
-

143

光合成細菌を利用 した環境保全のための基盤技術開発

神奈川大学総合理学研究所 ・理学部.井 上和仁

大阪府卓大学先端科学研究所 上原 赫

早稲 田大学大学院理工学研究科 桜井英博

神奈川大学総合理学研究所 ・株式会社キティ 中原昌明

1.研 究概要 ・ 一.

水素発生,微 生物ポ リマー,廃 棄物処理,環 境修復 など環境保全のための技術開発は急

務の課題 である。本研究は光合成細菌の生理生化学, .遺伝子工学,生 態学な どの基礎研 究

を通 じ,光 合成細菌 を利用 した環境保全のための基盤技術の開発 を目的 とし、次のような

研究 を行った。

(1)光 合成細菌ヘ リオバ クテ リアHeliobacillusmobilisか らのフェレ ドキシンの単離

と精製に関す る研究 ご

(2)褐 色を呈す るユニークな緑色硫黄細菌Chlorobiumphaeobacteroidesの カ ロテ ノ

イ ド組成の分析 と光環境適応機構 に関する研究

(3)緑 色硫黄細菌 とヘ リオバクテ リアの鉄硫黄型光化学反応中心周辺 の電子伝達経

路に関す る研究

2.光 合 成 細 菌 ヘ リオ バ ク テ リアHe"δba6"ん ぎ施 が'ISか らの フ ェ レ ドキ シ ンの 単

離 と精 製 に 関す る研 究

PURIFICATIONANDCHARACTERIZATIONOFTWOFERREDOXINSFROMTHE

PHOTOSYNTHESTICBACTERIUM.HELIOBACILLUSMOBILIS

Heliobacteriaarerelativelyrecentlyfoundanoxygenicphototrophicprokaryotesandhave

bacteriochlorophyll(BChl)gasthem勾orphotosyntheticpigmentwhosechemicalstnlctureis

rathersimilartochlorophyll(Chl)athantoBChla.Thereactioncenter(RC)ofheliobacteria

isconsideredtobesimilartothatofgreensulfurbacteriaandPSIofhigherplantsand

cyanobacteriainthattheycontainverylow-potentialFe-Sclustersasthesecondaryelectron

acceptors.TheelectrontransferpathwayaroundtheRCinheliobacteriaremainsuncertain.In

ordertostudytheelectrontransferpathwayinheliobacteria丘omRCtoextemalacceptors,

wehavepurifiedtwo・ferredoxins(FdlandFd2)丘omHeliobacillusmobilis,andtheirN-

terminalaminoacidsequences.determined.

Theybelong,tothe2[4Fe-4S]typewithabsorptionmaximaatabout280and385nm.

BothofthemsupportNADP+photoreductioninaheterologousassaysystemcontainingreac-

tioncenterparticles丘omthegreensulfurbacteriumChlorobiumゆ1伽andspinachFd一
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 NADP± reductase. Fdl was relatively resistant to oxygen and its A385 value did not signifi-

cantly decrease in 20 h at 4oC under air, while Fd2 was sensitive to oxygen with its A385 

 value reduced by about half in 2 h under the same conditions. We have also sequenced the 

genes encoding these Fds using a primer-walking strategy. The Fdl and Fd2 genes are ar-
ranged in tandem with an intergenic space of 62 base pairs. The phylogenetic relationship be-

tween the Fdl and Fd2 genes and the relationship of these two genes with other Fds are 

considered and we concluded that H. mobolis Fd genes are the result of gene duplication, al-

though another possibility of horizontal gene transfer of one of the Fd genes can't a priori be 

ruled out. 

3 . 6.2=—tsfatiaM M Chlorobium. phaeobacteroides 0) )] G15- / 4 

   BROWN SULFUR BACTERIUM CB. PHAEOBCTEROIDES CONTROLS 

CAROTENOID'S COMPOSITION FOR THE PHOTOADAPTATION 

Brown sulfur bacterium Cb. phaeobacteroides contains various carotenoids (Car) and 

bacteriochlorophyll (BChI) e in the chlorosomes. But the details of a role, and location of 
Car in chlorosomes have not been clarified yet. In the present study, Cb. phaeobacteroides 

was cultured under various light intensity and the pigments were extracted and analyzed. 

Many kinds of Car extracted from the cell were identified and they were divided into two 

groups: the first is Car with one or two f-end groups such as isorenieratene and b-

isorenieratene and the second is Car with one or two b-end groups such as b-zeacarotene, b-

carotene and trans- and cis-7,8-dihydroxyl-b-carotene. The latter trans- and cis-7,8-dihydro-b-

carotene was found to be a novel Car in nature. Cb. phaeobacteroides cultured under various 

light intensities gave the same ratio of Car of the first group to BChI e. However, the ratio 

of the second Car to BChI e was increased with increasing light intensity. 

 The differences in absorption spectera were observed for in vitro aggregates of BChI e 

formed in dimethyl sulfoxide (DMSO)-water solution in the absence and the presence of the 

two groups of Car. Near 520 urn bands of aggregate of . R[E,E]BCh1 e in the presence of 

Carr with f-end groups such as isorenieratene was broadend, but those of R[E,E]BChl e with 

other Car was almost the same as those of R[E,E]BCh1 e without Car. The absorption maxi-

mum of Qy bands to that of Soret bands of BChI e ratio (Qy/ Soret ) of aggregates of 

R[E,E]BCh1 e with isorenieratene was the smallest among those of other aggregates. 

 These results suggest that Cb. phaeobacteroides is photoadapted by the change of Car com-

positions to . control the intensity of near 520 nm bands needed to -harvest the light energy.

f



一L

光合成細菌を利用した環境保全のための基盤技術開発 145

4 緑色硫 黄細菌 とヘ リオバクテ リアの鉄硫黄 型光化学反応 中心周辺の電子伝達経路

に関する研究

ELECTRONTRANSPORTPATHWAYSANDK-NETICSINANDAROUND

REACTIONCENTERSOFGREENSULFURBACTERIAANDHELIOBACTERIA

Chlorobiumtepidum:ApurifiedRCpreparationbindsthreeFe-Sclustersandaboutone

menaquinoneperP840.Wecouldnotobtainanyevidenceforitsfunctioninginthemain

・1ec廿 ・ntran・p卿 ・thw・y5).W・h・v・d・t・m・in・d・h・ ・g・ ・ecQmbin・ 重i・nr・t・・b・ 伽een・xidized

P840andeachofthethreereducedclustersbyflash-inducedabsorptionspectroscopy3'.The

RCbindstwo,copiesofcytc-551,whicharekineticallyequivalentinelectrondonationto

oxidized.P840.Thereactionpartnerofasolublecytc-554(about10kDa)isboundcytc-551

ratherthanP840z'.Ourresultsthusraisethequestionoftowhatextenteachofcytbc,com-

plexandthesolublecytc-554contributestoreductionofboundcytc-551invivo.Three

2[4Fe-4S】 卿eFds(moreprecisely,fourisoforms)arepresentundernomlalgro舳condi-

tions.TheseFdsareefficientlyphotoreducedbypu面edRCfromthesamebacterium4).Fd-

NADP+reductase(FNR)ofthisbacteriumisadimmerincontrastwithahigher-planttype

FNRthatisamonomer'.C.tepidumFMRshowshigheraminoacidsequenceidentitywith

thioredoxinreductase丘omsgmebacteriathanwith・FNR丘omoxygenicphotosylltheticorgan-

isms.

Hel'・ba・'11〃 ・ 励ilis・W・h・v…lubilized・ndpud行 ・dRむ 脚i・1・ ・withth・d・t・ ・g・ntTrit・n

X-100,whichcanreduceNADP+.WehaveisolatedtwoFds,onebeingsensitiveandthe

・therratherre・irt・ntt・ ・xyg・n・ ,Th・ ・eFd・canb・ph・f・ ・educ・dbyRC丘 ・mC吻 伽 ・
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