŜř ŪūŭŕřǙÏÆƳƸƻǜȇȘǤǹȒǥǡș7®èøǆ¸n/½ǅbƶǖ9z

ŐƃőōJŜřƄǅÙƶŀ´ǂ¸nǆÓĸ{Ǩȗȇ ŐČ�èø� ťōŠƤJǇ�ăřǻȟǵǆǼ
ȚȟǰőƥǜȚǿǟǰȉțǸǼǁâ)ƳǗƻ³{¸nĹ��ģǁŀ´�ǆWƮǄU3
ƭĈǔǗƻƥǞȝǯǠǧǮȖȝǙƫƱǄƾǀƨǄƨ7®èøǁǇ9zǇĈǔǗǄƨȠȏ
ǳȝǵȡƥ

ŐƄőō�ăřǻȟǵǆǼȚȟǰƥŐ�Ǩȗȇőōŀ´�Ƥ Ő�Ǩȗȇőō¸n ŐČ�èø� ťōŠőƥ

ŐƅőōJŜřƄǆǻȟǵǆǜȚǿǟǰȉțǸǼ ŐČ�èø� ťōŠƤJǇ�ăřǻȟǵǆǼȚȟ
ǰőƥ³{¸nP�ǇƤȏǳȝǵðǆ�¿Ƭǔâ)ƴƻƥ Ūūŭŕřǆ³{Ĺ�¸nl
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JŜŚ ųŪūŭřǙÏÆƳƸƻǜȇȘǤǹȒǥǡș7®èøǆ¸n/½ǅbƶǖ9z

ŐƃőōJŜŚƄǅÙƶŀ´ǂ¸nǆÓĸ{Ǩȗȇ ŐČ�èø� ťōŠƤ JǇ�ăřǻȟǵǆ
ǼȚȟǰőƥǜȚǿǟǰȉțǸǼǁâ)ƳǗƻ³{¸nĹ��ģǁŀ´�ǆWƮǄU
3ƭĈǔǗƻƥǞȝǯǠǧǮȖȝǙƫƱǄƾǀƨǄƨ7®èøǁǇ9zǇĈǔǗǄƨ
Ƞȏǳȝǵȡƥ
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JŜś ŪūŭŗūŴƃũǆĺ_0ǜȐțȗǞǽǙÊƨǀŪūŭŕřǆ9zǙ�.ƴƻ

Őƃőō�ăřǻȟǵǆǼȚȟǰƥŐ�Ǩȗȇőōŀ´�Ƥ Ő�Ǩȗȇőō¸nƥŪūŭŕřǙÏÆƳƸ
ƻ7®èøǆ9zƥǜȐțȗǞǽǄƴƥ Č�èø� ťōŝƥ
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xdh-1; Ex[unc-14p::xdh-1 cDNA]

æíA ƖƆƊŕřĩ�YÏÆéò
15℃→2℃ (48hr)
È[Å (%) (ƙSEM)

Úêæ

xdh-1; Ex[pgp-12p::xdh-1 cDNA] µĤLĔãèø

xdh-1; Ex[ges-1p::xdh-1 cDNA] ú

xdh-1; Ex[xdh-1p::xdh-1 cDNA] ƨƯƿƬǆÚêƤúƤ
µĤLĔãèø

Wild-type

xdh-1(ok3234)

94.0ƙ1.2

1.7ƙ0.3

64.7ƙ3.4

9.7ƙ2.3

4.3ƙ1.1

82.4ƙ2.9

J28Ǩȗȇǆă

ă ř

���



xdh-1; Ex25

æíA

Úêæ

xdh-1; Ex26 ADE, CEP, PDE

xdh-1; Ex28 ADE, ADF, ADL, AFD, AQR, ASE, ASG
ASH, ASI, ASJ, ASK, AWA, AWB, AWC
CEP, FLP, PDE, PHA, PHB, PQR, CEM

xdh-1; Ex29 ADE, ADF, ADL, AFD, AIB, AIN, AIY, AIZ
AQR, ASE, ASG, ASH, ASI, ASJ, ASK, AVA
AVB, AVD, AVE, AVG, AVJ, AVK, AWA
AWB, AWC, BAG, BDU, CEP, DA, DB, DD
DVC, FLP, HSN, PDA, PDB, PDE, PHA
PHB, PVC, PVM, PVQ, RIG, RIM, RIS, RMD
RME, RMG, SAB, SMD, URY, VA, VB, VC
VD, PQR 

Wild-type

xdh-1(ok3234)

98.6ƙ0.3

3.8ƙ0.4

81.0ƙ4.0

8.1ƙ1.5

7.7ƙ1.8

28.5ƙ5.4

ȉțȓȟǵȟ

xdh-1; Ex34 AVL, DA, DB, DD, DVB, IL1, PVQ, RIS 
RMD, RME, VA, VB, VD

xdh-1; Ex35 ADA, ADE, ADF, ADL, AFD, AIB, AIN, AIY
AIZ, ALM, AQR, ASE, ASG, ASH, ASI, ASJ
ASK, AUA, AVA, AVB, AVD, AVE, AVG
AVJ, AVK, AVL, AVM, AWA, AWB, AWC
BAG, BDU, CEP, DA, DB, DD, DVB, DVC
FLP, HSN, IL1, LUA, NSM, OLL, OLQ, PDA
PDB, PDE, PHA, PHB, PLM, PVC, PVD
PVM, PVQ, PVR, RIG, RIM, RIS, RIV, RMD
RME, RMG, SAA, SAB, SIB, SMD, URY, VA
VB, VC, VD, PQR, CEM

xdh-1; Ex36 ADA, AFD, AIN, ALM, ASH, ASK, AUA, AVA
AVD, AVE, AVH, AVJ, AVK, AVM, AWC, DD
FLP, IL1, LUA, NSM, OLL, OLQ, PLM, PVD
PVR, RIV, RMD, SAA, SIB, SMD

xdh-1; Ex37 ADA, AIM, AIZ, ALM, ALN, BDU
FLP, HSN, IL2, NSM, PLM, URY

5.9ƙ2.1

54.5ƙ3.4

72.2ƙ6.5

14.1ƙ1.9

xdh-1; Ex38 ADA, AFD, AIN, ALM, ASH, ASK, AUA, AVJ
AVM, AWC, FLP, IL1, LUA, NSM, OLL, OLQ
PLM, PVD, PVR, 

xdh-1; Ex39 AIN, ASH, AVA, AVD, AVE, AVH, AVJ, AVK
DD, RIV, RMD, SAA, SIB, SMD

41.3ƙ6.5

59.3ƙ6.2

unc-14p

dat-1p

osm-6p

osm-6p, ncs-1p
glr-1p, unc-8p

unc-47p, acr-2p

osm-6p, ncs-1p
glr-1p, unc-8p
unc-47p, acr-2p
eat-4p, unc-42p

eat-4p, unc-42p

unc-86p

eat-4p

unc-42p

ƖƆƊŕřĩ�YÏÆèø

ă Ś
J29Ǩȗȇǆă

15℃→2℃ (48hr)
È[Å (%) (ƙSEM)

���



xdh-1; Ex40

æíA ƖƆƊŕřĩ�YǆÏÆèø

OLQ

xdh-1; Ex42 AIN, AIY, ALA, AVJ, CEP, ASH, ASI, PVQ
RID, RME

xdh-1; Ex43 AWB, OLQ, RID, RIV, RMD, RME, SAA, SIA 

xdh-1; Ex45 AWB, OLL, OLQ, PVD, RID, RIV, RMD
RME, SAA, SIA

Wild-type

xdh-1(ok3234)

92.3ƙ1.1

6.4ƙ1.4

5.5ƙ1.1

58.5ƙ5.1

4.2ƙ1.2

3.2ƙ2.0

ȉțȓȟǵȟ

xdh-1; Ex46 AIN, AIY, ALA, AVJ, CEP, RID, RME

xdh-1; Ex47 ASH, ASI, PVQ

xdh-1; Ex51 AIB, AVA, AVB, AVD, AVE, AVG, AVJ, DVC
PVC, PVQ, RIG, RIM, RIS, RMD, RME
SMD, URY

xdh-1; Ex52 AIN, AVJ, DVA(mā,�), DVC(mā,�)
PVT(mā,�)

66.5ƙ7.4

11.3ƙ1.5

15.5ƙ2.3

76.5ƙ2.3

xdh-1; Ex53 AIN, DVA(mā,�), DVC(mā,�)
PVT(mā,�)

xdh-1; Ex54 AVJ

14.0ƙ2.3

13.4ƙ1.7

ocr-4p

ceh-10p, sra-6p

ocr-4p, lim-4p

ser-2p, ocr-4p
lim-4p

ceh-10p

sra-6p

glr-1p

inx-17p, hlh-34p

inx-17p

hlh-34p

xdh-1; Ex63 AVJ, ú8.0ƙ1.8 hlh-34p, ges-1p

ă ś

J30Ǩȗȇǆă

15℃→2℃ (48hr)
È[Å (%) (ƙSEM)
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�×Þǁ�ÊƴƻȉȗǞȏȟ

SNP解析用primer

KHR No. 配列(5'-3') 用途 PCR-RFLPに用いたRE

KHR444 cgatgaggttgagaaaattcggg

KHR445 tacatcgtgtagaggaaaagggc

KHR446 ctgatgcctctcattttctctgc

KHR447 gttcagatgcagaatcaaggagc

KHR448 tcctggatgcgagatgctcttcc

KHR449 gccagcgtagattgcccaaagg

KHR450 tctccggaatgaagccagtcac

KHR451 ttgtcgtgaccaggggagatacc

KHR452 cgtaggtgttcacatggcaatgc

KHR453 tattttccagaactcccaacgcc

KHR454 tgttctgtagctctacgaacgac

KHR455 ggatcattcttatcctgcaacgc

KHR460 cggccgggtaaattggattaaatgc

KHR461 ctgccaagtaggtgttatctgtctg

KHR462 gttggatgggccccatatttaatgtc

KHR463 cattgagcagcatagaacgtgtagac

KHR464 tgacttatagtgacgacctgtgtg

KHR465 gtagaatcgacgcatctggaaaagg

KHR466 taatgatcaggtgggtatcgtgtcg

KHR467 gtggaatcaggatcttcttcagtg

KHR468 catccataaccagcttgatgtcac

KHR469 ctgtttggcatacttcttcagtgg

KHR470 tgcttcgtggaagagagatatcag

KHR471 atgggagatagataggggatacgg

KHR498 agattgatcgttgagggcgg

KHR499 gaaatttgtcggcacctcgg

KHR500 tttcctggaagtctttctgggag

KHR501 tgaggagcaaggacatatgactg

KHR502 aagagatggtgttaatgggagtcc

KHR503 gccgaattccctggattgataatcac

KHR504 atgctccttgcttaaaccctagg

KHR505 gatttgcaggacacattctacgg

KHR506 catgtgaattgtgacgagagacag

KHR507 caggttacgagaaaattggtggac

KHR508 attatcgtacaggcaccacatcc

KHR509 gaagagtgtttcaccccttctc

KHR613 accatatttcggatccaggagatgc

KHR614 ccagcaattccatctcctctatcag

KHR615 cttaagtctactgaaatcggctgc

KHR616 ctatcacaactcgaaaatggctcc

KHR760 ctcctcatggcaatatcattggtg

KHR761 cccaatttttcaagttcggagacc

KHR762 tgcttcaagaatcggacgataacc

KHR763 tcagcagagccgatattgattctc

KHR778 gaagctaaagtcttcggaatcgga

KHR779 gctacaagcttctcaatgctttcg

KHR811 aataataaaaaccgcgccgcaggg 

KHR812 taatattctcagcagtaccggatcg

4番染色体_詳細マッピング用(direct sequence)②

4番染色体_詳細マッピング用(direct sequence)③

4番染色体_詳細マッピング用(direct sequence)①

Pvu I

Fok I

Bgl II

Pvu II

Mbo II

4番染色体_詳細マッピング用①

4番染色体_詳細マッピング用②

4番染色体_詳細マッピング用③

Bsm I

Mnl I

BsmA I

EcoRI-HF

Bsr I

Bgl II

4番染色体右腕

Taq I

Mfl I

Ban II

Hind III

Ava I

BssH II

BspH I

Afl III

EcoRI-HF

X染色体右腕

3番染色体左腕

3番染色体中央

3番染色体右腕

4番染色体左腕

4番染色体中央

2番染色体右腕

5番染色体左腕

5番染色体中央

5番染色体右腕

X染色体左腕

X染色体中央

1番染色体左腕 Fok I

1番染色体中央

1番染色体右腕

2番染色体左腕

2番染色体中央

��	



変異検出primer

KHR No. 配列(5'-3') 用途

KHR833 gcattgtttcatcgtttcca

KHR834 cagtttcacgcaattgatttt

KHR1311 caatgtcatcttctcgtcgttgag

KHR400 cctctatgcctaactattgcc

KHR401 gtaatctgtggctccattcc

KHR2061 agagggggagagatgaagattctc

KHR2062 tgtaatttgccgtttatcttctgg

ok3234 変異検出

ok3587 変異検出

u38 変異検出
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レスキュー実験用断片増幅primer

KHR No. 配列(5'-3') 用途

KHR687 atctccactatcttcctgaatgcc

KHR705 gtccttgcagctagtaacagtactc

KHR791 gatttcagtgcaagcatcccaaacg

KHR792 gaaagtgtgaactttgatggtggg

KHR1672 ttccgcgttgtctatcttcttctc xdh-1  PCR1 forward primer

KHR1673 aaaaaaacattttctgtttcagcg xdh-1  PCR2 forward primer

KHR1674 gtttgtaaaattttagtggttcggc xdh-1  PCR3 forward primer

KHR1675 gtacggccgactagtaggaaacag xdh-1  PCR1, 2, 3 reverse primer

flp-17 遺伝子全長

irg-6 遺伝子全長

cDNAライブラリーより、xdh-1 cDNA 作成primer

KHR No. 配列(5'-3') 用途

KHR835 gctctagaatgaagaaagaagtaaccgaaatttcatcg

KHR836 agtggtaccttaaacagaagttatccatggtgtataagt
KHR846 atgaagaaagaagtaaccgaaatttca

KHR847 ttaaacagaagttatccatggtgtat

KHR903 gtcattcattcctccctaaacgac

KHR968 gctctagagtcattcattcctccctaaacgacaacg

KHR969 agtggtacccacattttacccgtgatatcagcgttttcg

KHR970 cacattttacccgtgatatcagcg

KHR1135 gtcattcattcctccctaaacgacaacg

KHR1136 catcattcacacattgattactaattataatctc

KHR1137 ctaaatacattcaaatatgtatccgc

KHR1138 aaaaataaacaaataggggttccgcg

KHR1139 ctaaatacattcaaatatgtatccgctcatgag

KHR1140 aaaaataaacaaataggggttccgcgcac

xdh-1 cDNA 作成

��




Direct sequenceによる配列確認用primer

KHR No. 配列(5'-3') 用途

KHR893 tcatcaagtaacaataactgccag xdh-1 遺伝子 第1エクソン

KHR894 aatgacactggcaacctacttgag xdh-1 遺伝子 第2エクソン

KHR895 tcagcagagccgatattgattctc xdh-1 遺伝子 第3, 4エクソン

KHR896 ggatgctcaagaaaagctagaagg xdh-1 遺伝子 第5, 6エクソン

KHR898 catgttcatgagatgctccattgg xdh-1 遺伝子 第7,8エクソン

KHR899 gtcacaggagcatttttggtgaagc xdh-1 遺伝子 第7,8エクソン

KHR900 tccatttgacggggagtaacaa xdh-1 遺伝子 第9エクソン

KHR901 gcacactacaggagaagctgtata xdh-1 遺伝子 第9エクソン

KHR902 ccagagtgttaaatacatgatagtgc xdh-1 遺伝子 第10エクソン

KHR903 gtcattcattcctccctaaacgac xdh-1 遺伝子 第10エクソン

KHR904 taagaaaaccacttgaaacatgcg xdh-1 遺伝子 第11エクソン

KHR905 cgatgggtgcacaactttgatac xdh-1 遺伝子 第12エクソン

KHR906 ggtgtttcagcatgaaaaccga xdh-1 遺伝子 第13, 14エクソン

KHR907 tctacaatgggaatgacgtcag xdh-1 遺伝子 第15エクソン

KHR908 ggatattcagtgtatggaacggca xdh-1 遺伝子 第15エクソン

KHR909 gtgcacattcatcaacttggtg xdh-1 遺伝子 第16エクソン

KHR2315 tcttgcaattagaacccgttttgc deg-1 cDNA  No. 1

KHR2316 ggcttgcatcagaatgttgtttgc deg-1 cDNA  No. 2

KHR2317 catacggtttggttaacttgatcg deg-1 cDNA  No. 3

KHR2318 atagaagttgcttccaaaatggac deg-1 cDNA  No. 4

KHR2319 caaacatgaatttattgaaatgtg deg-1 cDNA  No. 5

KHR2320 gcacaacatcatcagacaaatggc deg-1 cDNA  No. 6

KHR2321 aaaagaaaaaacccaaagtttccc deg-1 cDNA  No. 7
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カルシウムイメージング解析用プラスミド作成primer

KHR No. 配列(5'-3') 用途

KHR2346 gaaatgaaataagctggtacctgcctttgaataaatttgttccc

KHR2347 ccatggtttctaccggaattcagcagaataatatgaaaatgaaatttatttag

KHR2795 gaaatgaaataagctgatgattatggaaccaaactc

KHR2796 ccatggtttctaccgctgatattcggaacatatctg 

KHR1979 gaaatgaaataagctcggtggtggctggagggactgatgc

KHR1980 ccatggtttctaccgttctcaagtggttataagtcaagc

KHR2030 gaaatgaaataagctgcatgcagcttgacaccttgaaaagtttg

KHR2031 ccatggtttctaccggcggccgcaacccagtatcgatcttcatctg

gcy-21 プロモーター

nmr-1 プロモーター

hlh-34 プロモーター

inx-17 プロモーター

���
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特異的発現プラスミド作成用primer (プロモータ領域）

KHR No. 配列(5'-3') 用途

KHR1224 ccaagcttgcatgcccctgcaggtcgaggtcgacggtatcg

KHR1225 attctagagtcgacctctagacccggggatcccccgggctgcagg

KHR1201 ccaagcttgcatgccattttctattactcaacctg

KHR1202 attctagagtcgaccgtttaacctatttcagaagaatatctg

KHR1512 ataagcttgcatgcccctgcaggctagaactagtggatccacacg

KHR1513 attctagagtcgacctctagatttctactgtaatttggcatttattgg

KHR1514 ccaagcttgcatgcccctgcaggttgattcgagtgtcccattttgac

KHR1515 attctagagtcgaccgcggccgctttggtggaagaattgagggatgaagc

KHR1538 ccaagcttgcatgcccctgcaggccatgaaatggaacttgaatccag

KHR1539 attctagagtcgaccgcggccgcggctaaaaattgttgagattcgag

KHR1551 ccaagcttgcatgcccctgcagggcatgttatggatactctgaattcc

KHR1552 attctagagtcgaccgcggccgcagatgtatactaatgaaggtaatagc

KHR1570 ccaagcttgcatgcccctgcaggttggaaatgaaataagctttactg

KHR1571 attctagagtcgaccgcggccgcccaatcccggggatccttcttcgc

KHR1572 ccaagcttgcatgcccctgcagggaaataagcttgcatgcctgcagc

KHR1573 attctagagtcgaccgcggccgctgtgaatgtgtcagattgggtgcc

KHR1574 ccaagcttgcatgcccctgcagggcagtcagaagggcttcagctacc

KHR1575 attctagagtcgaccgcggccgcgatcctttttcgaattttgtgccg

KHE1670 ccaagcttgcatgcccctgcaggccaataaactcactatagtcgctg

KHE1671 attctagagtcgaccgcggccgcactgtaatgaaataaatgtgacgc

KHR1713 ccaagcttgcatgcccctgcaggtatgcttcaattcttccaaattat

KHR1714 attctagagtcgaccgcggccgcccggtttctgaaaatgatgatgat

KHR1715 ccaagcttgcatgcccctgcaggtcttcgatgaacggagggagttgtc

KHR1716 attctagagtcgaccgcggccgctgtgtgagtgaaagcggagaaatgtg

KHR1721 ccaagcttgcatgcccctgcagggctatcaaagtagagcagtgag

KHR1722 attctagagtcgaccgcggccgcttttgaagcggttgtcgtcgtc

KHR1740 ccaagcttgcatgcccctgcaggccgtgggccatttcttcaaagac

KHR1741 attctagagtcgaccgcggccgccctaatacaagttagattcagag

KHR1793 ccaagcttgcatgcccctgcaggacttcggtccttcctgccagatac

KHR1794 attctagagtcgaccgcggccgccacaagagaaaagtggctgcttat

KHR1872 ccaagcttgcatgccggatccgaattcgagttgaattagatgggc

KHR1873 attctagagtcgaccggtaccggtgcaacttgtgacagctgc

KHR1880 ccaagcttgcatgccggatccgtaaaagtttagtaaattaactgc

KHR1881 attctagagtcgaccggtacccattatgtgttgtgatgtcacaa

KHR1923 ccaagcttgcatgcccctgcaggagcttgacaccttgaaaagt

KHR1924 attctagagtcgaccgcggccgcctgaagagtttaaaatgttg

KHR1925 ccaagcttgcatgcccctgcaggggtggtggctggagggactg

KHR1926 attctagagtcgaccgcggccgcttctcaagtggttataagtc

KHR2448 attacgccaagcttgcatgtgcctttgaataaatttgttccc

KHR2449 aggtacccggggatccatcagcagaataatatgaaaatgaaatttatt

KHR2049 ccaagcttgcatgcctatacatgaaatacatacatagac

KHR2050 cctctagagtcgaccttttcatcagaataagtaatttttcg

ser-2 プロモーター

inx-17 プロモーター

hlh-34 プロモーター

gcy-21 プロモーター

gcy-5 プロモーター

eat-4 プロモーター

unc-42 プロモーター

unc-86 プロモーター

ocr-4 プロモーター

ceh-10 プロモーター

lim-4 プロモーター

dat-1 プロモーター

osm-6 プロモーター

ncs-1 プロモーター

glr-1 プロモーター

unc-8 プロモーター

unc-47 プロモーター

ges-1 プロモーター

pgp-12 プロモーター

xdh-1 プロモーター

unc-14 プロモーター
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Cre/LoxPシステム プラスミド作成primer

KHR No. 配列(5'-3') 用途

KHR2727 attacgccaagcttgcatgcacttcggtccttcctgcc

KHR2728 ccatggtaccgtcgaccacaagagaaaagtggctg

KHR2732 tcgacggtaccatgggcgcac

KHR2733 catgcaagcttggcgtaatcatgg

KHR2729 acttgagaagcggccgataacttcgtatagcatac pNTN144 作成 forward primer

KHR2730 gagtcgaccgcggccgataacttcgtataatgtatgc pNTN144, 145 作成 reverse primer

KHR2731 actcttcaggcggccgataacttcgtatagcatac pNTN145 作成 forward primer

pNTN143 ceh-10p::nCre  作成

�×Þǁ�ÊƴƻȉȗǞȏȟ

その他プラスミド作成用primer

KHR No. 配列(5'-3') 用途

KHR839 cattatcgagtgtatgcaagaccg 

KHR840 atacattgccatgacgaatccagg

KHR841 ttcatccagttcaggagagacttgcc

KHR842 ccgaatcgagttggtgtcaagtaaattcc

KHR843 ctaaaaatgccgtacctcgtgtg

KHR844 cgtgctcggcaaattttgagatttgc

KHR933 cccagaatattcaggacgacaagac

KHR934 cgccctgcaggttacttgtacagctcgtccatgccg

KHR931 gctagccgccctgcagg attattttttaataactaatttttcag

KHR932 aacagaagttatccatggtgtataagtg

KHR999 agcatggtgagcaagggcgaggagc

KHR1000 cttcattttctactgtaatttggc

KHR1727 tggataacttctgttgctagcatgagtaaaggagaagaactt

KHR1728 caataccatggtaccgcgcgcctatttgtatagttcatccatg

KHR1729 ggtaccatggtattgatatctgag

KHR1730 aacagaagttatccatggtgtataagtg

pNTN026 xdh-1p::gfp 作成

pNTN058 xdh-1p (3,346 bp)::xdh-1 cDNA::gfp 作成

pNTN020 xdh-1p::xdh-1 genomic gene::gfp 作成
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発現細胞解析

プラスミド番号

pNTN020 xdh-1p::xdh-1 genomic gene::gfp

pNTN026 xdh-1p::gfp

pNTN032 pgp-12p::dsRedm

pNTN058 xdh-1p (3,346 bp)::xdh-1 cDNA::gfp

pNTN118_xdh-1p::dsRedm_unc-54UTR

細胞特異的発現実験

プラスミド番号

pNTN034_pgp-12p::xdh-1cDNA_unc-54UTR

pNTN035_ges-1p::xdh-1cDNA_unc-54UTR

pNTN036_xdh-1p::xdh-1cDNA_unc-54UTR

pNTN046_unc-14p_xdh-1cDNA_unc-54UTR

pNTN047_dat-1p_xdh-1cDNA_unc-54UTR

pNTN048_osm-6p_xdh-1cDNA_unc-54UTR

pNTN049_ncs-1p_xdh-1cDNA_unc-54UTR

pNTN050_glr-1p_xdh-1cDNA_unc-54UTR

pNTN051_unc-8p_xdh-1cDNA_unc-54UTR

pNTN052_unc-47p_xdh-1cDNA_unc-54UTR

pNTN053_acr-2p_xdh-1cDNA_unc-54UTR

pNTN054_eat-4p_xdh-1cDNA_unc-54UTR

pNTN055_unc-42p_xdh-1cDNA_unc-54UTR

pNTN057_unc-86p_xdh-1cDNA_unc-54UTR

pNTN058 xdh-1p (3,346 bp)::xdh-1 cDNA::gfp

pNTN059_ocr-4p_xdh-1cDNA_unc-54UTR

pNTN060_ceh-10p_xdh-1cDNA_unc-54UTR

pNTN061_sra-6p_xdh-1cDNA_unc-54UTR

pNTN063_lim-4p_xdh-1cDNA_unc-54UTR

pNTN064_ser-2p_xdh-1cDNA_unc-54UTR

pNTN067_inx-17p_xdh-1cDNA_unc-54UTR

pNTN068_hlh-34p_xdh-1cDNA_unc-54UTR

pNTN106_gcy-5p(Iino)::deg-1cDNA_unc-54UTR

pNTN143_ceh-10p::nCre_unc-54UTR

pNTN144_hlh-34p::LoxP::xdh-1cDNA::LoxP_unc-54UTR

pNTN145_inx-17p::LoxP::xdh-1cDNA::LoxP_unc-54UTR
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カルシウムイメージング解析

プラスミド番号

pNTN075_hlh-34p::yc3.60_unc-54UTR
pNTN116_inx-17p::yc3.60_let-858UTR
pNTN123_gcy-21p::yc3.61_unc-54UTR
pNTN159_nmr-1p::yc3.60_unc-54UTR
pMIU34 flp-6p::CeG-CaMP8
pKOB006 gcy-5p::tag-RFP (Kobayashi et al., 2016)
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アフリカツメガエルの卵母細胞を用いた電気生理学的解析

プラスミド番号

pNTN119_deg-1cDNA_in_pGEMHE
pNTN125_MDEGcDNA_in_pGEMHE
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