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1．Introduction

　　R㏄ently，廿1e　photophysical　processes　of　iron－

free　cytochromes　had　attracted　our　interest　because

they　can　be　expected　as　an　opto－electronic　protein

device　for　novel　optical　memory　by　means　of

photochemical　hole　buming【1，2］．　Throughout　the

previous　works，　c－type　cytochromes　were　found　to

behave　　like　　iron－f爬巴　　cyt㏄hrolnes　in　　acidic

solutions　from　the　standpoint　of　photophysics．　It

would　be　more　efficient　if　acid　solution　of　c・type

cytochromes　couSd　be　usθd　as　a　d巴vice．’Among　c－

typ巴　cytochromes，　cytochrome　c　is　the　one

extensively　studied　　with　several　spec血℃scopic

t㏄hniques　such　as　absorPtion，　fiuorescence　and

circular　dichroism　（CD）measurements【3－10］．

However，　the　photophysical　properties　of　the　heme

of　oth巴r　c－type　cytochromes　have　not　b㏄n

c！arified　so　much　compared　to　those　of
cytochrome　c．　The　purpose　of　this　research　is　to

clarify　photophysical　process巴s　of　廿t巴　c－type

cytochromes　（c，　c冑553　and　伽），　their　model

compounds，　miαoperoxidase－9・　and　hemin　in　acid

solutions．

The　axial　ligands　of　the　iron　atom　are　methionine

and　hisddine．　Cytochromes　c－553　and　c3　are

electron　caπier　proteins　extracted　from　the　sulfate－

reducing　bacterium　　Desulfovibrio　v”lgar輌5，

Miyazald．　Cyt㏄hrome　c－553　is　monohemic　and

has　a　polypeptide　chain　with　79　amino　acids，

possessing　a　MW　of　9、000．　The　iron　atom　of　the

cytochrome　c－553　is　coordinated　with　methionine

and　histidine［11，12】．　Cyt㏄hrome　c3　has　four

hemes　and　contains　107　amino　acid　residues，

possessing　the　MW　of　14，000［13】．　The　heme
distances　range　ffom　11．O　A　to　17．8　A［14］．　The

fifth　and　sixth　ligands　of　the加n　atoms　are　both

histidines［14】，　Hemin　does　not　have　amino　acid

residues，　therefore　吐1ere　is　no　axial　ligands　of

amino　acid　to　the　iron　helne．　Microperoxidase・9

（MP－9）has　one　heme甜d　cont訓s　g　amim　acid

residues，　possessing　a　MW　of　1，630　and　one

hisddine　ligand　to也e　iron　atom［15】・The　solvent

used　fbr　alhhe　measurements　was　10　mM　Tris－

HCl　pH　7．2．　T「he　pH　of　solutiens　was　adjusted　by

addi目on　of　negligible　volume　of　6　M　HCI　and　10

MNaOH，

z　Experimental

2．1．Sample

　　　Cyt㏄hlome　c（type　IV　from　hors巴heart）is

monehemic　and　contains　104　amino　acid　residues，

possessing　a　molecular　w巴ight（MW）of　11・700・

2．2．M臼surements

　　UΨandΨisible　absorption　spectra　of　the　samples

w巴爬　m巴asured　with　a　Shimadzu　UV－2200

spectrophotorneter．　Fluerescence　sp㏄tra　and

fiuoresc巴nce　excitation　sp㏄㎞we民measured
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Table　I：Uv　and　visible　abso叩tion　peak　wavelengths　for　cytochromes，　MP－9　and　hemin．　The　wavelengths

unde：lined　are　the　valu巴s　for吐1e　Soret　band．

pH＝7．2 pH＜2．0 pH＞12．0

cytochrome　c ．406，530 3ぱ3，494，620 ∠口6，530

cytochromec－553 409，525 394，499，620 409，537

cytochromec3 408，530 3ヱ1〕，497，637 且06，537

MP－9 ユ95，507，622 3皇2，493，619 404，535

hemin 383，613 ユユ4，646 ユ85，605

with　a　Hitachi　F4500　spectrofluorometer　at　room

temperature（25℃）．

3．ReSUlts　and　DiSCU5sion

　　　Table　I　shows　the　wavelengths　at　maximum

absorbance　of　tle　Soret　band　and　the　Q－band

observed　for　the　samples　studied　in　this　work　The

peak　waΨeleng曲ls　of　the　Soret　band，　fbr　the

cytochromes　c，　c－553加d　cs　at　pH＝7．2　are　almost

identical　with　one　another（at　around　408　nm）．

However　the　absorption　spectra　of　MP－9　and

hemin　at　neutral　pH　were　found　to　be　di　ffe　rent

from　these　of　the　above　c・type　cytochromes：the

maxima　fbr也e　Soret　bands　were　blue－shifted

compared　to　them　and　other　absorption　peaks

appeared　at　613　nm　fbr　hemin　and　at　622　nm　for

MP－9．　According　to　earlier　works［4，8－101，

histidine　and　methionine，　strong－field　ligands　of

the　heme　iron，　of　the　cytochrome　c　were　assumed

to　be爬placed　in　acid　solution　by　weakイield

ligands　such　as　oxygen　or　halogens　supPlied　by　the

solvent，　because　the　acidification　induces　spectral

change　inロv　and　visible　absorPtion・In　fact，　the

conformational　transition　of　cytochrome　c　due　to

the　acidification　was　ascertai皿ed　by　lhe

measurements　ofΨiscosity　and　CD　【4，8，IO］．

Coordination　with　two　weak－field　ligands　was

considered　to　produce　a　high－spin　complex　having

the　Soret　maximum　between　390　and　395　nm［4，8・

10］．The　high・spin　complex　and　the　equilibri凹m

mixture　of　spin　configurations，　one　strong－field

Iigand　and　one　weak－field　ligand　complex，　were

presented　to　be　charac　te　ri　zed　by　a　maximum　at

620nm［8，10｝．　Thus，　the　appearance　of　620－nm

band　is　quite　reasonable　in　the　present　absorption

spectra　of　hemin　and　MP－9　at　neutral　pH．

　　Firsg　we　tried　to　pTove　this　assumption【4，8－10］

by　using　MP－9　which　has　only　one　axial　ligand：if

histidine　or　methionine　is　added　to　MP－9，　the　axial

ligands　to　the　iron　herne　would　be　the　same　as

cytochrome　　cユ　（histidine，　histidine）　or　c－553

（histidine，　methioni皿e）．

　　Fig．1shows　the　influence　of　L－histidine　on　the

absorption　maximum　of　Soret　band　when　added　to

oxidized　forrn　of　MP－9．　The　addition　of　histidine
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Fig．1：Uv・visibEe　spectra　of　Soret　maxima　of　MP－9（a），

MP－9　upon　addition　of　histidi　ne（b），　and　cytochrome　c，

（c）．Addition　of　histidine　is　about　four　times　as　much　as

the　molar　concentration　of　the　heme．

shifted　the　absolption　spectrum　of　MP・9　to　the　red

and　made　it　close　to　that　of　cytochrome　c3，　which

has　two　histidine　ligands：the　Soret　peaks　are　404

nm　for　MP－9　with　histidine　a皿d　408　nm　for

cytochrome　c3，　respectively・At　lower　pHs　where

histidine　mロst　be　detached　from　iron　of　heme，　the

sp㏄tra　of　MP－9　did　not　change　so　much　even

when　histidine　was　added．　Methionine　was　also
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added　to　the　aqueous　solutions　of　MP－9　at　varioロs

pHs，　however、　there　was　no　change　observable　in

the　uv　and　visible　absorPtion　sp㏄tra．

　Fig・2shows　the　infiuence　o皿the　Q－ba皿ds　of　the

reduced　and　oxidized　MP－9　upon　addition　ofレ

histidine　and　L－methionine．　The　samples　wer巴

reduced　by　addition　ofΨery　srnall　amount　of

sodiurn　hydrosulfite．　The　ferro　form　of　c－type

cytochromes　has　typical　absorPtion　peaks　at　5530r

552nm（〔z　peak）and　524　nm（βpeak）．　It　is

worthwhile　to　mention　that　the　pロrity　of

cytochrome　c’s　can　be　assessed　by　the　appearance
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Fig．2：Q－bands　absor凶on　in　spectral　changes　upon

addition　of　histidine（A）and　methionine（B）to　the
oxidized　and　red凹ced　form　of　MP－9．　The　solid　llnes　are

for　the　spectral　changes　upon　addition　of　histidine　and

methienine．

of　these　sharp　peaks　in　visible　sp㏄加m　when　they

are　reduced・Fig・2indicates　that　the　absorPtion　of

feπo」brln　is　not　so　clear　as　that　when　h、istidine　and

methionine　are　added．　The　549　and　518　nm　bands

of　the　reduced　fbm　of　the　MP－9　became　sharper

and　increased　more　when　histidine　was　added：

ac画ly　the　ferro　fom　of　MP－9　wi血histidine

almost　agrees　with　that　of　cytochromes　c，　c－553

and　cコ．　Thus，　the　spectral　change　is　shown　to　be

explicable　by　wha口he　ligands　of　th巴heme　iron

ar巴・This　reveals吐le　importance　of　the　presence　of

the　two　ligands　to　the　hem巴・iron　to　show　aΨery

de輪d　reduced飴m　spectrum，　which　is　the
characteristic　of　the　cytochromes．　In　the　case　of

methionin巴，　the　ferro　form　of　MP－9　has　slightly

broad　peaks，　although　the　absorption　maxima　of

the祀duced　form　are　549　and　520　nm．

　　　Thus　far，　most　spectral　changes　observed　in

absorption　of　c－type　cytochrome　haΨe　been　able　to

be　reproduced　by　using　a　mode1　cornpound，　MP－9，

and　　histidine・　For　example，　the　　absorption

spectrum　of　MP－9　at　low　pH　is　almost　identical

with　th巴sp㏄tra　of　cytochrome　c　and　c－553　at　low

pH」t　can　be　explai　ned　by　the　forrnation　of　a　high・

spin　complex　from　which　his聞ine　is　detached．

However，　one　big　question　is　why　the　absorption

sp㏄trum　of　cytochroz鵬c3　at　low　pH　is　different

from　those　of　other　cytochrome　c’s　and　rather

similar　to　the　spect110m　of　hemin（see　Table　I）：the

Soret　band　appears　at　370　nm，　which　is　shifted　by

24nm　in　comparison　with　the　Soret　peaks　of　other

c－type　cytochromes．

　　　This　can　be　attributed　to　the　inHuence　of血e

environment　around　the　heme．　Degree　of
hydrophobicity　around　a　heme　can　be　estimated　by

using　hydropathyΨalue　fbr　each　amino　acid　given

by　Kyte　and　Doolittle　［16】．　The　aΨerage

hydropadly　values　of　11・13　ami皿o　acids　near　the

heme　for　cytochromes　c，　c－553　and　MP－9　we鵬

＋0．25，＋0ユ9，and＋O．22．　These　positiveΨalues

indicate　that　the　microe皿vironments　around　the

heme　of吐hese　compounds　are　less　polar　and

hydrophobic．　On　the　other　hand，　the　aΨerage

hydropathy　values　of　l　I－13amino　acids　near　each

heme　for　cytochrome　c，　a民一〇．34，－0．73，＋0．42，

and－0．48．　Although　on巴heme　is　under　less　polar

condition，　the　average　value　is　－0．28，　indicating

that　the　hemes　of　cytochrome　c！are　under　polar

condition　and　are　anticipated　to　haΨe　higher

interaction　with　water．　Thus　the　absorption
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spectrum　of　cytochrome　c，　in　acid　solution　is

considered　to　agree　With　that　of　hemin，　which　has

no　peptide　chain　and　is　directiy　in　contact　with

water　molecul巴s　in　acid　solution．

4CondロsiOltS
　　lt　was　cla「ified　in　this　work　the　influence　of　the

axial　ligands（methionine　and　histidine）and　pH　to

the　photophysical　prop巴rdes　of　cytochromes　c，　c－

553　and　cs　MP・9　and　h巴min．　B巴sides　th巴influ巴nce

of　the　axial　ligands　and　pH　on　the　cytochrome，　the

pola］dty　areund　the　heme　produ㏄d　by　the　amino

acid　nesidues　is　also　very　impOrtant　Now，　by

compan’ng　the　photophysical　properties　of　the

cyt㏄hromes　here　stUdied　and　the　photophysical

propenies　of　iron・fr巴e　cyt㏄hromes　c－553　and　c3，

w巴can　llaΨe　a　bett巴r　coπiprehension　of　lhe　latter

ones　which　are　hopefUI　proteins　to　b巴used　as

novel　optoelectronic　devices　and　they　will　be

reported　in　near　f胞tUre．
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