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ɪ͒g3Ր¿4&�   

2dWEK͓÷÷׶L:ȯǚ׏ש:Չ͗ĳؕ:ĀԮĺԵ:׬ÜٙÙ:Ü¾رю:ىȯʊºמ:

͗ЭҭȃٜÙ͏ٝ:óԮӕٜÙ͏ٝ:ζŁ̫ʕٜÙ͏ٝ:ЭÆΝ:ىΓՂºٜמÙ͏ٝ:ٓ

ŁřξٜТ÷ٮ׶ñ͏ ɵˍ 31ɶ 1͈ 1̤$ìƷ 2ɶ 12͈ 31̤ٝKնήE8�!÷ş 5 ͙

K 1 EL÷׶LÙ͏g֘(Dńñ4dH&2F"FHAD)bW8�åǌKו˭EL͗Эҭ

ȃ:óԮӕ:ζŁ̫ʕ:ىΓՂºמKǋήIԾו˭ΎL%bW:h�  

̤͓ĳƧˍȟ÷ʙƺוŏI8׻cа6Ƨf:ٜɵˍ٦٫ɶ٩͈٦٫̤ɸØ÷ٝҏ٦͙!ɸØ

L:÷ו׶˭I˷ԫ8cĚՃӧF6DP4f6&÷ƺg٧ƪׂ՛E˛Ѱ8c�˛ѰҾ͠+¾

ýK÷ƺIB&D:ɱñɸØ÷L:͓ãK˄ƫgѤը6>¾E:Ԑɴƪg˷ԫĚՃӧF6D

ηȩ8c�"IǦC,:ɱñɸØ÷Lí¿K 2 ƪٜÛƂٝجاg÷׶ĚՃӧF6D˷ԫ6W

8� 

 

ՉɓĆȝٜǧЛȀȟٝ:ÌǨʬٜ͛áɤ΄Ȁȟٝ 

 

̤͓ĳƧˍȟ÷ ו˭ҙФȒƺ÷  

ǳЭ� ʊٜ͛áȀȟȀȟ؅ӉƧ̕ŽѢ҅ѵɻǣѵȟȾ̉ٝ 

ƷЭ� İٜ͛áȀȟȀȟ؅ӉƧ̕ŽѢ҅ѵɻǣѵȟȾ̉ٝ 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

˛ѰЬҴKֺéĲ 

#153-8902  

͛áףэٖƀلǫ 3-8-1 

͛áȀȟȀȟ؅ӉƧ̕ŽѢ҅ѵ 15-305A 

ƷЭѢ҅ȭŁ 

̤͓ĳƧˍȟ÷ו˭ҙФȒƺ÷� Ե, 

  



ĳƧˍѢ҅� 29 (2) 2019 
 

 91 

 
 
OpN-ƧƵǁ�.�ŲƿȊ-ǔĄ,.";� 
�

�

ÓƈŲŨåƆƑĝ�

À»öÝåÝåǼ�ŰåƆƑƍ�ŲÅŰåòĤȔůĝ÷ȕ�

ƀ´ Ė�* 
 

OpNƇ-ŖÑ(.	ƧA.�7)9	Ȓ	ǜ+*ȑ90+�Ƶ-OpNAǋ=6)1(2=
6-

�Ƶ.	OpN1ƧƵǁ�Tp^KǛȔGFPȕ)!-ȊƩ-ǁ�Tp^KǛAÝǴ,ųŲ9'�=6

),ŶĹ�=
6>;-ǁ�Tp^KǛ.Ų��Tp^KǛA¼ǌ®�=ğǃ,ĐŴ�>	!-ćȆ

.�9ŲÅƍå�Ƴ,¶0
(.	ǁ�Tp^KǛ.!8!8OpN,)%'*-:�+Ĉ§AĠ&

-#?�0ȟĲǡě�.	�OpN-ƧƵǁ�1�ŲƿȊȔǈǀƿȕ-ǔĄ,.";�
6)AêȎ

ż,ǓĮ9"
ķĚľ.ě�-Ƅ=ǻ<	ǁ�)��ŨŰůǙ1íy0;�ŲƀĞ1-PLYm)9

'.";�6)A 7'Ɖ�8-(�=
 
 
1. L7ZI 
� ׁѧ|µ{L:єͯԯضE%cՈԱԯ

ٜSymbiodinium spp.ٝgҹӴŁļЪ4:c2FE
ٜǑ 1ٝ:ֆͪػHЋɯKϔαǣEӕͪ6:|µ
{ѧЪˇҬKǦьgˍ6D&c�2KļЪ׻ďI

)&D:ՈԱԯLȳÊ|µ{IĳƧˍЫБgċӀ

6:|µ{LՈԱԯIІΕػőgċӀ8cF&':

űКцHëպß˼+ȫТ6D&c�ՈԱԯFKļ

Ъ׻ďH6IL:ׁ ѧ|µ{Lˍ׶¸ЪȜ8c2

F+E,H&� 
� Ǿ.K|µ{ѼLƏK��¹�ELՈԱԯg

˪>9:ɹЪ 1)[6.Lɹ£°� 2)K��¹�E

ШǲÆ*aЙʥ8c�W>ˍĂFHAD[:ВI

��²�gƜ0DĂŁKՈԱԯgȅA>ʡٜ фŽ

Тց HٝGILШǲÆ*a̜>HՈԱԯgЙʥ8

c2F+E,cFӦ(adD&c 3, 4)�6*6H

+a:|µ{ѧϔǣI)0cՈԱԯKȜǘȵʂL

΅ZDþ& 5)�|µ{LºЪKUFhGEǒјЪ

όgǆYº̝:ШǲÆKՈԱԯLإέgĈAD׈

ψ8c2F+E,c 6)2F*a:ՈԱԯKЙʥű

КgىZc>ZI:|µ{+ՈԱԯgƵOȴ:c
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cٜǑ٥ٝ 10, 11)�<2E HollingsworthaL:|
µ{KӊԉԳĳ+ՈԱԯgժʍ8cF&'ծg
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LЄ4dD&H*A>�<2Eˎ�L:ȫنȭШ
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2. ՈԱԯK֕ĳʸKąЬ� v�± 
� HollingsworthaL:ӾЮ׈ψГˇKՈԱԯ+ф
ԉĳK�°�¦őĳK'@ӊԉKτ׶ǣIؗƧ

6>F&'Ҿ͠gǦIԳĳժʍծg˻ƿ6> 9)�

6*6H+a:ԳĳТցILԳĳБ֑gů֗8c

>ZKŘKĳϧٜ 2KǫƧLȂ؊ĳ +ٝʮՊE%

c�<K>Z:ԳĳRKժʍgȫ՟8c>ZIL:

W9!ů֗ĳϧILժʍ4d9IԳĳĳϧIժʍ

4dc"F&'Вʸ+ՈԱԯI%c*G'*g΁

ՙ8cʮՊ+%c�<2E:Ҹǽ$֒׏ԉĳǣK

Ί�HʒʂKĳIB&D:ՈԱԯK֕ĳʸKąЬ

� v�±KϢȩgաX>� 
� ”ŖI:ՈԱԯKǥͮػKºBE%c OTcH-1 
(v²¹� A)gЬ&D֕ĳʸgՠč8cȫنҬg
Ѥ҉6>�ՓǟKֽ̬�¯���vzµ��IՈ

Աԯǥػϖg˛ķ6:º̝ƫ*aĳg 10 őЉȿ
6>ʡ:ķȿģ(P)F<KƙȻģ(D)FIǥػϖg
ơ̋6>ٜǑ٦Aٝ�<d=dKģKҹӴȵʂ*
a:֕ĳʸKlµ��v�g[ (P - D)/(P + D) ]F
6DҘŏ6>�2Klµ��v�L-1*a 1WE
Kĝgƛb:Μ¸փKĝ+<d=dΜ¸փK֕ĳ

ʸٜĳϧIƫ*'¸ĳϧ*aֻ1cٝKʒʂgѩ

8 12)�ĲԵѢ҅I`b:ՈԱԯK֕ĳʸKʒʂ

+̤ÆK̵׺I`ADǺŽ8c2F+ўadD

&c 6)�<2E2KȫنҬgЬ&D:12 12/׺̵
̬:K̬–Ƴ͏EЪӱ6>ՈԱԯI)&D׺̵ ͏

ÆK֕ĳʸKόʸǺŽgՔ͝6>�ǥػϖg 2
I|µ�°µw6DӊԉĳIȻ8c֕,(׺̵

ĳʸlµ��v�gδZ>F2e:̬͏ 2 - 8̵
A*ى+EΜK֕ĳʸ+Ռad:[AF[όʸ׺

>KL̬͏ 4 �(E%A> 13׺̵<2E2dí؃

K֕ĳʸ¸ժʍȫنL8SD̬͏ KՈ׺5̵ - 2
ԱԯǥػϖgЬ&DԵA>� 
� ΘI:ǦѨЪБȟѢ҅ˑKȀǟ� v�³w¯

� 14)gЬ&:ՈԱԯK֕ĳʸKąЬ� v�±

gեҹIՔ͝6>ٜǑ٦Bٝ�2KՀӚI`b:
360 - 700 nmKτ׶ǣKƊԉĳg<d=dǾΥ؍
Kĳʒʂٜ0.01 - 60 µmol photons m-2 s-1ٝE:Ǿ

̑K|µ�±IƩ̵ЉȿE,c�<KҾ͠:ՈԱ

ԯLҸǽٜ400 nm�¹vٝ:ؠԉٜ440 nm�¹
vٝ:ӊԉٜ510 nm�¹vٝ:֒ԉٜ680 nm�¹

v KٝʐĳIȻ6DΜK֕ĳʸgѩ6>�Ŭ(D:

Ҹǽ/ؠԉٜ375 - 475 nmٝKʒĳIȻ6DشԣH
փK֕ĳʸgѩ6>�ՈԱԯLĳƧˍK>ZIؠ

$ӊԉǣF֒ԉǣKĳgřЬ8c+ 15):ʒ&Ҹ

ǽ/ؠԉĳLĳŽȟҬ II KħȰgʍ,֗26D6
W' 16)�6>+AD:¾ֶK֕ĳʸKВʸL:

ՈԱԯ+ĳƧˍI6ב>ĳШǲg˵6D׈ψ8

c2FgƠӶI6D&cFӦ(adcٜ Ǒ 2C �ٝ
º̝:ΜK֕ĳʸ+”[شԣIՌad>KL:ӊ

ԉĳIȻ6DE%A>�ϔÆELαϘ+Ϙ&UG

Ȃ؊ĳK׶τ׶ˍő+αIƯƚ4d:ؠԉĳ+Į

ŷHĳШǲFHc�6>+AD 3 µmol photons m-2 
s-1`bʒ&ؠԉĳШǲE%dM:ΜK֕ĳʸgժ

Ƀ:9:|µ{KӊԉԳĳIȻ8cժʍ+Ւȸ4

dcKELH&*FӦ(ad>ٜǑ 2Cٝ� 
 

 

 
 
Ǒ2. ՈԱԯK֕ĳʸKВʫ 
A, ֕ĳʸj��lIЬ&>ȫنՀӚ�B, ՈԱԯ
ٜOTcH-1 Kٝ֕ĳʸ� v�±gѩ8ґĝӌǑ� 3
ǌKЕ҉6>ȫنKɵǜgѩ8�Aihara et al. (2019) 
13)`bʍЬ�C, ֕ĳʸ� v�±*a˷Ϣ4dc:
ՈԱԯK֕ĳԵųKʙŨ� 
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3. ӊԉԳĳI`cՈԱԯKժʍ 
� <2Eˎ�L:¾՛Kĳ͙ðEӊԉԳĳ|µ{

+ՈԱԯgժʍE,c*G'*΁ՙ6>�åǌЬ

&>|µ{Lt�r|µ{ٜ Echinophyllia asperaٝ
KӊԉӝĂٜǑ 3AٝE%b:ؠԉĳgƯƚ6D
ӊԉԳĳgт8c�Ưƚ¸Գĳ�¹vL<d=d

492 nm, 505 nmE%bٜǑ 3Bٝ:|µ{K GFP
KВʫ 11)FºԀ6>�2K|µ{g 8 mm ǋ̝
|l�K̛ЍIr��6:٦BK̛ЍgфԉK�

¯���vzµ��IءӚ6>�<K'@º̝L

Ъ,>|µ{gr��6>[K:['º̝LΡh

EфŽ6>وͱgr��6>[KE%cٜ Ǒ 3C �ٝ
|µ{+ӊԉԳĳgт8cĳ͙ð:BWbؠԉĳ

g¾נ*a 10 őЉȿ6>F2e:Ъ,>|µ{
̛ЍKƳǐIՈԱԯҹӴ+ؗƧ8c2F+Ւȸ

4dٜǑ 3Dٝ:<KҹӴ̑LфŽوͱ̛ЍFά
SD 10ęIWE6׍>ٜǑ 3Eٝ�ȻЉцI:|
µ{+ӊԉԳĳgт6H&ĳ͙ð:8Hf@ӊԉ

ĳ]֒ԉĳgЉȿ6D[:2KՈԱԯKժʍű͠

LՌadH*A>�H):2KȫنI)&DL|

µ{Ѝgֽ̬H�¯���v²�µEՋA>>

Z:ՈԱԯ+|µ{K̊ŏ8căa*KŽȟБ֑

Iժʍ4dcF&'ƠӶʸL˲؆4dc� 
� |µ{ЍEՌad>ՈԱԯKժʍ+ӊԉԳĳ

Fю˶׻ď8c*G'*g΁ՙ8c>Z:ãɤK

ԳĳԉҵgЬ&>ȫنgԵA>�юʞ 8 mm K
�¹¦ǟKфԉ�¯���v�k�vgºȻą

ˍ6:Ѝ̝LӊԉԳĳ̘ٜͥ Green fluorescent dye: 
GFD gٝǯɬ6:['Ѝ̝Lǯɬ6H&[KgЬ

˄6>�2K GFD KԳĳ� v�±K�¹vL
504 nmE%bٜǑ 4Aٝ:åǌЬ&>t�r|µ
{K<dFUFhGƩ7E%A>�ԉĳK¿Eؠ

Ւȸ6>F2e:|µ{ЍKǫƧFƩΊ:ӊԉԳ

ĳ�k�vIՈԱԯҹӴ+ؗWA>ٜ Ǒ 4B, C �ٝ
ȻЉцI:GFD +ӊԉԳĳgт6H&ĳ͙ð:
8Hf@ӊԉĳ]֒ԉĳgЉȿ6D[:2KՈԱ

ԯKժʍű͠LՌadH*A>ٜǑ 4Cٝ�2d
aKҾ͠L GFD IЮ͚8cӊԉԳĳ+ՈԱԯg

 
 

  
 
Ǒ3. ӊԉԳĳ|µ{I`cՈԱԯKժʍ 
A, ͓Ѣ҅IЬ&>t�r|µ{ٜE. asperaٝKŅє�̄ʗLӾЈKĳ͙ðI`c��¹L 1 cm�B, AK|µ
{KԳĳ� v�± (ؠ: ů֗ĳ, ӊ: Գĳ)� C, Գĳժʍj��lK΍ʌǑ�D, 8 mmǋ̝K|µ{وͱЍ
IՈԱԯ+ժʍ4dcΊșK̵׺ǺŽ�ѝƍLՈԱԯKҹӴӝgѩ8�ԉĳKʒʂLؠ  20 µmol photons m-2 
s-1�E, Ί�HԉKĳK¿EKԳĳ|µ{KՈԱԯժʍű͠�Љȿ̵׺L 10 ő׺E:ĳʒʂLĸD 20 µmol 
photons m-2 s-1�ĝLĳЉȿšKՈԱԯǥػϖKҹӴȵʂIȻ6DKяȻĝ�o¯¹�¹L±SEE:3ǌKЕ҉
6>ȫنKɵǜgѩ8�Aihara et al. (2019) 13)`bʍЬ� 
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ժʍ8cF&'2Fgѩ6D)b:ؠԉĳK¿E

K|µ{ЍKժʍű͠[:GFPIЮ͚8cӊԉԳ
ĳ+׻Á8c:F&'ˎ�Kîծġ˪6D&c� 
� Ί�HʒʂKؠԉĳK¿E GFD Kժʍű͠g
΁ՙ6>F2e:ʐĳٜ3 µmol photons m-2 s-1ٝ*

aʒĳٜ60 µmol photons m-2 s-1ٝWEKɲɻ&ʒ

ʂEժʍű͠+Ռad>ٜǑ 4Cٝ�ԉĳLؠ 50 
m[KαϘWEŚ8׍c2F*a:ӊԉԳĳI`
cՈԱԯKժʍL:ɻ.Ϗǫ*aϘǫIЪʻ8c

|µ{E֗2cFӦ(adc�W>ƊԉKؠԉĳ

KXHa9:Ȃ؊ĳK¿E[ӊԉԳĳ̘ͥKժʍ

ű͠+Ռad>ٜǑ 4Cٝ�Ŭ(D:Գĳʒʂ+
åǌЬ&>ӊԉԳĳ|µ{K 25%6*H&ӊԉ
Գĳ̘ͥI)&D[ժʍű͠+Ռad>ٜ Ǒ 4Dٝ
2F*a:åǌKt�r|µ{`b[Գĳʒʂ+

þ&|µ{HGE[:ՈԱԯgժʍ8c2F+E

,c?e'FӦ(adc�í¾gӉƧ6:ɲɻ&

ЪʻШǲ]ѼضK|µ{+ӊԉԳĳI`bՈԱ

ԯgժʍE,cFҾյC0ad> 13)� 
 
4. |µ{ѧϔǣI)0cӊԉԳĳKՈԱԯժʍ
ű͠ 
� ¾ֶKȫنȭI)0cҾ͠g֝W(D:ˎ �L

ӾЈKĳШǲI)&D[ӊԉԳĳ+ՈԱԯgժ

ʍ8c*G'*΁ՙ6>�ιӑђϼɿɚK|µ{

ѧϔǣK 9җˑٜαϘ 3 - 6 mٝIºȻKϔα�
¯��gθZ>�<K'@ºBLфǚٜzµ�

³¹± Eٝ:['Ѝ̝LфǚIӊԉԳĳ lµ�

gǯA>[KE%cٜǑ 5Aٝ�̺d>̤K̤Æ
I 3 ՜Ӛ6>ʡI�¯��ŁKϔαgǌƚ׺̵
6:<KÆKՈԱԯҹӴKȵʂgՈԱԯВкц�

¯l¤¹ 17)I`cȩ׫ PCRID˷ȩ6>�<K
Ҿ͠:ӊԉԳĳ�¯��I)0cՈԱԯҹӴ̑L:

Ȼʱ8czµ�³¹±�¯��K[KFάS:ɵ

ǜ6D 2.5ęǾ*A>ٜ Ǒ 5B �ٝ2KҾ͠`b:

 
 

  
 
Ǒ4. ãɤKӊԉԳĳБĂI`cՈԱԯKժʍ 
A, ͓Ѣ҅IЬ&>ӊԉԳĳ̘ٜͥGreen fluorescent dye: GFDٝKԳĳ� v�± (ؠ: ů֗ĳ, ӊ: Գĳ)� B, 
юʞ 8 mmKӊԉԳĳБĂIՈԱԯ+ժʍ4dcΊșK̵׺ǺŽ�ѝƍLՈԱԯKҹӴӝgѩ8�ԉĳKʒؠ
ʂL 20 µmol photons m-2 s-1�C, Ί�Hĳ͙ðI)0cӊԉԳĳБĂKՈԱԯժʍű͠�Љȿ̵׺L 10ő׺�
ĝLĳЉȿšKՈԱԯǥػϖKҹӴȵʂIȻ6DKяȻĝ�**P < 0.01)`O*P < 0.05L Student’s t΁ȩI`
c�D, ӊԉԳĳ|µ{F GFDKԳĳʒʂFՈԱԯժʍű͠FK׻ď�C:D Ko¯¹�¹L±SE E:5 ǌK
Е҉6>ȫنKɵǜgѩ8�>?6|µ{KҾ͠LǑ 3EKؠԉĳ͙ðFƩºK[K�Aihara et al. (2019) 13)

`bʍЬ� 
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ӾЈK|µ{ѧKĳШǲE[:ӊԉԳĳLӾЮ׈

ψГˇKՈԱԯgժʍ8cű͠g˪B2F+ѩ

4d> 13)� 
 
5. |µ{KӊԉԳĳF GFPضKʙŨ 
� ׁѧ|µ{KЪȜIFADՈԱԯFKļЪ׻

ďLʮՊÀƠΗE%c�ȳÊ|µ{KƳǐKՈԱ

ԯȵʂFļЪűКIׂ׻+%c2F*a 18, 19):

åǌՌŏ4d>ӊԉԳĳI`cՈԱԯKժʍL:

|µ{KļЪˍūКgىZc2FIȴÁ6D&

cFՖ(c?e'�åʡL2KТց+:ȫؑKӾ

ЈдI)&DGKѹʂשՊHL>a,g6D&

c*g①SD&.ʮՊ+%c� 
� |µ{K˪BԳĳ�µ�v֑KʙŨIB&D

L2dWȆǾ.KѢ҅KȻցFHAD,D)

b:ВI:|µ{IļЪ8cՈԱԯKĳƧˍg”

�<,Ž8cL>a,+˻ƿ4dDבľĂцIL:

ՈԱԯKĳƧˍԉҵ+űК`.ƯƚE,cĳ֑

RKǺ˼IȴÁ6D&cF&'ծ 10)]:ּIՈ

ԱԯKĳƧˍՀӚg͉ȰHџτ׶ĳ*aλAD

&cF8cծ 20)E%c�º̝E:|µ{+Գĳ

�µ�v֑KтТgʒ.ժɃ8cKL:ļЪˍ҉

šKɹЪ]ɹ£°� 21):фŽТցÆ 22)F&A>

ГρE%c2F+ўadD&c�2daKГρE

L|µ{ĂŁIՈԱԯ+&H&*آɱIɅH&

KE:Գĳ�µ�v֑+ՈԱԯKĳƧˍK”בŽ

K>ZKΕӶg͠>6D&cFLӦ(ؚ&�Y6

e&9d[̜>HՈԱԯgШǲÆ*aʮՊF8

c�l¥µwE%c2F*a:2daKГρI)

&D2<:ӊԉԳĳI`cՈԱԯKժʍIȀ,H

˄Ӟ+%c2F+ѩƼ4dc� 
� ՈԱԯFļЪ8cϔωЪБKǾ.L GFP g˪
B 23)2F*a:GFP gЬ&>ՈԱԯKժʍL|
µ{íǽI[ºԆцHТցE%c2F+ѩƼ4

dc�|µ{gƮY2daKЪБѼI)&D:~

jµ:ӊ:ٕ :֒ F&A>Ί�HԳĳԉK�°o¹

~­µ+ўadc 24, 25)+:<KФЮL:кHc

ԳĳԉgוȌ8cՈԱԯѼg<d=d6˟וD

ժʍ8c>ZE%c*[6dH&�åǌՔ͝IЬ

&>ՈԱԯҬӁٜOTcH-1:v²¹� AٝELӊ
ԉĳRK֕ʸ+[AF[شԣ?A>+:èI[ז

øцIؙd>Շ̑KՈԱԯҬӁK֕ĳʸg①S

c2FE2KîծIƛbҼY2F+E,cFӦ

(D&c�º̝E:ՈԱԯFļЪ6H&ϔωЪБ

KǾ.[W> GFP g˪B�֕ĳʸL׉ųӶŪg
˪BЪБI̸׊цHТցE%c 26)2F*aӦ(

cF:2daKԳĳʸKϔωЪБL:ԳĳI`A

DؼFHc�¯µv�µg)O,ȴ:D&cK

*[6dH& 27)� 
 
6. ӊԉԳĳI`cժʍgƠӶI8cőș§r�
�¦ 
� ͓Ѣ҅I`b:ԳĳF&'БФТց+ȳÊ*a

ļЪя˒RK~w�±FHc6.X+ŖZD̬

a*FHA>�”ֳ Cleves aL:|µ{KƜҪ
ƏI CRIPR/Cas9~��¦I`cy�¦Ӎؗgב
Ь8c2FE GFP øșӝgΕӶῊ4::ɹז
ЪKԳĳgUFhGȅf:c2FIˍū6> 28)�

2K~��¦gЬ&dM:Գĳ~w�±+ļЪK

ˍūКIGdUGȴÁ8cK*g̬a*I8c

2F+ƠӶIHc?e'� 
� ՈԱԯK֕ĳʸgƠӶI8c§r��¦IB

&DL:&W?UFhGÀ̬E%c�ՈԱԯLҹ

ӴŁIїЃa6,ΉׁĂg˪B 29)+:֕ĳʸI

 
 

 
 
Ǒ5. |µ{ѧϔǣI)0c:ӊԉԳĳ�¯��I
`cՈԱԯҹӴKժʍ 
A, ӊԉԳĳ̘ͥgǯɬ6>ϔα�¯��Fǯɬ
6H*A>фԉ�¯��KŅє�B, ӊԉԳĳ�
¯��KՈԱԯȵʂKҚN1Ǒ�ƩºǚЃI՜Ӛ

6>фԉ�¯��I)0cĝIȻ8cяȻĝgѩ

8�ҚŁKǋՓLɵǜĝ��¹�L9җˑK|µ�
°µw|l�Eƛʥ6>�Aihara et al. (2019) 13)`

bʍЬ� 
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�&Á8cĳƜȲĂLўadD&H׻ˎ �LՈԱ

ԯKy�¦ˁǪ*aĳƜȲĂזøșg˵ҷ6>

Ҿ͠:3BKЕ҉6>q�~µזøșӝgՌŏ6
D&c 13)�ԁƴϘ&2FI:<K'@KºӝL

ՈԱԯҬӁIВ͉Kq�~µE%c2F+f

*A>�ĳƧˍԉҵ]͑ўKĳƜȲĂHGKƠӶ

ʸLΣ4dD&c[KK:2daKq�~µזø

ș+:<d=dKƯƚτ׶ǣIȻʱ6>֕ĳʸI

�Á6D&cKELH&*FӦ(adc׻ՈԱԯ

KזøșҼ˼(˒σgȣȩцIѤ҉8c2F+

E,dM:2KհزK҇ѣƝFHc?e'� 
 
7. )fbI 
� |µ{FՈԱԯKļЪgˍ҉¸Ӈ˪¸ɞǵ4:

c§r��¦IB&DLǾ.Kծ+˻ѩ4d:

Ί�HЪˇȟцՔ͝+Є4dD,>�͓ Ѣ҅EL

ЪФȟцՔ͝gكĈ8c2FE:<KȫˇKºҋ

+̬a*I8c2F+E,>�͓ Ѣ҅K`'IǾ

őתKՔ͝˒σgҼXƧf:c2FE:¾՛§r

��¦KեҹIֵcѢ҅+åʡW8W8ъhI

HcF͏ʟ6D&c� 
 
պ֬ 
� ͓Ѣ҅LǦѨЪБȟѢ҅ˑKىΓđºŉ̎˱:

чɡұ̎˱)`O͛žȀȟKÈɓєº͌ŭ̎F

F[IΉ˃6>��n¹¦�v�vȀȟٜ q¹�

�¯°jٝK Andrew H. Baird̎˱FЫ΄ӉƧѢ
҅ˑKÜƝâƋǶIL|µ{ѧϔǣEKϔα|

µ�°µwgˤʓ6D&>?&>�ǦѨЪБȟѢ

҅ˑKÔÜĒƋŉ̎˱ILȀǟ� v�³w¯

�KĈЬσI6׻D3̎˱&>?&>�ǦѨЪБ

ȟѢ҅ˑKĀξđɷήIL:̑ �KȫنՀӚKą

ˍI6׻DŭՖg&>?&>�2KǫgěbDʭ

*aˆպа6¾1c� 
� ͓Ѣ҅L̤͓ȟԶˮԁ÷ѵȟѢ҅֋Ճŭ׬

ٜ18K19240:16K14814:16H06552ٝ:ǦѨЪБ
ȟѢ҅ˑKļƩѢ҅řЬ�³w¯¦ٜ15-362:
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Foundation’s Marine Microbiology Initiativeٜ4985ٝ
K̇˾gƜ0DԵfd>� 
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1
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2
ĺ�ÝåÝåǼ�ŰåƜƆƑƍ�

ȏĽ� ³½  *	ƃæ� Ʋ ��

 
ǚУ¾KЪБIFADȂ؊*aPb<</ĳLĳƧˍKϧE%b:ЪƶόųKϧE%c�ǚԼIɎ

.Ȃ؊ĳK� v�±LÊI 250 nm~3000 nmKτ׶gƮhE&c�2dLȀΰǔǽKȂ؊ĳ� v�
±FLɅ6кHAD)b:Fbf0ЪБIFADשՊH׎&LǚԼIɎ.WEIҸǽӌK׫+ȀɲI

ϞɅ8c2FE%c�2dLq�µɒKȜǘI`c[KE%b:300 nmí¿KҸǽӌLq�µɒEƯ
ƚ4dc>Z:ЪБI͉ȰHҸǽӌKǾ.Lǚ¾ILɎ*H&�ҵтЪǟKĳƧˍЪБLºԆцIצ

ĳƧˍ͉űτٜ׶ PAR FٝƵMdc 400 nm700ٶ nmKτ׶ǣKĳgЬ&DĳƧˍgԵ'+:v³³�k
± d]v³³�k± fg˪B~j��v�°jL`b׶&τ׶K֒׏ԉĳgĳƧˍIřЬ8c2F+E
,c�ǚԼIɎ.Ȃ؊ĳL2daτ׶ǣKˍőgǾ.ƮhE)b:ĳƧˍЪБL2KրȶE:6*[:

ɲɻ&τ׶ǣKĳo�±u¹gЬ&DĳƧˍgԵAD&c� 
ǚУ¾ILѡϳ]΅ǚF&A>΅؄ШǲgƮYǾΊHШǲEЕӾIׄŽ¸בʱ6>ЪˇҬ+Ȝǘ8

c+:ºΘЪЫӧE%cĳƧˍЪБLΊ�HĳШǲIבʱ6ĳƧˍgԵ'2FE:<d=dKǫˑE

ЪˇҬġ(D&c�͓ВؗƤEL:ĳШǲKÆE[:Fbf0ķ˒ƠӶHĳKτ׶+ШǲI`AD

Ȁ,.кHc2FIφэ6>�ľĂĉg˭1cF:Ϳ]͞KÆEL֒ԉ]ؠԉKĳKǾ.L͞ņEƯ

ƚ4dc>Z:ǚԼIɎ.ĳLӊԉ]֒׏ԉgά֤цǾ.ƮhE&c��v�°jٜԯٝض¤��K

ŁנE[ƩΊE%b:ԼأKĳƧˍЪБIƯƚ4dI.&֒׏ԉĳgրȶIƮYĳШǲE%c�W>:

ĳƧˍЪБLʮ96[Ȃ؊ĳgю˶:BWb!ю׍ĳ"gƜ0ƛdcf0ELH&�Шǲ?0g¾؈

Ӧ(D[:―bK̤L!̏Òĳ"KŨƧ+ǳ(c¾I:̤؇EL!̏Òĳ"KŨƧ+Ǿ&�4aI:

αÆEKĳK� v�±L4aIǾΊE%c�αÆELαKőșˮųHGI`cĳKƯƚFF[I:

αÆKҧșI`c̏ÒHGKʗبgƜ0c�αÆKҧșK׫]ѼضLЪʻǣI`ADȀ,.кHc>

Z:ĳƧˍIřЬE,cτ׶ǣLЪʻǣI`ADȀ,.кHc�ĳƧˍЪБ+Ί�HĳƧˍԉҵgř

Ь6DǾΊHĳŽȟҬgΉҝ8cKL:2K`'IЪӱǣI`ADĳШǲ+кHc2F+ÊHՊǍE

%cFʶfdc�2K`'IǾΊHĳШǲRKבʱΕΉF6Djµ��ҬgФՔ8c2FL:ԯضH

GK�lq¤�ЪЫ]΀БɤǫHGRKʱЬأgӦ(c¾E[שՊE%e'� 
� W>:ĳƧˍЪБIFADĳLĳƧˍKo�±u¹ϧE%c?0EH.:~w�±E[%c�ĉ

(M:΀БLՇ̑KĳƜȲĂgřЬ6D:Ҹǽӌ:ؠԉ:֒ԉ:֒׏ԉg¨��¹8c2F+E,c�

º̝:~j��v�°jL΀БILȜǘ6H&~j��v�°qv³¦FƵMdcĳƜȲĂӝg͉6

D)b:`bǾΊHĳ֑Iʱҕ8c2F+E,c�2K`'I:ĳƧˍЪБLЪБѼI`ADкHc

ǾΊHĳƜȲĂg͉6D)b:~w�±F6DKĳgřЬ6DǽנШǲKǺŽg¨��¹6:Шǲב

ʱΕΉgɦXI①қ6D&c�2K`'Hĳʱҕ~��¦LW?ƂőILՔ̬4dD)a9:åʡK

Ѣ҅Kׄɐ[Ά6XE%c� 

                                                
‡
ՔծВؗ!ĳ֑FĳƧˍ" 

*ׂҿĲ E-mail: takabayashi@pop.lowtem.hokudai.ac.jp 

ǎǕũȁ�
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� ͓ВؗƤEL!ĳ֑"g�¹¤F6:~j��v�°j:ԯض:΀БgѢ͖̘҅F6>:ǾΊH

Ѣ҅ŁȲg˸֥6>�W9:ƪƞɏȀȟKȣԮԒôήaILΰȚK׹ƝI)0cؠԉĳF֒ԉĳKą

ЬIB&DՔծ6Dة&>�<6D:ÐɢȀȟKÌҤҟήILĳŽȟҬKƯƚ� v�±F̤ȿ� 

v�±FK׻ďIB&DՔծ6Dة,:͛áȀȟKνתĮήILĳƧˍI)0c֒׏ԉFӊԉĳKȴ

ÁIB&DՔծ6Dة&>�4aI:֮ѢΕΉK͗¾֊ºήaIL:ãɤĳϧgЬ&>΀БͲǥRK

ʱЬF&'ՒЃ*a:ĳ֑Fĳ׫+ĳƧˍIƖV8ʗبIB&DՔծ6Dة&>�22WELÊI؈

¾΀Бg͖̘F6>Ѣ҅KՔծE%c+:αЫѢ҅¸̎ӱΕΉKҸŬЭўɷήIL֒ϷԯضKĳʱҕ

IB&DՔծ4:,ةaIրΓ˘ԶѵȟȀȟKɻϼĊήIL~j��v�°jKĳԉجŽKǾΊʸF

ׄŽIB&DՔծة&>�2K`'I͓ВؗƤELΊ�HՒЃ*a!ĳ֑"FĳƧˍЪБK׻ďgՔ

ծ:ռյ6Dة&>�͓Քծ՛Ø+ĳƧˍЪБI)0c!ĳ֑"KשՊʸgńըջ4::͓őתKт

ɐKºŭFHc2FgصAD&c� 
”ʡI:͓ВؗKӍؗI%>ADL:ǤҐӧ:ͩկӧK̝�ILȀǺ)ÂգIHbW6>�2Kǫ

gěbD)Ѫа6¾1W8� 
 

�  
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ǜƵ�)ȄƵ�,:=ŌâǷº-ǔô‡ 
�

�
 À»öÝåÝåǼ�ŰåƆƑƍ�ŲÅŰåòĤ�

�À»öÝå�WkpQaGsgVDbŲÅ�áƆƑĝ�

çƾ ƺ�
1*	Ķv �¤

1,2* 
 

łŨ.ǄŽ,ãÎ�=tñ-âǠơƮ0;+=Ōâ-ǷǶ£čAǣ�'	ÝŌ)-IQ�ģAMpW

osm�=
�1ŌâǷºAǔô�=6).»�0;Ƅ;>	ũ,ǜƵ�)ȄƵ�1ŌâǷº,Ĵ«

+őǵ(�=6)1Ɖ�>"
ȄƵ�.âǠơƮưĉż+ŌâǷºAǔô9	!-ƆƑ0;	ȄƵ�

-¹ì0;ŌâǷº-ȍ¬©ĆĚ,Ʊ=5(-PLYm�ǪÊá1ǎ2Į0�>'2"
ǜƵ�.�

¾Ě�ãż,ŌâǷºAǔô9	į�-ƆƑ0;!-�áÓž,&�'8ċ�,Į;0,+<&&�

=
ķƐ(.ũ,âǠơƮ-ơƮƯ H+-ATPase A�9"ŌâǷº£čAxď,	�,:=ŌâǷº,

��=ǜƵ�)ȄƵ�-�ŴŇĂ,&�'	ĲĪ-ŻǋA��&&ǎǕ�=
 
 
1. L7ZI 
1.1. ΰȚ׸׹F<KΕӶ 
� ΰȚL΀БKԼшIȜǘ8cºȻKȚ֯ҹӴ

FƵMdcҹӴ*aHcɄȚE%b:΀БFȀΰ

Ks�ß˼I)0cs�KŏķbƝF6DΕ׺

Ӷ8c�΀БLШǲÆ]ŁЪKΊ�H~w�±I

ʱҕ6DΰȚK׹,ľƧg①қ6D&c�ĳƧˍ

gԵ'̤ÆL:ΰȚg׹&DĳƧˍKǦ֑FHc

ÙצŽЂҵٜ CO2 KٝƛbֱXgĐׄ8cFļI:

Ԧ̏gֿ7DͰ*aKαő]ͪػőKƯƚ[Đ

8�Ԧ̏LԢKϡʂK¾̪g˚(cʙŨ[%c�

º̝:–͙ð]ÓЌ͙ð¿EL:΀БLΰȚg׸

7DαőK̀ȅg؁&E&cٜǑ 1ٝ1, 2)� 
� ΰȚ׹ƝKؑ:Ț֯ҹӴIr°m¦lqµٜ K+ٝ

+ƛbֱWdDϖӴŁIԧҁ6:<KȻlqµF

6DǱŽБlqµٜCl3ٝ]°µ{צHGKϖӴ
ŁRKԧҁ+֗2c�<KҾ͠:Ț֯ҹӴKα£

�µ~©±+ϞɅ6Dα+ύķ6:ҹӴĂҁKǳ

ŬI`bӼǗ+¾̪6DΰȚ׹Ɲ+كų4dc�

K+L:ҹӴӻK׋ő΅I`AD؞ýČȜʸKŁƫ

,̒ύʸ�©�±gֿ7DȚ֯ҹӴRƛbֱW

                                                
‡
ՔծВؗ!ĳ֑FĳƧˍ" 

*ׂҿĲ E-mail: ando.eigo@g.mbox.nagoya-u.ac.jp, 
              kinoshita@bio.nagoya-u.ac.jp 

dc�ҹӴӻK׋ő΅L:ҹӴӻ H+-ATPase I
`ADҹӴǽR H++̊ŏ4dc2FEʍ,֗2

4d:2KؑIʮՊH ATP Lëպgֿ7DċӀ
4dc 3, 4ٝ�º̝:ΰȚ״׸Lj�qµ�©�±

KόʸŽI`c Cl3HGK̊ŏ]:<dIú'ҹ
ӴӻKӺő΅I`b:؞ýČȜʸKǽƫ,̒ύʸ

�©�±gֿ7> K+K̊ŏ+֗2b:Ț֯ҹӴ

*aα+ύŏ8c2FI`cҹӴĂҁKϞɅI

`bكų4dc 5, 6ٝ�2KΊH:Б֑KŏķbK

śʦIŬ(D:ϖӴKńΉҝ 7, 8ٝ]ҹӴوͱKΉ

ׁǺŽ 7, 9ٝ+ΰȚK׸׹Iú&֗2c2F+ўa

dD&c� 
 
1.2. ĳFΰȚ׹Ɲ 
� ΰȚ׹Ɲ+ĳI`ADժɃ4dc2FL:19
Âҭ͒I Francis DarwinI`ADŖZDǪƲ4d
> 10ٝ�2dWEKѢ҅*a:֒ԉĳFؠԉĳ+

ĳI`cΰȚ׹ƝgժɃ8cτ׶F6Dўad

D&c 1ٝ�֒ԉĳI`cΰȚ׹ƝL:ʒ&֒ԉ

ĳgׂӅ6DЉȿ8c2FEժɃ4d:ĳƧˍ؞

șø׍K؂ȰťE%c 3-(3,4-�v³³�n�
±)-1,1-�§�±ɊҵٜDCMUٝI`AD؂Ȱ4
dc2F*a:ĳƧˍČȜцE%c2F+ѩ4d

D&c 11�14ٝ�º̝:ؠԉĳL~w�±F6Dą

ǎǕ�
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Ь6:ʒ&֒ԉĳ¿EĳƧˍIʗ6بH&ѹʂK

ʐ&ؠԉĳgָŬ8c?0E:Ț֯ҹӴӾʠцI

ΰȚ׹ƝgĐׄ8c 1, 4ٝ�ֳɶ:ĳLΰȚ׹Ɲg

ժɃ8cƊHcŝϹF6D?0EH.:זøșт

Тśʦgֿ7D׺˶цIΰȚ׹Ɲg①қ8c2

F[ѩƼ4dD&c�֡ŅǍșK MYB60 LΰȚ
֒:@˪ƝgĐׄ8cąЬg׹ ԉĳ¸֒׏ԉĳƜ

ȲĂK�k�v³¦ BKśʦgƜ0c 15, 16ٝ�W

>:̤ цHĳШǲˁǪE%b:·̵̤՘͏׶L׶

gæ6DԋˍժɃgśʦ8c2F+ўadc+

ٜĳƳʸҽ֛ 17ٝٝ:ĳƳʸҽ֛FƩΊKǍș+

ΰȚ׹ƝgΜI①қ8c2F+ѩ4d> 18�20ٝ� 
 
 Ɲ׹ԉĳFΰȚؠ .2
2.1. ҹӴӻ H+-ATPaseF<Kόʸ①қΕΉ 
� 2dWEKÊIؠԉĳI`cΰȚ׹ƝKѢ҅

*a:ҹӴӻ H+-ATPaseKόʸŽ+ΰȚ׹ƝIש
ՊE%c2F+̬a*I4dD,>�ҹӴӻ

H+-ATPaseL Pǟ ATPaseIɑ6:ATPKŬαő
Քo�±u¹gřЬ6DҹӴǽR H+g̊ŏ8c

ºΘֺ֩ĂE%b:ӻ؞ýKʔˍ]:؞ýČȜʸ

�©�±] H+Fļʙ8cÙΘֺ֩Ăgæ6>Б

ֺ֑֩KكųHGgˤAD&c 21ٝ�¨�±΀Б

K~³l����Ky�¦ÆIL 11 Kjl�
�p¹¦+z¹�4dٜAHA1�AHA11ٝ:Ț֯ҹ
ӴI)&DLĸDK֡ŅЫБ+΁ŏ4d> 22)�

ÆE[ AHA1 +Ț֯ҹӴKÊՊjl��p¹¦
F6DĳI`cΰȚ׹ƝI׻Á8c 23, 24ٝ�W>

ֳɶ:l�I)&D[:ҹӴӻ H+-ATPase+ĳI
`cΰȚ׹ƝI׻fc2F+זøȟцIѩ4d

> 25)� 
� ҹӴӻ H+-ATPaseL 10ǌӻֈֿǟK�µ�v
֑E:4йэF 5йэKӻֈֿ�§lµK׺Kҹ
Ӵ֑ģIՕȕ�§lµ:C͒ҋģIҮ 100j¥�
צaHcӾɩ؂Ȱ�§lµ+%b:<K°µ*צ

Žĕغ+όʸ①қIשՊE%c2F+ѩ4dD

&c 26, 27ٝ�ΰȚ׹ƝI)&DL:C ͒ҋ*a 2
йэKj¥צ�E%c�²q�µٜThrٝK°µ
ýIנŽצŽI`b:°µצ 14-3-3 �µ�v֑
+ҾƧ6:C ͒ҋI`cӾɩ؂Ȱ+Ք؆4dD:
ҹӴӻ H+-ATPase +όʸŽ8cFӦ(adD&
cٜǑ 2ٝ28�34)�2K C͒ҋ*a 2йэK ThrK
°µצŽgˤ't�¹�L͑?I̬a*IHA

D&H&�º̝:2K ThrKӺ°µצŽIB&D

 
 

 

 
 
Ǒ1. ̬–Iʱҕ6>ΰȚK׸׹ 
ΰȚLºȻKȚ֯ҹӴ*aΉˍ4d:ĳIʱ7D׹Ɲ6΀БFȀΰ׺Ks�ß˼gĐׄ8cº̝:–͙ð¿

HGEL8״׸c�ŅєKΰȚL�¬v|K[KE%c��x¹±�¹: 20 µm 
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L:�¯¤§Ț֯ҹӴKӻгőgЬ&>ЪŽȟц

Ք͝`b:Mg2+¸Mn2+Պδʸ*B Ca2+¸Co2+آČ

ȜцF&':Type2C �³�lµ¡��i�¹�
ٜPP2CٝΊKʸ֑ 35)gѩ8ӻɋǘǟK�³�l

µ¡��i�¹�K׻Á+ѩ4d> 36ٝ�W>ֳ

ɶ:q¹t~µŖ͏ʱҕʸזøșӝKÆEºȀ

�i¥°¹gʔˍ6:ӳ֢KҹӴû׶gΜIśʦ

8c SMALL AUXIN UP RNAٜSAURٝ+ҹӴӻ
H+-ATPase KΜKśʦǍșE%c2F+ѩ4d
>�SAURKяÚąЬǍșK˵ҷ*a:SAUR+
PP2CK Dv²¹�ٜPP2C-D FٝяÚąЬ6:<

KяÚąЬ+PP2C-DKόʸg˚ś8c2F+ѩ
4d>�4aI:PP2C-D+ҹӴӻ H+-ATPaseK
C͒ҋ*a 2йэK Thrg in vitroEӺ°µצŽ
8c2F+՟̬4d>�W> PP2C-D L in vivo
EҹӴӻ H+-ATPase FяÚąЬ8c2F[ѩ4
d>�í¾KҾ͠*a:ӳ֢û׶KśʦI)&D

SAUR I`c PP2C-D K˚śgæ6>ҹӴӻ

H+-ATPase KόʸŽ+׻Á8c2F+˻ƿ4d
> 37, 38ٝ�SAUR19 ŧтТĂELŒԢKαő̀׋
ȅ+Ȁ,.:ΰȚ״׸gժɃ8c΀Б¡±¨µ¸

j�~�µצIʱҕ6>ΰȚ״׸+˚ś4dc

2F*a 37, 39):SAURF PP2C-Dgֿ7>ҹӴӻ
H+-ATPaseKC͒ҋ ThrKӺ°µצŽKśʦ+ΰ
Ț׹ʂ①қI׻fAD&c2F+ѩƼ4dc+:

22Iĳ+GK`'IąЬ8c*LW?̬a*

I4dD&H&�4aI:Ț֯ҹӴíǽKҹӴI

)&D:C͒ҋ*a 2йэK ThríǽK°µצŽ
+ýנ 3B̬a*I4dD&cٜԼ 1ٝ�ƜȲĂ
t�¹� PSY1R I`c Thr881ٜí¿:йƤL
AHA2 I)0c[KٝK°µצŽLҹӴӻ
H+-ATPase gόʸŽ8c 40ٝ�ƜȲĂt�¹�K

FERONIAL 899йэK�°µٜSerٝK°µצŽ
gժɃ6:ҹӴӻ H+-ATPaseg˚ś8c2F+ѩ
Ƽ4dD&c 41ٝ�ΩgЬ&>яՃȫץ:6?<

��Žg΍Ĝ6>jצI)&D:Ser899K°µن
¯uµٜצ Asp Ӛٝ˼ǟ AHA2ٜ AHA2Ser899Asp Lٝ:

Ъǟת AHA2UGץΩKЪӱgǌʧ4:H&+:
°µצŽE,H&j¯�µٜAlaٝӚ˼ǟ
ٜAHA2Ser899Alaٝ`bLץΩgяՃ6:Ser899 K
°µצŽ+ҹӴӻ H+-ATPase όʸgΜIśʦ8
c2F+ѩƼ4dD&c 42)�<6D Ser/Thr t
�¹�E%c PKS5 I`c Ser931 K°µצŽL
ҹӴӻ H+-ATPase F 14-3-3 KҾƧg؂Ȱ6Dҹ
Ӵӻ H+-ATPaseg˚ś8c 43ٝ�6*6H+a:

2daK°µצŽנý+ΰȚ׸׹śʦI׻Á8

c*Lő*AD&H&� 
 
ؠ .2.2 ԉ ĳ ~ w � ± ø ׍ I ` c ҹ Ӵ ӻ
H+-ATPaseKόʸŽ 
� ԉĳƜȲĂؠԉĳLȚ֯ҹӴIтТ8cؠ

�p��³�µٜ phot1)`O phot2 IٝƜȲ4d:
ҹӴŁ~w�±ø׍gֿ7DΰȚ׹ƝgժɃ8

c 19, 44, 45ٝ�MaoaLؠԉĳƜȲĂKv°��v

 
 

 
 
Ǒ2. ΀БKҹӴӻH+-ATPaseKΉׁFȚ֯ҹӴI)0cόʸ①қΕΉ 
C ͒ҋ*a 2 йэK Thr K°µצŽL:Ț֯ҹӴKҹӴӻ H+-ATPase KόʸŽI)0cÊՊHӣ՞ʡĕغF
Ӧ(adD&c� 
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³¦ٜ cry1)`O cry2 Ɲ׹ԉĳI`cΰȚؠٝ]
KĐׄI׻Á8c2FgѩƼ6>+ 46ٝ:<Kʡ:

Boccalandro aLv°��v³¦+ؠԉĳВкц
HΰȚ׹Ɲgśʦ8cĳƜȲĂELH&2Fg

ѩ6> 47)�4aI:v°��v³¦LĳƳʸҽ

֛KĳƜȲĂF6D׺˶цIΰȚ׹ƝIąЬ8

c2F+ѩ4d> 19ٝ��ԉĳgƜȲ6>�pؠ

�³�µLӾɩ°µצŽI`bόʸŽ4dc�2

KӾɩ°µצŽLǦ֑ըջI׻fcFѩƼ4d

D&c 48�50ٝ�ֳɶ:ؠԉĳIʱҕ6>ΰȚ׹Ɲ

I8׻cזøȟц�v°¹�µw*a:�³�l

µt�¹�K BLUE LIGHT SIGNALING 1ٜ BLUS1ٝ
+Ʃȩ4d>�blus1 ǺкĂELؠԉĳI`cҹ
Ӵӻ H+-ATPase K C ͒ҋ*a 2 йэK Thr K°
µצŽFΰȚ׹Ɲ+˚ś4dc2F+ѩ4d>�

ő͝FЪŽȟцՔ͝*a:BLUS1׫֑ L�p�
�³�µI`ADؠԉĳČȜцIӾ֞K Ser348
+°µצŽ4dc2F+̬a*I4d>�4aI

Ser348 K Ala Ӛ˼ǟ]t�¹�όʸ+ȅfdc
Asp157 Kj��¯uµӚ˼ǟK BLUS1 + blus1
ǺкĂgяՃE,H&2F*a:BLUS1 K°µ
ƝI׹ԉĳI`cΰȚؠ+ŽFt�¹�όʸצ

ʮՊE%c2F+ѩ4d> 51)�W>:Type I�³
�lµ¡��i�¹�ٜPP1ٝF<Kśʦ|�¬
� � � E % c PP1 REGULATORY 
SUBUNIT2-LIKE PROTEIN 1ٜ PRSL1 ԉĳIؠٝ+

`cҹӴӻ H+-ATPaseK C͒ҋ*a 2йэK Thr
K°µצŽFΰȚ׹ƝI׻Á8c2F+ѩƼ4

dD&c 52, 53)�4aIֳɶ:Raf Ίt�¹�K
BLUE LIGHT-DEPENDENT H+-ATPASE 
PHOSPHORYLATIONٜBHPٝ+؂Ȱť�v°¹
�µwgֿ7DтՌ4d:BLUS1FяÚąЬ6:
ԉĳI`cҹӴӻؠ H+-ATPase K C ͒ҋ*a 2
йэK Thr K°µצŽFΰȚ׹ƝI׻fc2F
+ѩ4d> 54)�єԜK Fusicoccum amygdali+Ъ
Ы8cΫҵ�~zv~µٜ FCٝLҹӴӻ
H+-ATPaseK C͒ҋ*a 2йэK ThrK°µצŽ
gÀƠּцIȣȩŽ6DΰȚ׹ƝgժɃ8c 55ٝ�

blus1ǺкĂ:prsl1ǺкĂ:)`O bhpǺкĂE
L:FCI`cҹӴӻ H+-ATPaseKόʸŽ]ΰȚ
Ɲ+Ւȸ4d>2F*a:2daKǍșL&9׹

d[ҹӴӻ H+-ATPase K¾ύEΕӶ6:BLUS1
F BHP+ҹӴӻ H+-ATPasegю˶°µצŽ8c
t�¹�ELH&2F+ѩƼ4d> 51, 53, 54ٝ�W

>:PP1 ؂ȰťK�m�¤l~µL BLUS1 K°
µצŽILʗ6بH*A>2F*a:ؠԉĳI`

cΰȚ׹ƝI)&D BLUS1L PP1IĲԵ6DΕ
Ӷ8cǍșE%c2F+ѩƼ4d> 51)�2da

KўՌ*a:�p��³�µ:BLUS1:)`O
BHP *aˍcՇƧĂF PP1 gæ6>ؠԉĳ~w
�±ø׍ΕΉ+Ț֯ҹӴI)&DҹӴӻ

H+-ATPaseK C͒ҋ*a 2йэK ThrK°µצŽ

 
Լ1. ҹӴӻH+-ATPaseKόʸśʦI׻fcC͒ҋK°µצŽנý 

j¥צ�ΣǦ�  °µצŽKΕӶ 
t�¹� 
¡��i�¹� 

ƔӦ̕И 

Thr881*1 ҹӴӻ H+-ATPaseKόʸŽ 
PSY1R 
À̬ 40 

Ser899*1 ҹӴӻ H+-ATPaseKÀόʸŽ*2 
FERONIA*3 
À̬ 41, 42 

Ser931*1 14-3-3KҾƧ؂Ȱ 
PKS5 
À̬ 43 

Thr947 14-3-3KҾƧժɃ 
Ӿɩ؂ȰKՔ؆ 

À̬ 
PP2C Dv²¹�*4 

28–34,  
37–39 

j¥צ�KйƤL AHA2I)0c[Kgѩ8� 
*1ΰȚ׸׹śʦRK׻ÁL͑Ք̬ 
ΩI)&DLҹӴӻץ2* H+-ATPaseόʸgΜIśʦ8c2F+ѩƼ4dD&c 42) 
*3ҹӴӻ H+-ATPasegю˶°µצŽ8c՟˧Lѩ4dD&H& 41) 
*4Ț֯ҹӴKҹӴӻ H+-ATPaseKόʸśʦRK׻ÁL͑Ք̬ 
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gժɃ8cFӦ(adcٜǑ 3ٝ�H):BHPL
in vitroE PP1FяÚąЬ8c+:Ț֯ҹӴI)
&D PP1gю˶KǦ֑F8c*LÀ̬E%c 54ٝ�

W>:BLUS1+ BHPg°µצŽ8cK*:<d
+ BHP KΕӶIʮՊ*G'*[Т̵ЃEL̬a
*IHAD&H&�BLUS1] BHPKǦ֑)`O
PP1 FҹӴӻ H+-ATPase K C ͒ҋ*a 2 йэK
ThrK°µצŽgïæ8cçҼXKՔ̬LåʡK
հزE%c� 
� ֳɶ:�p��³�µLȚ֯ҹӴŁKӷӰϯI

ԧ(adD&c�°j~±w°�³¹±ٜTAGٝ
KőՔgʍ,֗282F+ǪƲ4d>�TAG ő
ՔLҹӴӻ H+-ATPaseIʮՊH ATPKƧˍgĐ
ׄ8cFѩƼ4dD&c 56ٝ��p��³�µF

TAG őՔgïæ8c§r��¦L:BLUS1 ]
BHP fc*G'*[ƮZDÀ̬E%b:å׻+
ʡ̬a*I6D&.ʮՊ+%c�W>:ؠԉĳL

ҹӴӻ H+-ATPase gæ6DȚ֯ҹӴKԢӊĂI
ԧ(adD&c�µ�µKőՔgժɃ6D:ΰȚ

�<ƝgĐׄ8c2F+ѩ4d׹�µ�µKőՔ

LɅH.F[°µ{צKċӀgˤ'2F+ѩƼ

4dD&c 57ٝ�ҹӴӻ H+-ATPaseKόʸŽF�
µ�µKőՔgïæ8cçҼX[À̬E%c 58ٝ�

ԁƴϘ&2FI:°µ{צKƧˍI׻fcȚ֯ҹ

ӴK¡�¡o�¹±�±×µצr±¢t~¯¹

�ٜPEPCٝ[ҹӴӻ H+-ATPase K¿ύEόʸŽ
8c2F+ǪƲ4dD)b 59�61ٝ:PEPCK׻ÁK
ҹӴӻ<6ׂ׻ƮZ:�µ�µőՔI]آ̳

 
 

 
 

Ǒ 3. ĳI`cΰȚ׹ƝI)0c֒ԉĳFؠԉĳKąЬ 
֒ԉĳF~w�±F6DKؠԉĳKąЬg<d=d֒ԉF֒ԉKѝƍEѩ8�ѣӌLæǘ8cǍș+ёи4

dD&c:W>L͑Ք̬E%c2Fgѩ8�NHX1/NHX2: H+/cation antiporter, ALMT: aluminum-activated malate 
transporter, CLCc: chloride channel c 
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H+-ATPase KόʸŽí؃KőșǦьKՔ̬+ʷ
+dc� 
 
3. ֒ԉĳFΰȚ׹Ɲ 
3.1. ֒ԉĳI`cΰȚ׹ƝśʦKВʫ 
� Ĳֶ6>ֿb:֒ ԉĳLĳƧˍČȜцIΰȚ׹

ƝgժɃ8c�Ɗؙ6>ԼшҼӗI)&D֒ԉĳ

+ΰȚ׹Ɲg%WbĐׄ6H&2F 14, 62ٝ:Ț֯

ҹӴRKɋˑцHĳЉȿLΰȚ׹ƝIȴÁ6H

&2F 63, 64ٝ:4aIq°�±¯µKԢKj±×

]őEL:Ț֯ҹӴKԢӊĂLΜɱE%cIנ�

֒:fa9׻ ԉĳI`cΰȚ׹Ɲ+Ւȸ4dH&

2F 65ٝF&A>ўՌ*a:֒ԉĳI`cΰȚ׹

Ɲ+ÊIԢӬҹӴI`cĳƧˍgֿ7Dśʦ4

dc2F+ѩƼ4dc�2dIƧԀ6D:�¬v

|gЬ&>ƊؙԼшҼӗKԢӬҼӗRK−΀ȫ

¾I)&D:ВIĳgØšIЉȿ6>ԢӬҼӗن

IƊؙԼшҼӗg−΀8cF:−΀4d>ԼшҼ

ӗI)&DĳI`cΰȚ׹Ɲ+Đׄ4dc2F

*a:ΰȚ׹Ɲgśʦ8cԢӬҹӴIЮ͚8c~

w�±KȜǘ+ѩƼ4dD&c 66, 67ٝ�6*6H

+a:¯µѵK Paphiopedilumɑg؆&D:Ǿ.
K΀БLȚ֯ҹӴ[ԢӊĂg͉6 68, 69ٝ:�¯¤

§]¡m¯l~�KƊؙԼшҼӗI)&D:֒ ԉ

ĳ+ DCMU ˆƜʸgѩ8ΰȚ׹ƝgժɃ8c2
F*a:΀БѼI`ADLȚ֯ҹӴӾ֞KĳƧˍ

+2KʱҕI׻Á8c2F+ѩƼ4dc 12, 70ٝ� 
� ԢӬҹӴKĳƧˍL:ԢŁ CO2ϻʂٜCiٝKþ

¿gʍ,֗28�þ CO2 ͙ðLΰȚ׹Ɲg:ى

CO2 ͙ðLΰȚ״׸gժɃ8c2F+ўadc
71ٝ�2K CO2ϻʂǺŽIʱҕ6>ΰȚ׸׹śʦ

IL:זøȟц�v°¹�µw*aȚ֯ҹӴIт

Т8c�³�lµt�¹�K HIGH LEAF 
TEMPERATURE 1ٜ HT1ٝ72, 73)] Slow-typeٜ Sǟٝ
j � q µ � © � ± K SLOW ANION 
CHANNEL-ASSOCIATED 1ٜ SLAC1ٝ74, 75)+׻fc

2F+̬a*I4d>�W>:Ț֯ҹӴKҹӴ֑

I)&D CO2*a HCO3
3RKǺ˼gՕȕ8cr

±¢��vjµ��¯¹�ٜ CA Eٝ%c CA1/CA4
KῊL:CO2ϻʂǺŽIʱҕ6>ΰȚ׸׹g̀

Hf::Ŭ(D CA1/CA4+זøȟцI HT1K¾
ύEΕӶ8c2F+ѩ4d> 76)�4aI:Ț֯

ҹӴ�³��¯��ٜGCPsٝgЬ&>؞ΰЪФ
ȟȫنI)&D:HCO3

3L SLAC1 KόʸŽgʍ
,֗26:HT1+ SLAC1KόʸŽI)0cփK
śʦǍșE%c2F+ѩ4d> 76, 77)�W>:HT1
K˚śgժɃ8c¾ύǍșF6D:MATEΊ�µ
�v֑gz¹�8c RESISTANT TO HIGH CO2 1
ٜRHC1ٝ] MAPKK MPK4F MPK12K׻Á+
ѩ4dD&c 78–81)�Ț֯ҹӴI)0c CO2/ HCO3
3KƜȲĂLW?̬a*I4dD&H&�2da

KǍș׺K׻ďIB&DKўՌL̛ЍцE%c

+:Тǘ:Ț֯ҹӴŁE CO2/ HCO3
3+ HT1g׺

˶цI˚ś6D SLAC1KόʸŽgժɃ6:ΰȚ
gĐׄ8c¨�±+Ӧ(adD&c״׸ 71)�W

ى:< CO2͙ðL K+K̊ŏFƛbֱX˚ś[ժ

Ƀ8c2F+ѩ4dD&c 82ٝ�4aI:ht1Ǻк
ĂEL֒ԉĳIʱ7>ΰȚzµ�v�µ�Kǳ

Ŭ+˚ś4dc2F+ѩ4d> 83)�ֳɶ:Ț֯

ҹӴKԢӊĂ+Ὴ8c̜>HǺкĂF6DƊ

ؙ4d> green less stomata 1ٜ gles1 ǺٝкĂEL:
ĳ] CO2 IȻ8cΰȚKʱҕ+̀Hfdc2F

*a:Ț֯ҹӴKԢӊĂ+ CO2 gæ6>ΰȚK

fAD&c2F+ѩƼ4dc׻śʦI׸׹ 84ٝ�

6*6H+a:ãЄцI Ci gºȩIĒAD[:

֒ԉĳLĳʒʂFĳƧˍόʸIάĉ6>ΰȚ׹

ƝgժɃ8c2F+ѩ4dD&c 85, 86ٝ�Ŭ(D:

ca1 ca4ÙשǺкĂI)&D[֒ԉĳIʱ7> Ci

Kþ¿FΰȚzµ�v�µ�KǳŬ+Ռadc

º̝:ãЄцI Ci g¿1D[ΰȚzµ�v�µ

�LǳŬ6H&2F*a:֒ ԉĳI`cΰȚ׹Ɲ

IL Ci Kþ¿gֿ7>lqµ�©�±KśʦF

LŘK§r��¦K׻Á[ѩƼ4dD&> 83)� 
 
3.2 ֒ԉĳI`cΰȚ׹ƝRKȚ֯ҹӴKҹӴ
ӻ H+-ATPaseK׻ÁKՔ̬ 
� ֒ԉĳI`cΰȚ׹ƝI)&D[:ҹӴӻ

H+-ATPase gæ6>Ț֯ҹӴRK K+Kԧҁ+˷

յ4dD&> 87ٝ�W>:֒ԉĳ+Ț֯ҹӴKԢ

ӊĂKĳƧˍgֿ7D:ҹӴӻ H+-ATPaseI ATP
gċӀ8c2F[ѩ4dD&> 88ٝ�6*6H+

aå̤IӿcWE:ԢI)&D֒ԉĳI`ADȚ

֯ҹӴKҹӴӻ H+-ATPaseLόʸŽ4dcK*:
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îIόʸŽ4dcF6D:GKΊIόʸŽ4dc

K*̬ѤI4dD2H*A>� 
� ”ֳ:ҐӧaLȚ֯ҹӴKҹӴӻ H+-ATPase
K C ͒ҋ*a 2 йэK Thr K°µצŽg΁ŏ8
c̜>H˒σF6D:~³l����Ԣgю˶Ь

&cĵоҼӗŽȟσI`cՔ͝σgѤ҉6>�2

K׋ѹE:ԢI)&DLؠԉĳ?0EH.:֒ ԉ

ĳ[ҹӴӻ H+-ATPase K°µצŽgժɃ8c2
FgтՌ6>�AHA1K��vjm�ǺкĂEL
֒ԉĳI`cΰȚzµ�v�µ�KǳŬ+׆ʉ

8c2F+ǪƲ4dD&>+ 23):2dIƧԀ6

D:ǺкĂEL֒ԉĳgЉȿ6>ԢI)0cΰȚ

4�<ʉ8c2F+ѩ4d׆+ʂKǳŬ׹aI:

ԢI)0c֒ԉĳI`cҹӴӻ H+-ATPase K°
µצŽL�k�v³¦ILČȜ6H&2F:

DCMU ŎФ6>ԢEL֒ԉĳI`cΰȚ׹Ɲ?
0EH.ҹӴӻ H+-ATPase K°µצŽ[؂Ȱ4
dc2F+̬a*I4d>ٜǑ 4ٝ24ٝ�2daK

Ҿ͠L:ԢI)&D֒ԉĳ+Ț֯ҹӴKҹӴӻ

H+-ATPaseg C͒ҋ*a 2йэK ThrKĳƧˍČ
ȜцH°µצŽgֿ7DόʸŽ6D:ΰȚ׹Ɲg

Đׄ8c2Fgʒ.ѩƼ6D&c�Boccalandro
aL cry1 cry2ÙשǺкĂEL֒ԉĳ¿E[ΰȚ
zµ�v�µ�Kĝ+þ¿8c2FgǪƲ6D

)b 47):ǺкĂKԢI)&D֒ԉĳI`cȚ֯

ҹӴKҹӴӻ H+-ATPase K°µצŽ+GK`'
HʗبgƜ0D&cK*:åʡK΁՟+ʮՊFӦ

(adc�W>:2dWE~³l����K GCPs
]ƊؙԼшҼӗI)&D:֒ԉĳI`cҹӴӻ

H+-ATPaseK C͒ҋ*a 2йэK ThrK°µצŽ
FΰȚ׹ƝLՒȸ4dD&H&2F*a 14, 89ٝ:

֒ԉĳI`cҹӴӻ H+-ATPase K°µצŽLÊ
IԢӬҹӴKĳƧˍIČȜ6D&cFӦ(ad

cٜǑ 3ٝ�ԢӬҹӴKĳƧˍFȚ֯ҹӴKҹӴ
ӻ H+-ATPase K°µצŽgïæ8c§r��¦
LТ̵ЃEL̬a*EH&+:ȫنцIƊؙԼш

Ҽӗgþ CO2 ͙ðI͂6D[Ț֯ҹӴKҹӴӻ

H+-ATPase K°µצŽLՒȸ4dH*A>2F
*a 24ٝ:ԢӬĳƧˍI`c CiKþ¿IآČȜц

H§r��¦K׻Á+˷ȸ4dc�Тǘ:ˎ �L

֒ԉĳI`cҹӴӻ H+-ATPase K°µצŽgժ

Ƀ8c~w�±IЇЃgʓDDѢ҅gׄZD&

c� 
 
3.3. ֒ԉĳFؠԉĳKяÏąЬ 
� ƝLʒ&֒ԉĳK¿EՌ׹ԉĳI`cΰȚؠ

ad:<d=dKĳƊЕEՌadcΰȚ׹Ɲ`b

[Ȁ,Hʱҕgѩ82F*a:֒ ԉĳFؠԉĳK

яÏąЬ+ѩƼ4d> 1ٝ�ĲֶKֿb:֒ԉĳ

LĳƧˍgֿ7DҹӴӻ H+-ATPaseR ATPgċ
Ӏ8c 88ٝ�ԢӊĂKőԿ)`Ȏ+кɱIHc

crumpled leafٜcrlٝǺкĂIՌadcԢӊĂg˪
>H&Ț֯ҹӴL ATP Ʈ׫+ɅH.:ĳI`c
ΰȚ׹Ɲ+˚ś4dc 90ٝ�Suetsugu aL:~³
l����GCPsIؠԉĳKXgЉȿ8c`b[:
֒ԉĳ¿EؠԉĳgЉȿ8c̝+:GCPs*aK
H+̊ŏ+Đׄ4d:2K֒ԉĳKű͠+ DCMU
I`AD˚ś4dc2Fgѩ6> 14ٝ�2daK

Ҿ͠*a:֒ԉĳLɅH.F[ĳƧˍgæ6>

ATP ċӀgֿ7DؠԉĳI`cΰȚ׹Ɲġ(
D&c2F+ѩƼ4dc�4aIԁƴϘ&2FI:

GCPsIؠԉĳKXgЉȿ8c`b[:֒ԉĳ¿
EؠԉĳgЉȿ8c̝+:ҹӴӻ H+-ATPaseK C
͒ҋ*a 2йэKThrK°µצŽ²�±LȀ,.
ǳŬ6:2K֒ԉĳKű͠L DCMU I`AD؂
Ȱ4dH&2F+ѩ4d>+ 14ٝ:2KĳƧˍآ

ČȜцHҹӴӻ H+-ATPase K°µצŽKĐׄ§
r��¦LТ̵ЃEL̬a*I4dD&H&� 
� ԉĳL�p��³�µČȜцIj�qµؠ

�©�±K˚ś[ˤ'2F+ўadD&c 91ٝ�

ֳɶ:Ț֯ҹӴI)0c°µצŽ�³�q¥v�

Ք͝*a:΀БK MAPKKK Iő4ضdc

CONVERGENCE OF BLUE LIGHT AND CO2 1
ٜCBC1ٝ+ؠԉĳI`b°µצŽ4dc�µ�
v֑F6DՌB*A>�GCPsgЬ&>؞ΰЪФ
ȟȫن*a:CBC1 L¡¨³wK CBC2 FļI
HCO3

3I`c Sʔj�qµ�©�±KόʸŽgؠ
ԉĳČȜцI˚ś8c2F+ѩ4d>�4aI:

CBC1L phot1IBLUS1آČȜцI°µצŽ4d
c2F:CBC1F CBC2L HT1I°µצŽ4dc
¿ύǍșE%c2F+̬a*I4d>ٜǑ 3ٝ�
2daKҾ͠*a:ؠԉĳL�p��³�µgæ

6D:֒ ԉĳLĳƧˍI`cCiKþ¿gæ6D:
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CBC1F CBC2I`c Sʔj�qµ�©�±K˚
śgĐׄ8c2F+ѩƼ4d> 92ٝ� 
 
4. )fbI 
� 2dWEI̬a*I4dD,>ўՌ*a:֒ ԉ

ĳ L Ԣ Ӭ ҹ Ӵ K ĳ Ƨ ˍ g ֿ 7 D ҹ Ӵ ӻ

H+-ATPaseg C͒ҋ*a 2йэK ThrK°µצŽ
I`bόʸŽ6:Ŭ(D:Ț֯ҹӴKĳƧˍgֿ

7D:όʸŽ6>ҹӴӻ H+-ATPaseIʮՊH ATP
gċӀ8c2FEΰȚ׹ƝgժɃ8cFӦ(a

dc�gֿ7׍ԉĳLȚ֯ҹӴŁK~w�±øؠ

DҹӴӻ H+-ATPaseg4aIόʸŽ6D:ΰȚ׹

 
 

 
 

Ǒ 4. ԢI)0cȚ֯ҹӴKҹӴӻ H+-ATPaseKĳƧˍČȜцH°µצŽ 
ԢgЬ&cĵоҼӗŽȟσI`cȚ֯ҹӴKҹӴӻ H+-ATPase K΁ŏ˘ԶKѤ҉I`b:֒ԉĳI`cҹӴ
ӻ H+-ATPaseK C͒ҋ*a 2йэK ThrK°µצŽ+тՌ4d>�ԢI֒ԉĳٜ600 µmol m32 s31ٝg 30ő׺
Љȿ8cFٜR30ٝ:–ˑٜD30ٝIءӚ6>ԢFά֤6D:Ț֯ҹӴKҹӴӻ H+-ATPaseK°µצŽ²�±
+ 2 ęѹʂIǳŬ6>�֒ԉĳI`cҹӴӻ H+-ATPaseK°µצŽL DCMU I`cšŎФٜ+DCMUٝI`
bȤĸI˚ś4d>�ԉĳٜ5 µmol m32 s31ٝgؠ 2.5ő׺:ָŬЉȿ8cFٜR + B2.5ٝ:DCMUŎФK͉І
I׻ďH.°µצŽ²�±LǳŬ6>��x¹±�¹L 50 µmgѩ8�џŤҎLяȻĝKɵǜ+ 1`bȀ,
&2FK:j��°�vL 2ӝ׺KɨKӁ՘ȟц͉˄ʸgѩ8ٜ0P < 0.05, 00P < 0.001, N.S., P > 0.58; *P < 
0.05, **P < 0.01, ***P < 0.005; n = 5 �ٝ̕ И 24`b˞Ҧٜ www.plantphysiol.org; Copyright American Society of Plant 
Biologists.ٝ� 
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ƝgĐׄ8cFӦ(adc�2dFÅԵ6D:ؠ

ԉĳFĳƧˍI`c Ci Kþ¿+ S ǟj�qµ
�©�±g˚ś6D:όʸŽ6>ҹӴӻ

H+-ATPase I`b[>a4dcҹӴӻK׋ő΅
gӇ˪8cFӦ(adcٜǑ 3ٝ�ΰȚ׹ƝIؑ
6D:Ț֯ҹӴIԧҁ8clqµL”һцILϖ

ӴŁIƛbֱWdc�ÆE[°µ{צL:Ӿ֞[

ϖӴRƛbֱWdcÆ:ҹӴ֑ģI)&DϖӴR

K Cl3ƛbֱXgĐׄ8c2F[ўadc 93ٝ�F

2e+ֳɶ:ΰȚ״׸Iؑ6DҹӴ֑I̊ŏ4d

c°µ{צ+ S ǟj�qµ�©�±KόʸŽg
ʍ,֗282F+ǪƲ4d> 94ٝ�2K2F*a:

°µ{צKëպW>LϖӴRKŏķbL:ΰȚK

+ŒIzµ�³¹±4dcʮՊבIʱ7D׸׹

%cFӦ(adc�Ț֯ҹӴKëպ]ϖӴӻ¾K

�©�±Fֺ֩Ă+ĳK¿EGK`'Hśʦg

Ɯ0cK*IB&DL:åʡKհزKºBFՖ(

`'�F2eE:2dWEKĳI`cΰȚ׹ƝK

Ѣ҅L:ÊF6D֒ԉĳFؠԉĳKąЬIЇЃ+

ʓDadD,>+:ʓЈK2FH+a:ӾЈĳ>

cȂ؊ĳILΊ�Hτ׶Kĳ+ƮWdc�ÆE[

ӊԉĳLԢĸĂEKĳƧˍűКKƫ¾IȴÁ8
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 ±�΀БKĳƧˍǊȧKƯƚ� v¾؈ .6
� ķȿ̊ȿKƯƚśʦI)&DשՊHՊҵL:ķ

ȿ̊ȿK� v�±FĳKƯƚĂgΉˍ8cԉ

ҵKƯƚ� v�±:<6DԉҵKϻʂE%c�

ԉҵKőĳƯƚВʸLƯĳʂ[6.LƯĳď̑

� v�±I`ADԼ4dc+:ºԆIԉҵϻʂ

+ǣĸĂKƯƚК׶HcFƯƚτ.ى+ 100%I
ֳC&D&.>Z:ƯĳКEՌ>ǫƧKƯƚ� 

v�±LɵǝIֳ.Hc�º̝:ϻʂ+þ.Hc

FƯĳК+þ¿6:Ưĳʂ� v�±Iֳ.Hc�

Ǿ.KǫƧ:΀БKԢKȫ֑цH̊ȿƯƚKǦ͓

ƊýLԢӊĂE%b:ԢӊĂKȀ,4]Ήׁٜ Ł

׫ӻΉׁ]ԉҵ�µ�vנ +ٝǺŽ6:ͨ ГҼӗ
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]ϔӈГҼӗHGIפӚ4dc2FI`ADԢ

KƯĳВʸ+ηWc 7,8ٝ�Kume et al. (2016٠2018)
EL:ƦѼv³³�k±ٜ Chl ]ٝr³��l�:
Chl-�µ�v֑ՇƧĂKƯƚ� v�±Fķȿ
̤ȿKƦՊҵK� v�±+GK`'H׻ďI

%c*gեҹIՔ͝6D&c+ 10,11):22EL&

.B*KשՊH׻ďgծ̬8c� 
 
6.1. v³³�k± aKƯƚ� v�± 
� W9φэ8S,L:Chl aKƯƚ� v�±K
ВкʸE%cٜǑ 2aٝ�nmK 680ٶ400 Chl aK
őĳƯĳʂL:̺ ȁ¸ƉÆ̵Kĸȁ̤ȿKőĳ̊

ȿЉʂٜǑ 1cٝFʒ&փKяٜ׻r = - 0.86ٝ+%
b:̤ȿKőĳ̊ȿЉʂK�¹vτ׶F Chl aK
őĳƯĳʂK”Ʉτ׶+ 480 nméֳEUVºԀ
6D&c 10)�Chl aKƯƚ� v�±L�µ�v
֑ՇƧĂÆEL׶τ׶ģI~��8c2F+ў

adD&c+:<dgӦˉ6D[:2KĨƫIL

Ȁ,HǺŽLІ&�º̝:Chl aKƯƚ� v�
±K׶τ׶ģK�¹vτٜ׶Qy ɯٝLĸȁ̤ȿ

Kőĳĳ׫ș͘ȵʂٜǑ 1fٝK�¹výӚéֳ
8�nmٝI%c 680ٶ660ٜHf@:Chl aL؈¾
IЉȿ4dc̤ȿo�±u¹+ى&τ׶ǣgט

0D:ĳ׫ș͘ȵʂKى&τ׶ǣg8˟וcF&

'ՒЃ*aL:Įd>Ưƚ� v�±gĒ˪6D

&cFŗ̛E,c�º̝E:PARKى&  650ٶ450
nm Kτ׶ǣEKƯĳʂLþ&>Z:؈¾KĳƧ
ˍԉҵF6DLƯĳűК+þ.:ٶؠӊԉĳKƇ

֙8cαÆI)&DL4aIűК+þ&F&'

ģأ+%c 11)�Chl aKőĳƯĳʂFķȿ̤ȿK
őĳ̊ȿЉʂFKя׻ď̑L:Ȃ؊ىʂ+ىWb

̊ȿЉʂ+Ȁ,.HcUGʒ&փKĝgƛc`

'IHcٜǑ 3ٝ�2KĨƫL:Ί�H ChlKÆ
E Chl a+”[ʒ.:Ћo�±u¹EX>ǫƧK
ĳKƯƚŨƧ+”[þ&2Fgѩ6D&c� 
 
6.2. v³³�k± bKƯƚ� v�± 
� αÆELΊ�H Chl +ĳƧˍIřЬ4dD&
c+:؈¾΀БL Chl aF bKXgřЬ6D&c�
ĳƯƚKUFhGLؗĳʸ Chl-�µ�v֑ՇƧ
ĂٜLHCٝI`ADԵfd:Chl b L LHC I6
*ƮWdD&H&>Z:Chl aF Chl bKŨƧٜ a/b

ά Kٝ①қL:ĳŽȟҬKjµ��|l�gηZ

cשՊHՊҵE%c�ֿɱ:a/bάL 3ѹʂKĝ
gѩ8+:ю̤׍ȿ+%>bI.&ШǲEɐ8׹

c&f^c؇ԢEL Chl bKŨƧ+ǳ(D a/bά
+þ¿8c�Chl aF bKƯƚ� v�±K�¹
vτ׶L 20 nm ѹʂкHAD)bٜǑ 2aٝ:̤
ȿ� v�±IȻ6DȻЉцHя׻ď̑KǺŽ

gѩ8ٜǑ 3ٝ11)�͉ΕⅡȕÆK Chl bKџτ׶
ģKƯĳ�¹vٜ�¹²ɯٝτ׶LҮ 450 nmI
ýӚ6D)b:2dL ChlKÆE[AF[׶τ׶
ģI%c�<K>Z:èK ChlFά֤6D:̏Ò
̤ȿˍőK”Ȁĳ׫ș͘ȵʂKτ׶ǣٜ470 nmٝ
gƯƚ8cKI6בD&c�º̝:׶τ׶ģK

�¹vٜQɯٝτ׶LҮ 640 nmFџ.:Ưĳʂ
[Ʉ4&>Z:̤ ȿK”Ȁĳ׫ș͘ȵʂKτ׶ǣ

ٜ680 nm Iٝ)0cƯƚIL6בD&H&�2d

L:Chl aK Qɯτ׶+ ChlKÆE[AF[׶τ

 
 

 
 
Ǒ2٢v³³�k±]ؗĳʸ�µ�v֑ՇƧĂKƯ
ĳʂ� v�± 
(a)v³³�k± aF bKƯĳʂ� v�±:�o
�±o¹�±Eʥad>� v�±g 10nm׶τ
�ģI9a6>[K׶Ӓ֢KƯĳʂL”Ȁĝg٥

F6>яȻĝE%c�(b) ĳŽȟҬ1zjٜPSI 
coreٝ:ĳŽȟҬ2zjٜPSII coreٝ:ĳŽȟҬ1
֘őșՇƧĂٜPSI-LHCIٝ:ؗĳʸv³³�k±
�µ�v֑ՇƧĂٜLHCIIٝKƯĳʂ� v�±�
Kume et al. (2018) `b˺,ю8 11)� 
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%ģI%b:Ưĳʂ[Ȁ,&2FFLȻЉцE׶

c�Chl bL Chl aIȻ6DяՃцIĪ.2FE:
ВȈÒ̊ȿIȻ8cĳƯƚűКgىZ:ю̤׍

ȿ+%>aH&ШǲI6ב>ƯĳВʸg[>a

6D&cFӦ(adc 11)�Ҿ͠F6D:Chl aF
Chl b *aΉˍ4dc LHCELChl a`b[Ȁɲ
IĳƯƚűК+ىWc 10)�º̝E:؈¾ШǲE

L Chl bKƯƚĳ׫ș̑IȻ8co�±u¹Ưƚ
ЋƯƚάٝLȀ,&>Z:ƙʱÆʭIٜ׫ Chl b
g˪BĳƧˍЪБL؈¾IבʱE,H*A>K

ELH&*FӦ(adc 11٠12ٝ�ȫؑ:̺ȁ̤K

ĸȁ̤ȿK� v�±IȻ6D:Chl aF bKƯ
ĳʂ� v�±gά֤6>ǫƧ:Chl b L Chl a
`b[ЋƯƚά+ 9%ѹʂȀ,.HA> 10). W>:

Ưĳʂ� v�±gƯƚК� v�±FՌH6

Dю̤׍ȿI)0cЋƯƚάgά֤8cF:Chl 
aF bE<d=d 0.224 J µmol-1:0.250 J µmol-1F

HA>� 
 
6.3. ؗĳʸ�µ�v֑ՇƧĂ 
� Chl]r³��lض�Lؗĳʸ�µ�v֑ՇƧ
ĂF6DΕӶ6D&c>Z:LHC KƯƚ� v
�±+ԢKƯƚ� v�±IȀ,.ʗ6بD&

c 11)��µ�v֑ՇƧĂKőĳƯĳʂgӒ֢I:

őĳ̊ȿЉʂgΏ֢IFADά֤8cF:Ǧ͓ц

I&9dKՇƧĂKǫƧE[:ю̤׍ȿKo�±

u¹+”ȀIHcτ׶ǣٜ550 nm éֳٝEƯĳ
ʂL”þgѩ8ٜǑ 4aٝ�W>:ю̤׍ȿE[

 
 

 
 

Ǒ 3. ̺ȁ̤F―ȁ̤I)0cv³³�k± a, bKőĳƯĳʂFƦ̤ȿKőĳ̊ȿЉʂ¸őĳĳ׫ș͘ȵʂF
Kя׻ď̑K̤ÆKҽ̵ǺŽ 
őĳ̊ȿЉʂٜre; a-dٝ:őĳĳ׫ș͘ȵʂٜrp; e-hٝ�ю̤׍ȿٜa, c, e, gٝ:̏Ò̤ȿٜb, d, f, hٝ�Kume et 
al. (2018) `b˺,ю8 11)� 
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̏Ò̤ȿE[:ƯĳʂL PSI core:PSI-LHCI:
LHCIIKجIىWcٜǑ 4ٝ�2dL:ÊI Chl b
I`c 470 nméֳKƯƚKǳȀI`c[KFӦ
(adٜǑ 2bٝ:jµ��ŨƧKǳȀI`AD
Ưƚτ׶Ҝǐ+ű͠цI˨Ȁ4dc`'IՌ(

c�Ծ؇4d>͞ɽШǲKőĳĳ׫ș͘ȵʂIȻ

6D:Chl bLĸȁШǲٜr = -0.32ٝ`b[ʐ&փ
Kяٜ׻r = -0.2ٝgѩ6:LHC[ĸȁШǲٜr = 
-0.68ٝ`b[ʐ&փKяٜ׻r = -0.53ٝgѩ82
F*a:ÄӧLԾ؇ШǲEKĳƯƚűКgىZD

&cFӦ(adc� 
� º̝:őĳĳ׫ș͘ȵʂFؗĳʸ�µ�v֑Շ

ƧĂKőĳƯĳʂFK׻ďgXcF:̺ ȁ̤K̏

Ò̤ȿg؆&D:ʒ&փKя׻gѩ6> 11)�8

Hf@:�µ�v֑ՇƧĂL̤ȿ� v�±Kĳ

ǣK̊ȿgűКцIƯƚ׶τ&ىș͘ȵʂK׫

8c̝ƫILΉˍ4dD&H&�2dL:r³�

�lض�KȜǘI`c:џτ׶ǣKʒ&ƯƚI`

cʗب+Ȁ,&�ChlI`ADƯƚ4d>׋ŧH

ĳo�±u¹KȣĸHЋǺ˼I)0c β r³�
µ]±�lµ:t|µ��k±HGKr³��l

KĪ,IB&DL:ĳ؂ȰKǦ͓цH؁ʦΕض�

ΉF6DѢ҅+ׄZadD&c+ 9):2daKԉ

ҵL:ĳȟцILؠԉĳKű͠цHƯƚ�k±

�¹F6DKΕӶ[ĥ(D&c�r³��lض�

IƯƚ4dc 520nm `b[џτ׶ģKĳ׫șK
UFhGL<KǫEЋIǺ˼4d:ĳŽȟҬIֺ

adcЋŨƧKى&ĳ׫șLű͠цI˚ś4d

c 8)� 
� ؗĳʸ�µ�v֑ՇƧĂI)0cԉҵΉˍg

Ėћ8cF:؈¾K̤ȿo�±u¹+[AF[ؗ

Æ8cτ׶ɯg0טcFƩ̵I:џτ׶ǣٜ ԉؠ

Ҹԉٶ Kٝĳ׫ș+v³³�k±IƯƚ4dc2

Fg˚ś6D&c2F+f*c�̤ ȿ� v�±

FƯƚ� v�±K׻ď*aӦ(cF:ȣĸE֑

Kى&ĳ׫șˍő+řЬE,c`'IĳƧˍԉ

ҵ+ӃȍIΉˍ4dD&cFՔקE,c?e'� 
 

 
 

 
 

Ǒ 4. PSI core:PSI-LHCI:LHCIIKőĳƯĳʂF̺ȁ¸ΜƄK(a)ю̤׍ȿ:(b)̏Ò̤ȿKőĳ̊ȿЉʂF
K׻ď 
y֢IőĳƯĳʂ:x֢Iőĳ̊ȿЉʂg 3.35 nmŞXE 400–680 nmKҜǐE˺.�Ӓ֢KƯĳʂL”Ȁĝg
٥F6>яȻĝE%c�□(400 nm)*a×(680 nm)Iƫ*ADτ׶KجIӌEҾhE&c�9L 470 nmI)0
cƯĳʂgѩ8ٜÊI Chl bKƮ͉КKɨI`ADηWAD&cٝ�Kume et al. (2018) `b˺,ю8 11)� 
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7. )fbI 
� ĳƧˍЪБLĳ׫șg!ؼ"F6DЪ,D&c�

τ׶K׎'ĳ׫șL׎A>!ƴ"]!ͪػč"g

[AD)b:<KׄԵ̝ƫ]ȵʂőɬL˰Й̝σ

I[Ȁ,.ʗ6بD&c�2K`'Hĳ׫șKƯ

ƚ̧ řЬΕΉLЪˇȟцH˴ؼˏиKǺʔF6D

˕'2F[ƠӶE%e'�ĳƧˍI)0c̤ȿШ

ǲgӦ(c¾EשՊHЃL:΀БIķȿ4dcĳ

g˪A>Ϛ֑[׫H�ELH.:ΊؼșLƩ7׫

ƧБE%c2FE:ĉ(M LED *aċӀ4dc
ǜ֑Hĳ׫șFLʸ֑+ĸ.кHAD&c�ǽת

I)0c΀БKؼKʸ֑IB&DKѢ҅Lƴ]

ș͘ȵ׫цѢ҅:8Hf@ĳ׫<čgІՎ6ػͪ

ʂKXI`c[K+UFhGE%b:ؼK֑gӦ

ˉ6>Ѣ҅gׄZD&.2F+ʮՊE%c�<K

>ZIL:΀БЪФȟцHѢ҅KׄɐL[@eh:

΀БKĳƧˍΕΉgЪБШǲБФȟцH~��

¦F6DՔ͝6:̊ȿШǲK˙˽gԵ'2FE:

Шǲבʱʂgՠč6D&.2F+שՊFHcE

%e'� 
 
պ֬ 
͓Ѣ҅L:ғτȀȟKȈĀƑמشƋǶFѴϋ†ș

ƋǶFKļƩѢ҅E8�őĳ̊ȿ՘K׹тLǓ҉

ШǲѢ҅ˑ: JAXA/EORC:ΰցɺىɒΰցơK
ļƩѢ҅KºנF6DԵfd:֤ Μą΄]̊ȿՒ

ϢI%>ADL:ƦѢ҅Ε׻KѢ҅ӧ*aΊ�H

|£¹�gƜ0D&W8� 
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1. L7ZI 
� ǚУ¾K8SDKЪБLȂ؊ĳo�±u¹K

ʺʼgƜ0D&c�ĳƧˍЪБI)&DȂ؊ĳo

�±u¹Kʺʼgՠč8cIL:׫FƩ̵I֑:

8Hf@τ׶ВʸgӦ(cʮՊ+%c�΀БĳƧ

ˍI)&DL:ĳŽȟƙʱgԵf:cӶŪK%c

ƠՎĳǣFºנҸǽǣKĳ+ÊHȻցIHc�؈

ǣKĳƧˍЪЫKȀנőgˤAD&c؈¾΀Б

FαǣKԯضKĳKřЬҜǐLUFhG׎fH

&�<K>Z:ȀנőKĳƧˍЪБ+řЬ8c

400 – 700 nm KҜǐKĳg:ĳƧˍ͉ű̊ȿ

ٜphotosynthetically active radiation, PAR FٝƵQ�

400 nmí¿F 700 nmí¾gǲIĳƧˍRKĳř
ЬűК+ 0IHcf0ELH&KE:̕ ИI`A

DL:380 – 730 nmKҜǐg PARF&'ǫƧ[
%c�͓ ѿEL:֒׏ԉĳٜ 700 – 800 nm Lٝ PAR
IƮZ9I˕'� 
� ǚԼIķȿ8c PAR F֒׏ԉĳK׫IB&D
XDXc�Ǒ٥ɥL:ؒ ȰБKH&0׹>ǫˑٜ Մ

                                                
‡
ՔծВؗ!ĳ֑FĳƧˍ" 

*ׂҿĲ E-mail: konom07@bs.s.u-tokyo.ac.jp 

ǚ EٝŖǻK̺ȁ̤IϢȩ6>ĳʒʂK̤ǺŽg

ĳ֑3FIő0DԼѩ6>[KE%c�ĳgדc

[K+H&F,L:ĳʒʂLȂ؊K̤Ƴ׉ųI

πADǺŽ8c�6*6:2K`'H|lµ̓ӌ

gѩ82FLО6.:Ǒ 1ɥK 10̵í؃K`'
I:ĳʒʂL؝KʗبEՇؘIǺų8c2F+Ǿ

&�PAR K”ȀKĳƧˍ͉űĳ׫ș͘ȵʂ

ٜ photosynthetically active photon flux density, 
PPFD Lٝ:Ǒ 1KĉEՖ(M:ؠԉĳٜ 400 – 500 
nmٝL 450 µmol m−2 s−1:֒ԉĳٜ600 – 700 nmٝ
L 700 µmol m−2 s−1E%cKIȻ6D:֒׏ԉĳ

Kĳ׫ș͘ȵʂٜPFDٝL 500 µmol m−2 s−1I[

Hc�ӊԉĳٜ500 – 600 nmٝL 600 µmol m−2 s−1

E%A>�&ԉĳ[Ȃ؊ĳIրȶIƮWdD֒׏

c2F+f*c�ՄǚKǫƧ:֒׏ԉĳK PFD
LɱI֒ԉĳK PPFD `b[þ&ĝE%c2F
+Ǿ&�º̝:ŖǻKԡԢΐ͞K¿ɒٜ͞נɽٝ

KĳШǲL:¾ɒKΐٜ͐͞ņٝKʗبgƜ0c

KE:4aIՇؘIHcٜǑ٥ƣٝ�Ȃ؊ĳKǾ

.+¾ɒΐ͐KԢI`ADƯƚ4dcKE:̤ Æ

KȀנőKĳL:ʐ&̏Òĳ+ƌZc�Ǒ 1ƣK
ŖǻKǫƧL:W?͞ņKԢ׫+WMaH>Z:

ǎǕ�
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̏ÒĳKʒʂLɵǜ 150 µmol m−2 s−1UGgӇ˪

8c�6*6:7͈] 8͈IHAD͞ņ+ԢEȤ
ĸIՋfdcF:̏ÒĳL 10 – 30 µmol m−2 s−1

WEþ¿8c�˿+͡[Eΐ͐KԢبHGKʗط

dcF:<Kؐ׺gֿb˞0>ʒĳٜю׍ĳٯŖ

ǻKǫƧ 1000 µmol m−2 s−1í¾IHc�єǻL

200 – 500 µmol m−2 s−1ѹʂٝ+ɨ6ֱY�2Kю

ĳL|µ�²�vٜ׍ sunfleck ]ٝ؊Сٜ sun patchٝ
FƵMdc�&f^c:͐ϱd̤E%c�ǻȞ͞

ɽK|µ�²�vK˪Ӆ̵׺L̑Ѷ*ȃőF

џ&�ՄǚE[͞ɽE[:PAR +ǺŽ8dM׏
֒ԉǣ[Ʃ7.ǺŽ8c�ՄǚFLкHb:͞ ɽ

EL֒׏ԉĳK PFD KU'+֒ԉĳK PPFD `
b[Ȁ,.Hc2F+Ǿ&� 
� ԢIɎ&> PAR K8SD+ĳƧˍIřЬ4d
cf0ELH&�ԢKĳƧˍԉҵI`ADƯƚ4

d:ů֗Гˇ+ĳŽȟҬ IIٜPSIIٝFĳŽȟҬ I
ٜPSIٝIøfAD:ĳŽȟƙʱ+֗2aH0d
MHaH&�ԢKԼأIɎ&>ĳLºנ+ƙȿ4

d:ŁנIķȿ6>ĳLʒ.Ưƚ4dc�Ưƚ4

dH*A>ĳL:ՁأRֽ8׋c*:̏ Ò]ƙȿ

I`ADԼģIŏD&.�ԢEKĳKƯƚ:ƙȿ:

KŨƧL΀БѼ:%c&LԢٜ٘׋ֽ ԐԢ*ˍԢ

E%c* ]ٝ؊Ԣ*؇Ԣ*I`ADкHc�¾؈

΀БKԢKɵǜF6DL:PAR KҮ 80%*a<
dí¾+Ưƚ4dc 1, 2)�τ׶ǣΪIՌcF:֒

ԉǣ]ؠԉǣLԢKƯƚКL 0.85 í¾IHb:
ӊԉǣE[ 0.8UGIHc�º̝:֒׏ԉĳٜ 700 
– 800 nmٝLG'E%e'*�ԢKƯƚКL 680 
nm éֳgǲIϞɅ6ȑZc�v³³�k±KƯ
ƚɯKՆתK 700 – 710 nm *0DKƯƚКL 0.6
UGIHc�<d`b׶τ׶ģEL:720 nm %
>bKƯƚКE 0.3UGI:740 nm%>bKƯƚ
КE 0.1í¿IHc 1)�ĳƧˍԉҵKv³³�k

±IŬ(D:ՃŭԉҵKr³��l�+<d=d

ǣKĳƯƚɯg[ADȜǘ6D&c׶A>τ׎

2FE:ƠՎǣKĳgɻ.˰a(ad:PAR K
�ƯƚК+ƠӶFHc&ى 
 
2. ĳƧˍѢ҅KтɐKºҋgˤA>֒׏ԉĳ 
� ĳƧˍKтՌFՔ͝KȑWbg·˩8c�å*

a:250 ɶUGšK Priestleyٜ1771ٝKȫن+”
ŖKтՌF4dD&c�ʚL:΀БI`c҆ΰK

ұŽ̈ǃű͠gтՌ6>�ʡI:2dL΀БI`

cצҵтЪ+ƑǍE%A>Fȫ՟4dc�

Ingenhouszٜ1773ٝL:Priestley Kѩ6>ű͠+
ĳKąЬI`c[KE%c2Fgȫ՟6>�

Senebier (1782) L҆ΰÆ*aÙצŽЂҵ+ƛb

 
 

 
 

Ǒ  ǽKĳШǲK̤ǺŽת .1
ٜɥǑٝՄǚK̤ǺŽ�ٖӌ: 400 – 700 nm:ؠӌ: 400 – 500 nm:ӊӌ: 500 – 600 nm:Ԫ&֒ӌ: 600 – 700 nm:
ϻ&֒Ѓӌ: 700 – 780 nm:ٖЃӌ: 320 – 400 nm�ٜƣǑٝԡԢΐ͞KŖǻ͞ɽK̤ǺŽ�ǺŽKϹ6& 10̵
١14̵K׺gѩ6D%c�ٖ ӌ: 400 – 700 nm:Ԫ&֒ӌ: 600 – 700 nm:ϻ&֒Ѓӌ: 700 – 780 nm�ϢȩL 2017
ɶ 4͈ 20̤IѮȈɡђɵǰɫ:ѮȈɡȀȟΉŁKՄǚFԡԢΐ͞͞ɽEԵA>�ǚ¾*aҮ 50 cmK4ىI
՜Ӛ6>¯l�j�¯l}¹ٜLA-105:̤͓ƁŽǊͼٝgЬ&D:ՄǚL 1ő3FI:͞ɽL 10Ѷ3FIĳ
ʒʂgϢȩ¸՛6ײ>� 
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ֱWdD&c2Fg–ѩ6:de Saussureٜ1804ٝ
Lα+ĳƧˍK֎ϧF6D׻Á6D&c2Fg

˫́6>�Mayerٜ1845ٝLĳƧˍELĳo�±
u¹+Žȟo�±u¹IǺ˼4dcFÊʑ6:

Sachsٜ1864ٝ+ĳЉȿI`ADԢӊĂŁI�µ
�µ+Ъˍ4dc2Fg՟̬6>�Blackman
ٜ1905 LٝĳƧˍ̓ӌKՔ͝*a:ĳƧˍILĳ

Á8c̬ƙʱF:<KʡI֗2c–ƙʱ+Ȝ׻+

ǘ8c2Fg˫́6>�Emerson and Arnoldٜ 1932ٝ
3) L:v³³�k±őș+ĳgƯƚ8cؗWbg

ʔˍ6D:<KΉˍƊý%>bIÙצŽЂҵKי

İFצҵтЪKƙʱ+ԵfdcF&':ĳƧˍƊ

ýK·ʴg˻ƿ6>�Hillٜ1937ٝ4) LĳI`c

ҵKтЪgȫ՟6>ٜHillצİŪKЪˍFי ƙ
ʱٝ�Arnonٜ1954ٝ5) F Frenkelٜ1954ٝ6) L:

ҵтЪKƙʱgřЬ6DצİŪKЪˍFי ATP
+ąadc2Fgѩ6>� 
� ԉĳL֒׏ PSII EKצҵтЪ]ÙצŽЂҵǒ
ȩgю˶ILكų6H&>Z:׶ɶ<KשՊʸ+

ІՎ4dcĨƫI%A>�.6.[<K,A*0

FHA>K+:2ѼضKĳŽȟҬKтՌIBH+
cשՊHȫنE%A>�ʓЈ:<KȫنL֒׏ԉ

ĳgІՎ6DΉfH&2Fgѩ8>ZK[KE

LH&�22EL:֒׏ԉĳKգKɃķF6D:

ĳƧˍ؞șø׍ƙʱٜ ̬ƙʱ IٝB&DKשՊH

ØȫF·ʴKтՌIBH+A>ΠƢцHѢ҅g

Һæ6>&� 
� K8SDKĳƧˍԉض΀БKԢӊĂ]ԯ¾؈

ҵL PSI F PSII KÙBKĳŽȟҬIő4פdD
&c�PSILv³³�k± bƮ׫+ά֤цɅH&�
PSIILƙʱÆʭK P700ٜ v³³�k± aF<K
o�¤¹*aHcÙ׫Ă +ٝ%c�PSIIILv³
³�k± b Ʈ׫+Ǿ.:ƙʱÆʭL P680ٜv³
³�k± aÙ׫ĂF4dc+кյ[%c Fٝ`M

dc�2ѼضKĳŽȟҬLкHcԉҵҼˍFƙʱ
Æʭőș؞١șø׍ĂKҼXƧf:g[AD&

c�<da+кHcצŽיİƙʱgׄZD:<K

ƙʱ+ĳFю˶6ׂ׻H&צŽיİҬٜ ~�v³

¦ b6/fՇƧĂٝgæ6D:ÅŕELH.юŕIΕ
Ӷ8c2FE:ĳƧˍ؞șø׍ƙʱgكų8c�

fdfdKТǘKўջF6Dʓ>bšK2FF

6DƜ0ķdadD&c2daKƙʱҬL:�

�Red dropű͠�F�Emersonű͠�KȜǘ:5 
PSIIF PSIK׺IýӚ8c؞șø׍ˍőٜ ~�v

³¦ b6/f ՇƧĂٝK˭ų:6 ĳƧˍ؞șø׍K
ĸĂƙʱF؞șø״׍Kºנgƛbŏ6>F,

KנőƙʱFKĳŽȟ׋ѹKBH+b:� 2 Ѽ
KĳŽȟҬKőؙ:BWbض 2ѼضKԉҵҬFƙ
ʱҬgőؙ6>F,K<daKƙʱKʸ֑:F&

'¾՛KͰ˧*ȧ˪4dD&c�22EL:

Red dropű͠F Emersonű͠IB&Dծ̬8c� 
� 1 ĳ׫ș%>bKo�±u¹Lτ׶I`AD
кHc�τ׶Kџ&:BWbˮų̑KȀ,&ؠԉ

ĳL:τ׶K׶&:ˮ ų̑KɄ4&֒ԉĳ`b[

٥ĳ׫ș%>bKo�±u¹LȀ,&�ƊЕKĳ

ŽȟƙʱEL:1ĳ׫șI`AD 1őș+ƙʱ8
c�Б֑Kƙʱőș̑Fĳ׫ș̑F+ 1Ȼ 1Kά
IHaH&KL:ƙʱ+&.B*Kנőƙʱ*a

ˍb҉AD&cF,E%c�ĳƧˍѢ҅I)&D:

1 ĳ׫ș%>bIƯƚ4dcÙצŽЂҵKőș
̑:W>LтЪ8cצҵőș̑+&.BIHc*

F&'ĝ:BWbĳƧˍK׫șƚК+Ϣȩ4dc�

”ŖIĳƧˍK׫șƚК+Ϣȩ4d>KL 1923
ɶE:ƊҹӴԯv³²¯gĈADϢȩ4d> 7)�

<KF,L:ҸǽנE 0.20:֒ԉĳE 0.23 F&
'ĝ+ʥad>�<KҾ͠:ĳƧˍK׫șƚКL

0.25:BWb 4ĳ׫șΪI 1őșKÙצŽЂҵK
ǒȩF 1 őșKצҵKтЪ+֗2cFҾյé0
ad>�<Kʡ:Ǿ.KѢ҅ӧI`ADδZad

>ĳƧˍKՊδ׫ș̑L 4١8 If>c+:1939
ɶI Emerson+ŏ6>ĳƧˍKՊδ׫ș̑:1ő
ș%>b 8 ĳ׫ș:BWbĳƧˍK׫șƚКL
0.125 F&'ĝ+ТǘºԆIըZadD&c 8)�

Emerson>@L:ԯ؈[ض¾΀БI)&DĳƧˍ
K׫șƚКgкHcƊԉĳKτ׶EϢcF:v³

³�k± a K֒ԉנEKƯƚɯٜЪҹӴŁEL
680 nm éֳٝ`b[׶τ׶KF2eE:׫șƚ
К+ʷϹIþ¿8cТցgтՌ6> 9-11)�2KТ

ցL�Red dropűٜ֒͠ԉþ¿űٝ͠�FƵMd
D&cٜǑ 2ٝ�680 nméֳ`b׶τ׶ģKĳF
Ʃ̵I:<d`bџτ׶KĳgЉȿ8cF�Red 
dropű͠�LՌadH.Hc�6*[:2KF,
K׫șƚКL:2ѼضKĳg<d=dƊЕEʓD
>̵K׫șƚКKƷ`b[Ȁ,.HA>�2KТ
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ցL Emerson >@I`ADŖZDՌŏ4d>K
E:�Emerson ű͠”]�Emerson Kǳׄű͠”F
ƵMdD&c 10-16)ٜǑ 2ٝ�2KȫنL:ĳƧˍ
I)0c 2 BKĳŽȟҬKąЬIB&DKͰ˧
KºBIHAD&c�2ҼKĳŽȟҬƙʱ+Ȝǘ
6:<d=d+кHcԉҵ؞١șø׍ĂKҼXƧ

f:g[ADצŽיİgԵ&:<d+юŕIÅh

EĳƧˍ+كų4dcFӦ(c�2ҼKĳŽȟҬ
LكųKτ׶Вʸ+кHcF8cF:G@a*º

̝KX+`.كų4dD:['º̝Lʠ׀цIH

cǫƧ+Ъ7c�2KF,:Ä̝KĳŽȟҬgů

֗6>ǫƧKĸĂK؞șø׀׍ʂL:)[Iº̝

KXgů֗6>ǫƧK׀ʂKƷ`b[Ȁ,.H

c�H;Ha:º̝KĳŽȟҬKX+ů֗4d>

F,KĸĂK؞șø׀׍ʂL:ʠ4׀dD&cĳ

ŽȟҬKƙʱI`ADηȩ4dc*aE%c�ʡ

I:%c؞șø׍Ăٜ ĉ(M~�v³¦ f +ٝ PSI
KƙʱELצŽ4d:PSIII`ADיİ4dcF
&'Øȫ*a:2K 2BKĳŽȟҬ+юŕIÅh
Eƙʱ+ׄY2F+̬a*IHA> 17, 18)�4aI

ʡI:2dL Z �t¹¦F6DWFZ¾1ad
c2FIHc�ȫL:2ѼضKĳŽȟҬKȜǘg
–ѩ6>KL:WarburgaKw±¹�ٜ1954ٝ19)

E:ʚaLӊԉĳű͠F&'[Kgѩ6>�֒ ԉ

ʒĳgЉȿÆKv³²¯KҹӴˌϺϖI:ؠӊԉ

ĳgf9*IՃĳ8c?0E:ĳƧˍKشԣHǳ

Ŭ+ՒϢE,>�2KȫنI`AD[٦BKĳŽ

ȟҬKȜǘ+–ѩ4d>+:<Kʡ:ńТȫنL

H4dD&H&� 
 
3. ǺųĳI`c PSIĳ؂Ȱ 
� ԉĳ+ĳ؂Ȱg˚ś8cF&'գg8c֒׏

šI:ǺųĳѢ҅IB&DɅ6��vw¯mµ�

gֶSc�ԣӧL:؈¾΀Б+ǺųĳIȻ6DG

K`'HĳƧˍʱҕg6D&c*gѢ҅6D,

>�İ�:1970 ɶت*aъhIԵfdc`'I
HA>ǺųĳѢ҅L:͞ ɽ΀БKĳƧˍRKԁƴ

*aȑWA>�ǻȞ͞ɽEЪӱ8c΀БIFAD:

|µ�²�vg'W.řЬ8c2FLآɱIש

ՊE%c�В΢HǺųĳőתF&'`b:–ˑ*

aԢIĳ+ʓ>A>F,I:ĳƧˍƙʱgΉҝ8

cѼ�KՇؘHƙʱҬIă+֗2AD&cK*

F&'ұҦHĳƧˍRKԁƴF6D:Ǿ̝أKő

1980�<aѢ҅+Եfd*ת ɶëIL:Ί�H
؊Ъ΀Б]؇Ъ΀БKתЪǟĘĂg:תǽٜ Ǻų

ĳٝ]ȫنȭŁٜȩɱĳٝEͲǥ6D:ĳƧˍ׀

ʂ]ΰȚʱҕKѼČȜʸ]ЪӱШǲČȜʸ+①

Sad> 20)�<d?0EH.:ĳʒʂ+ǺŽ6

>F,K:Rubisco gL7ZF8cÙצŽЂҵǒ
ȩҽ֛KץҵKόʸŽГˇ]Ί�HÆ׺ëպБ

W>L:׫ ATP]יİŪ�¹±|l�KǺŽ+:
ҹ*&̵׺�x¹±E①SadD&c�1990 ɶ
ëIķcF:ĳƧˍՔ͝ՀӚKтɐ[%AD:s

�ß˼׀ʂKʱҕIŬ(D:PSIIgÊI6>ĳƧ
ҬKʱҕ[`.Ѣ҅4dc`'I׍șø؞ˍ

HA>�2000 ɶëIķADזøȟKтɐIú&
¨�±΀БgЬ&>ǺкĂKѢ҅[ъhIԵf

dc`'IHb:80ɶ*a 90ɶëI*0DתЪ
ǟĘĂEтՌ4dD,>ǺųĳʱҕKr¯v°

Kեҹ+ő*c`'IHAD,>�Ʃ̵I:׋Ɠ

KĲã>@KğȀH΄Ӕ+ńѤը4d>�Ǻųĳ

Ѣ҅IȀ,.օИ8cשՊHյ̕+Ǿ.тԼ4

dD,> 21-25)�΀БKǺųĳʱҕgՊҮ8cF:

҇ЈKʒĳٜ џ&|µ�²�v Iٝ͂4d>F,

Iҵ̧.ĳƧˍgժɃ6:”ȀĳƧˍ׀ʂgȫТ

8c2Fٜ׀&ĳƧˍժɃٝF:ʒĳʡKʐĳ͏

 
 

 
 

Ǒ 2. “Red dropű͠”F“Emersonű͠” 
ѝƍLؠ Red dropű͠g:֒ѝƍLǳׄű͠gѩ
8� 
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ʂ׀ˍĳƧ&ى:׺̵&׶.I)&D:HcS׺

gӇ˪8c2Fٜ post-illumination CO2 assimilationٝ
2�ՊE%cש+dag8ˍ׍c2FE:Ɯĳ׫

%>bKÙצŽЂҵKǒȩ׫gȩɱĳ¿`b[

�8c2F+E,c.ىÆ͏׶KǺųĳRK͂؟

IHcF:ĳʒʂKǺŽIָ؎6DĳƧˍ؞șø

ǒȩҽ֛KƦëպצK²��v�Гˇ]Ђ״׍

ЫБ�¹±|l�gבŒH²�±IĒB2F+

ЪӱIשՊFHAD.c�W>:ΰȚgæ6>Ù

]ŽЂҵKƛֱXFαK̀ȅK�¯µ�①қצ

Ǻųĳ¿ELשՊFHc 25)� 
� ԣӧaKw±¹�[ֳɶKǺųĳѢ҅K̜>

HтՌI׻Á6D,>�Ǻųĳ+ PSIIʗبgÁ
(c2F+̬a*FHb:<KשՊʸ+Ѣ҅4d

c`'IHA>�PSIIL:ȩɱʒĳHGK��²
�IȻ6DˆƜʸ+ى.̀ħgƜ0]8&�6*

6:ǺųĳL:ÊF6D PSIgΌцF6>ĳ؂Ȱ
g֗28��²�ՊǍE%c2F+ő*AD,

> 24, 26)�ĳƧˍ+ȅό6D&c–ˑ]׺̵׶ʐĳ

¿IӚ*d>Гˇ*a҇ЈʒĳI͂4dcF:ĳ

ʒʂK¾̪Iָ؎6>ҵ̧&ĳƧˍժɃg׍ˍ

8c2F+E,H&�ʒĳÆEĳƧˍ+آȩɱГ

ˇ¿EL:PSIK¿ύٜ؞șƜȲģ:יİģٝK
�4dc׀Ȁ,.ʠ+׍șø؞PSI؞șƜȲģK
İLי׋ PSIEKόʸצҵЪˍgĐ6:PSÌħ
gʍ,֗28 27 - 30)� 
� ǺųĳI`c PSIKĳ؂ȰL:PSIK؞șƜȲ
ģKʠ׀+Ȁ,.Hc2FI`AD֗2c>Z:

+g֣Ϟ8c2F׀șƜȲģKʠ؞ PSI ĳ؂Ȱ
KǌטIBH+c�͉ űHΕΉL:צҵI؞ș+

ϟaH&`'H؞șø׍gكų8c2F:<dE

[Ъˍ6D6WA>όʸצҵgȣĸIІΫŽ8

c2FE%c�PSIWfbKʨШц؞șø׍ҽ֛
ٜcyclic electron flow around PSI, CEF-PSI Lٝ:PSI
*a؞șgƜ0ƛA>�n²�t~µٜ Fd *ٝa
NADP+ELH.~�v³¦ b6fՇƧĂI؞ș+ύ
d:ńO PSIIύdֱYҽ֛E%c�PSI*aצ
ҵI؞ș+ϟc Pseudo cyclic pathway F6D:
Water-water cycle] flavodiiron (FLV) ҽ֛+%c�
2daKҽ֛L:PSIĳ؂ȰKǌטI͉űE%c
F4dD&c 31, 32)��¯zl�±¹§µģK pH
Kþ¿IČȜ6D~�v³¦ b6/f ՇƧĂEK؞

ș ø ׍ K ś ؄ : & f ^ c ĳ Ƨ ˍ ① қ

ٜphotosynthetic control [ٝ PSIIύdֱY؞șK
g˚(c2F+E,cKE׫ PSI ĒսI͉űE
%c 33, 34)�ǺųĳI`c PSIĳ؂ȰL PSIIЮ͚
K؞șI`ADʍ,֗24dcKE:PSIIjµ�
�ŁEKЋׅ̏ΕΉٜ NPQ [ٝű͠ц?F&(`

' 21, 35)� 
� 22Eнǁ+Ъ7c�~³l����

ٜArabidopsis thalianaٝKתЪǟL PSI؁ʦI͉
űF4dc¾՛K alternative pathwayg͉6D&
c�6*6:Շ̑K؁ʦΕΉg˪BתЪǟE4(

ǺųĳI`c PSI ĳ؂ȰgƜ0D6W'�Ǒ 3A
L:џ̤͙ðٜPPFD 135 µmol m−2 s−1ٝEͲǥ6

>~³lת����ЪǟKԢI:ǻȞ͞ɽg΍6

>ǺųĳgЉȿ6>F,K PSI F PSII Kĳ؂Ȱ
Kѹʂgѩ6D&c�ʐĳٜ 0, 30, 135 µmol m−2 s−1ٝ

gӲ̹ĳI:Ү 1Ѷ׺Kʒĳٜ 1200 µmol m−2 s−1ٝ

g 10Ѷ),IЉȿ6>ٜ FL-1200/LLFԼ՛8c �ٝ

”Ȁ ЉȿE:PSIILUFhGĳ؂ȰgƜ0׺2̵
H&KIȻ6:PSILǺųĳЉȿ̵׺FF[Iĳ
؂ȰKѹʂ+شԣIȀ,.HA>ٜǑ 3Aٝ�ʐ
ĳ͏K PPFD IČȜ6D:ʐĳ͏+–ٖ

ٜFL-1200/0 KٝǫƧI PSIĳ؂Ȱ+”[Ȁ,.:
PPFD+ى.HcFӎƷ4d>�2dL:ʐĳ͏
K PPFD+ى.Hc2FI`AD:ÙצŽЂҵǒ
ȩҽ֛+όʸŽ4d:<dI`bʒĳ�±�ĳI

Ȼ8c PSI ؁ʦ+͉űIL>a&>2Fg˄ƴ
6D&c�22EȀØHKL:4UG΅ҋELH

&ǺųĳI`AD:תЪǟK PSI+ȅό8c2F
E%c�PSIILĕʧ׀ʂ+آɱI׀&>Z:̀ ħ

gƜ0D[׀]*Iĕʧ4dc�6*6:PSIL
�¹µq¹�¹+آɱI׆.:º̥ħhE6W'

F:1׺׃ʡE[̀ħšFƩ7²�±IL6׍D
&H&F&'ǪƲ[%c 36)�PSII6׻DLĕʧ
F&'�³��LH.:8SD̜ՍƧˍ4dcK

*[6dH& 37)� 
 
 ԉĳI`cǺųĳĳ؂ȰK˚ś֒׏ .4
� ֶ̣K`'I:תǽLǺųĳ+Ƈ֙8cШǲE

%c�ǽEXadcĳǺųKƳ͏]ʒʂKǺųת

��¹µKҼXƧf:LІ؄ȀE%b:<da8

SDIȻʱƠӶHĳƧˍҬgњ̵IБФцIΉ
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ҝ8cKLÀƠӶE%c�ӕIذ6] PSI+ħh
E&c`'Ha:΀БKĳƧˍFˍ׶IFADԀ

ƶħIHAD6W'�ǽEǺųĳI͂4dc΀ת

БL:Hha*K§r��¦E PSIĳ؂Ȱgʬɿ
цI˚ś6D&cL9E%c�<2E:ԣӧLת

ǽĳШǲIэgƫ0:Ǒ 1 Iѩ6D%c`'I:
Ȃ؊ĳIL֒׏ԉĳٜ700 – 800 nmٝ+րȶIƮ
WdD&c2FIΰé&>�̤ ��l�¥�vH

PAR KǺųĳI͂4dD&cתǽK΀БL:Ʃ
̵I:֒׏ԉĳI[ɱI͂4dD&c�ԉĳ֒׏

L¾ֶ6>`'I:PSIIEKצҵтЪ]ÙצŽЂ
ҵǒȩgUFhGكų6H&�6*6:PSIL׏
֒ԉĳg`.Ưƚ8c�ԣӧL2K2FIφэ6

D:֒׏ԉĳ+ PSIgكų8cʸ֑+Ǻųĳ¿E
K PSI ʱҕIHI*6aʗبgÁ(cKELH
&*FӦ(> 38)�<2E:Ǒ 3A K FL-1200/30
KǺųĳIºȩʒʂK֒׏ԉĳgŬ(Dĳ؂Ȱ

ȫنgԵA>F2e:֒׏ԉĳKՃĳI`ADՌ

ØI PSI ĳ؂Ȱ+˚ś4d>ٜǑ 3Bٝ�ĳ؂Ȱ
KӎƷIL֒׏ԉĳKʒʂČȜʸ+Ռadc[

KK:תǽE[ՒϢ4dcʒʂE PSIĳ؂ȰLU
VȤĸI˚(ad>�ԁƴϘ&2FI:֒׏ԉĳ

KՃĳI`AD:PSIIĳ؂ȰKӎƷ[Ռad>� 
� ЪӱĳШǲRKقŽ+ǺųĳI`cĳ؂ȰR

KӨʸIÁ(cʗب[①S>�~³l����g

30:60:135:240:500 µmol m−2 s−1KĳʒʂKԳ

ĳϾ¿EͲǥ6>ĘĂKԢgЬ&Dĳ؂Ȱȫن

gԵA>F2e:135 µmol m−2 s−1í¾EӱA>΀

БELӨʸIɨLH*A>+:60F 30 µmol m−2 
s−1EL PSIĳ؂Ȱ+֗,]8*A>�30 µmol m−2 
s−1EӱA>ĘĂLǺųĳЉȿ 30 őEʷϹH PSI
ȅό+Ռad:<dí؃KЉȿELȅόKѹʂL

ӎ]*?A>�2dL PSIȅόK׾ĝK`'H[
Kgѩ6D&cK*[6dH&�2K`'I~³

l����ELƠǮʸKҜǐLЖ*A>[KK:

ЪӱĳШǲRKقŽ+ PSI Kĳ؂ȰӨʸIʗب
gÁ(> 39)�<2E:ΘI:תǽEЪӱ6D&

c΀БĘĂKԢg˴ƛ6D,D:ȫنȭŁEƩΊ

KǺųĳI`cĳ؂ȰȫنgԵA>�ԉĳg֒׏

Ŭ(DH&F,KǺųĳI`c PSI ĳ؂ȰKѹ

 
 

 
 

Ǒ 3. ǺųĳI`c PSIĳ؂ȰٜAٝF֒׏ԉĳKՃĳKűٜ͠Bٝ 
~³lת����ЪǟK–ŎФ6>ԢI:ʐĳgӲ̹ĳI 800 msKʒĳٜ1200 µmol m−2 s−1ٝg 10Ѷ),I
Љȿ8cǺųĳٜ FL-1200/LLFԼ՛8c gٝ”Ȁ ŽƠӶH”ȀצЉȿ6>F,K׺2̵ P700׫gѩ6D&c�
ĳ؂ȰŎФšKĝg 100%F6>F,KяȻĝEԼ6D%c�ٜ A EٝLӲ̹ĳK PPFDg 135 µmol m−2 s−1ٜٕ

ԉ: FL-1200/135ٝ:30 µmol m−2 s−1ٜϿԉ: FL-1200/30ٝ:0 µmol m−2 s−1ٜٖԉ: FL-1200/0ٝI՜ȩ6>�ٜBٝ
L:FL-1200/30 IºȩʒʂK֒׏ԉĳgŬ(>�ǽEՒϢ4dcĳʒʂIת]ԉĳKĳʒʂL:&9d֒׏
ֳ&ĝgЬ&D:ىʒʂٜ֒ԉٝ:Æʒʂٜؠԉٝ:ʐʒʂٜϿԉٝK 3ѼضEա6>�ԉĳL֒׏ 740 nm
I�¹vg[B֒׏ԉ LEDgЬ&>�Kono et al. (2017) 38) g̈Ǻ� 
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ʂL:Ѽ]ЪӱĳШǲK׎&I`AD�¯�¯E

%A>�ԉĳKָŬI`AD:PSI֒׏:6*6
ĳ؂ȰL8SDK΀БĘĂEȤĸI˚(ad>�

2K`'I֒׏ԉĳI`c PSI Ēսű͠Lתǽ
΀БE[͉űE%A>�<'8cF:תǽK8S

DK΀БѼ+֒׏ԉĳKՃĳ+H&F PSI +ħ
hE6W'K*F&'F:<'E[H&a6&�

 ǽEͲǥ6>؊Ъ΀Б�¤´°ٜHelianthusת
annuusٝK PSII)&DL:5000 µmol m−2 s−1K

ʒĳ�±�ĳWEĳ؂ȰӨʸgѩ6>�ǽKєת

ǻKЁȁ¿Kĳʒʂ+ȀĂ 2000 µmol m−2 s−1E

%c2FgӦ(cF:�¤´°L PSIȅόK°�
vLUFhGH&K?e'�ʒĳӨʸǟKقŽg

ѩ8؊Ъ΀Б+ǺųĳI[ʒ&KLÖ˃E,c

K?+:ʒĳE PSII ĳ؂ȰgƜ0]8&֘ʐĳ
¿IЪӱ8c͞ɽ΀БE[ǺųĳIʒ&Ѽ+Ռ

B*AD&cٜ͑тԼٝ� 
� EL:H;֒׏ԉĳ+Ȝǘ8cF:PSI+Ēս
4dcKE%e'*�Ǒ 4L 1ǌK�±�ʒĳI
Ȼ8c PSIٜǑ 4Ł:ؠӌٝF PSIIٜǑ 4Ł:֒
ӌ Kٝʱҕg֒׏ԉĳK͉ІEά֤6>[KE%

c�PSIL 830 nmKĳIȻ8c P700+KƯƚgՌ

D&cKE:P700 signalĝKǳŬL P700KצŽ
g˄ƴ8c�ԉĳKՃĳ+%cF:ʐĳ¿E֒׏

K P700 signal BWbʐĳ¿EǾ.K:&ى+
P700+צŽ4dD&>ٜĸ P700%>bK P700+

KŨƧ+ى ;&ى P700+/700ٝ2F+ő*c�ʒ
ĳÆ[:ά֤цצ&ىŽГˇgӇ˪6>�ʐĳÆ

FʒĳÆIعƷ�±�ĳgЉȿ6D:PSIKצŽ
¿ԉĳKȜǘ֒׏:İ²�±gՠč6>F2eי

EL PSI K؞șċÁģʠٜ׀Y(ND)F&'�¯
ىȜǘ¿`b[ɱIآԉĳK֒׏:+¹�ٝ§

*A>�º̝:֒׏ԉĳKآȜǘ¿ELʐĳ¸ʒ

ĳ¿EF[I PSIK؞șƜȲģʠٜ׀ Y(NA)F&
'�¯§¹� +ٝȀ,*A>�W>:30 µmol m−2 
s−1 F*HbKʐĳHKE:ÙצŽЂҵǒȩҽ֛

Kόʸ[þ&L9E%c�Žǟצ P700ٜP700+ٝ

LȣĸHvoµ�©�F6DΕӶ8c2F+ў

adD&c 40)�όʸצҵЪˍg˚(c>ZK

alternative electron flowgكų8cšI:׋ŧHĳ
o�±u¹gЋIǺ˼6Dֻ+6D]c2F+

”[ű͠цE%e'�4aI:֒׏ԉĳL

CEF-PSIgكų8cFÖ˃4d>KE:~³l�
���E CEF-PSI KǺкĂF4dD&c pgr5
ٜPGR5ČȜǟ CEF-PSIῊ ǺٝкĂF crrٜ NDH
ČȜǟ CEF-PSI ῊٝǺкĂgЬ&D:ƩΊK
ǺųĳI`cĳ؂ȰȫنgԵA>�آԉĳK֒׏

Ȝǘ¿EL:ǺųĳI`c PSIĳ؂ȰKѹʂLת
ЪǟFǺкĂE))`<Ʃ7E%A>�NDH ҽ
֛+L>a,'c pgr5 ǺкĂL֒׏ԉĳKָŬ
E:PSIĳ؂Ȱ+شԣIӎƷ4d>�6*6H+
a:NDH ҽ֛gΗ. crr ǺкĂI)&DL:׏

 
 

 
 

Ǒ 4. 1ǌKʒĳ�±�ٜ800 msٝIȻ8cv³³�k±ԳĳٜPSII, ֒ԉٝF 830 nmKƯƚٜPSI, ؠԉٝK
ǺŽg:֒׏ԉĳKՃĳ+H&F,ٜɥǑٝF%cF,ٜƣǑٝFEά֤6> 
Kono et al. (2017) 38) g̈Ǻ� 
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֒ԉĳ+%cI[׻fa9:PSIĳ؂ȰKӎƷL
f9*E%A>�~³l����HGK C3΀Б

EL PGR5 ҽ֛+ CEF-PSI K§lµHҽ֛E:
NDH ҽ֛LȴÁKɄ4&|�ҽ֛F4dD,>�
åǌKҾ͠L:֒׏ԉĳ¿EL NDH ҽ֛+ PSI
ĒսKÊҽ֛IHb'c2FgѩƼ6>�NDH
ҽ֛+֒׏ԉĳ¿EKǺųĳI`cĳ؂Ȱǌט

I͉űE%cF&'Ҿ͠g:l�F��zK

NDH ῊǺкĂE[Ѥը6D&cٜ͑тԼٝ�
�ԉĳ¿EK�¯zl֒׏:6*6 NDHՇƧĂ
I`c PSI ؁ʦΕΉKեҹLW?̬a*IHA
D)a9:Тǘ΁՟gׄZD&cF2eE%c�

&9dI6e:֒׏ԉĳLى P700+/P700 gӇ˪
8c2FE:ǺųĳÆK PSIȅόKǌטIօИ6
D&c2F+̬a*IHA> 38, 41, 42)� 
 
ʂK׀ˍԉĳI`cǺųĳʐĳ͏KĳƧ֒׏ .5
Đׄ 

� ŽЂҵǒȩצҵтЪ]ÙצˍԉĳL:ĳƧ֒׏

gю˶كųL6H&+:PSIgكų8c�ԉ֒׏
ĳL:Ǻųĳ¿EKĳƧˍgĐׄ8cʙŨ+%c

2F[”ֳő*AD,>�Kono et al. (2017) 33)E

LǻȞ͞ɽK|µ�²�vǟǺųĳg˃ȩ6>

+:åʂL`bӎ]*HǺųĳIȻ8c֒׏ԉĳ

KՃĳ+ĳƧˍIÁ(cʗبg①S>�Ǒ 5 L:
~³lת����ЪǟI֒ԉǺųĳٜ FL-800/30:
10ő/15őƳ͏ IٝºȩʒʂK֒׏ԉĳgŬ(>

F,K PSIIK׫șƚКٜY(II)ٝF PSIIjµ��
ŁEKЋׅ̏K˫Όٜ ĳŽȟцϕĳ:NPQآ gٝ:
�ԉĳK͉ІEά֤6>[KE%c֒׏ǺųĳK

ʒĳ͏RK֒׏ԉĳKՃĳL:Ռ*0¾LĳƧˍ

IʗبgÁ(H*A>�2dL:֒ ԉĳF֒׏ԉ

ĳKƯƚКK׎&gƙ̯6>[KE%e'�º̝:

]ԉĳ֒׏ PSI I`.Ưƚ4dcE%e'ʐĳ
͏KĳƧˍILشԣH׎&+Ռad>�ʒĳ*a

ʐĳIŒb“fA>F,K:NPQ KՔϕ+֒׏
ԉĳȜǘ¿EشԣI׀.HA>�NPQ KՔϕL
ʐĳŒ“юʡK fast phaseF<KʡKӎ]*IՔ
ϕ8c slow phaseIő0adc+:<KÄ phase
I)&D֒׏ԉĳ+ՔϕgĐׄ6>�2KF,:

Y(II)FÙצŽЂҵKƯƚ׀ʂL֒׏ԉĳȜǘ¿
E͉˄Iى*A>�4aI: electrochromic 
carotenoid shift band (ECS) I`c�¯zl�
ATP Ƨˍץҵgæ6>�³�µK conductivity
ٜgH+ٝKϢȩE[:ʐĳÆK gH+L֒׏ԉĳK

Ȝǘ¿E͉˄Iى*A>�ԉĳI`cʐĳʡ֒׏

K NPQ ՔϕKĐׄΕΉFĳƧˍKĐׄΕΉKĸ
ւLW?À̬?+:Ʌ6CBՔ̬KҫƝ+ʥad

D,D&c�ԉĳI`c֒׏ NPQ KՔϕĐׄF
ĳƧˍĐׄKű͠L:ǺųĳKĳʒʂ]֒׏ԉĳ

KʒʂI`AD[кHAD.c�2dLתǽKĳ

Шǲ+ĳKʒʂF֑+Ǻų8cШǲ¿I)&D:

ǽ΀БKєKĳƧˍʱҕKФՔI[ʙI҉Bת

L9E%c� 
 
6. ӊԉĳKĳƧˍRKȴÁ 
� ĳƧˍ͉ű̊ȿٜ PAR KٝGєhÆI%bH+

a:ĳƧˍI)&DІՎ4d+@HK+ӊԉǣK

ĳٜ500 – 600 nmٝE%e'�΀БɤǫKͲǥЬ
ĳϧ]ɫևKĳƧˍՔ͝ՀӚKů֗ĳϧgXD

 
 

 
 

Ǒ 5. Ǻ ų ĳ ٟ /− ׏ ֒ ԉ ĳ

ٜFL-(800±far-red)/(30±far-red), 10ő/15őƳ͏ٝ
IȻ8c PSIIjµ��ŁEKЋׅ̏ΕΉٜNPQٝ
F PSII׫șƚКٜY(II)ٝKʱҕٜ͑тԼٝ 
~³lת����ЪǟgЬ&DϢȩ6>�֒׏ ;●
ԉĳٜFRٝKՃĳ%b:●; ֒׏ԉĳٜFRٝKՃĳ
H6�ٕԉ�¹Lʒĳg:Ͽԉ�¹LʐĳЉȿg

ѩ8� 
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[:ӊԉĳgЬ&D&c[KLUFhGH&�Т

ǘK`'Iтĳ�lq¹�ٜ LED +ٝт8׍cš

KĳƧˍů֗ЬĳϧL:400 – 700 nmgƮY�³
yµ¯µ�]§�±�¯l�¯µ�+Ь&ad

D&>�<d[:Ȼ֋Ьű͠]ЋтЪKǁز[

%AD:ТǘLUFhG+֒ԉĳ]ؠԉĳKƊԉ

LEDĳϧ:[6.L֒ԉٟؠԉKÙԉ LEDĳϧ
I“fAD6WAD&c�΀БӱˍЬĳϧLӊԉ

ǣF֒׏ԉǣgƮYԳĳϾgĈAD&cF2e

+Ǿ&`'Iˆ7adc+:<dE[ʢ�ILED
ĳϧIӚ,˼fAD,D&cK+ТГE%e'�

2daL:]Lb!Ԣ+ӊԉIՌ(cKL:Ԣ+

ӊԉĳgƯƚ6H&*aE%c"F*!ӊԉĳL

Ưƚ4dH&K?*a:ĳƧˍILĈfdH&"

F&A>%c˄ƴĠՌK`'H[KIЮ͚8c

*a?Fʶfdc�ȫؑI:x ŏ6>v³³�k

±ⅡϖKƯĳʂ� v�±L:֒ ԉǣFؠԉǣI

ʒ&Ưƚɯg˪BKIȻ6:ӊԉǣILUFhG

Ưƚ+XadH&ٜǑ 6Aٝ�Ǒ 6A L֒ԉǣK
ƯĳʂK�¹vg 0.5:1.0:2.0:3.0 I6D:Ⅱ
ϖKԉҵϻʂ+ǺŽ6>F,KƯĳʂKǺŽg

Լ6D&c�ȫؑKԢأҁ%>bKv³³�k±

ϻʂI˹(D 0.3~0.5 mmol m–2F8cF:֒ԉǣ

KƯĳʂK�¹vLҮ 2.88IHcKE:Ǒٶ1.73
6 Kӊӌٜ֒ԉǣ�¹v 2.0ٝFؠӌٜƩ�¹v
3.0ٝIȀĂяʓ8c�2KƯĳʂg[FI՘Ҙ
6>ƯƚКgѩ6>[K+Ǒ 6BIHc�ƯƚК
E%af8F:ӊԉǣ[`.Ưƚ6D&cK+ő

*c�Ԣأҁ%>bKv³³�k±ϻʂٜ Ǒ 6 ӊ
ӌFؠӌٝEXD[:500 – 600 nmخǣKĳgҮ
27 – 38%Ưƚ6D&c�ԢK²�±EՌcF:ӊ
ԉǣKƯƚКL 0.8UGIHb:Ưƚ4d>ӊԉ
ĳLűК`.ĳƧˍIĈfdc�ӊԉĳI`cű

КцHĳƧˍLٜ)<a.ٝ֒׏ԉĳKǫƧF

ՊIש+AD:ԢKՔŢȟцʸ֑Fĳȟцʸ֑׎

HAD.c�եҹL:͓ ВؗƤKèKĲЪ̝KՔ

ծg)կXص&>&�W>:׋ƓKѢ҅Քծ 43)

[ƔӦIHc� 
� Ǒ 6Eѩ6>`'I:v³³�k±ⅡϖEL֒
ԉĳǣFؠԉĳǣKʒ&ƯƚIάSD:ӊԉĳǣ

KƯƚLʐ&�6*6:2dL 500 – 600 nmKĳ
+ PAR IƮWdc2F*aő*c`'I:ӊԉ
ĳ+ĳƧˍIĈfdH&F&'2FEH&�Ԣӊ

ĂKӊԉĳKƯƚК+þ&?0E:º̥Ưƚ4d

dMӊԉĳ[ĳƧˍIřЬ4dc 2, 44)�ȫؑI:

֒ԉĳKÙצŽЂҵǒȩK׫șƚК+”[ى.:

 
 

 
 

Ǒ 6. ¡m²µ�mԢK 80% j��µˣŏϖKƯĳʂ� v�±ٜAٝFƯƚК� v�±ٜBٝ 
v³³�k±ϻʂK׎&I`cƯĳʂFƯƚКK׎&gѩ8>ZI:֒ ԉǣK�¹vKƯĳʂg 0.5ٜ Ͽԉ :ٝ

1.0ٜٕԉٝ:2ٜӊԉٝ:3ٜؠԉٝI˹(:2daKƯĳʂ*aƯƚКg՘Ҙ6>�v³³�k±ӾĂKӊ
ԉǣKƯĳʂL*Hbþ&+:ⅡϖKϻʂ4(ϻ0dMƯƚ8c� 
� ƯĳʂL:A = log10(I0/It)EԼ82F+E,c�I0LķȿĳKĳ׫:ItLֽ׋ĳKĳ׫�Ưĳʂ ALԉҵKϻ
ʂIάĉ8cٜLambert-BeerKσşٝ�º̝:ƯƚК:(I0–It)/I0:LԉҵKϻʂILάĉ6H&� 
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ӊԉĳKÙצŽЂҵǒȩK׫șƚКL 550 nm`
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E`b[׶τ׶ģ?0K׫șƚКgXcF:֒ ԉ

ǣFƩѹʂIHc 2, 45)�ƩѹʂKىƯƚКgѩ8
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řЬűКK¾̪IȀ,.օИ6D&cL9E%

c�ĳƧˍόʸgƂőI8.ىc>ZIL:
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”Ȁĝ%c&LҁőĝEΜՍŽ6>[KgяȻ

őĳőɬF&&:͓ ѿEL2KяȻőĳőɬK2

Fgĳ֑FƵQ� 
� ĳ֑-ĳƧˍѢ҅EL:Ȃ؊ĳKĳ֑K[FE
KĳƧˍg①ͩ8c2FEЪФЪˇȟцHФՔ

gϘZc:%c&L:ãɤĳKĳ֑g�¹±F6

D˕'2FEĳƜȲĂKΕӶgՔ͝8cѢ҅+

Ǿ.H4dD,>�2dIȻ6D:̟ ՜ǕԍȟE

L:ãɤĳϧKřЬI`bĳ֑gśʦ6:ĳ֑-
ĳƧˍʱҕgʱЬ8c2FEЪЫӧIFAD͉

щHҾ͠gʥc2FgэцF6>Ѣ҅+Եfd

D,>�̟ ՜ǕԍEKãɤĳϧKřЬL:ƞ.L

ԋƅضK׹ԋ①қgэцF6>؞ЉͲǥI)0

                                                
‡
ՔծВؗ!ĳ֑FĳƧˍ" 

†
ļƩҐدԣӧ 

*ׂҿĲ E-mail: RM: amatsuda@mail.ecc.u-tokyo.ac.jp,  
              KF: afuji@mail.ecc.u-tokyo.ac.jp 

c[K+ÊE%A>�è̝:2000ɶëت*aL:
ԋƅض¸͠ԞضKͲǥϡȭE:ұĳƧˍ׀ʂ)`

Oƚ׫KǳȀgэцF6>Ճĳ+:F.Iq¯µ

�HGK®¹³��žנ]žҤKىӏʂǚǣE

Եfdc`'IHAD,>�4aI:ֳ ɶɻ.φ

эgؗZD&cãɤĳǟ΀Бɤǫٜplant factory 
with artificial lighting%c&L vertical farm EٝL:

Ͳǥأҁ%>bK΀БЪЫʸKƫ¾]ЪЫБK

Ƹ֑Kƫ¾HGgÊHэцF6D:ĳ֑gƮYĳ

Шǲ+`bىʂIśʦ4dc�2daK΀БͲǥ

̟՜EřЬ4dc)[HĳϧL:֧ىʂ̊؞¯µ

(�Ǘ��°m¦¯µ�HGٝ:Գĳ¯µىٜ�

`Oтĳ�lq¹�ٜLEDٝE%cٜǑ 1ٝ�ى
֧ʂ̊؞¯µ�ĳ)`OԳĳ¯µ�ĳL:τ׶ɯ

+ɻ&F&'ЃELȂ؊ĳFضü6D&c+:̫

ɛH�¹vgѩ8Жτ׶ɯĳgƮhE)b:<K

ЃELȂ؊ĳFLȀ,.кHc�LED I`c΀
БͲǥ]ϡȭEKՃĳEL:Ɔĝɲ̑Ƃ nm K
Жτ׶ɯKؠԉ LEDF֒ԉ LEDgҼXƧf:D
řЬ8c2F+Ǿ&�W>”ֳEL:ٕ ԉԳĳĂ

gƮYΐӷEؠԉ LED ���gżǡ6>фԉ
LED +ȣč*Bo�±u¹Ǻ˼űК+2&ىF
*a:2dgƊЕEřЬ8cØĉ+ǳ(D&c�

ǎǕ�
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֒:ؠ )`Oфԉ LEDI֒׏ԉ LED]ӊԉ LED
gҼXƧf:DřЬ8cǫƧ[%c�LED ĳK
τ׶ɯ+΀БKЪӱIƖV8ʗبIB&DL:Ӊ

ծ 2,3) )`Oͅң 4,5) gƔЉ4d>&� 
� 2K`'HãɤĳϧgЬ&>΀БͲǥٜíʡ:

ãɤĳ΀БͲǥ Iٝ8׻cѢ҅L:ȟԶц)`O

ȫЬцIԁƴϘ&[KgǾ.ƮX:W><Kׄɐ

�&׀]͓ ѿEL:F.Iãɤĳ΀БͲǥI)0

cĳ֑FĳƧˍIЇЃgʓDD:ԣӧaKѢ҅g

ÆʭI:”ֳKѢ҅gҺæ8c� 
 
2. ĳ֑IȻ8cĳƧˍ؞șø׍Kџ͏цHʱҕ 
� ĳƧˍI`c�lq¤�ЪЫ׫gȀ,.8c

2FgэцF8cãɤĳ΀БͲǥEL:̨ ķ؞ΰ

o�±u¹%>bKұĳƧˍ׀ʂgىZʥcĳ

֑g8˟וc2F+שՊFHc�ãɤĳ΀БͲǥ

EL:ВI LED K̸ƖI`bĳ֑ו˟KӾЮʂ

HA>>Z:ăa*KͰ˧I[FC&DͲ.ى+

ǥĳKĳ֑gηȩ8c2FIHc�ĳ֑IȻ8c

ĳƧˍʱҕg~¥«²¹�8c2F+E,dM:

ĳ֑ו˟I)&D 1 BK͉űH˒ΥFHbʥc�
͓қEL:ĳ֑ČȜʸgѩ8)[HĳƧˍ�³�

�E%cĳƯƚFĳŽȟƙʱIјэ6:ĳ֑-ĳ
Ƨˍʱҕgȩ׫цIռյ8c�  
� ԢKĳƯƚКLτ500–400 >`(+׶ nm K
ԉĳ)`Oؠ 600–700 nm K֒ԉĳEL 90%ѹ
ʂ:500–600 nm KӊԉĳEL]]Ʉ4.:700–
750 nm K֒׏ԉĳELԣ6.Ʉ4.Hcٜ Ǒ 2 �ٝ
2KĳƯƚKτ׶ČȜʸgƙ̯6D:ԢأI)0

cĳ׫ș͘ȵʂٜphoton flux density:PFDٝ%>
bKӉĳƧˍ׀ʂLӊԉĳEL]]Ʉ4.:֒׏

ԉĳELԣ6.Ʉ4.Hc 6)�W>:ؠԉĳ¿E

LآĳƧˍԉҵKĳƯƚI`bԢأ PFD %>b
KӉĳƧˍ׀ʂ+Ʉ4.:ԢIƯƚ4d> PFD
%>bKӉĳƧˍ׀ʂٜ șƚК׫ Eٝά֤8cF

ӊԉĳ`b[Ʉ4&ǫƧ[%c�8Hf@:ӊԉ

ĳLԢIƯƚ4ddMĳƧˍKكųŪF6Dű

К`.ąЬ8c�W>:ƩϻʂKv³³�k±%

>bEά֤6>ǫƧKĳƯƚКLӊԉĳEɄ4

&>Z:ӊԉĳLؠ)`O֒ԉĳFά֤6D`b

ԢŁϘנKԢӊĂIŚ8׍c 7)�ʒĳ¿Eƫ֢ģ

 
 

 
 

Ǒ 1. ϡȭ)`Oãɤĳǟ΀БɤǫEřЬ4dcã
ɤĳ)`OȂ؊ĳKőĳĳ׫ș͘ȵʂőɬKĉ 
τ800–400׶ nmKĳ׫ș͘ȵʂg100 µmol m−2 s−1

F6DΜՍŽ6>яȻőĳőɬgԼѩ� 1 ̴фԉ

Գĳ¯µ� (FPL55EX-N:ɖɝ؞ΰ (ͮ) Յ):2ى

Ǘ��°m¦¯µ� (NH220FLS:ɖɝ؞ΰ (ͮ) 
Յ):3ǦⅠȂ؊ĳٜIEC60904–3 1)ٝ: 4ؠԉ LED 
(HBL3-3S55-LE:(ͮ) �°zµՅ):5 ֒ԉ LED 
(SRK3-3A80-LE:(ͮ) �°zµՅ):6 ԉ֒׏ LED 
(L735-36AU:(ͮ) o���v�Յ):7 ٕԉԳĳĂ

řЬфԉ LED (NSPW310DS:̤ÞŽȟɤ΄ (ͮ) 
Յ) 
  

 

 
 

Ǒ 2. t«m°ԢKĳƯƚКFӉĳƧˍ׀ʂKτ׶
ČȜʸ 
ӉĳƧˍ׀ʂLԢأI)0c PFD %>bٜȫӌٝ
FƯƚ6> PFD %>bٜѣӌٝKĝg”Ȁĝg٥
F6DΜՍŽ6DԼѩ6>�̕И 6g[FIąǑ� 
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KԢӊĂ+ĳعƷ6>ǫƧIL:ӊԉĳKϛŬI

`bĳعƷI6׍D&H&Ӳ֢ģKԢӊĂKĳ

Ƨˍgكų4:c2FE:ԢĸĂEKӉĳƧˍ׀

ʂ+ى.HcƠӶʸ+%c 8)�º̝:֒׏ԉĳK

[FELآĳƧˍԉҵI`cĳƯƚLɄ4&I

șƚК+ԣ6.Ʉ4.Hc׫:fa9׻] 9)�2

KƑǍL٦BKĳŽȟҬٜPSI)`O PSIIٝKĳ
Ưƚ¸ů֗K�¯µ�ٜĳőٝפI%cFծ̬4

dc�ҾƧ8cԉҵҼˍK׎&*aÄĳŽȟҬK

ĳƯƚ� v�±LкHc>Z:<Ků֗�¯µ

�Lτ׶IČȜ8cٜǑ 3ٝ�PSI I΅ҋIĠA
DƯƚ4dcĳٜPSIĳٝE%c֒׏ԉĳ¿EL
PSII EKĳŽȟƙʱI؞șø׍+ʠ4׀dDĳ
Ƨˍ+ׄԵ:9:؞șø׍K׫șƚК+Ʉ4.H

c�ĳƧˍI͉űE%cF4dcτ׶ɯK'@׏

֒ԉĳ`bџ&τ׶KĳL:ÄĳŽȟҬI·Jǜ

ґI%c&L]] PSII IĠADƯƚ4dcĳ
ٜPSIIĳ Eٝ%b:׫șƚКK΅ҋHþ¿LЪ7

H&� 
� í¾K`'I:τ؞-׶șø׍ʱҕIL:ԢK
ĳƯƚ:آĳƧˍԉҵKĳƯƚ)`OĳőפK٧

BKՊǍ+׻Á8c�>?6:ĳ֑-؞șø׍ʱ
ҕEL:o¤¹�µű͠ 12) gӦˉ8cʮՊ+%

c�8Hf@:PSIĳF PSIIĳgƩ̵IЉȿ6>
F,KӉĳƧˍ׀ʂL:<d=dgƊЕEЉȿ6

>F,K<daKƷ`b[Ȁ,.Hc�2dL:

٦BKĳg<d=dƊЕEЉȿ6>ǫƧILĳ

őפKĠbI֗Ǎ8cĳŽȟƙʱ׫șƚКKþ

¿+Ъ7c+:Ʃ̵Љȿ6>ǫƧILĳőפ+̈

ǃ4d׫șƚК+¾̪8c2FIЮ͚8c�

Hogewoning a 13) L:19 KЖτ׶ɯĳ¿EϢȩ
6>ĳƧˍ׫șƚКgŁ˯8c2FEʥ>׫ș

ƚК� v�±F:Ȃ؊ĳg΍6>ãɤĳٜ нü

Ȃ؊ĳ KٝőĳőɬIB&D:τ3׶FIÄӧK

ҁgFbҁő8c2FE:o¤¹�µű͠+Ъ7

H&2Fgîȩ6>̆üȂ؊ĳ¿EK׫șƚК

g՘Ҙ6>�2dg:нüȂ؊ĳ¿EKȫϢ׫ș

ƚКFά֤6>F2e:o¤¹�µű͠+Ъ7H

&Fîȩ6>՘ҘĝFά֤6DȫϢĝL 10–21%
Ȁ,*A>�2KҾ͠L:o¤¹�µű͠KȴÁ

+Ȃ؊ĳ¿E[ІՎE,H&2FgѩƼ6D&

c� 
� ĳ֑IȻ8cĳƧˍʱҕgo¤¹�µű͠g

ƛbķdDԼТ8c2FgэцF6D:̣ ʜKў

Ռg[FIí¿K 3 BKîȩ*aɃ*dcĳƧ
ʱҕ¨�±+˻͵4dD&c׍șø؞ˍ 14, 15)ٜǑ

4 �ٜٝ 1 ĳٝőפ*a PSI̧ PSIIIƯƚ4d> PFD
ٜEI)`O EIIٝ+ηȩ4d:ƦĳŽȟҬK”Ȁ

ĳŽȟƙʱƚКٜYI, max)`O YII, max; ȩ̑ٝFK
ҁ+<d=dKĳŽȟҬK؞șø׀׍ʂK£�

µ~©±ٜpETRI)`O pETRIIٝFHc�ٜ2ٝ
pETRI F pETRII K'@Ʉ4&º̝+؞șø׍Ҭ

ĸĂK؞șø׀׍ʂٜETRٝFHc�ٜ3ٝè̝
KĳŽȟҬEKĳŽȟƙʱƚКL:EIٜW>L

EIIٝFKҁ+ ETR IºԀ8c`'þ¿8c�8
Hf@:٦BKĳŽȟҬEΉˍ4dcºׂK؞ș

ø׍ƙʱIL”ɄʠΊKś؄+**AD)b:آ

ʠ׀ģKĳŽȟҬKĳŽȟƙʱƚК+ƜųцI

śʦ4dc:F&'¨�±E%c�2K¨�±g

΁՟8c>Z:֒ ԉĳF֒׏ԉĳgҼXƧf:>

ϚƧʐĳ¿EKt«m°ԢK ETR g˷ȩ8cȫ
�<gԵAنW9:̑ αⅠKҼXƧf:KϚƧĳ

¿E:v³³�k±Գĳ)`O P700Ưĳʂ*a
PSI¸PSII KĳŽȟƙʱƚКgϢȩ6:ĳŽȟҬ
bƧ&gîȩ6>ʌK׮K׍șø؞EK׺

 

 
 

Ǒ 3. 2BKĳŽȟҬ׺EKĳőפKτ׶ČȜʸ 
ԢŁ PSII¸PSI g[FI՘Ҙ6>ĝ 10) )`Oĳ׫

őפKȫϢĝIƧ'`'˷ȩ6>ԢŁ PSII¸PSI
�(ά*a՘Ҙ6>ĝ 11׫Ӓ֢Kĝ+Ȁ,&ٜɄ4

&ٝUG PSIIٜPSIٝRĠADƯƚ4dc2Fg˄
ƴ8c� 
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�k��kµwI`bԢK֒ԉĳ)`O֒׏ԉ

ĳIȻ8c EII/(EI+EII) gآѣǵцI˷ȩ6> 14)�

ΘI:EII/(EI+EII):ȫϢ4d> YI, max)`O YII, max

gȩ̑F6D˪B؞șø׍ʱҕ¨�±gЬ&:ñ

˄K PFD KҼXƧf:K¿EK֒ԉ¸֒׏ԉϚ
Ƨĳ¿EK ETRg˷ȩ6> 15)�2K˷ȩ ETRL:
ϚƧĳ¿EK CO2 ß˼׀ʂKȫϢIǦC&D¨

�±FLЕ҉IҘŏ6> ETR g`.ńТ6:¨
�±KȎʓʸ+ѩƼ4d>�ĳ֑ČȜʸKӶųц

H؞șø׍śʦΕΉ+Ȝǘ6H&Fîȩ8dM:

͓¨�±Lñ˄Kĳ֑KĳK[FEK؞șø׍

ʱҕg~¥«²¹�ƠӶE%c�>?6:ʒĳ¿

K`'Iʠ׀ģKĳŽȟҬE[ƚК+þ¿8c

ǫƧ:)`OʨШц؞șø׍I`bĳŽȟҬ׺E

K؞șø׍K׮bƧ&+ɞdcǫƧIL:͓ ¨�

±gבЬE,H&2FIφ˄6H0dMHaH

&� 
� 2K¨�±g[FI:ĳ֑-ĳƧˍʱҕ~¥«
²¹~­µKºĉF6D:ãɤĳ΀БͲǥEĳő

g̈ǃ8c>ZIפ PSI ĳE%c֒׏ԉĳgϛ
Ŭ8c2FK͉űʸIB&DաҘ8c�եҹLǑ

5Iѩ8+:Ƨ՘Ԣأ PFDºȩK͙ðK[FEL:
pETRI F pETRII ֒<:bƧ'`'ҼXƧf׮+

ԉĳF֒׏ԉĳKϚƧĳL:ƊЕЉȿ4d>֒ԉ

ĳ`b[ԢKӉĳƧˍ׀ʂgԐɴȀ,.8cF

՘Ҙ4d>�8Hf@:בʓH PFD EK֒׏ԉ
ĳKϛŬL:Ʃ7 PFD EK֒ԉĳKϛŬ`b[
͉űE%cǫƧ+%c�ȫؑI:ؠ)`O֒ԉ

LEDĳW>LфԉLEDĳI֒׏ԉLEDĳgϛŬ
8c2FE:PPFD%>bKұĳƧˍ׀ʂ+Ȁ,
.HA>F8cǪƲ 17) [%c�í¾K`'I:
ҡƊH¨�±gЬ&c2FE:ĳ֑+ĳƧˍ׀ʂ

IƖV8ʗبgȩ׫цIռյ8c2F+ƠӶE

%c�>?6:2KҾյLџ͏цHԢأҁ%>b

KĳƧˍʱҕKXIјэ6>[KE%c2FI

Lφ˄6H0dMHaH&�ãɤĳ΀БͲǥK>

ZKĳЉȿ˘ԶF&'ՒЃ*aL:ΘқEҺæ8

cĳ֑I`cʔˇśʦgæ6>Ъ׶ĐׄKű͠

[Ӧˉ8cʮՊ+%c� 

 

 
 

Ǒ 4. ĳőפIǦC&>ĳ֑IȻ8cĳƧˍ؞șø
 ʱҕ¨�±K·ʴǑ׍
֒ԉĳ ٜRٝ)`O֒׏ԉĳٜFRٝKϚƧĳ¿E:
PSII EK؞șø׍+ʠ׀FHAD&cǫƧKĉ�
ĳ֑ČȜцIÄĳŽȟҬ+Ưƚ6>ĳșٜEII )`

OEI Iٝ”ȀĳŽȟƙʱƚКٜ YII,max)`OYI,max; ȩ
̑ٝgÏ7D՘Ҙ6>ÄĳŽȟҬK؞șø׍K£

�µ~©±ٜpETRII)`O pETRIٝK'@:&9d

*Ʉ4&º̝g؞șø׍ҬĸĂK؞șø׀׍ʂ

ٜETR FٝXH8�ѝƍKȂ4Lĳș%c&L؞ș

K�¯�v�gԼ8�̕И 15gº̈נǺ� 
 

 

 
 

Ǒ 5. Ԣأ PFD KƧ՘ĝg˹(>͙ðEK Aٝ֒
ԉĳٜRٝ)`O֒׏ԉĳٜFRٝKϚƧЉȿ¿)
`O BٝR KƊЕЉȿ¿I)0c؞șø׍ʱҕK
·ʴǑ 
ǑԼÆK̕ИIⅠ7>�¯§¹�g՘ҘIĈЬ6

>� 
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� W>:ĳƧˍЪБLĳ֑IجŽ6:џ͏цIL

−ה���¹ ①άK׫цILĳŽȟҬ͏׶:(18

қ 19) I`bĳőפg①қ8c�6>+AD:к

Hcĳ֑IجŽ6>ԢKĳƧˍВʸgά֤8c

ǫƧ:ά֤Ҿ͠LϢȩĳKĳ֑Iɥƣ4dc 20)�

ϢȩĳČȜK�lj�gƛb؆&DԢKĳƧˍ

Вʸgՠč8c'(E[:ԢKĳ֑جŽKЪˇȟ

цʙŨgФՔ8c'(E[:ĳőפgȩ׫Ž6:

Ѽ�Kĳ֑K[FEK؞șø׍ʱҕg~¥«

²¹�8c2F+͉űE%cFӦ(c� 
 
3. ĳ֑¸ЉȿĳʒʂK̵׺ǺųKʗب 
� Ͳǥ̟՜I)&D΀БIãɤĳgЉȿ8cؑ

IL:ВȩKĳϧgɱ՜6DЬ&c2F*a:ĳ

ЉȿÆLĳ֑)`OЉȿĳʒʂgºȩF8cǫ

Ƨ+UFhGE%c�6*6:Շ̑ѼK LED *
aΉˍ4dc LED ĳϧgЬ&cǫƧ:ƦѼضK
LED KЃϾ̵׺gЕ҉Eśʦ8c2FI`AD
+ɯ3FIкHcĳ֑EĳgЉȿ8c2F׺̵

ƠӶE%c�W>:LED LԳĳ¯µ�FLкH
b:џ&̵׺׺؏EЃϪgӘbִ6D[ȼƶ+џ

.HaH&ʸ֑g˪B�2K`'H LED KВʸ
gόЬ8S.:̵ ɯ3FIĳ֑+кHcĳЉȿ׺

]�±�ĳЉȿٜ1Ѷѹʂí¿KƳ͏EЃϪgӘ
bִ8ĳЉȿ gٝԵ'2FE:Ͳǥ΀БKĳƧˍ

<ʂgǳȀ4:c2FgэΌF6׀׶ʂ]Ъ׀

Ѣ҅+H4dD,>� 
 
3.1. ĳ֑K̵׺Ǻųٜ ɯI`ADĳ֑+кH׺̵

cĳЉȿٝKʗب 
� ĳ֑IȻ8cџ͏цʱҕIB&DL:šқEֶ

S>ֿbE%c+:֒ ԉĳ?0gЬ&>ͲǥEL:

ʣ׶]ԢKΞ̓+Ъ7c2F+ўadD&c�֒

ԉĳЉȿIؠԉĳgϛŬ8c2FI`ADʣ׶

+˚ś4d 21):)<a.LƜĳˇŷK̈ǃgՊ

ǍF6DЪ׶+Đׄ4dc 22)2F+ǪƲ4dD

&c�2daKǪƲg֝W(Dؠ¸֒ԉĳKƩ̵

Љȿ+΀БKʔˇ)`OЪ׶IƖV8ʗب+F

.IեҹI①SadD,>�ԉĳKƩ̵Љ֒¸ؠ

ȿFά֤6D:ؠԉĳF֒ԉĳgßÚIЉȿ8c

ĳЉȿσٜǑ 6AٝE°¹�²��KЪ׶+Đׄ

4dc2F+ǪƲ4d> 23)�2KǪƲL:ãɤ

ĳ΀БͲǥI׻ď8cѢ҅ӧKφэgؗZ>� 
� Jishi et al.ٜ 2019:˛ѿÆٝL:ؠW>L֒ԉĳ
KƊЕЉȿ̵׺KȜǘ+Ъ׶IƖV8ʗبIφ

э6:ؠԉ LEDĳ)`O֒ԉ LEDĳgЬ&>ĳ
Љȿ��¹µٜǑ 6Bٝ¿Ez�²��gͲǥ6
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ԉĳƊЕЉȿ̵ؠ�<Đׄ4dc2Fgѩ6+׶

:ҁ+Ȁ,.HbأIú&Ɯĳ׶I`bԢKû׺

ͮ%>bKұĳƧˍ׫+Ȁ,.HA>Ҿ͠:Ъ׶
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Ơּʸgѩ8ĸ�k�v³¦IƌZcόʸǟ
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Ǒ 6.   Aٝ¿ɡaٜ2013ٝ+՜ȩ6>աنƀٜƩ
̵Љȿ:ßÚЉȿ )ٝ`O B Jٝishi et al. ٜ 2019; ˛
ѿÆٝ+՜ȩ6>աنƀ 
ԉĳßÚЉ֒¸ؠԉĳƩ̵ЉȿFά֤6D֒¸ؠ

ȿE°¹�²��KЪ׀׶ʂ+Ȁ,*A>�ԉؠ

ĳƊЕЉȿgƮWH& BR/BR ƀ)`O R/BR ƀF
ά֤6D:ؠԉĳƊЕЉȿgƮY B/BR ƀ)`O
B/R ƀEz�²��Kû׶+Đׄ4dЪ׀׶ʂ+
Ȁ,*A>� 
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Ւȸ4dc>Z:֒׏ԉĳgЬ&c2FE[ضü

KЪ׶Đׄű͠gʥadcƠӶʸ+%c�>?6:

ĉ(Mãɤĳǟ΀БɤǫK`'I:΀Б+ȵI΀

(adDяÚIדԩ6D&cГρEL:ԢKû׶

I`cƜĳ׫ǳȀKű͠LɄ4.Hc� 
 
3.2. ЉȿĳʒʂK̵׺Ǻųٜ �±�ĳЉȿ Kٝʗ

 ب
� �±�ĳKƒȵHȩӞLȜǘ6H&+:22E

L 1Ѷѹʂí¿KƳ͏EĳЉȿ̵ٜ׺ ̬͏ Fٝآ

Љȿ̵ٜ׺–͏ٝKҼ+Әbִ4d:ĳЉȿ̵׺

ٜ̬͏ٝÆLĳƧˍ͉ű PFDٜPPFDٝ+ºȩE
%cĳF8cٜǑ 8ٝ� 

� ґ6&ɵǜ PPFDKׂӅĳF�±�ĳEL:�
±�ĳK̬͏I�«¹�kάIƙάĉ6>ى&

PPFDEĳ+Љȿ4dc�ºԆI PPFD+ى&U
GЉȿ4d>ĳ׫șKĳƧˍRKřЬűКLþ
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ĳ¿EL:̬ ͏IƯƚ6>ĳKo�±u¹gЬ&
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D:–͏K׺I[r±×µǌ֛KƙʱLׄԵ6Ӆ

0D&c  25, 26)�&fMĳƧˍÆ׺ëպЫБ+

���iKʙŨg͠>6D&c�<K>Z:Ƴτ

̑Kى&�±�ĳ¿EL 1 ǌK̬͏̵׺+џ&
>ZI̬͏K׺KÆ׺ëպЫБKԧҁ׫+Ʉ4

.:ĳKo�±u¹gĳƧˍIřЬ8cűК+Ȁ
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c>Z:ұĳƧˍ׀ʂLɄ4.Hb:<Kþ¿K

ʂƧ&L̬͏K PPFD+ى&UGȀ,&�ȫؑI
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τ̑+ 100 Hzí¾ELɵǜ PPFD+ґ6&фԉ
LED ׂӅĳ¿K<dFƩѹʂE%A>+:Ƴτ
̑+þ&UG:W>�«¹�kά+þ&UGɄ4

*A>ٜǑ 9ٝ�2KұĳƧˍ׀ʂKþ¿LÆ׺
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`ADծ̬4dD&c 27)� 
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6>ǫƧ:�±�ĳ+ׂӅĳFά֤6DұĳƧˍ

�&ىʂgȀ,.8c2FLH&+:Ƴτ̑K׀

±�ĳLٜ���iKȜǘI`b̬ٝ͏K PPFD
ʂ׀ˍұĳƧ&ىI[**fa9:ά֤ц&ى+

gӇ˪E,c2F+ǦѨѢ҅I`bѩ4dD,

>�2K2F*a:�±�ĳ+ұĳƧˍ׀ʂgى
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БɤǫI)0cĳЉȿσF6D�±�ĳgřЬ

8c2F+΁ՙ4dc2F+%c�è̝:̣ ʜK

̕И①ͩEL:�±�ĳ+ׂӅĳFά֤6Dұĳ

Ƨˍ׀ʂgȀ,.6>F8cǪƲL 20 ðK'@
1 ð?0E%cFő͝4dD&c 28)�ԯضKǥ

 

 
 

Ǒ 8. �±�ĳK PPFDǺŽτʔ)`O�¯§¹� 
 

 
 

 
 

Ǒ ԉĳٜ460 nmٝ)`O֒ԉĳٜ660 nmٝKؠ .7
Ԣأ PFDά+�k�v³¦ĳɵԺٜPfr/(Pr +Pfr)ٝ
IƖV8ʗب 
̕И 24g[FI՘Ҙ:ąǑ� 
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+I)&DƳτ̑ػ 100 HzѹʂK�±�ĳgЬ
&c2FEׂӅĳřЬFά֤6DЪ׶+Đׄ4

d>FǪƲ4d>ĉE[:<KՊǍLұĳƧˍ׀

ʂ+Ȁ,*A>>ZELH&F6D&c 29)�ұ

ĳƧˍ׀ʂg8.ىc2FgэцF6D�±�

ĳgЉȿ6D[ű͠LH&+:̑ ̤g֘(cͲǥ

I)&D�±�ĳ+΀БKЪ׶IƖV8ʗبI

B&DL΁ՙKĄǚ+%cFӦ(c� 
 
4. WFZ 
� ͓ѿEL:ãɤĳ΀БͲǥK>ZKʱЬ˘ԶF

6DKřЬgʴدI:ĳ֑+ĳƧˍIƖV8ʗب

I8׻c&.B*KѢ҅gҺæ6>�W>:͓ ѿ
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ǺŽ8c�ĳШǲK�l�¥v�+ in situ Kĳ
ƧˍIƖV8ȩ׫цHʗبL:ֳ ɶόтIռյ4

dD&cѢ҅�¹¤E%c�Ǻų8c PPFDKʗ
:+ (8cўՌL̑Ǿ.ؗҁ4dD&c 32׻Iب

ĳ֑KǺųIјэ6>Ѣ҅LɅH&�PPFDǺų
I`c PSI Kĳ؂ȰL֒׏ԉĳK͉ІI`bк
HcF&'ǪƲ 33) +%c`'I:ĳƧˍIƖV

8ĳK׫ц¸֑цHʗبILяÚąЬ+%c�Ȃ

؊ĳgƮYѼ�Kőĳőɬgى&ΜѤʂEńТ

6:*BőĳőɬKҽ̵цHǺŽg[śʦƠӶH

őĳőɬśʦǟKãɤĳϧ 34) KřЬL:ĳШǲ

-ĳƧˍʱҕKՔ͝I`cĳƧˍЪФЪˇȟцў
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]Ϡإέԯ Alexandrium fundyense KǫƧ:ĳ+т

ԎюʡKҹӴЪΣgĐׄ8c 6, 8, 9)� 

ǎǕ�



ĳƧˍѢ҅� 29 (2) 2019 
 

 148 

� тԎIĳgՊ8cǫƧ:<Kĳ͙ðLѼ3FI

кHc�Ϡإέԯ Scrippsiella trochoideaKтԎL:
0.12 µmol m-2 s-1í¾Kĳgĩ* 1ѶЉȿ8c2
FEժɃ4dc+ 10):Рԯ Leptocylindrus danicus
KǫƧ:ƂőHтԎКgʥc>ZILى&ĳ׫ș

͘ȵʂE%AD[ 8 í¾KĳЉȿ+ʮՊE׺̵
%c 11)�4aI:ĳτ׶[тԎժɃIʗ8بc�

S. trochoideaELӊԉĳٜ550 nmٝ+тԎժɃI

”[͉űE%c 10) KIȻ6:Skeletonema ]
Chaetoceros HGKРԯI)&DLؠԉĳٜ430 
nmٝ+”[͉űE%c 12)�W>:ԣӧaL:ɕ

ɝȀǟ�Tv�³w¯� 13) gЬ&DкHcτ׶

¿E L. danicusöѕӴșKтԎКg՘Ϣ6> 11)�

<KҾ͠:ؠԉخǣٜ440 nmٝgҏº΅Ȁ:֒ԉ
ǣٜخ 680 nm gٝҏÙ΅ȀF8cƙʱ� v�±

gʥ>ٜǑ 2ٝ�ƙʱ� v�±LöѕӴșI)
0cԢӊĂKƯƚ� v�±Fֳü6D)b:т

Ԏ+ĳƧˍ؂Ȱť DCMU K˛ÁI`b˚ś4d
>2F*a:ĳƧˍ+тԎժɃ׋ѹI׻Á8cƠ

Ӷʸ+ѩƼ4d>�í¾K2F*a:L. danicus
öѕӴșLĳƧˍgԵADo�±u¹gąbH

 
 

 
 

Ǒ 1. ͉Ȱ֒Ϸԯ Chattonella antiquaٜaٝ)`O Karenia mikimotoi (b)KȁЈĘĂ 
b.LϼːŁϔƀαЫѢ҅ˑ¸Ǜ͓қșή`b˻ċ� 
 

 
Լ1. ͓ѿEƛb˕'֒ϷЪБ 

 
 

 
 

 
 

Ǒ 2. ֒ϷРԯLeptocylindrus danicusKöѕӴșI
)0cтԎKƙʱ� v�± 
Shikata et al. (2011)11)`b֥֡� 
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+aҹӴgû4׶::ӺΦٜтԎٝ8c2F+˷

ȸ4d>� 
� öѕ͏ҹӴKтԎ׋ѹ+ĳI`ADśʦ4d

c֒ϷԯKǫƧ:ĳШǲ+֒ϷтЪ̵͏Iʗ8ب

cƠӶʸ+%c�ԣӧaL:ƋǾϥҚɝϰϣI)

&D:!ƑşΪ̤"Kذىʂ①ͩg 3ɶ׺ԵA>�
<KҾ͠:ϔɿI 200 µmol photons m-2 s-1g֘(

cʒ&ĳ+̛ӅцIŚ8׍c 5͈I:тԎٶ4͈
ѹ+ĳI`ADĐׄ4dc׋ H. akashiwo]Рԯ
KͪػҹӴ+ذӕIՒȸ4dc`'IHbٜ Ŗ͏

тЪٝ:<Kʡ E”Ŗ׺6͈Æ̨Iɶٶ̨¿5͈
K֒Ϸ+тЪ8cF&'��¹µgՌŏ6> 8)�

4aI:ƩϣI)&DƦτ׶ɯKĳKֽ׋g①ͩ

6>F2e:ؠԉخǣKĳٜ400500ٶ nmٝL̸
Υv³³�k±I`cƯƚK>Z”[ϞԽ6]

8&+:Ŗ͏тЪK̵͏ILׂӅцIԈ.ֽ8׋

c2F+ő*A>� 
 
3. ǳΤ 
� UFhGK֒ϷԯLĳƧˍЪБE%b:<da

KǳΤųˇLĳШǲIǾȀHʗبgƜ0c 14, 15)�

֒ϷԯIB&DкHcĳʒʂI)0cǳΤ׀ʂ

g①S>ўՌL̑Ǿ.Ȝǘ6:<daKºנL

Lederman & TettKюՓƘ̓ӌ¨�± 16)IǦC&

DǳΤ8c>ZI”þ؄ʮՊHՃĭĳʒʂٜI0ٝ

]”ȀǳΤ׀ʂKƆőg8ˍ׍cĳʒʂٜ ƆعƷ

ȩ̑:KsٝgҘŏ6D&c�Ǿ.KѼL:I0+ 10 
µmol photons m-2 s-1éֳ:Ks+ 40~50 µmol photons 
m-2 s-1 éֳI%c 17)�6*6:Prorocentrum 
donghaienseٜϠإέԯٝ] H. akashiwoK`'I
I0] Ks+΅ҋIþ&Ѽ%c&Lى&Ѽ[Ȝǘ8

c�4aI:ǳΤK>ZKĳՊδʸLͮ׺EкH

cǫƧ+%c2F]:ϡʂ]ǱőHGèKШǲ͙

ð*aʗبgƜ0c2F[ўadD&c 18)-22)� 
� ĳKʒ4?0EH.ĳKτ׶[֒ϷԯKǳΤ

IȀ,HʗبgƖV8�ǳΤLĳƧˍI`bЫЪ

4d>o�±u¹gřЬ6DԵfdc>Z:ĳʒ

ʂ+ºȩE%dMĳƧˍԉҵKƯƚ׫IČȜ8

c2FIHc�UFhGK֒ϷԯI)&D:ǳΤ

&(ԉĳ¿Iؠ&ى+ʂLĳƧˍԉҵKƯƚ׀

D”ȀFHb:ּ IƯƚ+þ&ٕԉٶΔԉخǣE

þ.Hc 12, 22, 23)�W>:èЪБFƩΊI֒ϷԯK

ҹӴƳ͏LĂŁ̵՘I`AD①қ4dcFӦ(

adD)b:ҹӴőԿK�l¥µwHGL̬–Ƴ

HGIśʦ4dc׶̤[͏ 24, 25)�֒ ϷԯI)&D:

ҹӴƳ͏]ҹӴőԿ׋ѹKĳśʦ+ҹӴŁEG

K`'IԵfdD&c*IB&DLUFhGő

*AD&H&+:Ϡإέԯ Karenia brevisEL:
ԉĳKƜĳI`ADؠ S ͏ժɃ+Đׄ4dc2
F*a:v°��v³¹¦HGKؠԉĳƜȲĂ+

ҹӴƳ͏KśʦI׻Á8cƠӶʸ[˫́4dD

&c 26)�2dWEKȭŁѢ҅*a֒ϷԯKǳΤ

Iؠԉĳ+ĐׄцHąЬg͠>82FL׎׺&

H4<'E%c�ȫؑKТǫШǲÆI)&D:֒

ϷԯKĘĂӝųˇLؠԉĳKαÆֽ׋КKǺų

FƩ͏8c2F+Ւȸ4dD&c 12)ٜǑ 3ٝ� 
 
 ψ׈ .4
� ֒Ϸgʔˍ8cإέԯKUFhG+̴׺LԼ

ɒI:ǿ׺LɿɒI−ų8c̤Ƴװю−ųgԵ'�

2K̤Ƴװю−ųI`b:֒ ϷإέԯLԼɒEĳ

gЙʥ6DĳƧˍgԵ&:ɻҜǐKϘʂɒI)&

DͪػǱgƛbֱY2F+E,cKE:UFhG

%ψE,H&РԯHGFKǳΤҌƧI͉řE׈

cFӦ(adD&c�W>:̤ Ƴװю−ųL֒Ϸ

Kؗҁʂ]װюőɬI[Ȁ,HʗبgƖV8�֒

ϷإέԯK̤Ƴװю−ų��¹µLΊ�HШǲ

͙ðIʗبgƜ0c+:Ǧ͓цH°�¦L֕ĳʸ:

,Ū֕ʸ)`OĂŁ̵՘I`ADծ̬4dDש

> 27-30)�̴ ψ8cٜ׈LĳIƫ*AD׺ ΜK֕ĳ

ʸ %ٝc&LשŪIּaAD׈ψ6ٜ փKשŪ֕

ʸٝ:ǿ׺L<KּFHc�6*6H+a:UF

hGKإέԯL̤Kŏš*a¾̪g׹ȑ6D̤

λš*a¿؃g׹ȑ8cKE:2'&A>ǫƧL

֕ĳʸ?0EL°�¦gծ̬E,9:ĂŁ̵՘K

�&Ágнf5cgʥH׻ 
� ֒ϷإέԯI)&D:–͙ð¿EL̤Ƴװю−

ųLՒȸ4dH&KE:װю−ų°�¦KӇ˪I

Lĳ+ʮՊE%c 31)�W>:¾̪׹ȑF¿׹؃

ȑ̵Şٜ ֕ʸKҎƤŒb“(̵Ş LٝĳI`AD

①қ4dc 28, 31-33)�<K՟˧F6D:̬ –Ƴ͏g

ǺŽ4:cF:<Kʓ̤%c&LӠ̤*aװю−

ų°�¦+̜6&̬–Ƴ͏IńƩ①8c2F+

Ւȸ4dD&c 31, 33)�ºԆI:ĂŁ̵՘I`AD
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ЪXŏ4dcЪБ°�¦L–͏IƜĳ8cFý

я+šׄ:%c&Lʡֹ8c2F+ўadD&c
34)�2K`'HТցLĳýяǺŽFƵMd:֒Ϸ

�ю−ų°�¦I)&D[֗2cװέԯK̤Ƴإ

̬͏ ͏–:׺14̵ <6ػK̬–Ƴ͏Eǥ׺10̵
C. antiqua IB&D:–͏ÆKкHc̵׺ɯI 2
͏–:0ĳgЉȿ8cF?׺̵ 2ٶ0 э*a׺̵
Љȿ6>ǫƧ:Ӡ̤K̤Ƴװю−ųK¾̪׹ȑ̵

Ş+׆dcKIȻ6D:–͏ 8ٶ6 э*aЉ׺̵
ȿ6>ǫƧ:Ӡ̤K̤Ƴװю−ųK¾̪׹ȑ̵Ş

+̧Wc 33)�W>:2K`'H̤Ƴװю−ų°

�¦KýяǺŽIȻ6D:0.03 µmol photons m-2 
s-1ѹʂKآɱIʩʐH UVؠٶԉخǣٜ  480ٶ360
nmٝKĳ+ƂőHűŪg˪B 33)ٜǑ 4ٝ�H):
H. akashiwo:K. mikimotoi )`O Heterocapsa 
circularisquamaٜϠإέԯٝF&A>èK֒Ϸإ
έԯI)&D[:ؠԉĳ+װю−ų°�¦Kýя

ǺŽI͉űE%c2F+̬a*FHAD&c 31)�

º̝:̤ ĳýяǺŽIʮՊHĳʒʂLЪБѼ[׶

�EкHc2F[ő*AD&c׺C. antiqua] K. 
mikimotoi L̤׶+׶.HcF 1 ̤K¾̵̪׺[

[Hc+:H. akashiwo.׶ H. circularisquamaL
ɅH.F[̤׶+ ¾:KҜǐI%dM׺16̵ٶ8
&LǺŽ6H׺̵̪ 31)� 
� ͉̬ϔI)&DՇ̑ǌȫ̟4d>̴ǿׂӅՒ

ϢҾ͠I`cF:Chattonella spp.L̤ȿ׫I׻ď
H.:̴׺LϔأIؗҁ8c 35)�W>:ԣӧa

 
 

 
 

Ǒ 4. Chattonella antiqua I)0c̤Ƴװю−ų°
�¦KĳýяǺŽKƙʱ� v�± 
Shikata et al. (2013)33)`b֥֡� 
 

 
 

 
 

Ǒ 3. ƋǾϥҚɝϣI)0cĳ֑F΀Б�¯µv�µųˇK׻ď 
ٜaٝƦτ׶ɯI)0cĳKϕ̏՘̑٠ٜbٝРԯ)`OٜcٝإέԯKҹӴȵʂKųˇ�Shikata et al. (2009)12)

`b֥֡� 
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L2KתǽEՒȸ4d>ТցFќѐ6H&ȭŁ

ȫنҾ͠gǪƲ6D&c 36)�̬͏ ͏–:׺12̵
12 <6ػK̬–Ƴ͏Eǥ׺̵ C. antiqua +¾̪
ԉĳٜ320ؠٶψgѩ8̬͏I:¾̝*aҸǽ׈
nmٝgЉ 680ٶnmٝ%c&L֒ԉĳٜ640 480ٶ
ȿ8cF:ȲǊKԼɒIؗҁ8c C. antiquaҹӴ
+ϞɅ6DɿأIؗҁ8cҹӴ+ǳŬ8cٜǑ

5 �ԉĳٜؠٝ 440 nm KٝǫƧ:2K¿؃L 10 µmol 
photons m-2 s-1í¾:5ő׺í¾KЉȿEժɃ4d
c�ΘI:αɵ̝ƫ*aؠԉĳٜ440 nmٝgЉȿ
8cFҹӴLĳϧFּģIؗҁ8c+:֒ԉĳ

ٜ680 nm gٝЉȿ8cFαɵ̝ƫILUFhGų

*9:6Ma.8cFȲǊKɿIؗҁ8c�2d

aK2F*a:C. antiquaLؠԉĳIȻ6DփK
֕ĳʸg͉8c2F:Ҹǽؠٶԉĳ)`O֒ԉĳ

L͓ѼK¾̪׈ψg؂Ȱ8c2F+ѩƼ4dc�

nmٝ 630ٶǣٜ520خΔԉٶԉĳFӊؠ:6?<
KƊԉĳgƩ̵IЉȿ8cF:ؠԉĳKű͠+˓

@ϕ4d:C. antiquaLփK֕ĳʸgѩ4H.H

cٜǑ 5ٝ�ٕԉĳٜ560 nmٝKǫƧ:ĳ׫ș͘
ȵʂ+ؠԉĳK 1٣5 í¾EϚǘ8dM2K˓@
ϕ6+֗2cٜǑ 5ٝ�2KТցFɵɱ̵KԼɒ
I)0cτ׶ΉˍKXg֝W(cF:ȫШǲÆI

)&D C. antiquaK¾̪׈ψ+ĳШǲI`AD؂
Ȱ4dcƠӶʸLþ&F˷Ϣ4dc� 
� º̝E:ºנKإέԯL̴׺ϔأWE¾̪:9:

ÞԼɒ]ÆɒIؗҁ8c2F+%b:̴ ׍KŚ׺

ϘʂL<K̤KШǲ͙ðI`ADǺŽ8c2F

+ўadD&c 37-39)�<KëԼцHШǲ͙ðF6

Dϔαȵʂ+˭1adc 40-43)�ĉ(M:ԼɒIþ

Ǳőαǭ+Ȝǘ8cǫƧ:¾̪6Ca.Hc 42-43)�

W>:ʒĳ[̴׺K¾̪׈ψg؂Ȱ8cШǲ͙ð

FHc2F+ўadD&c� Alexandrium 
tamarense]Prorocentrum triestinumF&A>֒Ϸ
ϠإέԯI)&DփK֕ĳʸLՒȸ4dD&H

׫юőɬ+αÆKĳװKҹӴK׺ǽE̴ת:+&

ș͘ȵʂI`ADǺŽ8c2F+ўadD&c
38-39)�ԣӧaL K. mikimotoiKؗҁϘʂI)0c

 
 

 
 

Ǒ 5. Chattonella antiquaK֕ĳʸ 
кHcĳτ׶g¾̝*aЉȿ6>ǫƧKαٜأaٝFȲǊɿأKؗҁʂٜbٝ�Љȿٮ :Љȿюšٮ● 10 ő
ʡؠ٢ԉĳٜ440 nmٝFкHcτ׶KĳgƩ̵Љȿ6>ǫƧKȲǊɿأKؗҁʂٜcٝ�ԉĳٜ440 nmٝFؠ
кHcʒ4Kٕԉĳٜ560 nmٝgЉȿ6>ǫƧKȲǊɿأKؗҁʂٜdٝ�Shikata et al. (2016)44)`b֥֡� 
 



ĳƧˍѢ҅� 29 (2) 2019 
 

 152 

ĳШǲgեҹI①ͩ6D,>�ĹëϔI)&D

48 юװǿׂӅՒϢgȫ̟6:͓ѼK̤Ƴ̴׺̵
−ųFĳШǲgՒϢ6>�<KҾ͠:̴ ׍KŚ׺

ϘʂL̤3FIǺŽ6>+:̴ KؗҁɒI)0׺

cɵǜĳ׫ș͘ȵʂ]º̤KƜĳ׫L①̤ͩ׺

EȀɨH.:͓ ѼKĳƧˍ]ǳΤIʮՊƂőH²

�±E%c2F+ő*A> 44)�W>:ؗҁɒE

Lؠԉĳ`b[ӊԉ]ٕԉخǣKĳٜ500600ٶ 
nmٝK׫+Ǿ*A>�èK֒ϷԯFƩΊ:K. 
mikimotoi Lؠԉĳ¿E”ىǳΤ׀ʂgѩ8+:
ӊԉĳ¿I)&D[ؠԉĳIſ̓8c׀ʂEǳ

Τ8c 42)�2daK2F*a:K. mikimotoiL̴
HĳШǲ+Ȝǘ8cϘʂבĳƧˍ]ǳΤIȌ:׺

ɒIؗҁ8c2F+̬a*FHA>� 
 
5. ҹӴΡ 
� ǻȞK̺ȁ̵:ԼɒILƠՎǣ?0E ٶ1,000
2,000 µmol photons m-2 s-1g֘(cʒĳ+Ś6׍

D)b:֒ ϷԯKųˇFШǲ͙ðFK׻ďgӦ(

c¾EĳƧˍ]ЪΣǳΤIƖV8ʒĳKʗبg

ІՎ8c2FLE,H&�ȫؑI:ʒĳ]Ҹǽӌ

+ԯضI͉ȰHʗبgƖV82FgѩƼ8cѢ

҅ˍ͠LǾ̑ǪƲ4dD)b 45):&.B*K֒

ϷԯI)&D[:ʒĳ¿I)0cĳƧˍKĳ؂Ȱ

]:<dI֗Ǎ8cǳΤ؂Ȱ+Ւȸ4dD&c
46-49)�ºנK֒ϷԯIB&D:ĳ؂Ȱ+ՒȸE,

H*A>F՛4d>̕И+Շ̑Ȝǘ8c+:Ǿ.

KǫƧ:՜ȩ4d>ĳʒʂ+ТǫШǲÆK”ىĝ

`b[9&Qhþ&2F]Ȃ؊ĳFLҸǽӌƮ

<v�±+кHcĳϧgЬ&Dʥad �[׫

ȫنҾ͠E%c2FgʴدIӚ.ʮՊ+%c� 
K. mikimotoi֒ϷI`cϰ΄ԾȰ+ذт8cրʡ
α׌EL:̤ Љ+ɅH&ɶI͓Ѽ+тЪ6]8&

Ĩƫ+ըZadD&c 50)�èѼFά6DآɱI

þ&ĳ׫ș͘ȵʂE[ǳΤ6 51):̤Ƴװю−ų

g˪ӅE,c 31) F&'͓ѼKЪФВʸL2KĨ

ƫFќѐ6H&�º̝E:ԣӧaKȭŁѢ҅I`

b:K. mikimotoiLֆͪ҈ٜػҵΗÎٝ*Bʒĳ
͙ð¿I)&D:ĳ؂Ȱ+Đׄ6:ΡϪ8c2F

[ő*AD,> 52)�W>:͓ѼLȭŁȫنI`

b:ͪػǱΗÎ¿ELװю−ų°�¦gϕȅ6:

ВI҈ҵΗÎ͙ð¿ELԼɒIؗҁ6]8.H

b:6*[ʒĳgЉȿ6D[UFhG¿؃6H&

2F+̬a*FHA>�í¾K2F*a:ͪ Ǳػ

ΗÎFʒĳ+שHcF֒ϷԯKҹӴΡ+Đׄ8

cƠӶʸ+ѩƼ4d:֒ ϷԽֹKºǍFHc2F

+˻͵4d>� 
 
6. åʡKɐ͍ 
� ͉Ȱ֒ϷKƑǍFHcإέԯKĳʱҕТցL

ȭŁǽE׶ɶՒȸ4dD,>+:ВIתǽEKТ

ցՒȸLèKʩҹԯFάSDıȫ6D&c�º̝

E:ĳʱҕТցIB&Dőș²�±EKՔ͝LU

FhGׄhE&H&�<KÊ>cФЮF6D:֒

ϷԯKy�¦ˁǪ+ɅH&2F]ʔ֑֡˼˘Զ

+Ѥ҉4dD&H&2F+˭1adc�šӧIB

&DL:ΘÂë~¹xµ|¹gЬ&> RNA-seq
Ք͝IëԼ4dcőșЪБȟц˘ԶKэՏW6

&ׄɐI`b:ֳ ɶ:֒ Ϸإέԯ*aĳƜȲĂ�

µ�v֑+Θ�IՌŏ4dȑZD&c 53-56)�åʡ:

Ĳҋ˘ԶKɃķgׄZc2FI`b:¾՛KؒǴ

gĴ͋6DƦĳƜȲĂKΕӶՔ͝gׄZ:ĳШǲ

gɣc֒ϷԯKЪФЪˇI8׻cФՔgϘŽ4

:D&,>&� 
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合する開環テトラピロール色素の種類や数は生

物種間で多様である（図 1B）。淡水性のシアノ

バクテリアでは、フィコシアニンとアロフィコシ

アニンにはフィコシアノビリン（PCB）、フィコ

エリスロシアニンには PCB とフィコビオロビリ

ン（PVB）、フィコエリスリンにはフィコエリス

ロビリン（PEB）が結合する（図 1B、表 1）13)。

複数のリアーゼが、これらの開環テトラピロール

色素の結合を触媒する 13-15)。光エネルギーは、短

波長吸収成分から長波長吸収成分、すなわちフィ

コエリスリンもしくはフィコエリスロシアニン

→フィコシアニン→アロフィコシアニン→PSII

もしくは PSI へと伝達される。フィコエリスロシ

アニンとフィコシアニンの両方を保有するシア

ノバクテリアはこれまで見つかっていない 16, 17)。

海洋性のシアノバクテリアの一部や紅藻は、PCB
と PEB の両方を結合する R-フィコシアニンや、

PEB に加えてフィコウロビリン（PUB）も結合す

るタイプの R-フィコエリスリンを持ち、より短

波長の光を吸収できる 18)。 
 （αβ）6ディスク同士を連結するのは、リンカー

タンパク質である。串団子に例えると、団子の部

分がフィコビリタンパク質に相当し、串の部分が

リンカーリンカータンパク質に相当する。リン

 
 

 
 

図 1. フィコビリソームの構造と、色素の構造 
A，クライオ電子顕微鏡解析によって解明された紅藻 Griffithsia pacifica のフィコビリソーム（5Y6P）の構造
の一部。シアノバクテリアの半円状フィコビリソームの構造と共通と考えられる６本のロッドと、３本のコ

アシリンダーを示す。ロッド内部のリンカータンパク質（白色および灰色）を示すため、右側３本のロッドに

ついては、ディスクを除いて描画した。B，フィコビリソームに結合する代表的なビリン色素とその合成経路。
ビリベルジン（BV）を前駆体として、各種の色素合成酵素や、イソメラーゼ活性を持つリアーゼによって合
成される。構造が変わっている部分を色付きの円にて示す。特に、赤色の円は共役二重結合系の切断を示して

おり、吸収波長の大幅な短波長シフトを引き起こす。これらの色素はフィコビリタンパク質と共有結合を形

成する。 
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]̤͓իKӉծ 24, 25)HG+ƔӦIHc� 
 
2. ĳԉجŽKѢ҅KΠƢ 
� ՃԉجŽٜComplementary chromatic acclimationٝ
FL:~j��v�°jKҹӴKԉ+:ӊԉĳ¿

EL֒ԉ:ּ I֒ԉĳ¿ELӊԉF:ЉȿĳKԉ

IȻ6DՃԉцI①қ4dcТցE%b:<KȜ

ǘL:100ɶí¾[š*aўadD&cٜ Ǒ 2Aٝ
26)�50ɶí¾šILȩ׫цHՔ͝+Եfd:�k
z×°�¹¦IƮWdc�kzo°�°µF

�kz~j�µKҼˍ+ĳԉIʱ7D”בŽ4

dcТցE%c2F+ѩ4d> 27)�[F[FL

ՃԉבʱٜComplementary chromatic adaptation: 
CCA Fٝ[ƵMdD&>+:בʱFLזøșKǺ

Žgú'ʔ֑KǺŽgѩ82F*a:2000 ɶë
ILՃԉجŽFƵMdcK+ºԆцIHA> 28)�

 
Լ1. ϗαʸ~j��v�°jKÊH�kz×°�µ�v֑ 
�kz×°�µ�v֑ 

KѼض 
Ưƚτ׶ 
ٜnmٝ 

α|�¬��� 
ٜԉҵ̑¸ԉҵѼ  ٝ

β|�¬��� 
ٜԉҵ̑¸ԉҵѼٝ 

ԉҵҾƧgՕȕ8c 
°j¹� 

�kzo°�°µ 570 CpeA (2×PEB) CpeB (3×PEB) 
CpeY, CpeS, CpeF,  

(CpeU, CpeT)? 
�kzo°�³ 
~j�µ 585 PecA (1×PVB) PecB(2×PCB) PecE/F, CpcT, CpcS(/U) 

�kz~j�µ 620 CpcA (1×PCB) CpcB (2×PCB) CpcE/F, CpcT, CpcS(/U) 

j³�kz~j�µ 650 
ApcA (1×PCB) 
ApcD (1×PCB) 
ApcE (1×PCB) 

ApcB (1×PCB) 
ApcF (1×PCB) 

CpcS(/U) 
(ApcEL°j¹�ÀՊ) 

 

 
Լ2. ϗαʸ~j��v�°jKÊH°µr¹�µ�v֑ 

°µr¹�µ�v֑

Kőض 
ëԼцHזøșF 

ҾƧ8c�kz×°�µ�v֑ 
�§lµΉׁ 

(N͒ҋ*aC͒ҋ) 

³��°µr¹ 

CpeCٜ�kzo°�°µٝ 
CpcCٜ�kz~j�µٝ 

PecCٜ�kzo°�³~j�µٝ 
CpcDٜ�kz~j�µٝ 

Pfam_00427 + Pfam_01383 
Pfam_00427 + Pfam_01383 
Pfam_00427 + Pfam_01383 

Pfam_01383 
³��−zj 
°µr¹ 

CpcGٜ�kz~j�µٝ Pfam_00427 + Ցαʸפŕ 

³��−§µ�²µ 
°µr¹ 

CpcLٜ�kz~j�µٝ Pfam_00427 + ӻֈֿ�°�v� 

zj−§µ�²µ 
°µr¹ 

ApcEٜj³�kz~j�µٝ Pfam_00502 +  
Pfam_00427 (×24×ٶ) 

zj°µr¹ ApcCٜj³�kz~j�µٝ Pfam_01383 
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4aI:ЉȿĳFҹӴԉ+Ճԉ׻ďIH&�l�

KجŽ[тՌ4d>>Z:2dagƮZDĳԉج

ŽٜChromatic acclimation: CAٝFӉѷ4dD&
c� 
� ՃԉجŽIǾΊʸ+%c2F+ѩ4d>KL:

1970ɶëIאc�N. Tandeau de MarsacL:�k
zo°�°µF�kz~j�µg˪B~j��

v�°j 44 ͮIӊԉĳ)`O֒ԉĳЉȿgԵ&:
Ҩˣŏ6>�kz×°�µ�v֑KƯƚ� v

�±gϢȩ6> 29)�<KҾ͠:�kzo°�°

µF�kz~j�µKG@a[Ǻų6H&w

±¹�ٜCA1ٝ:�kzo°�°µ?0+①қ4
dcw±¹�ٜCA2ٝ:�kzo°�°µF�k
z~j�µKÄ̝+①қ4dcw±¹�ٜCA3ٝ
IőضE,c2FgтՌ6> 29)�CA3 +2dW
EўadD&>ՃԉجŽE%b:̜ 6.тՌ4d

> CA2 LӊԉĳgЉȿ8cFҹӴԉLٖԉIH
c>Z:ƒȵILՃԉجŽIդʓ6H&�CA3
F CA2 IB&DL�kz×°�¹¦KΉׁǺŽ
<Ք͝I`AD˻͵4d׵ʩشș؞+±�¨ 30)

ٜǑ 5, CA2)`O CA3ٝ�CA1L<[<[جŽ

ELH&+:�kzo°�°µĒ͉ͮK CA1-3
KőضLˈӡцIԵfdD&c>Z 31):CA1 L
ĳԉجŽF6DΗйE%c�D. M. Kehoe a+
CA3 K�k�v³¦ΊĳƜȲĂٜʡI~j��
v�°qv³¦Fƶƪ 32, 33ٝٝF6D RcaE øז
șF~w�±ø׍ҽ֛KזøȟцHƊؙIˍū

6 34):ҐӧaL CA2KĳƜȲĂF6Dӊ¸֒ԉ
Ǻ˼Ӷg˪B CcaS�µ�v֑KƊؙIˍū6>
ٜǑ 2Bٝ35)�<Kʡ:ҐӧaL:RcaE F CcaS
+ԉҵK�³�µӺјgæ8cļֿKӊ̧ ֒ԉĳ

Ǻ˼Ӷg˪B+ 36, 37):~w�±ø׍ҽ֛]°µצ

Žόʸǟ+кHb 35, 38):śʦ4dc�kz×°

EǾΊʸ+%c2Fg̬׺øșI[Ѽז¦�¹

a*I6D,>ٜǑ 2Bٝ39)�ĳԉجŽKĳԉƜ

ȲΕΉKѢ҅I8׻cեҹIB&DL:íšKĳ

ƧˍѢ҅KՔծ] 40):̤͓իӉծgǤҐ6D&

c 41)�~j��v�°qv³¦ǟĳƜȲĂIB

&DL:”ֳKӉծ+ƔӦIHc 42-44)� 
� 2dEWEIՌB*AD&>ĳԉجŽL:ӊԉ

F֒ԉKĳIʱҕ8c[KE%A>�2001 ɶI
ϔωʸ SynechococcusɑI)&D:�kzo°�

 
 

 
 

Ǒ 2. ӊ¸֒ԉʱҕǟKĳԉجŽKǾΊʸ 
A٠ĿǟцHՃԉجŽٜCA3ٝgѩ8 Fremyella diplosiphonKشʩ׵Ņє�B٠CcaSR)`O RcaEFC~��¦
I`c�kz×°�¹¦זøșKтТśʦҽ֛ C٠ӊ¸֒ԉʱҕǟKĳԉجŽI)&Dśʦ4dc�kz×
�øșKǾΊʸז¦°�¹CcaSR~��¦I`AD³��−§µ�²µ°µr¹ٜ CpcL :ٝ�kzo°�°µ:

�kz~j�µ:�kzo°�³~j�µK&9d*:[6.L<daKҼXƧf:+śʦ4dc�RcaEFC
~��¦I`AD�kz~j�µF�kzo°�°µKÄ̝+śʦ4dc�2daK٪BK�l�IŬ(:

CA3F CA0:CA3F CA2/0gć:˪BѼ[Ȝǘ6:Ƨ՘E٬BK�l�+Ȝǘ8c� 
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°µIҾƧ8c PEBF PUBK׫ά+ؠԉĳFӊ
ԉĳI`AD①қ4dc2F+тՌ4d:CA4
Fƶƪ4d> 45, 46)�CA4 KĳƜȲĂLW?ՌB
*AD&H&+:Շ̑K֡ŅśʦǍșI`c°

j¹�KтТśʦI`AD①қ4dD&c2F

+̬a*FHAD&c 47, 48)�CA4IB&DL D. 
M. Kehoe aKw±¹�+ҪŪцIѢ҅gׄZD
)b:ĳƜȲĂKƩȩ[ֳ׺E%e'�

Acaryochloris marina Lv³³�k± d gЬ&D
ԉĳgƜȲ8cƙʱÆʭF֒׏ 49):³��Г�k

z×°�¹¦g˪B~j��v�°jE%c 50)�

2009ɶI:M. ChenaKw±¹�I`ADΔԉĳ
I ` A D � k z ~ j � µ ׫ g ǳ ] 8

Acaryochloris marina +тՌ4d 51):<KʱҕL

CA5 F6Dő4ضdD&c+ 17, 52):ĳƜȲĂ]

<KśʦΕΉLÀ̬E%c�2014 ɶI D. A. 
BryantaKw±¹�I`AD:֒׏ԉĳ¿E׶τ
±ƯƚǟK�kz×°�¹¦]v³³�k׶ fg
ƮYĳŽȟҬזøș+ժɃ4dc2F+тՌ4

d:֒׏ԉĳجŽٜFar-red light photoacclimation: 
FaRLiPٝFƶƪ4d> 53)�FaRLiPEL:֒¸׏
֒ԉĳgƜȲ8c�k�v³¦ RfpA I`AD:
ƯƚǟK�kz×°�¹¦)`OĳŽȟ׶τ׶

ҬזøșKтТ+ժɃ4dc 54)�2KТցL:

ʩЪБ¤��ŁנHGK:̏ ÒKʗبgƜ0I.

Žجԉĳ+ϻӓ4d>ШǲRK֒׏K׶τ׶&

FӦ(adD&c 55)�ҐӧaL FaRLiPI)0c
�kz×°�¹¦K①қg CA6 Iő6ضD&c
17)�ĳԉجŽI6׻DLѢ҅Kׄɐ+ԣ6&>Z:

”ֳKӉծ+ƔӦIHc 8, 28, 56, 57)� 
� 1970ɶëICA2FCA3+�kzo°�°µĒ
͉ͮIDтՌ4dcF:ƩΊKТց+�kzo°

�³~j�µĒ͉ͮE[ՌadcK*G'*+

ռյIHA>�1982ɶI D. A. Bryant+:10ͮ
K�kzo°�³~j�µĒ͉ͮIȻ8cĳK

τ׶FʒʂKʗبg①ͩ6>�<KҾ͠:�kz

o°�³~j�µLʐĳK[FEǳŬ8c+:ӊ

ԉĳF֒ԉĳI`AD①қ4dc[KLH&F

Ҿյ6> 16)�<KʡKѢ҅E:�kzo°�°

µזøș+ʐĳ¿EժɃ4dc2F[Ѥը4d

> 58)�º̝E:ŘK�kzo°�³~j�µĒ

͉ͮI)&D:ӊԉĳF֒ԉĳI`AD�kzo

°�³~j�µ׫+Ǻų8cFǪƲ4d>+:<

KǺų+ʩ׫E%A>b 59):ĳʒʂ]ϡʂǺŽ

K%cתǽEKȫنKҾ͠E%A>>Z 60):<

KǺų+ĳԉKʗب*:[6.Lĳʒʂ]ϡʂK

ʗبgƜ0D&cK*gƀŘE,D&H*A>�

<K>Z:�kzo°�³~j�µLĳԉجŽ:

9:ʒʂI`ADKXśʦgƜ0cF&'K+ֿ

ծFHAD&>� 
� 2000 ɶëI:ζŁ̫ʕKw±¹�I)&D:
ֳԮÌщșaL:Synechocystis sp. PCC 6803I)
0cזøșѣǵͮKőĳՔ͝I`b:CpcL+ PSI
IűК`.o�±u¹ø׍gԵ'³��Г�k

z×°�¹¦KȜǘgŖZD˻ƿ6> 5, 61)�<K

ʡ:ϟٔךԻaK Anabaena sp. PCC 7120I)0
c؞șشʩ׵Ք͝I`b:PSIВкцH³��Г
�kz×°�¹¦ՇƧĂKȜǘ+B&IѤը4

d> 6)�CpcL-PSIՇƧĂKѢ҅I6׻DLíšK
ĳƧˍѢ҅KՔծ+ƔӦIHc 62)�2daKѢ

҅KׄԵFƩ̵͏I:Ѝɓĳʪa]ҐӧaL:

Synechocystis sp. PCC 6803] Nostoc punctiforme 
ATCC 29133I)&D:CcaS+ cpcLgӊԉĳ¿
EժɃ8c2FgՌŏ6D&> 38, 63)�2KҾ͠L:

³��Г�kz×°�¹¦+śʦ4dc�l�

KĳԉجŽ+Ȝǘ8c2FgѩƼ6D)b:Ґӧ

aL CA0Fƶƪ6>ٜ Ǒ 5, CA0ٝ39)�F2e+:

³��Г�kz×°�¹¦KȜǘKºԆʸ]:<

KĳԉجŽI`cśʦIB&D:ȟ÷Eƒ6&˄

Ռgة.Ε÷[%A>�<KФЮL:CpcL gƮ
Y³��Г�kz×°�¹¦+:ƆłГ�kz×

°�¹¦*aՔؙ6>³��FKƀŘ+ؚ6&

2F:W>:мαʸK³&ى��Г�kz×°

�¹¦LֿɱKҪՅσELǾ.+؆Ɠ4dD&

W&:ҪՅ׫+ɅH&2F:K٦ЃE%c�̜6

&�l�KĳԉجŽKȜǘg:Ǿ.KЪŽȟӧg

Ұʥ4:c>ZIL:ƆłГ�kz×°�¹¦g

őՔ4:9:³��Г�kz×°�¹¦KXgȀ

IƊؙҪՅ8c˒σgѤ҉6:4aIL<Kτ׫

ČȜцHśʦgЪŽȟцIѩ4H0dMHa׶

H&KE%A>� 
 
 
 



ĳƧˍѢ҅� 29 (2) 2019 
 

 161 

3. CA7)`O CA0KтՌ 
� ͑ՔηK CA0 KȜǘL:ӊԉĳ)`O֒ԉĳ
Iʱҕ8c�l�KĳԉجŽ+:2dWEIӦ(

adD&> CA2F CA3F&'٦ѼضKX?0L
H.:³��Г�kz×°�¹¦KśʦgƮZ>:

`bǾΊHʱҕE%c2FgѩƼ6D&>�ĳԉ

øșKז¦ŽKȫˇ+ВȩK�kz×°�¹ج

тТśʦE%cHaM:тТśʦ4dc�kz×

°�¹¦Kזøș���g①SdM:ĳԉجŽ+

GdUGǾΊ?A>F6D[:<KĸDg���

±IőضE,cL9E%c�ĳƜȲĂ CcaSL֡
ŅǍș CcaRK°µצŽgæ6D 35, 38):ĳƜȲĂ

RcaEL֡ŅǍș RcaF)`O RcaCK°µצŽg
æ6DזøșтТśʦgԵ'ٜǑ 2Bٝ34, 64, 65)�

CcaSR~��¦)`ORcaEFC~��¦I`AD
тТśʦ4dcזøșL:UFhGKǫƧIy�

¦¾Eq ³µΉׁgʔˍ8c�W>:<d=d

K֡ŅǍșKҾƧנý[̬a*FHAD&c 38, 

39, 65)�2KՎЃ*a GenbankIу4ײd>Ү 1300
ͮK~j��v�°jKy�¦ˁǪKĸDgՔ

͝6DXcF:CcaS I`ADśʦ4dcזøș
v¯��¹L:�kzo°�°µ(cpeC/E)]³�
�Г�kz×°�¹¦ǦٜנcpcLٝIŬ(:أф
&2FI�kzo°�³~j�µזøș

(pecBACDEF)g˪B̜6&�l�:4aIL<d
aKҼXƧf4A>�l�+ՌB*A>ٜ Ǒ 2C �ٝ
ҐӧaL:�kzo°�°µKX+śʦ4dc�

l�g CA2:³��Г�kz×°�¹¦KXK
śʦg CA0:̜>IՌB*A>�kzo°�³
~j�µKXKśʦg CA7:<daKҼXƧf
4A> CA7/0 F CA2/0 K٩ѼضIő6ض>ٜǑ
2Cٝ�4aI:RcaE I`ADśʦ4dc CA3
IŬ(D:RcaEF CcaS+ļȜ8c٦BK�l�
F6D CA3 + CA2/0ٜCA3/2/0ٝF CA3 + CA0
ٜCA3/0ٝ[ՌB*A>�BWb:ӊ¸֒ԉĳI
ʱҕ8cĳԉجŽL~j��v�°j׷ĸĂE:

ɅH.F[٬BKкHc�l�+Ȝǘ8c2F

+̬a*FHA>� 
� ҐӧL:ЪŽȟцIȜǘ+՟̬4dD&H&

CA7F CA0+ҼXƧf4A> CA7/0KՔ͝Iƛ
bҼY2FI6>�2018ɶ̵ЃE GenBank�¹
��¹�Iу4ײd>~j��v�°jҮ 1300

ͮK'@:CA7/0ǟKזøșv¯��¹g˪B[
KLf9* 6 ͮE%b:<KÆIǥͮػE%c
Leptolyngbya sp. PCC 6406+ƮWdD&>KLɷ
�<E%A׉ƛbȴ:> Leptolyngbya sp. PCC 
6406 gӊԉĳ¿Eǥ8ػcF�kzo°�³~
j�µ+Ȁ׫Iԧҁ6:ּ I֒ԉĳ¿ELUFh

Gԧҁ6H*A>ٜǑ 3Aٝ�ΘÂë~¹voµ
| ¹ g Ь & > RNA-Seq Ք ͝ I ` A D

pecBACEF-cpcL1 q ³µٜǑ 2ٝ+ӊԉĳ¿E
Ү 700ęժɃ4dD&c2F+Ѥը4d>�ВI
pecAF pecBIB&DL:ĸזøșKÆE”[ى
²�±IтТ8cזøșK٦BE%b:ʒЅIт

Т+ժɃ4dD&c2F+f*A>�2daKՔ

͝˒σLíšKѢ҅EѤ҉6D&>>Z 39, 66, 67):

٥·͈ѹʂEȤÕ6>�%FL�kz×°�¹¦

KΉׁǺŽgЪŽȟцI΁՟8dM8/Iյ̕

IHc¸¸¸Fʶfd>+:<Ką΄LǏؚg΅

Z:”һцIҮ٦ɶgՊ8c2FFHA>� 
� �kz×°�¹¦KƊؙIL:1970 ɶëIѤ
҉4d>°µצr°m¦ӎԹϖFTriton X-100g
Ь&>αʸÙɒőפσ+ºԆцIЬ&adD,

> 25, 68)�2K˒σEL:�kz×°�¹¦gىϻ

ʂ°µצr°m¦ӎԹϖÆEƠⅡŽ6:ӻ�µ�

v֑gƮY Triton ¥�±ɒg׏ʭI`AD؆Ɠ
6:αɒIҨҪՅ4d>�kz×°�¹¦g~«

v³¹�ȵʂŻ׏פʭσI`ADҪՅ8c�F2

e+:2K̝σEL:мαخǣg˪B³��Г

�kz×°�¹¦LTriton X-100¥�±ɒIו˟
цIϻӓ4d:ºנ+؆Ɠ4dD6WA>�4a

I:αɒILдأόʸť+UFhGƮWdH&>

Z:Ùɒő̵פK׏ʭ̅ąI)&DƆłГ�kz

×°�¹¦+ŌؗθΧ6:Քؙ6>³��]�k

�v+αɒIϻӓ4dc2F+ŗ̬6>�<2E

%a^c͙ðF<KҼXƧf:g΁ՙ6>F2

e:αʸÙɒőפg4:9:ƠⅡŽ*a~«v

³¹�ȵʂŻ׏פʭWEKĸɤѹIÙѼضKд

όʸťٜأ ϊώŪKʒ& Triton X-100F<K¥�
±Žg؁/ n-Dodecyl-β-D-maltosideٝgȜǘ4:
c2FE:�kz×°�¹¦KŌؗgȀɲI˚ś

E,c2F+f*A>�4aI:~«v³¹�ȵ

ʂŻפőгʡIӎԹϖKϻʂgىZD�kz×

°�¹¦KXgו˟цIǱ͝ҪՅ8c2FE:Ȇ
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ؘ�µ�v֑g؆ƓE,>�Ʃ̵I:~«v³¹

�] UVƯƚg˪B Triton X-100[؆ƓE,:<
KʡKՔ͝RFю@I−c2F+E,>�2K˒

σL:ӎԹϖϻʂF pHIB&DLЪБѼ3FI
Ž8cʮՊ+%c+:<díǽK�¯§¹ב”

�¹LǒȩE%b:Ōؗ6]8&ǾΊH�kz×

°�¹¦KƊؙҪՅgƠӶF8c[KE:åʡɲ

ɻ.̸Ɩ8c?e'� 
� 4D:̜ 6&�kz×°�¹¦KҪՅσKѤ҉

I`AD Leptolyngbya sp. PCC 6406K�kz×°
�¹¦KƊؙIB&Iˍū6>�~«v³¹�ȵ

ʂŻ׏פʭI)&D:ӊԉĳǥػEL٦͓ٜG1
)`O G2ٝ:֒ԉĳǥػEL٥͓ٜR1ٝK̬Ѥ
H�kz×°�¹¦K�µ�+ѤըE,>ٜǑ

3Bٝ�W>:v³³�k±ů֗KþϡԳĳ� 
v�±Ք͝E:ӊԉĳ¿EL:PSI K׫+ PSII
FάSDяȻцIϞɅ6D&c2F+f*A>�

̜6&ҪՅσEL:�kz×°�¹¦+ PSII ]
PSIFάSD*HbȀ,&2F]:ӊԉĳ¿I)

0c PSIKϞɅ+ՎՏцIФՔE,cٜ Ǒ 3B �ٝ
<d=dK�µ�gǱ͝ҪՅ6:Ưƚ� v�±

)`O 77K þϡԳĳ� v�±Ք͝F:

SDS-PAGE )`O LC-MS/MS Ք͝:؞șشʩ׵
Ւȸg)2HA>�<KҾ͠:G1 F R1 +٪͓
K³��F٧ĘK�k�v*aHcƆłГ�k

z×°�¹¦:G2 +٨ĘK�k�vF CpcL g
ƮY³��Г�kz×°�¹¦E%c2F+f

*A>ٜǑ 3C:Dٝ�4aI:ӊԉĳI`AD
ժɃ4d>�kzo°�³~j�µ+:ƆłГF

³��ГKÄ̝K�kz×°�¹¦IҾƧ6D

&c2F+̬a*FHA>�W>:³��Г�k

z×°�¹¦KȜǘ׫+ƆłГ�kz×°�¹

¦IƯƚ� v�±�¹�Eſ̓8c2F[̬

a*FHA>� 
� CA7/0 KĳԉجŽKЪФц˄ӞLGK`'H
[KE%e'*�ӊԉĳI`ADƧˍ4d>�k

zo°�³~j�µL:ƆłГ)`O³��ГK

Ä̝K�kz×°�¹¦IҾƧ6>�ƆłГK

 
 

 
 

Ǒ 3. Leptolyngbya sp. PCC 6406gЬ&> CA7/0KՔ͝ 
A٠ӊԉĳٜӊٝ)`O֒ԉĳٜ֒ٝIجŽ4:>ҹӴKƯƚ� v�±F:ǥػϖKŅє�B٠~«v³¹
�ȵʂŻ׏פʭI`cĳŽȟҬ)`O�kz×°�¹¦Kőؙ�C٠�µ� G1:G2 )`O R1K SDS-PAGE
F LC-MS/MSI`c ���ƩȩҾ͠�D׋٠ֽǟ؞șشʩ׵gЬ&>�kz×°�¹¦KՒȸ�G2)`O
R1Ю͚K�kz×°�¹¦IB&DL:ɵǜŽ6>ҧșīgѩ8�G1LɵǜҧșīgʥadH*A>>Z:
ɵǜŽšKҧșīgѩ8�E٠CA7/0I)0c�kz×°�¹¦K①қ¨�±�ȫؑIL:`bμɓK³��
Г�kz×°�¹¦+ PSIIҾƧ6D&cFӦ(adc�ٜ Hirose et al. (2019) Mol. Plant 12(5):715-725 gºנ
̈Ǻ�ElsevierѫK՝ƠgʥD֥֡ٝ 
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�kz×°�¹¦L PSII RFűКцIo�±
u¹gø8׍c+:CpcL gƮY³��Г�kz
×°�¹¦L PSI RFűКцIo�±u¹ø׍
8c 5, 6)�åǌKՔ͝EL:ӊԉĳǥػ¿E PSI
K׫+ PSII IάSDяȻцIþ¿6> 17)�2d

aKҾ͠gWFZcF:CA7/0ELӊԉĳ¿I)
&D�kzo°�³~j�µgƧˍ6Dĳ˰ؗ

ӶgىZcFƩ̵I:PSIKĳ˰ؗӶg³��Г
�kz×°�¹¦I`ADىZD&cFӦ(a

d>ٜǑ 3Eٝ�ƙȻI֒ԉĳ¿EL:PSIIٜv
³³�k± a őș 36 ĘƮ͉ٝIάSD PSIٜv
³³�k± aőș 96ĘƮ͉ٝLƂőIů֗4d
c>Z 10, 11):³��Г�kz×°�¹¦gącʮ

ՊLІ&FӦ(ad>�2daKѢ҅I`b:

CA7)`O CA0I8׻c�kz×°�¹¦KΉ
ׁǺŽgזøș²�±¸ЪŽȟ²�±¸őĳ²�

±K�¹�gŖZD٥BIBH1c2F+E,

>�W>:ЪБȟKѢ҅E”[ؚ6&KLЪŽȟ

E%cF&'2Fgсˆ6>�ȟЪK̝�ILЪ

Žȟgºȩ͏׺ȟhE).2Fg)ŹZ8c� 
 
4. CAזøșKőɬFׄŽ 
� �kzo°�³~j�µ)`O³��Г�k

z×°�¹¦①қǟKĳԉجŽL:GK`'IЪ

7:GK`'IɻWA>K?e'*ٱ<dg①S

c>Z:RefSeq Iу4ײd>~j��v�°j
445ͮKy�¦KҬӁΐg:ĒȜ�µ�v֑KҾ
ƧפŕIǦC&Dąˍ6 69):ĳԉجŽI`AD

śʦ4dcזøșF:<dgśʦ8cĳƜȲ~�

�¦Kőɬg①S>ٜǑ 4Aٝ�4aI:�kz
o°�³~j�µٜPecA:PecB:PecCٝFĳƜ
Ȳ~��¦ٜCcaS:CcaRٝKפŕKҬӁΐg<
d=dK�µ�v֑KҾƧפŕIǦC&Dąˍ

6>�2dagά֤6DXcF:ĳԉ①қgƜ0

H&�kzo°�³~j�µKҬӁ׻ďLy�

¦KҬӁ׻ďF`.Ȼʱ6D&>�2K2FL:

�kzo°�³~j�µ+Ǧ͓цIǞюø̃I

`AD~j��v�°j׷ŁIɻWA>2Fg

ѩ6D&>�º̝E:CA7 I`ADśʦ4dc
�kzo°�³~j�µLƊҬӁEٜǑ 4Bٝ:
CcaSR~��¦[ƩΊIƊҬӁE%A>�2da
L:�kzo°�³~j�µזøș+ CcaSR ~

��¦KśʦgЙʥ6>K+:ׄŽK׋ѹE 1
ǌ?0E%c2Fgѩ6D&>�W>:y�¦F

KҬӁ׻ď*a:�kzo°�³~j�µF CA7
KŏТL:ƊҬӁK��³~��ͮKŏТ`b[

š:<dL:ŽѠI`cɶë˷ȩ*aɅH.F[

Ү٦٥Ĭɶí¾šE%c2F+ѩ4d>ٜ Ǒ 4Aٝ
70)�CA7/0v¯��¹KĒ͉ͮKҬӁΐLy�¦
KҬӁ׻ďFKÀºԀ+Ռad:2Kזøșv¯

øșαɵø̃I`ADЙʥ4d>2ז+��¹

Fgѩ6D&>�2dWEαɵø̃6H*A>

�kzo°�³~j�µ+:ĳ①қӶKЙʥ6>

ʡIαɵø̃8c`'IHA>ФЮLă̌HK

E%e'*ٱ˷Ϣ?+:�kzo°�³~j�µ

L�kz~j�µFƯƚτש+׶Շ8c>Z:́

ɱтТǟK�kzo°�³~j�µKɃķLα

ɵø̃ĲKѼKĳƯƚg؂Ȱ6>KELH&?

e'*�ĳ①қ~��¦+%dM:ӊԉĳȜǘ¿

EKX�kzo°�³~j�µgącKEҹӴ

Ϋʸ+֣ϞE,:¡��K�kz×°�¹¦I

�kzo°�³~j�µ+Μ6.ҾƧ8cǺк

+Ƀķ4dc̵׺gѾ1>K*[6dH&� 
� CA7/0IƮWdc CpcLL٦BKкHcҬӁI
Řd>�2K2FL:CA7 øșv¯��¹Rז
K CpcLK˯ķL٦ǌí¾Е҉6D֗2A>F2
F+ѩƼ4d>�CpcG F CpcL L`.ü>°µ
r¹�§lµg N ͒ҋI˪B+:C ͒ҋKмα
ʸخǣKX+кHc�445ͮK~j��v�°j
KCpcG)`OCpcLKҬӁΐgąˍ6DXcF:
íšKǪƲFƩΊ:CpcL L٧BKv²¹�Iő
*d>2F*a 5, 6):CpcG*a CpcLRKׄŽL
٧ǌЪ7>FӦ(ad>�åǌ̜>I:CpcL K
v²¹�I[CpcG+¨}lvГIőɬ6D)b:
2dL CpcL*a CpcGRKּׄŽ+ăʂ[Е҉
I֗2A>2F+ő*A> 17)�³��Г�kz

×°�¹¦Lĸ~j��v�°jK 46ٛIȜǘ
6ٜǑ 4Aٝ:ϔωE”[ɻ.őɬ8c
Synechococcus IĒȜ4dD&c2F*a 71):ǚ

УKЂҵǒȩI[Ȁ,.ȴÁ6D&c2F+̬

a*FHA>� 
� åǌKy�¦Ք͝I`bӊ̧ ֒ԉĳI`AD①

қ4dcĳԉجŽLƧ՘E٬BKкHc�l�

+Ȝǘ8c2F+̬a*FHA>�<dI`AD 
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Ǒ 4. ӊ¸֒ԉĳIʱҕ8cĳԉجŽKזø
șKőɬ 
A٠RefSeq�¹��¹�Iу4ײd> 445ͮ
K~j��v�°jy�¦KҬӁΐg”Ɇ

σgЬ&D˷ȩ6>�80%í¾K�¹���
¯��ĝg֒ÈEѩ8�W>:~j��v�

°jKʔˇ:ĳԉجŽזׂ׻øșٜ�kzo

°�°µ¸�kzo°�³~j�µ¸³��

Г�kz×°�¹¦¸CcaSR)`O RcaEFC
ĳśʦҬٝKőɬ:<daKזøșҼˍIǦ

C. CAőضgѩ8�B٠�kzo°�³~
j�µ�µ�v֑ٜ PecB, PecA, PecCKׂҾٝ
KҬӁΐg NJσE˷ȩ6>��¹���
¯��ĝٜ%ٝgѩ8�˷ȩ4d>l�µ�
gٕԉKư,ŏ6Eѩ8�jm�w±¹�I

L�kz~j�µK³��°µr¹E%c

CpcCgЬ&>� 

ٜHirose et al. (2019) Mol. Plant 12(5):715-725 
gº̈נǺ�ElsevierѫK՝ƠgʥD֥֡ٝ 
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Ъ7c�kz×°�¹¦KΉׁǺŽKÖ˃Ǒg

ѩ8ٜǑ 5ٝ�ȫؑIL:İ�K�kz×°�¹
¦KʔГ]:zj̑K³:&׎��K4׶K׎&

ґ+ҼXƧf4b:̀ bǾΊHʔˇǺŽ+Ъ7D

&cFӦ(adc�2daKĘ�K�l�Kĳԉ

%ŽL:GK`'HШǲK¿E͉řIĪ.KEج

e'*ٱCA4 LϔωI)0c̑̑ٶх m ƊýE
KαKϘʂ 8):CA6L̑ mmѹʂKʩЪБ¤��
I)0cĳԉʱҕ 55)FӦ(adD&c�CcaSR
[6.L RcaEFC ~��¦g[B~j��v�
°jK 87%LҫГʸ[6.LǾҹӴʸK~j�
�v�°jE%A>ٜǑ 4Aٝ�2K2F*aҐ
ӧL:2daKĳԉجŽKЪФцH˄ӞK٥BL

ҹӴKӾɩדԩg0טc>ZKΕΉELH&*

FӦ(D&c�2Kîծ+Μ60dM:ʩЪБ

¤��]ҹӴŌؗĂK̑хµmKԼɒI)&Dĳ

ԉجŽKזøșLΕӶ6:�¹�±KȂ؊ĳgű

К`.řЬ8c>ZIΕӶ6D&cKELH&

*�2daKîծL:ʩЪБ¤��ԼɒK§�y

�¦]§��¯µ�v°��¹¦Ք͝I`AD

̬a*IHcE%e'� 
 
5. )fbI 
� 1980 ɶëI D. A. Bryant L���¹±r±
�©¹z²v~­µٜ PCC Iٝ)0c 10ͮK�k
zo°�³~j�µĒ͉ͮgՔ͝6>+:CA7
KтՌILӿaH*A> 16)�F2e+:͓Ѣ҅

EĈЬ6> Leptolyngbya sp. PCC 6406Lʓ̵:̣
Iȴ՚4dD&>KE%c��kzo°�³~j

�µĒ͉ͮIƌZcĳԉجŽgѩ8ٜͮCA7 )
`O CA7/0 Lٝ:͓ Ѣ҅EL 7.8%F՘Ҙ4d>�
2KĝgЬ&cF:10 ͮK�kzo°�³~j

 
 

 
 

Ǒ 5. ӊ¸֒ԉĳʱҕǟKĳԉجŽKΉׁǺŽ¨�± 
ӊԉĳٜɥٝ[6.L֒ԉĳٜƣٝI)0c�kz×°�¹¦KΉׁ¨�±gѩ8�CA0:CA2:CA3:CA7
F<daKҼXƧf:I`b:Ƨ՘E 8 ѼضK�l�+Ȝǘ8c�ȫؑIL:zjK̑]³��K͓̑:׶
4I[ǾΊʸ+%c+:ծ̬K>Z:�k�vKѼضF³��Г�kz×°�¹¦KǺŽKXgѩ8� 
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�µĒ͉ͮg¯µ�¦IՔ͝6:1ͮí¾Kĳԉ
ŽͮIʓ>cѤКL:1-(92.2/100)10g՘Ҙ6Dج

56%FHb:ˀ.H&ѤКE%c�[6ʚ+ 40
ͮgՔ͝6D&>a:<KѤКL 1-(92.2/100)40

g՘Ҙ6D 96ٛFHb:CA7 LѤȫIтՌ4d
D&>?e'�2KØĉL:Ʌ̑KВȩK¨�±

ЪБgѢ҅KŏтЃF6>ǫƧ:<KҾ͠+ЪБ

KǾΊʸF&'βɓKºՓIǡ[dD6W'Ǝ

؉ʸgѩƼ6D&c�4aI:[6¨�±F6D

Ȏʓ?A>F6D[:<KўՌ+Gd.a&ĸĂ

I̸׊цHK*g:y�¦ˁǪgЬ&Dȩ׫цI

ѩ8ʮՊ+ŏD,D&c2Fgѩ6D&c�2K

ύdL:єͯЪБKѢ҅]:זøșj��¹~­

µą΄I)&D[ƩΊE%e'� 
� ƑͯЪБE%c~j��v�°jL:єͯЪБ

FάSDy�¦Ք͝+Ȳ̭E%b:y�¦ˁǪ+

ʷ׀Iԧҁ6D&c�ҐӧaL:Ȁ׫K~j��

v�°jKy�¦I)0cǾΊHĳƧˍזøș

KőɬgեҹI①SdM:<daKׄŽK׋ѹg

Ք̬E,c2Fg̬a*I6> 17)�Ѣ҅E̬a

*IHA>KL:זøșשՇFőŽ:αɵø̃:

①øșKǅȅgӘbִ82FEĳƧˍ]<Kז

қΕӶ+ǾΊŽ6D,>F&'ØȫE%c�W>:

cpcGF cpcLK`'I:ºՌ8cFƩ7ΕӶg˪
Bזøș+שՇ6D&c`'I6*Ռ(H&+:

ºנKj¥צ�KפŕK׎&I`b:ȫLΕӶ+

Ȁ,.кHcx¹�[%c 5, 19)�2K`'I:פ

ŕ�¹�KXg˕'�¯lKѢ҅ӧELH.:ҹ

Ӵ]�µ�v֑IՕdcmn��KѢ҅ӧKՎ

Ѓ*aȀ׫Ky�¦ˁǪgіZDXcF:åʡأ

ф&тՌ+Θ�FЪWdc?e'�ĉ(M:

Leptolyngbya sp. PCC 6406K�kz×°�µ�v
֑KÆIL:RNA-Seq ELяʓKזøșтТ+
ըZadc+:LC-MS/MSEL�kz×°�¹¦
гőIĸ.΁ŏE,H&[K+Ȝǘ8c�2da

K�µ�v֑LЪĂŁE͑ўKՇƧĂgʔˍ6

D&c*[6dH&� 
� Ǿ̑KǾΊH~j��v�°jKĸDgՔ͝

6Ɉ.82F+E,cKL:ТГELy�¦Ք͝

I`cj�³¹�KXE%c�6*6:y�¦ˁ

ǪL%.WE˒˳*bI9-׋:͓ ֑цHўՌg

ʥc>ZILЪŽȟ¸őĳ¸ΉׁՔ͝+ʮحE%

b:<daK׺KȀ,Hu©��gǡZc>ZI

L:ǾΊHǥͮػKѤ҉F<daKy�¦ˁǪg

̒ĥ6D).2F+΅ZDשՊE%c�ǓŁEL:

Ǔ҉ШǲѢ҅ˑٜNIESٝʩЪБҬӁĒȜ̟՜+
~j��v�°jK°�¹�gҙФ6D&c�̣

ȜKNIES°�¹�gřЬ8cK+[@ehҡƊ
EL%cK?+:¬¹}¹K̝�IL<K̒ĥI

Ʌ6E[׻fAD&>?0cF%b+>&�°

�¹�̒ĥKʠ׀FHcKLy�¦~¹voµ

�ELH.:ͮ KƊؙ]ȴ՚Ką΄HGI׻fA

>ŰĪã̑×ŰĪ̵׺FHc*aE%c�ĉ(M:
ȟЪȫӡ]Ѣ҅ȭ̠ԵґE˴ƛ6>~j��v

�°jͮgƊؙ6D:NIES Iȴ՚6D&>?&
D[`&�~j��v�°jВкцH�¯l¤¹

gЬ&dM:ІԜŽ:9F[ 16S rRNAKפŕg
①Sc2F+E,c�NIES Lآĺͮ׹F6D[
ȴ՚gƜ0é0D.dD&c>Z:¬¹}¹LѢ

҅ЕӾʸgĒA>WW:֊שHͮgȅ'°�vg

ǌטE,c�~j��v�°jLєͯԯضFάS

cFŋҾĒȜ+Ȳ̭E΀(ӄ-փˤ+ɅH.:

NIES F6D[Ɯ0ķd§°��+%c�2da
KƛbҼXI`b:~j��v�°jKǾΊHĳ

ƧˍKǦѨѢ҅g`bى&ՔīʂEѢ҅E,c

`'IHc?e'� 
� ͓Ѣ҅gׄZcI%>b:͛ áȀȟȀȟ؅ӉƧ

̕ŽѢ҅ѵKζŁ̫ʕ̎˱FրΓ˘ԶѵȟȀȟ

Ȁȟ؅ɤȟѢ҅ѵKϓđʕ̎˱IȀǺ)ÂգI

HA>��¯l�±wȀȟKϟٔךԻƋǶIL:

�kz×°�¹¦KƊؙҪՅσIB&D֊שH

j��l�g&>?&>�LC-MS/MSՔ͝ELǦ
ѨЪБȟѢ҅ˑKɡŏĢæВñŉ̎˱FАתЮ

Ӝș4hI)ÂգIHA>�Ք͝EL׵ʩشș؞

ЪФȟѢ҅ˑK͗ЭƷӞŉ̎˱F Chihong Song
Вñŭ̎I)ÂգIHA>�W>:͓ Ѣ҅I׻f

c2dWEKĲԵѢ҅I̐˄gԼ8c� 
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ŝİ�ǓfƫƷƜƣƾƸƿƻƜƠƹĠƞƷƟǏǆƭƗǦǾǰȊǓėƞƲƜǆƖĥŐǊ-P�.�ƾí

ķƾ�>ƹƻǐĀċǓƭǐƲǉƖ±ƲƻØ¤ƴƸ´ƘƾĀċƼĤǔƸƜǆƭƗŸ

Ÿ ½�ƼƻǏǆƭơƖǦǾǰȊƾ
)ƟǍǂÃĉƾaĎƾÑ�Ǔ�ƞƷ�ƩƜǆƫƲâÙŦ�,ï

Ǔ8ǉƖ¿�ğƻ¸ţǓ1¿ƫƷƣƳƩƜǆƫƲI=ġƾúÎƼƖƧƾeǓƟ&ǏƫƷ�ņóƫ�Ʀ

ǆƭƗŸ
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�
10th International Conference «Photosynthesis and Hydrogen 
Energy Research for Sustainability – 2019»� µªÕÃ�

�

ƊĜÝåÝåǼ� ŰåƆƑƍ� ƌķƆƑë�

łǳ� Èĩ�

 
 

Ÿ 2019� 6¾ 23´Ơǎ28´ƼƠƥƷƖȆǢǕȉǡȈǝǮǻǬȅǸȅǝƾǺȆǦȊȄǤǛȊȎǺȆǣȂȊ

ȅǤǛȊtÖƼƟƜƷƖ10th International Conference «Photosynthesis and Hydrogen Energy 

Research for Sustainability – 2019»ơŢ)ƩǑǆƫƲƗ18Rƾ´Ã�ơI=ƫƖ.�ƹƫƷ 200�Ĳ

Ïƾ�ňƹƻǏǆƫƲȋ4þ 1ƖŨP4þȌƗąƼƹƵƷQ�ňǃƾI=ƿƖ2014 �ƹ 2016 �ƼȆǢ

ǕȉǹȊǢǩǳƸŢ)ƩǑƷ�ÄƖ3 \üƼƻǏǆƫƲƗǡȈǝǮǻǬȅǸȅǝƿȆǢǕ�]¸�ƾŵ

ŜƸƛǏƖưƾ¸�ǓJ·ƭǐĞƫƜ�èơ�ƴ�ǔƸƜǆƫƲƗǆƲƖøjƾÁţƸƛƵƲƲǉƠƖ

jŖƣƼƻƵƷǊ�ơŌǒƵƷƜǆƫƲƗ 

Ÿ Ã�ňƸƿƖ-P�ƹÙĔǙǲȅǜȊƹƜ

Ɲ 2 ƶƾǦǪǢȂȈƼ6ƠǑƷňńơĬǒǑƖ

ǆƲƖ”In honor of Kimiyuki Satoh, Tingyun 

Kuang, Cesare Marchetti, and Anthony 

Larkum”ƹƜƝƧƹƸƖ�Ī0Ĭ,ïȋ{zk

pRľ®©Ɩ4þ 2ȌƾÈľǓĹ�ȋ� 3 R

ǓTǈȌƫƲŅäǊĬǒǑǆƫƲƗ�Ī0Ĭ

,ïƿƖ-Cpē IIƼŤƭǐ*ǑƲĀċ�

ÇǓi¯§ƦǎǑƷƟǏƖ-P�ĀċƼi

kƻŊêǓƩǑƷƜǆƭƗąơ-P�Āċ

ǓlǉƲƾƿƖ-Cpē II ƾĽĕƻĘ»Í

ŔȋUmena et al., Nature 2011Ȍơ÷ĮƩǑƲ

�ƸƛƵƲƲǉƖưǑ�:ƼƺƾǍƝƻĀċ

ơĊǇŝƽǎǑƷƢƲƾƠĽĕǓÿǏǆƮǔ

ƸƫƲơƖ�Ī0Ĭ,ïƾĹ�ŅäƠǎư

ƾÓNǓ¬ǉƷĿŇƭǐƧƹơƸƢǆƫƲƗ

Plenary lectureƸƿƖÛ��,ïȋ{zkpȌ

ǌNathan Nelson,ïȋǗǤȃǙȅȌơ-P�

ŎįP�ƾÍŔǓi¯÷ĮƩǑƷƜǆƫƲƗ

Tingyun Kuang,ïȋ	]ȌǊÍŔķÆƸ*

ǑƲ�ÇǓ§ƦǎǑƷƜǆƭƗŒ�ƸƿƖǝ

ÕÃǑ~�
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ȃǗǚũnű�ŠHĒnķÆƾ÷ŘƼǍǏÎƘƻ-P�ïèƾ-P�ŎįP�ƾÍŔơ�:Ƽ

ǊfƫƷdUƩǑǐǍƝƼƻƵƷƜǆƭƗ6-pù£ÜǓ
Ƽ9ñƫƷƜǐŐƹƫƷƿƖ�ǎǑƲĘ

ÇƹÍŔ�dǓPǒƮĠƞƷƜƣƧƹơƖ��ǆƭǆƭŝİƼƻƵƷƜƣƹ�ƬǆƫƲƗAnthony 

Larkum,ïȋǚȊǤǮȃȄǕȌƾĹ�ŅäƸƿƖǤǮȆǽǮȃǗǮƼï�ƭǐǝȆȆǷǖȅ dǌ fǓ¤ƶ-

P�ïèƾ6�ƼŤƭǐƟļơƛǏǆƫƲƗǝȆȆǷǖȅ dǌ fǓ¤ƶ-P�ïèƾĀċƿǆƳE6

ƸƻƜƹ�ƬƷƟǏƖŅä2uƿƖ�ǙǲȅǜȊƾ-9ñMģƻǝȆȆǷǖȅƼǍǐǙǲȅǜȊh«

ÑÍǓĠƞǐŧƾŝİƻÿıƼƻǐƹ�ƜǆƫƲƗąƿƖ-��ǌÝšƼ�ďƫƲåĨī

Cyanophora paradoxaƾ-¨ŨÑģhCǓłǄƲĀċ�ÇǓǼǤǨȊ÷ĮƫǆƫƲƗ¹Õƹƿöƻ

ǐĳæƠǎ>ĸǓŮƣƧƹơƸƢƖ��ƾĀċƼÞƠƫƷƜƢƲƜƹ�ƜǆƫƲƗǆƲƖQ��ƾĀċ

ġǎƹçƣňńƸƢƲƧƹƿƖ��ƾĀċƾȀǩǺȊǢȂȈƼǊƻǏǆƫƲƗQ�ňƸƿƖĩ£I=ġ

ǎƾ	Ơǎ¯RƼōơ�ƞǎǑǆƭơƖÃ�ňƸǊ´Ã�ơŚǀǑƷƟǏƖ´Ãƾ-P�Āċơŷ

ƣĻ#ƩǑƷƜǐƧƹǓ¬ǉƷ�ƬǆƫƲƗ 

Ÿ ½�ƼƖŭŘ�,ïȋÅ�íćkȌǌĆÃŁ�,ïȋĄ¢kpȌǓƿƬǉƹƭǐ´Ã�I=ġƾ

²ƘƖƟǍǂƖÃ�ňƼƟƜƷǡǼȊǮǓƫƷƣƳƩƵƲ Suleyman I. Allakhverdiev,ïȋȆǢǕȌƼƖ

ƧƾeǓ&ǏƷ�ƠǎƟăóƫ�ƦǆƭƗŸ
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�
14th International Conference on Tetrapyrrole Photoreceptors of 
Photosynthetic Organisms µªÕÃ�

�

ƒÅȌÝåÝåǼ� ŲÅƍåƆƑƍ�

ƴǝ� ÝÏ�

 
Ÿ 2019� 7¾ 21´Ơǎ 24´ƼƠƥƷǚȊǤǮȃȄǕƾǢǯǱȊƸ 14th International Conference on 

Tetrapyrrole Photoreceptors in Photosynthetic Organisms (ICTPPO 2019) ơŢ)ƩǑǆƫƲƗ´Ã�

ƾI=ġƿąǓTǉƷ 4RƸƫƲƗ�ňƿKirribilli ClubƹƜƝ�eƸĬǒǑǆƫƲƗI=�¯ƿ 50

RǅƺƸƫƲȋ4þ 1ƖŨP4þȌƗ�¯ƿiƣƿƻƠƵƲƸƭơƖưƾ6ǅƹǔƺƾI=ġƹ�ßƭ

ǐÑ�Ǔ�ǐƧƹơ5ÄǆƫƲƗ 

Ÿ Ǯ ǶǪǝƿ Chlorophyll and tetrapyrrole 

metabolismƖTetrapyrroles in PhotosystemsƖ

Chlorophyll metabolism Ɩ

Cyanobacteriochromes and photoreceptorsƖ

Phycobilisomes structure and function Ɩ

Phycobiliprotein light acclimation Ɩ New 

techniques and Applications of phytochromesƖ

New technologies and directions ƾ/ƶƸÍ

�ƩǑƷƜǆƫƲƗ	ƸǊ Chlorophyll and 

tetrapyrrole metabolism Ƹƿ¹ÕąơĀċ

vŉƹƫƷƜǐ6nƼƶƜƷïèpùƻǕ

ǹȆȊǩǓƫƷƜǐĀċơiƣū�ƼĦW

áƠƵƲƸƭƗǝȆȆǷǖȅǓ¿ÑCpùƼ$ųƫ�}ǝȆȆǧȊǿÍĐǓüùƹƭǐąƾǬȊǽƹ

ƿwƫ6ŞơřƜǆƫƲơƖƳƠǎƧưÿıơ�y�ơǐǍƝƻ2uơiƣkh?�ƼƻǏǆƫƲƗ

.�ƹƫƷƿƖîéǍǏǊşéƾǬǮȃǶȆȊȅƾļơiƠƵƲǍƝƼ�ƜǆƭƗ 

ǆƲƖĀċ÷ĮƳƥƸƻƣǢǯǱȊƾô�ǇǓE6ƼËƫǈƧƹǊ5ÄǆƫƲƗp��´üƾF�ƿ

�2ƾĶ-ǓËƫǇǆƫƲƗ@è^ƹÙ³ŴƼĬƣǞȅȊǹƹǚǻȃǴǘǤƼĬƣǞȅȊǹƼ6ƠǑ

ƷưǑƱǑĶ-ƫǆƫƲƗưƾ´ƾjƿǰǗǮǝȅȊǥƸǭǖǰȊǓŮƢǆƫƲƗħ�ƠǎıƞǐǢǯ

ǱȊƾjºƿƹƷǊĞƫƣƹƷǊŋŝƻ�ŶǓƭǐƧƹơ5ÄǆƫƲƗǆƲƖħ2ƸƿƖICTPPO Ƹƿ

�!Ĭ�ƹƻƵƷƜǐ;ëk�ǊĬǒǑƖƹƷǊûǏ�ơǏǆƫƲƗ 

Ÿ Ò\ƾ ICTPPOƿ 2��ƾ 2021�Ƽ´ÃƸŢ)ƩǑǐ�qƹƾƧƹƸƭƗŸ  

Ÿ ½�ƼƻǏǆƫƲơƖÃĉǓaĎƭǐÑ�Ǔ�ƞƷŮƢǆƫƲ�|ă,ïƖÃp�Ǔ
)ƫƷƣƳ

ƩƵƲMin Chen,ïƖRobert Willows,ïǓ8ǉƖƟ�ļƼƻǏǆƫƲI=ġƾúÎƼƧƾeǓ&

ǏƷ�ņóƫƛƦǆƭƗŸ
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ƽƿ-�áŲŨå 2019 -Ƿ�Ł� 
�

�
͏̤�� �	�
 ɶ �� ͈ �
 ��ٶ̤ ͈ �	 ̤�

ǫˑٮ� *94jr�¥j¡¹±ٜƃԢђٝ�
Website: http://www.photosynthesis.jp/cyano/cyano2019.html 

�

�

ҏ 12ǌэFHc!ԭԯKőșЪБȟ 2019"g 11͈ If׺30̤ٜǖٝKṲ̀:ٝ׬29̤ٜ
>b:*94 DNAѢ҅ˑֳ.K!*94jr�¥j¡¹±"E׹Ħ6W8� 
 
 
!ԭԯKőșЪБȟ"L:̤͓KԭԯgЬ&>őșЪБȟӧ+ºǩI÷6:”̜KѢ҅ˍ͠

IB&DтԼ¸ռյ8cѢ҅ؗ÷F6D:1998ɶ*a٦ɶ3FI׹Ħ4dD&W8�ֳɶE
L:őșЪБȟI؄a9:ɻ&Ѣ҅خǣK̝�I[ʦƔŬ&>?&D&W8�ƝدтԼLĸ

D˦ʟչϲFHAD&W8+:ºԆƔŬӧ*a£��¹тԼ[Ɯ0é0D&W8� 
 
 
åǌ[Ǿ.K̝�IʦƔŬ:ʦтԼة,:όтH�k�r�~­µ+E,W8`'I)ص&

а6¾1W8� 
 
 
ե6.L¾՛Kmn�|l�gʦՐ.?4&� 
 
 
ʦÀ̬HЃ+35&W6>a:ʦ׏ˉH.)ǁ&%f:.?4&� 
 
 

!ԭԯKőșЪБȟ 2019"q¹s�l}¹ 
ˍɡѪ:ŀɝƗ:ҩÜĳºמ:ЭеƻÍ 

  

ȁ�Ł��
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�ķ÷͵Ł 
� ͓÷Rķ÷gɭ͍4dc̝L:÷֋ٜĘã÷ƺɶ÷֋1,500ٸٮ:֏ŭσã÷ƺɶ÷֋ٮ
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Եˮֱٜ^'@_ױԵ:٭٤٥ʀ(�³l�t«mFķŪ):ʓʃ:0730290� ƪšٮ�¡µz
m{m�ls�rlٝIDֺ׬K¾:Θ ¹�Kа6ֱXЬҴ:W>L؞ș§¹±ID:ή

ƪ:ˑɑ:ÿˑ:؞գйƤ:�i�v�йƤ:؞ș§¹±j�²�:ķ÷ɭ͍ɶgØŴɋW

E)ўa:.?4&� 
 
�÷֋ҰķK)ص& 
� ȟ÷K׉ǆL:чΊIҰZD&>?&D)bW8ɶ÷֋I`bW*HfdD)bW8�ʓ

դɶʂK÷֋+͑ҰKǫƧ:ĳƧˍѢ҅+ֺadD.cȽҔI:÷֋͑Ұ+ƍț4dD&W

8�٥�&ƧKB.F,I:÷֋gҰķ.?4ף3ɶ׺÷֋gϮҰ4d>ǫƧ:Θɶʂ`b

)ƪš+÷ƺƪҢ*aŠ؆4d:ĳƧˍѢ҅LɎ*H.HbW8�ńķ÷4dcǫƧL:͑

ҰKő[%f:D)̇˔&&>?,W8�÷֋ҰķГρHGIB,W6DL:3׏ˉH.Ø

Ŵɋٜsonoike@waseda.jpٝWE)ǁ&Ƨf:.?4&�÷ƺKчΊK3ФՔF3ƈŪg)ص
&а6¾1W8� 
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� � ɶ� � ͈� � ̤ 
  

̤͓ĳƧˍȟ÷ʦÆ  

  

ѳL̤͓ĳƧˍȟ÷K̦֚I֏Ʃ6:���� ���ɶ`b÷ƺF6Dķ÷gа6ֱXW

8�  

  
[���]� ŁI÷ƺƪҢ¾EKĺآ׹˗շثэI�ƍgB0D.?4&�  
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 ήƪ�ٜʮٝح�� ϴțԼ՛ 

 � � � � � � ³¹¤țԼ՛  

[���] ˑɑ  
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[���] 

 

#  
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[���] E-mail ٜʮٝح 
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8�÷֋ˮbֱXÖȩٜˮbֱXÖȩɶ͈̤ٝ� � � � � � ɶ� � ͈� � ̤  
  
Ęã÷ƺɶ÷֋� � �����		 łٜ÷է:Ѣ҅÷:´¹v~­��HGK͵ŁgƮYٝ�

֏ŭσã÷ƺɶ÷֋��	�			 łٜ¾՛F:÷էRKɻƲ˸֥̘gƮYٝ�

ٞ÷ƺ֎ͱL٥٦͈٧٥̤ٶ٥͈٥̤gƊýF6W8�
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̤͓ĳƧˍȟ÷÷ş 
 
ҏ٥͙� ƪѷ 
͓÷L̤͓ĳƧˍȟ÷ٜThe Japanese Society of Photosynthesis ResearchٝFѷ8c� 
ҏ٦͙� эц 
͓÷LĳƧˍKǦѨ)`OʱЬőתKѢ҅тɐgĐׄ6:Ѣ҅ӧяÚKßύgϘZc2FgэцF8

c� 
ҏ٧͙� Ø΄ 
͓÷Lš͙Kэцg8ˍ׍c>ZI:~µ£�m¦׹ĦHGKØ΄gԵ'� 
ҏ٨͙� ÷ƺ 
٥٢ȩӞ 
͓÷KэцI֏Ʃ8cĘãL:уײ˒ӅgҽD÷ƺIHc2F+E,c�W>:ǎĂ:Ε׻L:֏ŭ

÷ƺIHc2F+E,c� 
٦٢Ύř 
÷ƺ)`O֏ŭ÷ƺL:͓÷Kֿē)`OŔԵБKפɬgƜ0c2F:͓÷KÊĦ8cԵØIƔŬ8

c2F+E,c�÷ƺL:÷׶g8˭וc2F:ʙƺIוŏ4dc2F+E,c� 
٧٢÷֋ 
÷ƺ)`O֏ŭ÷ƺL͓÷KȩZ>ɶ÷֋gҰZH0dMHaH&� 
ҏ٩͙� Ҽӗ)`O׉ǆ 
٥٢ʙƺ 
͓÷K׉ǆK>Z:ʙƺF6D÷׶ 1 ƪ:ØŴɋ׶ 1 ƪ:÷՘ыͩ 1 ƪ:ɱñɸØԐɴƪg).�ʙ
ƺKñ͏L٦ɶF8c��&ɱñɸØLׂӅ6DÙ͏g֙(Dńñ4dH:׶÷ØŴɋ׶LÛ͏g֙

(Dńñ4dH&�÷՘ыͩLńñ4dH&� 
٦٢ɸØ 
ɸØ̑ƪg).�ɸØKñ͏L 4ɶF8c�ɸØKńñLȏ1H&� 
٧٢ɱñɸØ÷ 
ɱñɸØ÷L÷׶FɱñɸØ*aΉˍ4d:÷2+׶dg˦ؗ6ռ׶FHc�ɱñɸØ÷L͓÷K׉

ǆIďfcØثgȹռ6:2dgɸØ÷I˻͵8c�ØŴɋ׶F÷՘ыͩL:q�}¹�¹F6Dɱ

ñɸØ÷Iŏɮ8c2F+E,c� 
٨٢ɸØ÷ 
ɸØ÷LʙƺFɸØ*aΉˍ4d:÷2+׶dg˦ؗ6ռ׶FHc�ɸØ÷L:ɱñɸØ÷+˻͵6

>͓÷K׉ǆIďfcØثґgȹռ6:2dgηȩ8c� 
٩٢ØŴɋ 
ØŴɋg),:ØŴɋ2+׶dg׉ǆ8c�ØŴɋL:͓÷K÷՘ØŴ)`OƪҢҙФgԵ'� 
٪٢ʙƺ)`OɸØKוŏ 
�ŏ4dcוI`b÷ƺ*a˭ו˶L÷ƺKю׶÷ØŴɋ׶:÷՘ыͩ:ɱñɸØL÷׶+ɸØKÆ

*a˫ƪ6:Ȓǉ8c�ɸØLɱñɸØ÷I`AD˷ԫ4d:ɸØ÷Eηȩ4dc�÷ƺLɸØgɱ

ñɸØ÷I˷ԫ8c2F+E,c� 
ҏ٪͙� Ӊ÷ 
٥٢Ӊ÷L÷6ؗ˦+׶:ŏɮ÷ƺg[ADΉˍ8c�ռ׶Lŏɮ÷ƺ*aוŏ4dc� 
٦٢ɸØ÷LӉ÷I)&DΘKØثgǪƲ8c� 
٥ٝšǌKӉ÷íʡIɸØ÷Eռη6>Øث 
٦ٝšɶʂKØ΄ҽ׋ 
٧ٝʓɶʂ)`O͚ɶʂKØ΄՘г 
٧٢ɸØ÷LӉ÷I)&DΘKØثgǪƲ%c&L˻͵6:˗ըgƜ0c� 
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٥ٝ÷՘IďfcØث 
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ɸØ÷ƪҢ 
Ѵ͓լʯ ѮːȀȟȀȟ؅ФȟѢ҅ѵ 
ҩÜĳºء מɕȀȟȟԶ؅Фȟخǣ 
ζŁ̫ʕ ͛áȀȟȀȟ؅ӉƧ̕ŽѢ҅ѵ 
Ѡž� Ȅ ͛áȀȟȀȟ؅ɤȟѢ҅ѵ 
ςÜ� ͳ ֳлȀȟЪБФɤȟנЪБɤȟѵ 
óԮ� ӕ ƪƞɏȀȟ 
Ü¾Ʒä ѮȈɡȀȟФȟנ 
óѱĢȂמ áףȀȟȀȟ؅ЪƶѵȟѢ҅ѵ 
ΈÅ� ź ͛áФѵȀȟ 
ʥɵԓΐ ףؾȀȟ͛áȀȟ؅ФɤȟѢ҅ѵ 
Ȁɕȥׁ Ȁ؀ȀȟȀȟ؅ФȟѢ҅ѵ 
ȂЭǂÍ ͛áɤ΄Ȁȟ 
 �lqѢ҅Ǧь̇˾ӉƧ�µ�¹ 
ȀƗʝȡ ԕǢȀȟФȟנ 
Ȁ̋ոΘ ͛áȀȟȀȟ؅֮ȟЪƶѵȟѢ҅ѵ 
ɄɡĢº ɕɓђ֮͞αЫӉƧ�µ�¹ 
 ЪБѵȟѢ҅ˑ 
ɄĔ׍б ƪƞɏȀȟȀȟ؅Ъƶ֮ȟѢ҅ѵ 
Ǡվđ̲ ƪƞɏȀȟ 
ԝșתʆϒ Ľʄђ҉ȀȟФɤȟנ 
ͤɓѭºמ ѱÜɤ΄ȀȟШǲˁǪȟנ 
 ÜٙÙ ǧЛȀȟ׬
Ѯվēȃ Ȁ؀ɫ҉ȀȟՇƧĲҋѢ҅ΕΉ 
Њɝԓº áףȀȟȀȟ؅ФȟѢ҅ѵ 
ͬͫϧǇ Ȁ؀ȀȟԲф֑Ѣ҅ˑ 
ɄζՂɷ ÆȄȀȟФɤȟנ  
Ʉ͞ΜӜ ғτȀȟȀȟ؅̑ФБ֑ѵȟѢ҅ѵ 
Ǜ͓� Ý ɕɓȀȟ֎ϧЪБѵȟѢ҅ˑ 
Ā֍ĆȄ ֳлȀȟФɤȟФȟѵ 
ΖÜԒƋ ̧ѽЭȀȟ 
ĀԮĺԵ ɕɓȀȟ 
ĀԮюΐ ͛áȀȟȀȟ؅ӉƧ̕ŽѢ҅ѵ 
ٓŁřξ áףȀȟȀȟ؅ФȟѢ҅ѵ 
Ҟɝºؕ  ФŽȟѢ҅ˑ΀БѵȟѢ҅�µ�¹ 
ɠЭ̐½ ףؾȀȟ͛á 
фɖӞƋ ғτȀȟЪБѵȟҬ 
θ� ʊä ɕɓȀȟкőתǦѨѵȟѢ҅ˑ 
͕ϑ̫ʎ ƪƞɏȀȟ 
͕ϑӜӟ ˅ȖȀȟ�³�q|loµ��µ�¹ 
͕Э� ս ƪƞɏȀȟזøșȫ̟ن՜ 
͕ɓ׍ȃ ƪƞɏȀȟ 
 נѯʎ ѮȈɡȀȟФȟ͐ׯ
ǕζĺΨ ̧ѽЭȀȟ̎ӱȟנ 
 נɫєº ͛á֮΄ȀȟЪƶѵȟى
�ǦѨѵȟѢ҅ˑתɕɓȀȟкő  מΓՂºى

�ƐƢ͞ى � žϔ׌ȀȟþϡѵȟѢ҅ˑ 
ЭÆ� Ν žϔ׌ȀȟþϡѵȟѢ҅ˑ 
ЭÆ� ȷ ͛áɤ΄Ȁȟ֎ϧŽȟѢ҅ˑ 
ЭÆâº žϔ׌ȀȟþϡѵȟѢ҅ˑ 
ίѴ� ǜ ҉ƶؽȀȟӉƧФɤȟ؅ 
ЭԓÜ̋ȥ ֳлȀȟ֮ȟנЪБΕӶѵȟѵ 
 נғɸȃ ͛áԬѵȀȟЪƶѵȟף
ŏӟΨÌ ƪƞɏɤ΄ȀȟȀȟ؅ɤȟѢ҅ѵ 
Ⱥɚºמ ͛áȀȟȀȟ؅ФȟҬѢ҅ѵ 
�ؤ  נÑ ͛áФѵȀȟФȟ׍
ï͓� Ⅰ ǧЛȀȟȀȟ؅ФɤȟѢ҅ѵ 
γɚ֐ξ ѮȈɡȀȟ 
ˍɡ� Ѫ ءɕȀȟȟԶ؅Фȟخǣ 
Ɖʡ� λ Ȁ؀ɫ҉ȀȟȀȟ؅ФȟѢ҅ѵ 
ՉЭЪמ ǧЛȀȟȀȟ؅ФɤȟѢ҅ѵ 
ՉɓĆȝ ǧЛȀȟȀȟ؅ФɤȟѢ҅ѵ 
�Ɲת ԅ ͛áԬѵȀȟЪƶѵȟנ 

�Ɲת ɦ ƪƞɏȀȟФȟѢ҅ѵ 
 վđξ Ȁ؀ȀȟԲф֑Ѣ҅ˑ׶
͞� Ѳş ˅ȖȀȟ�³�q|loµ��µ�¹ 
Ƒуʯʕ žϔ׌ȀȟþϡѵȟѢ҅ˑ 
ʕǛɷΨ ͛žȀȟȀȟ؅ЪƶѵȟѢ҅ѵ 
ÌǨ� ʬ ͛áɤ΄ȀȟѢ҅؅ŽȟЪƶѵȟѢ҅ˑ 
̤ƑЮؿș ǧЛȀȟȀȟ؅ФɤȟѢ҅ѵ 
ѱϸѲƹ áףȀȟȀȟ؅ЪƶѵȟѢ҅ѵ 
ԮЭѭº ƪƞɏȀȟȀȟ؅Ъƶ֮ȟѢ҅ѵ 
ƞ͓� ʒ ٙվȀȟ֮ȟנ 
š� ʲʕ ͛žȀȟ 
Аת� Ƴ ͛žȀȟȀȟ؅֮ȟѢ҅ѵ 
ǳЭєÙ ͛áɤ΄Ȁȟ 
 �lqѢ҅Ǧь̇˾ӉƧ�µ�¹ 
ǳЭ� ʊ ͛áȀȟȀȟ؅ӉƧ̕ŽѢ҅ѵ 
͜ϑĴӜ ףؾȀȟ͛áףɫ̎ػȟנ 
͜Эѭæ ׻Չȟ؅ȀȟФɤȟנ 
єתұº ɓƝȀȟ֮ȟנ 
чɡ� ұ ǦѨЪБȟѢ҅ˑ 
ȯɉĳʼ� ͛žȀȟȀȟ؅֮ȟѢ҅ѵ�

ȯ¿Ԓ̬ áףȀȟȀȟ؅ǚУШǲȟǩ 
Ȧ̹ٜÆɚٝ^b ׻Չȟ؅ȀȟФɤȟנ 
͗Эҭȃ ǦѨЪБȟѢ҅ˑ 
͓Γ� Ģ áףЫ΄ȀȟӉƧЪƶѵȟנ 
͓Γìș ءɕȀȟȟԶ؅֮ȟخǣ 
ѝλ� ԅ ͛áȀȟȀȟ؅ФȟҬѢ҅ѵ 
ƷЭ� İ ͛áȀȟȀȟ؅ӉƧ̕ŽѢ҅ѵ 
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