
Title
STUDIES ON CYTOCHROME b-555 FROM LARVAE OF THE
HOUSEFLY MUSCA DOMESTICA L. I. PURIFICATION AND
PROPERTIES OF CYTOCHROME b-555

Author(s) Okada, Yoshiie

Citation 大阪大学, 1970, 博士論文

Version Type VoR

URL https://hdl.handle.net/11094/619

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

The University of Osaka



scr,uDI.'.n,s o.?g cyniocHRor•,ri',g,]

MUSCA DOMESrr'i'C2 L.

I. 1)URIFIClt4TION AND

b--5tTS .- Tts-rsp,o:•ie [[•,ARVAE,] OV,

PROP:,RTIES OI

THi,

Lct)Y•rI]OCHI OM[E,]

HOUb""Eri:tLY
        '

b-555

( tinToM

SitT Of

the

      By YOSHrllE OKADA"

De artment of Biolo I` acult of Science Univer-

Osaka 1io onaka Osalca)

Running title: Housefly Cytochrome b-555



>

/""',,s,l.rj/J.ii'ii',",..E]`l',,orO,,:l.,,'.s]C,/1':/`/L,Ci/XR..9iEi'tp-s-qs:"•Ro}t•[JApxvAEoti-miHEHous:..-,],z,:c,

z.• pUD.Z.nuXC,t,EZO-N AII•D PROPELRniZ].:S OT, CYTOCH2RO}•IE 22-5SS .

                                           '                   '
     l. Cytochrome i-S55 was highly purified from la]?vae oÅí
                    -
t]e housetiy, IL'iusca domesti•ca L. The absorption•spectra of
                                            :the puriÅíied cytoch]rome L-5SS shovJed peal<s at 5S8-560, 4X4',

an.d S50 mp in ishe oxidized form, anpl at 42Z-, S28 and 5SS mp

                 'in the `"educed. The ct-band oÅí the reduced Sorm was asymmet-

zalc at room te:"peasrature and at neutraX pH, but sptit into two

distincL' i.)eaks at 552 and 556 mp at Xiquid nitcogen.tempe]?a--
                                   .ture. "xhe purifi•ed 6ytochrome contained pro'toheme as the

pro$thetzc g]roup aind combinea'  neithe]r mth carbon mono>ci .de .

nor wtth cyanide. . . .
     2. Xn the u:t)?acentrn.'.Åíugation, the cytochrome prepa-
                                'retton showea a symmetricaL and monodispersed pattern and
                                      tt'its $edimenVatLon constant, .E2o, w, vias L.L-l5 S. [Phe molecu-

iar weight was det,erutned to be 15,700 by the gel fUtration
                         .

     5. CYtoc:r)xome b-555 was reduced readUy by sodium di-

thionite, slowZy by cysteine,,and,.anaerobically by ascorbate,

but was not reduced non-enzymaticaX'ly by ,NADH. The teeduced

                   .-                                        '                                                   -
                                     ,-            ' '' -L- . ,              '                                 '                   '
 '                                  l



 z'crm T,;v.tts oxidized by potassium Åíerricyanide, beef heart fernt-
                                                                . cytoch-'•"o'me Åí., a,:d 've:rty srLovgly by air (the apparent fiTst-order

                                                         , ve4oci'v`y constanau v,,as O.OOL"•6 sec-X). Mihe midpoint redox poten-

 tia•L ("'j;'6) of cytochxomc- b-555 was + O.O06'vQ-1-t at pH 7.0' and
                         -."'

                                         '                                             '

             tt /                                   J                       /      L". Pum'f'ied cy'toc.Y)rorne b-555 was reduced by NADH in the
 presence of the la]?val micros;ma: Åíracti'on or NADH-cytochrome

 Lts Teductase (EC '].6.2.2) purif)'ed Åí.".oin' rat liver microsomes.

 [?, :ae reaction was inhibited nerther by antimycin A nor by

 )?otenone as in the case of mic]?osomal NADH--cytoch]7ome :Ds ]reduc-
 ta$e sys"vems oÅí hQuseÅíly larvae and mammalian liver.

      S. tturiftcd cyfJoc] rorae Lt--SSS seemed to be a soZubUized

 ibmn of cytochrome h.s vghich existeg both in the mitochondrrial

 and utcrosomal Åíractiors prepared from the larvae. SolubUi-,

 zation of 'Zarval cytochrome ]2s t]rom the ,cytoplasmic membranes

                                                            .                                                           ' was discussed.. . ., • •' ' •' '
                        '         lt,                                            '                                                    '                                                      '                                 '

                                            '                                      o      It ltas been ."ound• that cycoch]?ome components change quali•-

 tatively and quantitativeiy durinbr the metamorpho$is of cecro--
                             tJ               ' pia '"".oth (S) and honey bee (2.). iMuch attempts have been made
                                                               '                      '                                    -- to eZucxdate t] e d:f.Åíerences m propertxes among Zarval, pupaZ,

                                                        '                                               '                               "'2--' .                                                 '                        tt                                   tt tt ttt                                  '                                           t t-/                                                    .                                                '                                           tt                                                              '                                         '                                                            '                                                        '



                  'a•na agul-L' cy'Jochromes of insects for clarifyinbr their phys.z'o-•

                                                             '2oseicai functions•. Xe.peT.a,1>"4 su't .a•sl. (E) have i"eported that i-•

th.".ec cytochnorc•e• cornLoonents, cytochromes g, lg--5635 and Et-555, '

are reedily extTac'Jed v,ritn' a salt soLu'tion frora the ZarvaZ

anct• pupa•l 'no;no{eriate$ of the housefiy, M/usca doirLesciea l.,

vi:nUe cy"u'ochromes Lt-565 and Lt-555 are not isolated f]rom aduZt

Mies by the same procedures as used for the larvae and pupae.
1"untheremozrse, they have obsezrved that although the cytochrome

Åí contenv van'es greacly du]ring the metarnorphotic stages the-"e
is LrLo .difference amone; iai?val, pupal and aduit cytochromes sL,

judtted f.nom ehe reactivities oÅí 'the cytochi2ome g preparations

with cytochrome oxidases (EC i.9.5.X and Z.9.i.2). Ohnishi
•-e

(Ll-)•ha$ crystal)ized Xarval cytochrome. n-S,65 an'u; investigated

iL's chen ica2 p-, ope]?ti, es. Cytoc)Lfotpe 2-5S5 among the three

cytochromes descntbed above has not been highiy pu]rified and

henc6 its properties have been obscure.
       '                   tt     "ihe present communication deaLs with rtEhe puriÅíication.

and .some paroperties of iarval cyVoch]rome b-S55 of t]Le houseÅíiy.

ache `"esuX'ts obtained here suggest that the puriSied cytoch:"Lome

raay be a soXubiZized fo]?m oÅí cytochmome l2s whic,1L e)cists in the

larva) particulate t.raction but not in the soZuble. S' olubi-

iizavion of membrane-bound cytochnome,Rs oÅí the larvae is aZso

discussed. '
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                  :i:tlAl.l•:`R-j-ALS A]xTD )ilil,Et[IL]HODS • '

      :/`i• a'be n i. tal. s•- ---- --= "L hi rdL ins't a]? ]. arvae o f `u- he ] ousef].y,

 M'u:-ca dDmes'L:ica L., Nve:ne $tored at -ISOC until suÅíÅíicient

 az,o un Ju' o" oS the m a' te."i a] s were coiiec L' ed. Phenylthiou z? ea, one

 of t.'yrosinase (E.C 1.10.5.)) inhibitors (2), was synthesized
                                             ' accordin,r.'.to the methoa of I.<glzgF (S.). Nt"LDH was p]repared by

 -"•' edu c t .'. o n o f NA D+ vi it h ye a s t- al c o h o X d e h yd r o g e n a s e (I) C ) .1 .i . Z )

                                      ' an.d echarso) accordin.cr to the method ox" RaSter and Coiowick
                                        e--e te eee-ee t-
 (2). ' D"ec-`' heart cyVoch]rome g' was p]?epa]?ed by the method of

                                                   ' Ii9g.ll}gV4 s'2Eu sL);,• (S)• NAD", rotenone and c]7ystalline bovine

                                                           ' penc]?ea"ic -nibonucZease (EC 2.7.7.:6) w,ere purchased ft'om
                                   ' Sis.ma Chentca) Copapany, U.S.A. •Antiilycin A was puTchasect

 Åírorn Kyovia ti"e)rrnentation rndustry Co. Ltd., [Eo"tcyo. Ci75rstaXZike
                                   .                                                             tt tryTpsin (EC 5.4.4.4> was a product oÅí NutritionaZ BiochemicaZs
                                                              '                                                           ' Corv.oraVion, Ohio, U.S.A. Purified rat live)? microsomal ,
            '     '• NAD-'-cytochrorae Lts reductase and sperm whaXe myogZobin were
                             ' supD.Zied :hrougn" the courtesy of Mm?s. Y. [Da] esue <rnstitute

 1'or Pnctejn Researc] , Q'sa"tia University, Osaka) and '

 ]vl•r. G. M.SLyazeki (Labovatony of Biophysics, IacuLty oÅí 'is"ngL-•

 neerin.cr Science, Osalca University, Osaka), respectiveZy.

      Ph. sical rvleasureme,nts Mhe concentrations oi" NADH,

 LNTADPH, antimycin A, iarval cytochrome At-555, and beer hearV
                                                            ' cytoc] rome 2 were de'uLermined spectr.op.hotometricaZ]7 (2--IL.2). '

 ' ,mhe measui?ements of xow teEPerature absorption spectra
                                  ;                  '                            tt                           '                         '                           '                        '                         -4 -- •



were ,p.erÅí'orraed a•ccox'ding• vo Che method of'Iigy•'gi (]:tÅ}+). .

     S'pectrou'ioboirtetric measurements v,rere cabried out vJith a
      44                                  t                                  i,CaL"y sLoec'ta2ophotorneL-er, :•node]. 15 an•d '../ L-, a Shimadzu spect]?o-

                                                           '                                       -        'pboto:•ae- "v'ex, ty.oe ZB-SO, a Hitachi Per}ctn-•I,]Lme]7 spectrophoto-

rueter, mode: 159, an•d a spZit-beam ]?ecording spect-"ophoto-
                   ,mGter, using cuvettes oÅí 1 cm light path. Zn measua?ing lovi

temperature abso.nption spect]ra opticaX path of cuvectes"was

                              'Z or 2 mn• ]. •
  '''  UitracentriÅíugaX anaXyses were performed in a Hitachi

UCA-Z analytical ult-nacentrifuvge.
                                                          t-
     ]v"LeZecular'svatgh'v" of cytochr'ome b--SSS was detex'mined oy ,

the meJJhods oS ArchibaXd (]1,.2) and Andrexvs (ILLt) with slight
                -i---e--"                                  ee-e-te
modifdcations'

                                                    t-     "ihe mx'dpoint redox potentiaZ (E6) of the cytochrome was

detexmined by the met] od oZ'  gl}lc.Ii and IIgg}EgW (L2) vtith

siig] t mo,dification$. The reaction mixture in the main com'-

partuenV of a orhunbeTg-type cuvette contained 250 mMt'I potassium

o)ceZatse, 66 rn:/E,{ phosphate buÅífen of pH 7.0, 7.i5 1.LIE'E,"i pu]?ified

larva2-  cytocl xftome Lt-S5S and 1.0 m2,gtl iron (X::) ammonium su:Sate

in a tsota: volum• e oÅí O.97 ml, and O.05 ml of various concentra-

Cions of a"]?eshZy prepaTed iron (r:) ammonivm sulfate solution
'was pZaced in the side arm oÅí the cuvGtte. The .'fiez"evence

cuvet Ve contained the same constiPuents tns the sampZe cuvetv,e ,
except that iron (=) ammoniuri- suZÅíate waJ, omicted. AtVer

the reactio p mixture was made anaerg.bic by the evacuation gC

                                    t                                '                                              '                              '                             '                                   '  '                                                   '                                    tt                                                             '                             '                                                       '                      '                                                          '                                                  ,                                                        '                                                       '                                          '                        -5- ' ,



                                                    '
                                     tn   t].e atM,,.os-phex'e in the cuvetv'e and the subseguent fiZXing "u'he

   cuvette v,ri-ih a-thgct; iron (]O ammonium sulÅíate in Une side aTm

   was' :ipped in the eDolution in the m•ain corapartment. The diÅíÅíer--
                                                       ,   ence absoxptiQn specta?a (t'ne sampie xreduced by ihron (:x) ammonium

   suLitsate mninus rLsÅí'erence) were, recorded in the wavelength .
                             '  xneg:'on be'tween 500 and 600 ml.L ai'"ver S mi)L eguilibrium period .

 . at i20C. rhe Åíuliy reduced Zevei of cytochrome le-555 was
                                              '   a'eterniined by adding a t."ace amount oÅí sodium dithionite to
   the Jra-mple cuvette. [ohe ratio o:r reduÅëed (b2+) to o:cidized
                                             ---dt   (Lt5") cytochrome le-sss vtas caicuxated from the foziowing f6z?-

            .
                     '   k2".w/`s wtnTon(rr)),
  L, 5' (zi Asss .p wtth dithi onite> r (A Asss .p with iron (Xt))

  'Eo` of the pignent was determined Åírdm a plot of iog (b2+/Lt5+)

  ve-ssus log (.r"`e2+/T,e5+) assuraing vhat E6 oÅí ferri-Åíerro oxalate

   system was O.O voZt (2.S}8, •].;9). . • '
       De-termination s2E9E. Irotein Concentration of protein
  was de"uermined btt' the method oÅí lkgttJly. .g!2 A.IL. (2StL), USi]Lbcr

  bovine serum albumin as standa]?d. • '
            '       Oxida``u'ion g:t: ]ls:.val iC,i2ggslg:gmgt chrom g--:2:2.E2 .bgz Beef Heart Ferri-

  Åëy,tochror.e g Oxiaation of the reduced larvai cytochmome

• LtT55S by beeÅí heapt' fea7ricytochrome g was measured spectro-

  photome#ricaUy by the inc2reas.g in' Fhe absoa?bance at S5S50 m?x
  at Z90C. rTlLe assay mixtuSe contsained pui7i6:' ed rat iiVen ,
                     .                                         '                                 '                              '                                   '                               '                                                              . +                                                   '                                                          '   " A: absorbance. c
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  rllic."os.omai iU{D]:Å}LcytochL"ome Lts reduc"u."-se (Åíinial O.8 pg p."oL-ve-iu'),

                                    '            '  iOO 'p2,i,: NrtLD:"I, 50 y2/At-fetF]?tcytoch]?orne 2, anct SO m2,Et't' p.h-osD.hate '

  buz"fer.'(ri)]-I 7.4) in a total volume oi' 2.0 rnl. "L"he reaction was

  started by addition ot 1 pl of 107 pMM purix"ied Larval ferri-
  cyv`ocb..'.fi• ome Lt-?r55.

       Fractione.tion of. L..rval Homoff.enate Mhe diÅí`"erentiai
                                            '
  centriSugal Åíractionations o."• the Zarval homo.rrenates were per--
                                                            '  :"'ommed as desc."ibed in the.tolZowing: Batches of 770 g oÅí the
                                            '  fTesh larvae viere roughiy minced vLrith a razor and thorou6r7hZy
  h.omogenized using d' ]>ottor--E,lvehjem,,g;iass homogenize]? i.n 270

  mZ oS ice-cold O.2S 2,E,T• sucTose-•1 mM,•1 ED[DA (pH 7.4-) soiution.

  The foXlovLring p]?ocedures vere outZined in Fig. 1. '' -.

                                                        '                                                           '
                   -----."--------------------

                      dnise.. 1

      ' --"'-'---'----r -"'
  rLnhe operations were aiways ca7rLed outt at O-40C. Bot)L "mito-.

  c]aondriai" and "microsomal't Åíractions were w,ashed once more
                            /•)
. vvith i/2 oÅí• the iinitial volume dÅí the Suczsose-;"sDT'A solution

  and susruended in "bhe same medium at O-20C.

      Dev' errndnation g:t 'the Content gÅí; the iCLz-t;ochrome Rs Lt

 Iarva"-L, Subcellula-r• s"LIzzg12A,gRsrections cahe content; of cytochrome

 32s in the fnactions px'epared fFom larva: homt"ib"enate was de-

                                    ,-  termined basJd on t4e diÅíÅíerenice absorpaion spectrum <NADH-

                                             '                                  '                                      tt /t                                        '                                      -t                        '                          ,                            t tt/                                          '                                                    '                         -7- ,,                                             '  '                                                        '                                                  ,:.                                                 '                                                    '                                          '                                                         '                                 tt/                                                  - t-t                                                            '



                                                     '
 or ]x-.:i.DPH--=• cct"'uced rntnu.s oxx'dized) in the D."esence of rotenone
                                        -
                              ' wivh a sp]iic--bean•ii th-ecoraLing spec'erop.]otometer. Phe assay mix.-

                      ' 'v'ure• contained 50 mE/S'I ]?bosphaice butfer ,(pH 7.4), 1 m}iC D.ot.assium
                                                    -                                      ''cyanide, 25.t" 3.LM-'T xotGnone, an a• )ip]?o )ria- IJe amount oir each Åí]7ac-

                 x                                                              ' tion, ana" IOO ft"-M NADH or NADPH, in a tota) volume of 5.0 ml.

 i'he nefej?ence cuvettG contained t17.e same constituents as the

 sample cuvecte ex'cepL- "uhat the reducing a.cremb was omitte.d.

'Zhe particuiate t-"action was aZiowed to stand overnight att-• OOC

 in onde]? to make endogeneous substrates e)chausted. BefoTe
 .dNdding `u'] e TeductahL-, oxygen was bubbXed through a reaction
                   'atxture z"on 2 or 5 min to oxidize:,the ,cytochi?ome components
                              'in "vheS-=eetion. nxhe spectra were recorded appToximateiy
                                            'Z mÅ}n aL"L-er the reaction :,vas tnitia.ted by the additioiL oÅí ,

the eZec-v'  ;on dopor to the sampXg cuvette.'

                                         '
                                        '                                '                                                   '
                                          tt                                       +              tt tt             /.                                            '                                         tt
                                        '
                                          '                                   /-                                         '                          '              '                                 '  '                                       '
                      R:, SILIrLTS

r. PuT,:.ficationgfl.Sll.z12.gs}IR2gg}gJtoc'n;"LomeL-:2:22 `
                                       '     About 500 g of la:.vae was homogenized with a Waring

blendor in 1 liteT oÅí SO m22,ri phosphate buffer (pH 7.0) con-

tai'ning 2 m2;I :.DnLA and 5-]O rn",fJ phenylthiourea at O-40C. The

   --lat:ez" reagenis is an inhibitor oÅí tYrosinase (2>. 'The `"oilov-

inber operaCions were carried out at O-•40C unZess otherwise indi.-
             +                                     '

-8-



                                                 '
                     '
ca";ed.. fio 'blae homnogena"uc was added solid ammoniurutr su)Cate to

                              '40 o% satutha'tion. Lb.:"'uer being' allowed to stand overnieht, t]ne

mixture vvras x"'i]L'ered through a layer oS Celite in a BUchneT

:".• ,' nneZ. Ihe Sx'  Ztra t' e was tract i,o naced by ammonium $ulS ut- te)

the preciDtitate K "rhich aphi)eared between SO a;aa 90 O/o' saturation'

oÅí "u'he 3. a)t vias dissolved in an appropriate volume oÅí distUZ-

ed watys.; and the resuitinrrb solu'tion was diaZyzed ovepnight
                                           'abrainst runnin.a tap wateT. wnen the diaiyzed solution wa$
pul on an AmberZi ",e CG-SO colurnn which had been equilibrated

         'ntth O.02 M,:/ bihosphate buÅíÅíer (pH 7.0), cytochrome g and ot4er

basic oroteins we.ne adsorbed on the resin.
      `
i. ti'"irst Chrorn.ekt;ohcn]rar)hy on DEAE-Cellulose CoZuTnn'

     DE.AE'--'beXlulose was washed in Vurn with ,l,V. HCZ, 2,TL iNaO,H,

a lar.cre volume oÅí distUled water, and O.OS 2,Eif phosphate buffer

(pr{ 7.0). YV.hen the efMuent from the Ambe]?lite CG-SO a?esin

described above was put on a column of the,DEAE-celXulose,

cytoc] ]?ome Lt-5S5 and the most oÅí t]Le dark bpown pigments were

adsorbed at the top oÅí the coXumn to make a dark brovvn bqnd,

but cy'uLoch.'nome U-S65 passed thTou.pt] the ceiZuZose column. + ,

Mhe adsoTbea" cytochrome was eluted with O.2 2tG phosphate buÅíÅíer.

(]i)lrl 7.0). ,,
2. ArnnioniuTn Sultc-te r.ractionation

     Mhe dar'kc brown eluate obtained above was Åíractionated
                                                   '                       'wi"h ammonium sulÅíate. Mhe precipitiate obL'ained betvveen 70
       .                         ' '
                        '                                     '

-9-



                                                          '          '       and ]OO % satu."ation ot -Lhe salt was coZlecCed by centrifu.cra-

       tio""' and diSsolveLaL in a rninimal volume of distUled watee.

       "ane resulting so]ution was dialyzed ove]?night as,ainst O.; l'2•:'

                                           '     , phosxhaVe buf.Oer (,pH 7.0).

       i5. Duo?Lfi.'te•;-•2 :Resin `'l"reatrp.en.'t
                   --                                                    ,              -
       ' Duolite A-2 resih ot 100-200 mesh was washed with ,ILN! NaQH
          '                                         '       and then'wi'ula a la.",6e volume of• wate-". ffhe resin was suspend-

          '       e'd in O.1 M,fi phosphate butÅíer (pl 7.0.) and fine "nesin particies

       wetoe discarded by reLoeating decantation. Final:y, the reFin

       wa,$ eguilibrated with O.L ltEiephosphaVe buÅífe]o <pH 7.0). CDhe •

       diaXyzed solution mentioned above was charged o;n a column oÅí

       the DuoZite A-2. Mhe most of the brown pigme'n"L•s was adsorbed

       on the column, winile cytoc'arome le-555 unadsorbed.
                            !-      'L-. Second Ch' rornado,cr.rd" h. gRn, DX-7AE-Cellu!ose Columun

            CDhe efsuuent Seom the Duolite A-2 column was}again cha]rged

       on a DD,AE,-ceXluXose column which had bGen buffered with O.) 2'AJi
                                                             '       phosphate buffe`" (pH 7.0).•N Xn this case, cytochrome L-5S5 was

       v,reak'ly adsorbed making a b""oad red'band, which migrated dovm

       gradualZy on the golumn by developing with O.1 Lnyii.rci phosphate

       buÅífer (pH 7.0). Yeilowish brosma band oÅí me)anin pigments
                              '       moved doun Åíaster than the red one of cytochmome k•-S55 unde;

       t• he conditions.

       5. Concentration and Ammoni,urn Sulfate.Ftr?ectionation
                                            '         '            ,AÅí'"er the x'eddish yellow el,uaVe Srom t'ne P2"iAi"s-ceiluZose
                                                         L       co:umn obtained abe've vtas diaXyzed against O.02 uM phosphate



bu.n.:"er (pl 7.0) ovc.nnight, the, soiut'ion vias again chaTged on

a DE"A] -ccl]ulos-e c- oXumn eo.•uilib.nated vri th O.05 2,El•1 phosTi)hate

buffez' (pH 7.0). Cytochmome b-S55 adso.tr'bed on tshe coXumn was

Åë2u"voa v7.""' Y'ti C.2 X/:{ phosphate buSSer (pH 7.0). FineZy powde"'"•-

ed ammonium sulfate vtas gradually added Vo the above red
eZua"ue with a ttentle stirrin.ff untU a sUg• ht turbidity aTi)pear-

ed. Arter the mi<ture was al:owed to sVan"d overnight, the
                                                             'p, .mecipitate was colZecPed by centriÅíugation. Vlith the guper-

naL'ant ob"u'ained above, the same procedu2?es vie]?e .".epeated

severaZ times. crhe precipitates obtained above we]?e combined
                                                    'ana dissoZved in O.X It{ phosphate buffer (pH 7.0). The soiu-
                     `- a                        '            'eion thus obeained was used as the purified cytochmome b-55S
                                                        -                                              .                                                       '                        '             , Mhe purifx'cation pngcedures are summa]?ized inpreparation.
 '             'Tabie'X. '                                                   '                                       tt            tt                                          '                                        '           tt tt                   '. w-------d---ee"-e---"-4e--"-          '                                               -t .                    '                                                       '                                           '                                                tt'

                                          '                      7able Z' '
                   -----------------"h--------t---d------

                                                        --
      'XZ. EEI]t:g2ggS2.tegoDertiesgJeLlunifiedSC2Jz3zgsMÅíg]ggch Lt-S:2i2

X. AbsbLn'Dt]'.on Snectra
    --.-.---"--.v-.. ".-".--pt--.--
                                                              '                '     "xhe abso]rption spectra oÅí the pu]iÅíied cytoch]5ome b-5SS
                                                        -                'aTe $hown in Fig. 2., The absorp' P.ion spectrun oi" the gptdized
                                    'Åíorm showed a sharp peak at L"14 mp, and two small-er bands at

                             '
                                  '
                                 .t-

                           - Zl -



                         ---------i------"-i"---------

                             r, i• g. 2

                         -- -d- - -- - --- t-t -..- -- --- -- --. - - -

' 556--560 anc'L S50 7p vtit'n a shouider a't SS8 mp, besJ.des the

  peak' at a78 pm due to pa"otein absorption. The reduced form

  ha-d major absorption,peaks at 424, S28, and 555 mp, and the
  ct--barid a"u SS5 m3T Nvas asymmettic wtth a pronounced shouZder aC

  560 mp. Mhe .ratios in the absorbahce emong the peak's aTe as

  fOilOVXS: A424 ,,p(red.)/Ass.q .p(]?ed•) ='6•8, Asss .p(X'ed•>/

  As2s m,.•('`'ed.) = i.8, ALF24 my(rect.)/ALi.iL" mix(o)c.) = X.5, a':ciL

  Asss nip(r e, a' •) /I 27s .p (o x.) = 1.2.

     . At liquid Litrogen temperature (-i960C), the asymmetntc
                                   .  ct=oand ot `u-he reduced Åíorm split into two distinct pea.ikcs at

  556 and 552 m'pt (ziig. 5). AiL"nough the B-band showed a mo)e

  comptex $truc"vure than the ct--band, the Soret band did net

  split and oniy shxSted :"E2.m..-ir-21t-.t..o...lli,imp at, the temperature.,

      '  '                                            '
                        '                                            '                 '                       S --- -e -d- ny----- --dt -e -.- -P"-- --               ttt                    t-                                    '    tt t-                                           ' .
                     '                             '               '                                                        '  '                                              '       .
       Zn neither Vhe =ifteduced nor tP.e oxidized torm the absorp-

  tion spectra oÅí puriÅíx' ed. cytochT.ome 2ti-S55 weee altened in

                                    ,                                tt
                           tt

                             -12"



                                   ,

                                         ' the• p]re'se'nce ot ca]rbon monoxide and potassium cyanide at

 n.:utral i.>II. rl"-is'"Nveuid suggest thaL" -.'he cytochrome did not

 co:nbine ii'ith these neagen'bs. Since the absorltion specta?um

 oS Vhe o'fcidizcd fo-Tm vxa6 obtained when aS.r was bubbled•through
 the dithionite-reduced prepardtion, cytochmome 32-555 was auto-

 xidizable. rhis autoxidation reaction was not influenced by

 carbon mbnoxide end cyanide.

                            ' 2. Pro$ bin e e. ic Gr. otm `
                "                                         '                          '      The absoxption spect]?um of "u-he py)?idine hemochrome de-
                                                             li F arived Srom the puriÅíjed cytoc]urome 2-5S5 p7epa]7atior} (finai

 cencent."ations oi" pyfidine and ATaOH were 50 e/o and O.2 Lt, res-

 pectively) had maxima at 5S7, 52S,'and Z"i7-420 mp.- F]rom
                                       '                                                    '     '. this Tesulic it is concXuded that the cytochrome contained
                                  .Protoheme as, the prosthetic group, as previousiy reported '(.:2).

 5. Mo1eculaxfi.T-"-""..-..,Yeicr."nt

                                   '             '                                           '      The mo$t purifjed cytochrome 32-SS5 preparation (the ratio

 OX" Asss .p(Z2ed.)/A27s mp(ox.) = l.2) showed a symmetrical

 and monodispersed pattern in an uZtracentrifugai ÅíieLd as

 shown in Fig; 4. "Lhe sedimentation.con';tant, E2o, w, WaS
                                     '             '                                        '                                                '                                                '    '                                            '    '                                            '            '   '                                              tt     '                      ---bP--pe----t-"e--p------b"e-                                                      '   '                      t-'                                                ,        '             ,
                                     /t t-   ttt                                                           '                                                         '  -.       • ----lb-----t----p--"---------                                                 '                                         '

caXculated to be lu45 S. Mhe moZecuZar mfeight oS the iarvaX

                            .- Z5 -



                 i'
cytoch-no'"M.e v,,a• s es'-iniated by i.eL filtration on a column of

                                      'S' ephedex G-100, bY-a s]iEh't uiodiÅíication of the method of
     '                           'Andrews- (E,LS-6), as Jchovm in T'ig. 5. T/rom the posiVion of the
- i--eed
                                     '                                           .                                            '                                                  '
                      --- -d- - - - - --- --- ,--- --e - --- " --- d --i- ---p - -t

                            den,ig. S

                      ----ep-----b----"-lt----,-------d
                             '                        '                                     '                         j ..

elutioin vol'ume oi' "uhe piginent on the standqrd eur•"ve, the mole--
          .    '                      ttcu)ar wei.rrht was calculated to be i5,700. By the method oi'
                       'Ji.".9h-19glg (2LLt), tlae molecuZar weight oÅí cytochrouae Lt-sSs was

              t/            '                                                 '                                            'determined to be 18;OOO, assuming the partial specific volume
                              tt tttto be O.720 ,<Fig. 6). The appare,nt moXecular weight became
             tt /                                            '                                                         '                                t'   '                          t- t    '             '    t 1.                      ----e-t"--t--------d-e""e-----tny--1----d--                                              -t                                                 ,- '                      ,                  '          '                 '
                                           '                                           '        tt                           '             -t     '    . , ---------.------d----.---b--P-- •

,

lovJer when the centriCu,.ral run proceeded. This may indicate

                  'that the pr,eparation was contaminated with a trace oÅí impuTe
                                          'protein(s) of higher MoZecular weight than the cytoch]?ome.
                                                        '.MhereÅíore "Ghe vaiue of l5,700 obtained by the gel filtpapa'on

                                             'metbod seems to be more accurate Åíor the molecuian weight oC i•
                                          '                                 '            tt                                             '                t"the cytoc]anrome than, L') at estimat.ed from the Archibald ,Fun.

                                '                                                 '                                    '                                      tt                                                         '                           '                          t t t- .
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  4. R,,;duc'eion .`•-knd Ox:ti.a'LraJ.'ion

      w                               '                                          ' t'      . nLhe pux.iÅíiv"d try"uochrome le-SSS was reduced readUy by
    '  sodium di"Jh'ionive-ard sXow)y by cysteine (reduced to 2L O/o
                                          '       '  5 nv,`oAikcu the a9di; t'io:•i oi" "uhe reducing agent under aerobic

' ccnditions). XC was ex a-ex'obicaiiy reduced very s)oviiy by

  ascorbate.(a•D.pro>:imately 60 O/J redubed i2 bir after the reduc-•

  L-ant was added), but ,not ]?educed nonenzymaticaUy by NADH

  even undex' anaerobic conditions. T]e reduced ry,igment. was
  reoxidized by potassiu""" ferricyaniae, beef heart ferri-

  cy'v"ocla:'Lsome :2, and mao`"e slowly by,air. "Ale gbove jracCs

  su.crg- est that the midpoint ]?edo)c potentiaX (;ns6) ot the puri-

  Åíied cytochrome is approximately O volt. Thi$ interpi7etation

  was conCirmed by the foZXowing experiment. In ferric-ferrous
                                    .
  oxaiate )?edox systems, the extent in iche eeduction ot the
  cytochromg Varies ntth tpe ratio oÅí Fe2'/Fe,, 5+ (Fig. 7)Ti

    '                                         't
     '           ,                   • "-e--t------.p--)"v---"--"               -•                                         tt        tt  '                      .                                 '
                                                          '     '          '
         ` . ----J--dV-e-F"--e-e---P4-p---"e-----

  '
  From tM"e resuZts shovrn in ke"ig. 7, the E6 vaZue of cytochrome

          t.t. t                              '  Lt-555 vvas 'gaZcu)ated to be + O.O06 voit at pH 7.0 and at
             X
  Zt2,ObC,' gigU:g2tK"I,//',b'"{'L2gXeiUe oS f,er•{x'c--ferrous oxazate system

           , N.                                     '

,

•- :s -

'
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                 iS; Z'i'itj?acel].ulco4r ]Joccalization
.

      .  '                           '     rDhe fagt tlnat'-)ar'yaL cytochrome .'qb-55S is e>r.tractabZe

                                              'wivh a'  salt solution sug.qests that the cyav'ochrome b-5SS exists
                                                   M                                        'in the ceiXs a3' a solubXe protein. Xn order to elucidaVe the

mode o2" existence of eytochrome b-SSS in Vhe celis, intrace)Zu-•'
                                            'la"r•' local4zation oi the cytoc,]nrome was studied en, "uhe basis
           ,o-" the difÅíerence absorption spectra ei the subcelZ' uiar frac-
                        .e               'tions obtained by difÅíerential centrifugatien. Mabie XZ shows
                                                          '                                   -t                                           '                                                           tt                                '                      '       ' ---- --- --- db- ----- ------- "de----- e-) -e-"-    '                                    '                                                        .t                                                      ,                                                            '                   tt                       '                                                              '                                                          '                                            '
                       ---"-..-.--.."...-------.

                              ' the va]?ious enzymic activities contained in larva: mitocho: --
                 ' d]?iaZ, microsomal, and,solubLe fractions (for.pa?epairation pro-
                                           ' cedures oÅí these fractions, see "]tpmw'THODS AND MATERrALS", and
          '                                   -- "-r-- d d' - ---et--"e
 ?ig.' 1). "ihe exclusive localization oÅí the cytocha?ome oxidase

 and succinate-cytochrDme 2.reductase activities in the mito-
                                  ' chondriaZ x"raction i$olated from larval homogenate indicates
                                                            '    ' chat the rnicrosomal z"raction was scarcely conCaminated with

 the mitochondria. wnether the larval mitochondriai Åíraction

 was cgntaminated with the microsomes vvas not investigated i"
                                                             ' the'presehts study. NADPH- and iNADH-cytochrome c reducta'se
                 d .t e, activities of the iarval microsoma) Åíraction were about Åíive
                                  t'                                                          '                                        '                                 tt                                 '                                         '                                                        '                                   '                                                '                         '                                                          '                           t tt

                            -Z6- ,



 to "Gh:ee (some`Ji'u'i'es vwo) 't'imes as high as the respectivre ac-

 ti•vities of "U'he uibllochondrial one. [n L'he ).arval pairti.cuLate

 f• Lftacvion NA'D:":H-cytoc'nrome g reductase activity v,Tas about one-

 ter.t-h aje high as lNiA])li-cytochrome :2 reductase" activity. On

 the otheT hand, neit]:er `uhe cytocha?ome oxidase nor succinate--

 cy'."ochxom.e g reductase activity vJas detected'in t'he so)uble
       ' fznaction. However, the NADH- and NADPH:cytochrome g reduc-

 tase ac"uivities found in the soluble fraction were Z and ZO
                                     o O/o of che ]?esrJective activities in the microsomaX one. Mhese
                             '                                        ' relaVionshiD.s among the va]?ious kinds of enzyraic activities •
                             e                                            ' obse.nved with the tlunee larvai fractions.were guite similar to'

 those found in T"niammaiian Uver.

      It has been weU known that antimycin A and rotenone in-•
'hibit the electron transfer in t] e' respi=atory chain specifi-

                                   tt cally z']?om cyL'ochrome ,22 to cytoch]?ome gi and from NADH to

 NADH dehydroE;enase (ZtL), respecVively. [Dhus, both the ]?e--

 as•'ents inhibit 'bhe vespiratory chain-Zinked p=/]?idine nucleo-
                                                               '                           ' tide'oxidizing sys"v-em oÅí iiver mitochondnta bpt not Phe NADH-
                       ,                                 t- or NADPH-cytochrome g reductase systeTil raediated by the NADEI-•
                                            '                      ' or NADPn"'--cytochco,utre ks reductase sy$tem in the microsomes

 and outer membranes of the mitochondnta (22). Zn the larvae
                                 ' of housefly, as shovtp in,"iabie UX, NADH-cytochnome g redug-

                        tt tase activity in'the mz'tochondriai fraction was 59 and 55 O/o'
                                   ",            '                                '                                     . inlLibited by antimycin A and rotenone, respectiveiy. With

                               tt /                                              '                                     '

                             - L7 -



                      -- ---r-- "p-e----"- --: --r-- '' -
                                       ttt t                           Table XXZ
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 th.e mi.crosornan.. iraction, eithe]r of the poLsons sca]?ce].y in-

' hibited NADH--cytochrome Åí reductase activity. SuÅëcinate-

 c}r'bochx'ome .sL reducisase activity was completely inhibited by

 both the reagen"Js. It is uncertain at prsent why succinate--

 cytochro'ae•g reductase activity was inhz'bited by tootenone.
     ' Both c:ranide and azide inhibited completeiy the cytochnome
                 ' o:adase activity. These effects of the inhibitors indicate

 that both mitochondrial and microsomal fractions isoXated

, x'rom iarval homogenate coi?respond .",o the ]?espec'tive 2"ractions

 fvera mammaUan livers. ,, ,
      Eo't] ' anv"imycir A and rotenone stopped the eiectron Mow

 Åívom $uceinate to cytochioome st in the,larvai mitochondria,

 whi:e the NADH-cytochmome sL reductase systems of Uvee parti-•

 cuiate Åíractions via the NADH--cytochrome Us ]2eductase system,

 and the i7Vt"LDH-cytochrome .g reductase oÅí larval microsomes

 were,insensitive to the above reagents. MihereÅíore, the cyto-

 chrorae Lts conL'e• nt in a larvaZ Åíraction could be determined in

 the presence ot the .above inhibitors without being aSÅíected

 by L'he z7espiratory pi6c--ments in thg. innei? membnane,s of the mitgr

 chondria. Mhe NADh,-• on NADPH-reduded minus o)cidized diSference

                           tt                                      ' '

                            - ;8 -
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 ebsorp- tion spectrura ob"vainejd both vAth the larval mitocbond'tiaZ

 arsd micTosomai f2'a(>tionJc in the pTesgnce of rotenone we-, e the

 same as t-]aat obL-ained with livea? micro$omai cytochro'me les <2:tLs,

aStts); i.e. ab$orption maxima' were at SS6, S27 and Z-24 mp and
a shouiaen'  a"u S60 mp (x",ig• .• 8). As expected, the same diffe)?-

ence abso`nption spectra as those exhibitedtin Rig. 6 were ob-

              tt t                                     '           '          '    , ' -------idb-e--ny-"---e------ '

                          Fig. 8

: --- -----" -dP"---- --- -"d----- ---t -db-

                                  '                                     '  '
                                          'tained when antimycin A was added to the ]?eaction mixture in

place pS• rotenon.e. Mhe cytochrome . vbs contents estimated on

Che basis oÅí tbe differenÅëe absonption spectra shovm in Fig.

8 were O.20--O.25 and O.04-O,.06 mpmoles/mg proteti .n in t]Le larvai
                           '
microsomaZ and mitochondriai fi7actions, respectiveZy. Mxhe

ratio of cytoch?ome 9s content in the Zarval mitochondriaZ

fxnaction to that in the microsomaZ one was fouv to tive.

This,was in good agreement wt"th that in rat `iiver as reported

by SoVtacasa et al. (22).
   e-t-tt--) .--.A. --.-- .A- • •
     HoweveLn, ehe difi"eirence absorption spectra obtained witih
                                                   .
the iarval solubXe,fraction in the,same way as with the par-

ticulate Åí.n. gction showed no peaiiÅís. even in the pr'esence of a

trace oÅí the Xaa?vaX mzc]?bsomal f]?aetzon, wh"e on addxtion ,

                                       '                             •:i                         t .t tt t- -t                                  -t                                      tt                           "Z9- '' ''''                                                   '                                            tt t-                                  '                                                      '



         '                                                       '    of sodiurin. di`Jhionite) L'wo absorption u"taxitu'a appeared a'C 560
                                                              '    and 42.5 m;L. At ttow ternperatuTe (-•1960C), the microsomal and•
                                      '                                                                   '    soZuble f]?actions prepa]red fx'om la]?val homogenate e>:hibited
             '    the diÅíi"erence absorption sD,ectra shown in tinig. 9. '"Lh'p

                                                              '                          ',

               '                                                            '                                           '                         ----b-m--------"-t---"d-te--e-
                         '
                         ' Fig. 9

                         ------"-----d---------m

    spectTurn pf "uhe la-nval microsomal f`naction shovied Cxvo distince
                                                                   .                                         '    peaks ais SS2 and 556'mp, and Soret band at 422 'ap, which was

    identical ia position and paL-tern vtith that of the purified
                                          '    larval cyVochoome b--555 (Fig. 5). On the otheT hand, that oÅí
                      -
    "Ghe soluble fraction showed a singte peak at SS6-SS8 mp and '

    y-band av 42S xnp. Xt is .uncertain at present to what a com-

                                  tt    ponent or comporients this spectrum is att]ibutable except

    the cytochL"ome b-S55.
                   -
    7. Reduct.ton g."f Purith'ed SCIx12gsuÅígmsztocm7om le•-L22EL Lt the Presence

   git:T,tiic?osorna1NAD]i--Eli.c[ggs}2ygmszitoch-nomeUsReductaseESt2ziiE.ggltem ''

                                            '         Curve A of tiriig. XO shows a typicai "cyclic process" con•-

    sisting, in "he reduction of puoitied Zarval cytocn'rome U-S55
     '                                                             '    by NADH in the presenge oÅí the micrgsomaZ fraction prepared
       '                                      '    Åía?om,Xarval homogenate and in its.subseguent reoxidation by
                                                              '    air.• Mhis pToved that p"rified .cyeochTome 2-55S pz?eparation

             ,                                                   /                                                                '                                   tt ttt                                                   '                                   '                                     '                                 '                                  '                                    .-t                                         '                                     '                                        '                                       '
                               -- 20 -•



                        1

                        - - d-- -i- -- -,.-- -- - --- ---i -- - - --s ---

                            lt"ig. IoO

                        t-------"--b-------b------e--et--

          'vvas enzymical:y active. Mhe reduction of `uhe parified cyto'
--

chLjr,ome via's not inhibited by antimycin A and rotenone as in

`b' he case oÅí Uver and houseÅíly larval micro' so'ut'al NADh'-cyto-

chrome Lts reduc"oase sys"uems. The reduction of ,the purified

cytoc'nrome 'by NA)H was aiso cataZyzed by microsomaX iLVADH-cyto-.

chrome Lts reductase puriÅíi ed from rat liver (Fig. 10, curv, e B),

which has been knovm to react specificalZy with cytochrome las

(ELEtL),. Mhe laTvaZ cytoclLrome b--S55 vtas almost completely r,educed

(95 O/o reduced) by the enzyme under• anaerobic conditions.

     "xhe apparent first-oxde]? velocity constant tor the auto)ci-

dation oC' purix'ied cytoch]?ome Lt--S5S was calculated to be
o.oo46 sec-1 directly from the curves such as shovrn in Fig•.

10 (curve A). Mhe va)ue obtained here was in good agreerpent

with those of rat liver and rabbit brain microsomal cyVochromes
Lts which have bevasn reported to be O.O0466 and O.O056 seg-ll

respectively (Hirota, Omura, Nishibayashi, and Sato, perso-
              t - - - "-                                               -e Vt                             -d-----e-                      - e--t                                      -- enaZ communication, aLt)". ' -' ' , '
                             .     944:`gg arid.i•T{UUgrpE (22 ), and 9ggngg and Pappenheimer
                                              d t--                                                  -e-te-ee(aLt) have studied the NAD'n'-•cytoc]nrbrpe Lts reductase systems of

`Mat liver and cecropta mndguV, and derived a Åíorrnula to cal-

cuZate•turnover number oÅí .an enzyme-•substrate complex. eshey ,

                                                             tt

t

.



  have assumed t-hat "u'he reaction proceeds as shown ih eq. (D,

                E, + s. x:, .s lat5 z, +J ' (z)

, yi'nex'e•, Jni) irepi"e$entvc oxidized cytochrome E;.], S .TN'ADH, and ES

                        '  re'duced cytochxome. The ve.locity.constant, ;ts is expressed
                                            '  b>r ,the fo.11oving equation (.2".9), , ' '
                                  '                                /t                                                          '

                  --P • gmaxX 3'2;s- off

  w] exe, 2;r. rep]resents initiaX concentJration of NADH, 2max

                                                                 '  Vhe maximum steady s'tate concenteation oÅí )?educed cytochromo,
                                               ,  and Ut,. off the pe-'"z'od between haXf-fermation an,:-: halÅí-decay

  oÅí -D-,. A's 'the value$ oÅí .k-s Åíor the cyclic reduction and re-

  oxrdavion reaction oÅí cytoch]?ome l9s, A:fg]r(lz'.] 2ia.(lgl} and ISgg?l4

                                                        --z  (.:LO) have obtained by applicaVion oÅí• eg. (2) O.05 sec                                                          and
  O.O08 sec-L wtth rat livei? rniqrosomes and wit]L "solubUized
       '                                                   '                                                         ' preparation" prepared from lipase (EC 5.Z.1.S) treated calf
                                              '  iivear microsothres, ]respectiveiy. VJith cec."opia midgut homo-
 '  genate Chance and ]?appenheimez (2S) have obtained O'.09-O.Z5
         S---e- --td-)--e--"' "-'-                                                             '  sec-i (in the absence of cyanide) and o.o2 sec"l (in the

 p,xesence oÅí cyanide) as the tss values, and .94BPC.e. and vy11.i.19RS.

  (22 ) o.o6 sec'1 and o'.o2•sec-1 with rqt liver microso'm"es, in

                             '                                                               '                                                  ' ,Iv?/? ,absence and in the presepce o,i Yhe mhzb:tor, respective-•

      '       howeyer, these 2<s vaXues cit6d above are obtained oniy
                                         '  wtth the mem-Dra'ne-bound cytochr6me 9s.,' Xt seems impgrtant

                           '                                     - -t                                       '                                  '                                        ,                                      t ttt
                                               '                                              '                         '                                                        '                                    '                                                     .                                                t tt                             -22- ' .                                        '



                              '
:•' or stud'ies- on IhysioXogicai role and m,ecshanism oÅí Luhe oxi-

                  --.,datipn reaction" of T"'icrosomal cy,tochrome Lts to determine the

vate constane wi-v'h the soXubUized cytochrome Lts system. By

a-pT`>:yihn&' eg. <2) to the e;q)o=imQnvs ,such as shovm in nxig. ZO

(curve A), a straight line was obtained when 2Eo. was plotted
                                                            '                               ,agains-i' Athax S;2- of:-, indicating the appzicabuity oÅí this
              L
ecsuaYrion to the NADH-cytochrome Lts'.reducVdse system studied

                  'in'  the pr es ent inve s- L-i gatio .n. Mhu s, , 2ss was aete]rmin ed to

be o.oo4s sec-1 with the system of larval microsoua1 fraction

                                        '                                                       .and solubie cyVochrome 32-SS55. ll?]riis value i$ consistent v7ith
          'that of o.Oq46 sec-lcaiculated direetiy"from the curve A in

Fig. iO. The discrepancy in the 2,s<s vaZues betvveen the othen

auChors' and 'bhe present s"uudies mgy be due to various causes;

use of ext` ernal br internal cytochrome, diÅífez?ence in sou]?ces

                              ',ozC micTosomes, presence or absence of an inhibitor such as

cyanide, use of intact or "so)ubiZized" mic]?osomes, o)r pres-
                                   'ence of anY ot] er oxidizing component in microsomes than air.

                    DzscussroN
                   -                     ,thomoReneit gifL.E-IZygti,iUss2,uritiedsCzgg2,nEÅíggli2t hr R--2:2:2-----Thefact
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    'L-hat 'tl`e puriti ed cytochrome Lt-555 p."neparation obtained in ;

    Vlne Diresent invest'igation has shdwn an asymmetric oc-band in

    the reduced Sorm ray sug- .,.eest that the prepa.ration has con--

    tainQd mooe Ju]`Aan one cytochroine components. However) no

    cytociL.ome coniponembs o'b•her than cyt'ochrome Lt-5SS have been
                                         o
    detected in t'he p-neparation by the eZectrophoretiÅë and ultra-

    centrifugal analyses, and chromatographies o`" the crude cyto-

    chrome preparation on a DEAE•-cellulose column and on a DEA'iS-

    Sephadex A--50 column under various conditions (to be publish-

    ed).. Highly purified preparatiens of mammaiian mica7osomai

    `"e7z7ocytochrome tzs also show an asymmetric (x--band (2-22)

   vvhich xeserabZes that of `v"he reduced Xa]?val cytochrome 2-555.

   `be?t:aer, L'he asymmetric ct-band in the reduced form of the
                                      •
   Xa-"vai cytochTome L-SS5 spiits into two distinct peaks at

    552 and 5S6 n.p at ZovJ ternperature (ti"ig. 5) just as has been

    found with liveo micTosomaZ ferrocytoch]rome U. which exhibit--
                                                 -
    ed two spUt peaks at 5S2 and 558• mp in the iow temperature
                                                                   '    absoxption spectrum (2t -28). Furthe)rmore, :'stab]rook (.32:IL) has
                                                tt )"sil"-                         '                '   reported that at Zow temperaisure two distinct peal s o,f the
                                                               '                       '    sptit ct-band o:' rat liver ferrocytochrome les bound tg cyto- •

   p:asm.S.c membranes appqar simuitaneously when various amounts
                                     .                                                               '    oÅí NADH a`"e added. Mihe simila]? spect]?um has been obtained

  ''.bY Eigi941 and 4gc.k.g9P (L9> with pB.rj ti' ed and parvicie bound

                              tt t• '  n?educed cytochTomes l2-S55 oÅí mung bean. Mhe)?efore, the,gsym--,

                                                            '                               t.                                                             '                                                                '                                        '                                             '                                               '                                                     tt                                                 '                                               ,                                                        t tt                                          ,                                  t-                                                            '                                           '                                                       '                          '                                        '                                                             '                                               '                                                           '                               .. 24- '" ' ''                                      '                                                           '                                        tt                                    '                                            '                                       t ttt                                  '                                                 '



                               ttme'tric ct-banciL is one oi" ch.aracteristics oÅí the la]rva] cyto-•

'chro'uae b-SS5. Zt•.-i.s uncertain vvhat gives rx'se to difference '''
       pt     '                                            'amorib,' "i'"arama•lian, plant, and insect cytochromes xvith re$pect

to the posttions of th.e two peaks f,prmed b,y splitting oÅí the

oc-band at iovi temperature (5S6 and 5S8 ml-L).

     I.Ilse1ationshin, bei'yvTeen Purified S:tl9getxgslLsirtochrome L-.E2:2:2 and Larva1

t"/lernb`"srie-bound it2xlzslsL21LIg.m:ich tas '  Mhe foilowing Zines of evi-
         'd,c,nce inaicate that the p'urified larvai cytochxome 32-S55 is

similar to, or identical with cytochrome Aq which is deCect-
                                           7
ed spectrophotometx"ically in both the mitochondriaX and, micro;

soma.1 fractions isoZated Åírom Xarval homogenate (Fig. 8).

(1)' Both the cytochromes showed difference absorption spec•-'.

tra simiXaT to each other at room temperature (Figs. 2 and 8).
                                  '(2) Even at low temperat'ure (•-Z960C) absorption spectra of

beJu-h the reduced hemoproteins were virtualZy identical with

each other (Figs. 5 and 9). ''
                                          '   '                               '(5) With L'he solubie traction prepared from,2arval homoge-

na'be, any pea] was not detecteg in: the difference absorption
'spectra (NADH- or NADPH-reduced mi.nus o)gidized) in the pre-

sence ot a t]7ace oÅí the iarvaZ microsomaZ fTaction (under

aerobic conditions> o;, oÅí purified rat Zive]r microsomal•NADH-.•

cytochrome Lts rv' Juctase (under anaerobic conditions) (unpub--
               ')ished. observations). The iow,tsem.peratur-e difference absorp-

tion speetrum oÅí the soluble fraction (reduced by dithionite)

showed a singZe peak at the oc-band (Fig. 9).

                      '                          '                                       '                                 ,                                    t                            tttt                                            '                            •-'25 ..



 (4') }ihen the soiuble i"raction of larvae was subjected to
          ,pass thz'oug"n e DEa"rE'-cei]ulose co)umn equUib]?ated viit] 20 mM.1

phosri)hate bujr'Z-e? (D.H 7.0), no cytochrome comlonent was adsorb--

 ed on the, celXulosa coXunn (unpu'p;ishad observations). ''

 <5) Puri."x'ed laiovaL cytochrome Lt-5S5 was ]?educed by NADH

under thq catalytic acta'on of larva) microsomal fraction or

,of pu]ritied rat liver micirosomal NADH-cytochrome 32s neduct,ase.

This enzyme has been knoNKm to react specificazay wtth cyto-

chTome L,s (Fig. ZO).
     The studic-s on intr'acelluZar localization of Zarval

cytechi?ones have made it sure that cyCoch]?ome bs e>cists in

the particulate fraction oi" the larval ceils but not in the

soXuble, in contirast with mung bea.n cytoch]rome Lt-555 which

is )novrn to be present both in Vne soZuble and particulate

z"ractions (S':9-O). Severai causes wiil be considered that have

made the larval membTane-bound cytoch]rome 2s solubiZized:

(i) Freezin.cr and thawing treatment oÅí Xarvae has released

v`he cytochxorne Åírom the memb?anes.

(2) During the ext]2action procedures oÅí cytochrome hydro-

lytic 'enzy:"re(s) such as proteinase(s) and lipase(s) present

in the, laarvae have solubiZized the merabrane-bou=,d hemoprotej.n.
                                                    -                                                                '(5) The ionic linkage by vvhich the cytoch)?ome is bound to
                                                           '                                             ,ght`;..Mgeebhr:ge2oh%a,S.b.te:.n.Zi,deaX:.d,X].fiPg.iefÅíg:c,tiofsuehhighion+c

-

(Z") NVILen the membranes in which,the,cytoc]Lz?ome is bu7ied has
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                   '                            ''oecn de.e.-troycd by vigorous homo.renization in the h:rpotonic
                  '
".'
ieaS.um (5C mr:':, phosp//iate buÅíjrer solution), i?elease of the pig--

            M                           'rr,env has occu-n-"ed.. ' • '
                                                        ', • Zo p.K-oec:zaaao aceivscy hns bcen dovac"boa in Che oxWaee

ot V-he larvaX homog-enate xvith 40 O/o satu?ated ammonium suifate
      '
(unpublished observations). Thus, it is unlikely that larval
                                    'cytoc`hrome hs has been soiubiXized by the action oe proteolytic
                                                   'en.z ymes.
                                        '                        '
     Re).tt.4.'x' onshiD lbetwcten Iuri.fied larva1 SC21z32gsilulÅíaA::chrome b-•:2.22

   '                                                              -•andOther9ztl!2suiÅígs2gtochror"eles-lil<e2'iLgmgRvegs}ii,gEI rtin ÅíromVariousSouTces

     Zn TabZe XV, 22--type cytoch]?ome,s isoZ'ated from vanious

sources aire comp.n]red vith one anothetr?. Ihey ape very simiLa-"

'Co one another wtt).L Tes,pect to thei.T chemical and physiologicaZ

properties. XV has been reported that a crude prepaTation ot
                           'caZÅí Uver mica2os"mai cytochrome 32s solubUized by lipase

treatment is separated into two parts by DEA-Tn-Sephadex A-2S

co)umm c]n?omatog'raphy or starch geX eXectrophoresis (set.),

and a cytoch.nome Lts pre`pa]?ation solubiZized with the aid

of Nagarse (EC 5.Z-.4.16) o]? t]?ypsin from rabbit iiveT mic]?o-
                                                             '    'sornes is also divided int'o two bands by a DEAtE-cellulose column
chromatography (3t;22). kaji]aara and Hagiha)?a (-..1) have thought
                      --e--ee- --d---d-
two possibi)ities for the solubilization of particle-bound

cyvLochrome 32s.by the proteolytic eriz.ymes "and that'any pire- ,

                                                  'parations  of cytoc]F,ome :Lts iiber {ted by proteases may no,t ',
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   consisv oi" the native cytochnome znolecuXes bu-u' heme-peptide

   f"'.agmer,its. Recently, wtt]out the aid of p]?oteoLytic enzyme

  1' Vg ard g9Yg (Si:2`5) hct"s'$ucceeded in solubilizing cytochrome

  "ts Sxo;u -"abbiV ISv@x ntgxo6gmgs by dggxyQhg"dediVe and, vntton X-:OO

, trcatuent's. unne preparation obtained by them is tound to be
                                    '
  homogeneous ultracentrifugaliy and eZectrophoretically, and

  its mo)ecuiar weight is determined to be about 2S,OOO on the

  basi6. of heme cont'ent and of behavior on dextran .eei. Further,

  ,by tvypsin CLigestion they have converted cytocn" rome les solubi•-

                       t/  Zized by the above detergents tro the cytocin?orrie Lts oÅí lower

  ""eoiecuier weig]t w,hich is found to be identicaX with the

  cytochrome Lts obtai'ned directly by trypsin digestion oÅí

  rabbit liver micro$omes.                     ,-
       On the other hand, thx'oughout the puriÅíication steps the,
      ,  crude pre,paration o`P larvaX cytochrome ]2-S5S has not been

  separated into tmo or more cytochrome d6mp6nents. Further
           ,                                                      '  the pu]rifti ed cytochrome U-S5S preparatien has been found te

. be homogeneous uitracentriÅíugally, electroDihooeticalZy, arxd

  chromatographicelly. Zt has been aZso reperVed thaV "ohe,
   '  crude umng bean cytoch]?ome U-555 preparation is not se,pa`'nated

  into two or more cytodhrome components and highly purified

  ps"eparacion is pure on the basis oÅí ultracentriÅíugal .patterns

  and chemical anaZysis. oÅí aj-termina•1 amino acid (kZ, S"4;).

  These Åíacts would suggest that bgth' the Xarval and mung bean
   cyt6ch]?ome preparat'ions censist of intact hernoprotein moiecuies.
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                   l ''      4gN:g. .E"i:t si.L.t.. (S•:2q) have found tha"t tTeatrnent of p'j 6rr iiven

 tt'itochondria with lrO % ethano) releases cytochrome Lts-Like

 hemo;vrotein from tshe zeernbranes, whereas the same treatment
                  r                                                  '            '                                                          ' of the ntcTosoucs does no"b' ]?elease an7 ebrtseeh]rome ;)s. ,
 '9gV!gC,a:S.g .g'!u ;a:.1. (2EtL) have reported the similar obseTvation;/

       ' namely, hypotonic treatment solubilizes most paa7t oÅí the cyto--

 chrome Lts-iike hemopaotein from rat liver mitochondria, but
                                ' not c:xtoch]rome Us from the microsomes. Furthermoi?e, Ilgyv s:t:

 s}.l;. (E) have observed that a mitochondrial cytoch]?ome 32s--

                                                ' li]ce hemopvotein purified from pig Xiver is not reduced by
                                                           ' cysteine, while E;911W•ieg9Yglr (att;) has found that microsomai
                                    ,
 cytochro-ute Us puriÅíied L'rom rabbit Xiver is reduced by the
                                    ' reagent. xn our expea?iments, when.the microsomax fra6tion

 isolated from Zarval homogenate was incubated for XS hr in

 50 m-r.iii' phosphate buffe]? (pH 7.0) containing ammonium suXÅíate

,(40 O/o saturated) and the mix9ure was centeifuged, cytochrome
                                '                   ' b-SS5 was noL' a"eL-ected speetirophotomet)ricaily in the result-
-                 tt ing sup'eTnatant (unpubXished obsei?vations). Zn the case of

                                     ' iarvanl cytochrome ]z-55S the puriÅíied p,igment has been slovily

Teduced by cysteine (21 % reduced 5 hr afte]r the addition cf

 the ]?edwcing- egent undea? ae]robic conditions). Xn comparison

with Vhe mitochond'L'ial cytochrome l2s-liiKe hemoprotein and ''

                                                        tt.the microsomal cyVochTome l2s describgd by other authozrs in
                                                           '                                                       ,                                    'respect to their properties, Surther investigations are

  tt                                                   '                               tt                    .                                                         I                                     '                          '                             '                                                   '                                  tt                                      '                                  t-/                                      '                                          '                                                   '                                                        '                                            tt                                             '                                               '                                                        '                          '                                    '                       t-                           '                          /t                                        '                                            '                            .. 29 '- ''
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necessary Xo investigate whether purif.ied iarval cytochrome

llt:-?r55 o`'fiittinates f."'orn mitochondria} cytochrome Lts--like hemo-•

               '                               LI`Motein or microsomal cy`cochrome b                                     or both.                                 -5, •
 '     E.llLL,sl' :Le Mfi.tT,oebon(5TT':.ttA1- ltlagtta 2,;l.is$stli.o,rg.F:g,n,o. I. T91g..e,e,.-er•-•o.. :,lllg,f}p,gÅí.gg..Tr.'rnnsfe"r;.' S• g't;GTnF.r

g.l{Z 1.[ia.rsvae and A6-.u1lt. g.Et: 't;he lt!gyss2.ILLx{ousei"Lv By our rre- 1iminax'y

                                                      ' e:<pentments, `vhe ]arvai mitochondnta have not possessed any
                     'eLoprecia•bl e ct-ttlyce]roT,)hosphate-cytochrome c zseductase activLty
  ,
which is founct wi"Jh adu)ts fiies by other workers (S;•i6), and

                                                            'cytoc'nnome P-LF50 has been detected in "uhe Zarval micxrosomes

,(O.Z5 r"rpmoles/mg protein) but not in the mitochond)ria. Zn . '
                                   ttmicrosomes+of adult houseMy (}iiusca viicina L.) ]igy. (24 ) has •+

reported the e>ci.e.'tsence of microsomaZ eiect]ron transf,e]r hemo-•

p.voteins, pytochromes 32s and P-450.. Furthe]? experime,nts a]?e
              '          'necessaL"y to cZarify the aspects oÅí changes ' in cytochoome' b                                             , -s
content, in "uhe mode of•existence of the cytochromes in,

     e.membraneous g'uructure, and ln activities oÅí the micro$omal
               '                                                           'XgS,:gt,2.gng2.d:SgZ,g.igC.:;e ,transFer systeras, dy,,rzng the mgy.-

,A"si,sag16LveLglgg!ygckld nt
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                                                     '         5). cytoch)?ome. -b-s55 content was estimated spectro--

    pho'uometrically (ELL2)-. , ,
                                                 '' '  ' 4)    , With th"ese frgct,ions, the pTesence oÅí cytochromes 2

,'  .g'onndteKeSl PXeVented tie deVe;mmabione os oytochrome le-sss
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   '

 O.545

 O.O048

O.OI09

O.0555

O.O05i

O.12]. .
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o.Ooo
    -t

o.ooo

O.S54

   '
O.0767

  ,o.ooo

  i08
,

    'tt  tt
     '   71.4
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i
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                            '      i) Fig'ures show a typical expe]rimental nesults of seven ,

                                         '                                                 ' . 2) mhe activities were measured spect`'"ophotometricauy
 at 240C by ibIXowing the reduction rate of beef heart ferri- ''

•cytochrome st. Mhe assay mixture consisted oÅí an appa?opri-
                       f/',ate amount of each f]?action (4.2 pg-l.O mg protein), 50 t,'A

 p] osphate buffer (pH 7.Z"), SO vllA•E ferricytochrome sz,, and X mL,t

 potissium cyanide. .'"ihe totax voxuthe, os tshe reaction mixture ,

,,ny,9,11 /i,.'9, .,ei'..,,.lh. e reactxsn. was s`arted pl t}e add,t,g. ., .. ,



                                                'XOO vS,S',C .NAD]"I, NADPII, pr IO n.r.vr' succLnate.. ti"he actLvLtLes were '

                                            t-tcaLcuLated from `JhLty- Linittai reaction velocLi;i.es ar).d e)cpress-
                                  ;
ed as :L-'mo]es cytochro'Lne .g reducdd/ms• protein/min.
     5) "she activities ;veTe as.crayed at 24oc by Åíoxxowinlacr the

decrease in the absorbance at 5SO Tnp ot beef heart ferroc.v'uo--

ch""orne Åí•. . "Lhe reaction mixture contained 15 p-i-i`" ferrocyto-

chrome .g. in 2.0 ral of SO m2tl,1' phospha#e buffer (pH 7.4). orhe

reaction was started by the add'i tion oS each fraction (25 pg7

Z.O mg b.rotein). The activities were expressed as the first-
oTder veloci•ty const• ant (sec'1)/mg pvotein/2 ml cuvette accord-•
                   `
ing to the'method of Smith and Con:"Lad (48).
                     e-e-- e-e-de '--..th,:•).sC2,g/i.iillYg-a.tt:--O.ie 211stjgfgtein vJas determined by ich,'

.



      . Mi ab i e ZX :
                                       '                  .-     Effec'tr sM9.. .inh. ib.i-tors gtL the various swtn nic activities

                  o =" ]. arval frace ion s'
                  -
     TtiEsux'es indiceLbe tine inhibition Å}n pe-"c`eneage. Exrpex'i-

meriV'aX conditions were the same as for Table Zr, except that

the inhibitor (2S.4 pM'A rotenone, 5.87 pSl•[f antimycin A, X mE,1`:'

cyanide or azide, or an app]?opriate amount- oÅí ethanoZ) was
                     `
x"'urtheT added and thet the reaction was started 'aftea? incu-

bation with the inhibitor o)? ethanoi foir 5 min at 240C. [Do

calcuZat .e  peT cent of inhibition, the activities in the pre-

sence of ethanol were taken as 100 O/o.
                                             -t      '

                               '                 .                                     tt                                   .

.

x'"raction N.+n DH-cyt. c NTADPH-cyt. c
           -

Succ.-cyt. c
           ts

Cyt.
   - •- ox)• aas(

Anti --

mycln
  A

Rotenone Anq-"Rotenone
         myczn •           A'

Anti-
mycm  A

Rotenone KC),'•' )TaN   5

ttjLitttochondri-••

aZ fraction"

t'Mi crosomal
 xeraction"

59

6

,55
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54
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o
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100 zoo xoo zoo
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zoo ).oo
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                           Table lV • '
CoraDarisons2..SLtru.ggR:g221ILI.gsroT,)G)rt].esg.!f7Lla.'.'va1sl.x3zsLELIuzg2agvtocnrosnen--:5zzzCqM'L!911ath

t]xosc" ptof .C,--."-.-.-,.-,.YtOch•rorc"e h.s-1.i.k.e henioDroteins frorn various sources

     ct, P, Y, and YQx mean positions of a-, P--, and y-bands

of "v-he reduced cytochrome and y-band of the oxidized, 7es-
                        'pectively, M.XV. n"eolecular weight, E6 midpoint redo)c poten-
                                        'tiaX ot the hemopi?otein, + positive, and -• nebrrative. Mt, Ms,

and SGI. aa?e mitochondriaX, microsoznai,,and soluble tracCions,

                                                          '
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cytochnome
      z)    bs

}/tttochondri ai
cytochrotr"e
        2)   b-556
  -h---

PLant
cytochjrome
  b-55Sj;)
  --b-

Kousefly
cytochrome
   U-5SS

Source

          .

==A ,ltxvrac-
tion

ct, 3,
Y (Y       )
     ox
MeW.

E6

Reduction
by cys.tJeine

]soelectric
poin "u ,
Autoxida"
't-'ulon

ReacCivity
vJith CO and
cyanzae
Zrri'raceXlu-
laz' Xocali-
zation

Reducibi-• s
]ity by
]r.iADH oxidase
system

LR abb i t

liver
  ]v{• s

Mpase
t]?eatment
        '
        '

5S6, 526
Ll•25 (LFL5)

i6,900

+ O.02

   +

      'Acidic
  x
     '

   +s

   --p

  iti[$ "

   +

Pig liver
   rv'it

Freezing--
thawing
in ZO o/o
ethanoZ

5S6, 528
425 (4Z2)

lS,OOO

+ O.O14
(pH 6.S)
         .

   -

Acidic, ,

   +
        J

   -

  Mt •.

   + ,,-
L-

,

 Munct' bean
 seedlings

 Water

 555, S27
 425 (Al5)
    ' l5,SQO

 - O.05
      '
 '

    +'

 Acidic ,

-,

+

    e

 Mt, Ms
 Sol. ,
      ' tt

    +

HousefXy
 iarvae

Buffer
  +( NHO 2S04

SS5, S28
424 (4i4) .

i5,700

+ O.O06

   + (slow)

Acidic

   +

   -

Mt, Ms

   +

. 1) rbferences
'5)

     references (Lt,

(Ll,

29,

22,

Lt,

 E,2) '2,)
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reÅíerences (24,ZO)



Fresh
l

 `Ppt

larvae 50 g

minced w•i"uh a razo]r

suspended in 270 ml of O.25 M.'I•

sug]-?gse-•l rti;.gA gPg]A (pH 7.Li-)

solution

homogenized by Potto r-Elvehjem

type homogenizer '
centrifuged (900 x s, 10 min)

  Xtpern.
Åíraction" . centrifuged
                  '                •!' l90 min) ,

   tSupern.
   1
    centrifuged
    iO rcin)
   i

     pbt .

't MivochondTial

            sr---------nt'-N"--k--k--'-1      , Ppt Supepn.
                                '      "ruacrosomal fraction" "Soluble fraction"

                                          '                                       '                                              +                        - ttt                           '                                   r.                                   f'                     '               '                                '                                         '                '
homogFelll//{e.i' PeeParatLon of varxous fr,,actzons

(8,OOO
    .
  '   '

(60,OOO

Åírom

x g,
  -

 x g,

larval



v

 . `"",i.pt. i. Preparation
                  .homogenate. "'
              ,   '
' '  Both "},'t'itochondrial"'

wqniioee gmgq mg;7.p vt;.v'h ;12

sucrose-L gi,lr2;'T `TJ?D[''A (pl-{ 7.4)

same medium at O-20C.

 o." various frac'tions frova

               tt
     '
and "iuTicrosomal`' fraceions

gS #hg ;.nihiA.l vplumg g;fi O,

 soiution and suspended ih

          '    -/                      '

)arval

vlere

25 ,l,Y!,rL

the
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                                                          ,      lr,Lg. >.. Lovi teznperetuire absorption $pectra of pu]ri-
                                           ' fied larval cytoch-rome 2-5S5. .
 ' The purified cy'trochirome le--5S5 prepa-ration (about iO pMM)
     tt
 "•hiah had beQn diaLyzod aaaSRgb O.X Sv4 phogphatq buSSQ-r (prr

 7.Lp) vvas mixed wi th an egual voXumeOoi- glyc,erol and reduced
                                                             ' with sodium dithionite. [Dhe reCe'L"ence cuvette contained an
 equal volume mixture of gty&eroi and bufÅíeT. Mhe sampie '
                                       ' and refe`Mence cuvettes were Åíirst cooled in Ziquid nitrogen,

 secondly warmed to induce devitrification of the bcrZyceroZ
                  i. mi:<tures, and tinaily recooled in iiguid nitrogen. Absd]rp-

 tion spectra were recorded with a Cary model Z4 spectrophoto-

 meter. OpticaX path oÅí cuvettes was X mm. The insert shows

 the spec"u'rum whein cuvettes of 2 mzn. Iight path were used.''
' rLnhe effective band widths were O.5 M;i. '' ., , ' ''

,
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    Fig. 4. Sedimentation patterns of

chrome 32-5S5 preparation at S4,700 rpm ,in
                                   tt                               'buÅíÅíer (pH 7.0)' and at 16.50C. ,
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 O.2 sc phosphate
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        Ti",ig., 4. S'edimentation patterns of purified lairval
   cyitochrome b-555 pfo-eparation at 54,700 rpm in O.2 -M phosphate

                                                            '   buE'Ser (pH 7.0) and at 16.50C.

        rDhG p;'oftJein cQncent+"aVion vvaG appxoxirnate:y O.25 9(o. , Mhe

  Ihotograp.hs were taken at SO min (A), 60 min (B), 90 min (C),

;' and ZOS min (D) aÅíter the velocity had reached the maximum.,
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     r/ig•. S. i"istimation of moXecuXa]r weight of larval cyto-

clr;rome b-SS5 by gel Åíil"u'ration.

     rhe t'oi)owing proteins veere dissolved in 1.0 ml of the

'equUibmation buffer a-nd were applied tq the Sephadex G-100
coiumn <1.5 x 74 cm): Crystalline beef heart cytoch]rdme g,

5 m.cr (moZ .wt, X2,400)', crystaXXine bovine pancreatic ribo-

nuclease 5 mg (mol wt )5,700); spe)rrp, whaie myogZobin 5 mg

(mol ut i7,800); t`"ypsin 5 mg (mol wt 2LF,OOO). .The gel column

was equUibraVed with O.2 U.1 Ihosphate buÅífer (pH 7.0), and

used at 5--50C. 'is"Xutions were carried out with the same but'fer

as used `'or equiXibrating the gei at a Åíiow rate of about

i2 ml per hr, and 2.0 ml traction was collectedL The hqld-
    'up volume (V.) of the column was determined with blue dextran
                                      '                                   .2000 (Pharmacia), which has an average molecular weight of

2,OoO,ObO. Ribonulease and trypsin in column eÅíMuents were,
        'estimated by absorbance at 280 mp, cytochrome g at S50 mp,
                                        'myos•Zobin at 582 mp, and cytochrome 9--555 at L"X4 mp.. Cyt.

                    // -   's; cytochnome 2, RNase; ribonuclease, Cyt. 3z-SSS; cytochi?ome
                                ]3z--555, "Lfo3 myogXobin. ' , • ' b, • '. '•
                                           t-
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     Fif.r. 6. Chan,g,'e$ in a'v.parent molecular weig"nt of puri-

 Cied cy'eochrg'"'e A•-55S pveIaration during an Archibald run.
                                       '     Apparent molecu-lar weight was piocted agains'tr period
 '                              '. oS GentntÅíuge,atJibn. ÅíDhe initiaX pxotein cdncent oation was
                                                       L                                             'o.2) e!6 in O.1 Jt"G Iris--}ICI buffer (pH 7.S). The run was per--

Åíormed at 20,6QOvrpm and at l7.10C. •. ,1
                                         tt

.
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     Fis• . 7. Relationship between the tratio of the concen,t--
rations of ferrous'to ferric ions (Fe2+/t','e5+) and the extent

             'of reduction of larvai cytochrome 32-sis (u2'/3t;5') at pH 7.o

and at 120C.

     The reaction ini'xture consisted of 250 mM/•'1 potassium oxa-•

)ate, 66 mM,{ phosphate buffer (pH 7.0), 7.IS pM,'1 puriÅíied cyto-

cbix'ome Lt--555 and i.O mjYtli ferric ammoniBm sulfate in a total

voZume of O.97 ni in the main compartment of a Mhunberg-type

cuvette. Freshly p.nepared fe]?rous ammonium sulfate soiution

(O.05 ml) with various concentrations was pZaced in the side

arrc. The reÅíerence cuvette contained the same components as-

the sample cuvette except Åíor fe]?rous ammonium sulÅíate. TJnde""
anaero' bic conditions the extent of ,reduction of the cytochrome

was determined on the basis of the diffe]?ence absorption

spectrum after the fe]?rous ammonium suXfate soXuvion had been

tipped in the reaction mixture of the main compartment and

the eguilibm'um in the reaction had been established. .CDhe

Åíuiiy reduced Zevel of the cytoch]?ome was determined by add-
                                       sing a trace amount of sodium dithionite to the sample cuyotte.

.
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     ],ri.cr., 8. NADH- or NADPH-reduced. minus o;cidized diÅífer-•

ence absorption sp'ectra of )arvaX mitochondriai and microsomaZ

fractions at roum teruperature.
                                /t           1 i'     Assay miXv'ure Gonsisted o• S• 50 m3\g phosphate buSSer ('pH' '

7.i"), l ml'2!i potassium cyanide, 25.LF ).L2L/ 'rotemone, an appropri-

                                             'ate amount of each fraction, and 100 ,u",'L NADH o]? NADPH. [I?he

t'otal volume of the reaction mixture was 5.0 mX. CDhe a?efer-

ence cuvet"ve contained the same constituents as the sampie

cuvette exce.pt that the reducing agent was omitted. [i?he
                                                    'paTticulate f]?action was allowed to stand overnight at OOC
in order to.consume endogeneous substref t'  es. Befo]re adding

the reductant oxygen was bubbled through the reaction mix-

vure for 2 or 5 min to make cytoch}?ome components o>cidizc-d

in the fracti.on. Spectra were recorded with a split-beam

recording spectrophotomete.n at room temperature approximate-
                                           'L
]y 1 min after the reaction was initiated by the addition of
                            'the electron donor to sampXe cuyette. (A) shovvs the .d.ifÅíer-

ence absorption spectra of mitochondriai fraction and (B)

thdJ, e 'of ptcrosomal one. . , NADH-reduced ntnus oxidized;
                                      '1     '----•--' , NADPH-reduced minus bxidized., '' ' •'

.
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      Eig. 9. Reduced minus o)cidized difdre]?ence absorption
                                        '                                                           ' spectra at -1960C .gf iarval microsomal and solubXe fractions.
                                            '      (A) represents NADH•-reduced minus oxidized difference

 absorption spectra oÅí the larval misi?gsomai f]raction.

 CuTve Z: a)he sample cuvette contained O.5 ml oÅí lapval

 microsomaa fraction (18 mg protein/ml), i.5 ml of O.25 2E,I

 suci?ose-O.05 2EA phosphate buffer (pH 7.t-), O.02 ml of 2.S4 m2•EA

 rotenoLne, and O.Ol mZ oÅí 50 mM/ NADH.

 Curve 2; The sample cuvette contained 1.0 mX of the micro-

 somal fraction (20 mg pi?otein!ml, cytochrolne 32s content of

 this fraction was higher than that of microsoruai fraction

 used Åíoa2 curve 1), i.O ,mi of the sucrose-phosphate buffer
                              ' solution, O.02 ml of 2.5L- mXSt rotenone, and O.Ol ml 'of 50 mMM
                                    .          ' iNADH. -                                           I'                                                         '' Both in eurves 1 and 2 the reterence i•,,cuvette contained ;

                       ' Lt a mixture of an egual volume of the microsomaX fraction, an
 '

 inhibitor and sucTose-phosphate bufÅíer. • '
      (B) rep]resents dithionite--redueed minus oxidized diffea7-

 ence absorption spectrum of Zarval soZuble fraction. The ,•'
                                                          ' sampLe and reference cuvettes contained 2.0 tnl of the solu-•

 bZe fraction (Åíinal6mg protein). '
      Mhe particu]dte frgction was allowed to stand overutrgh,t

 at OOC in bTder to exhaust endogeneous substrates. Before

 adding the reducing agent, oxygen wa,s. Ibubbled t,hrough a
                                  t" ,.t



 .neaction mixture for 2 o]? 5 min to oxidize cytochrome com-

'ponents in the fradtion. The sample cuvette was cooied ip
               ' liquid nitrogen appro:<imately 1 min after addi`uion of the

 i? educ ,ts ant , and a'g sgxp ts al en speegra wexe mgg y, 4ed wS kh a aa puy

                                            . spectrophotcvneter, modei IZV. Optical path of cuvettes was
                                                      ' 2.0 mm. The eÅíteetive band widths were O.S''mp.
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' Fig. IO. I<Gduction of 'purified larvai cytochmome 3!L--SS5
                                                              'by NADH in the preS"ence of iarval microsomai fraction and

iL)urified ra"u liver mic)?osomal NADH-cytochrome 32s reductase,

 and reoxidation oS 'the reduced cytoahxome by air. '

Cui?ve A: [Dhe sample cuvette contained larval microsomes

 (final O.50 m.c protein; NADH-cytochrome g reductase activiQy,

O.li5 pmoies cytochrome g reduced/mg protein/min), 4.28 pj-M
                                 '                 '                                     .purifz'  ed terricytochrome,g-55S, i ml!ff potassium cyanide, a.nd

50 m2a,E phosphate buffer (pH 7.4) in a totai voiume of 2.0 ml.

Mhe reactien was started by adding O.890 psc,I A'ADH (at the 'arrew,

on tlLe figUre). "ihe change in the a12Sorbance at 424 mu was
                                             'traced wtth time under aerobic conditions at 240C.
             '          'Cu`"ve (B): The samp)e cuvette conta.ined purified rat liver
                                ' microsomal NADH--cytochrome Rs reductase (final O.8 pg protein),

1.07 Ti21,{ purified ferricytochrome 32-555, and 100 m2S,I phosphate

buffer (pH 7.4) in a tota) voZume of 2.0 ml. Mhe ]?eaction was

.staa?ted by adding 100 pM,C LNADH (at the arrovv on the fisure),.'

                                  'Z22,;ggE. .ea.S.e.:l.ltllllil,"b.StOEii2g?e at 42`"mp was foiigwed under ,

                                   N, .,                                                      tt     '                                            '                               tt

.
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STUDIES ON CY'lrOCHROME h. -•555 FROM LARVAE Or':' :ti?HE HOUSis'L;LY,, '

MUSCA DorviTr.srr.IcA L.", ssw , - . ,
                              .t                 '
rl. ISOELil,]CTRIC POINtli, A"ITNO ACID COMPOSI`'•VXÅëN AND CZRCULAR

DrCHROrC SPECI'fifb, i• ' '•
                                                  '                       '                                          '
  '

              C ••-. h•                   tt                                                            '  .     1. A erude iarval eytochrome !2-55i pree?.r?.nton was sepa-

rated into two or three components by the method of isoeledtric

foeusing,. The tvoro tnain components had rriuÅëh the same or the s,me

absorption spectra,-catalytie actSvlby, molecular v,eiqht, amSno .

acid composttions and circular dlchroie speetra in the Sor.et

]7e,cr.ion. ,For three comp. onents the pl va]LueS at O•-20C were tv.21F, '

                                          'LP.28, and 1.32t respectively. A numbe]r of• e)r;pltf nations was

                                         tttsug',gc:}sted fcr' the hef.ero,Teneity of larvaX'e,ytochrome b.555.
                                                     -            . . ..--.. 2.. The clrcular dichroic spectra of ferri- and ferro-•'

cytochrome ,l2-555 suE;sre,ct,ted that the u. rotein moiety of the molecule

                                          't                                          Jprovided an asymmetrical environment to ali of the ehmtpophores .'

                                 tttin the molecuZ.t'. With res.p.ect to Vhe siEsvL Jr the CD peak in

the Soret region of hemoprotelns eontalnin". protoheme several
                                 '                                 /t                   '                                                           '                            tthypotheses were prer•ented, '•• ' ' '
                                          '                                       '                                        '                   ,
, 3. The amino aeid composition of larval eytochrome b-•55.5.
                                    ttwqs ect-s follows: Lyss, His2, Arg2, Asp].o, [I?hr3, Ser4, GIU12.,

Prol, Clyltt Alg6, Va,16, Metl, Ile2, Leu2f i,yr2, 'Phe.3. (he

                              ,                                       '"
•e"

" "'s

the

                         '                                  '
The prev io us pa p. e r w a s pub lished' in

       ' 'ThiLs, rgtgge]rch was supoor'ted in part,

                      'zu s••  ty ti,onal InstityYgs rlH2alYh

J;

 by

(GM

lion-hem•, SIEti,, 581 i(1969)

.a g ra nt- -t n -a id. from

 05871d•12). •
          '   '                i '     ,,1   /
 '      tt                      '      '      '                      '



co.ntp.nts of tryptoph,gn, ey,".1:eine -7nd' ami•er.c ;';::Åé nb.t. -teiJerjni'rip.d'
.

Xn eompsrison wi.th cytochrome. br) from vorj.ous ,goia'rces lg.rval
              'cytochrome l2-55;") contained th.e,feweeot atnino` ,rDeid resM. ues, (65

amino acSd residues other than tryptoo, han and cysteine), lower
                                             -.
contents  of his...,tSdine, prolipet and leuclne, ond hifThe; contents.

of alanine and valine; . -                                      '                                tt   '                                                       '          '           '                                        '                                                     :
 '

                      '
        '        '   '                     '     [Phe previous paper (2) reported some of the properties of
   '
purified larval eytoehrotne R-555 and it was conc].uded that '
               '            'thls hemoprotein is a solubiM.zed ferm oi"  cytoehrome !2s localized
                    '                                                                 '                                    'in the larvai partieulate fraction, The present inve,stig,otion was
underteken te, obtain isoeleetric pglnt,, agi,in'6'ecid eomposition, ,

ar3d e,ircuiDr (lichToie (CDft) spectra of this hemoprotein. '' .

                            {.t

           ' t''•,

                        '                          t .tt, • ' DvfiA TIE R' IA 'L'S ,A ND ME,l, f2HODS
                                                       1                  '              tt t ttttt        'v ',     M-e•.terials pt Alumina, Cv gelLwas prepare,d by the mgthod of

Vlilstu'.tter (a). All other materiais used were as described in
the D, r.evious paper,(1>. , 'N''
                    -
     Pre o? ra bion of la: vg. 1 C tochrome b-ggK te rv a. ]. eyto-

chrome b-515 w-Ds lsolated from the houseely, 1vruse,a dome,n.tiea

L. es,ptjentiaily as descrih.ed pfeviour.1,y (1> but spuveral mcdifi-
                                        .--                   ,          '
   ,       t t t tt tl t-t ittW 'Dhe abbrev ,iaVions used are as follows: CD, eire yla,r,.

ORD, optieg},,ro,tatory disperslon; A, .g.Psorbsnce., '.

  tt -t tt tti /t tt t t/ tt tt
  ,. . ,.1,, ../, ,, ,,., 2, •-
                '

diBhroism:



 eations were made in the purle5.c.,tton procerlnre. The r.1-fi rk
                                          ' brown eluate frotn the fa.rst DEAE-eeMHu:Lose col.vtnm w•Et,s frae.tion-

 a ted. wi th a. mmon Sum sulfa te <See ref. (.IL> for p:r. eprb. r. t;. tlon

 proeedures). The precioitri" te obtained betr,,:tv,en 70 an4-. 100 14e

               .- saturanton of the sait wa,s clissoiverl in ,s minjmR. Z voXu:np. of water
                         ' and the resultlns solution was, dlaiyzed aq,ainst wtater. MLhe dis"

     , lyzate was used as the crud,e cy. toehrome h•-555 prepnration. '
                                        -           '      Thl,s crud.e v, reDaration was eha,rqed on the second DEA}ti-ee],lu-

 lose column buffered with O.l IYi phosoh,ate buffer (pH 7.0). 'tlhen
                              -    '
develop. ed with•O.Z Lt pht osphate buffer (pH 7.0) eytochrome 32-555

 miqrated gr,qduE}ily down the eolumn formincr two separete red band.s

 2nei fraetions of 8 ml were eollected. Afeer all the mat.n fr.?c-

 tions wlth reddish yellow colo.r were corttbined. and dÅ}alyzed over-
                       'ni,?,ht a,gainst O.02 2/L phosphate buffer (p. B 7.0) the dial,yzate was

a,g,ain applied to a DEAE--eeiiulose column equfuiXbrated wif.h O,05

L/ phosp.hate buffer (pH 7.0). `cytoehrome b-" 555 actserbecl on the

 eolumn was eiut.ed with O.2 l, Dhos'phfite buffer (pH 7.0). The

 eoneentrated solution was dlalyzed aÅë.ainst O.OOt5 U,I phosphate

buffer (p[I 7.0), end then atn ap,p;6prlate amount of a]"umina C7

                                                               '                                                              .                                                              , cr,e;l wa,g added to 'the dialyzed solutXon. The, s.dsorbed. cytoch.rome
                                                         '
TtTas. eZuted three times by washSng, the qel "rith O.O05 M/C, bhosrhate

buffe'r <pH 7.0). The eluA.,t.es w,ere eombined. gnd used as the

purifled. iarval cytochrome !2.-555 prepgx'gtlon, in zarhich Phe r.etio

 Of Asss mp(redueed)/A2so mp(oxtdized) was i,3., ., ••
,'

 l,x!gJLx:vrolltr E)ctlnct1on Cceettetents L---M'' T' h' d molar•extlnetion ' i
  tt
foeff•i" re"yf,,"f xf,rrgi eyt,o,?hf:r; i-i"5 Wery Cf'eUieY?,d.f"PM ,.J,

'



the extinctton eoeffieient o,1 l.ts p,yridj.ne hemochrome ustnLx
                   : 3Li'.7 x Lo3 ivi'Lam-:L for p,yr'iriine ferro-e. value of s    • 557 mp -proteporphyrin (2).J , • •
     Pyr.tdine wa$ a.dded to the pitT.me.n't solt:ti,on wlth a kno"•rn

                    lt             iabso,rbance foiiotvp.d by sodiiim hydroxide solution. Finail,y a '

trace of dith5.onite was ad.,led and the ebsorption speotru.m vJas

imme:liately reeorrled aG, rapirily as-, posstble st roorrt temnerature.

3T,he ,gf l.n/a.i)Cill'l,C,e,"l,rall,iOl#g".;g.!ll'.i:l?e gnd sodii;m, hydroxiae were

                                           '                             "   '                       L  ' :rLggs.usL2.g!:iLsL-gRs2iloelectric Foeusinr" - 1"or the det.ermine.tlon ef 'iso- :

eieetrie polnts. the rnethod of t?ygpgs,,g? (LÅ}) wp.s e.mployed at O,-•20C, ,

                                                         'usingAl ,j"' (v/v) ampho.lyte solution (LKB-Pz.oct]ukter AB, SPoc]<holm). ,

[Dhe p,H gra(,lient was masle to oover the rangge bt?.tvve-en. pH, 3'and. 5.

                         'A mgxj.mu.m load of ebout 1 W was applied for 48 hours .ot O-20C to

focus the hemoprotein. Fraetions of 3o drops we)re 6ol].ected.

[Phe pH vn.lue of eaeh fraction was dtetermi.ned at exact:.y the same
             'temperature as that of the' eolumn durin,rr. foeu.c'inx,, usinx•. a Hitachfi.-

                           '                     'Hortba pFT-meter' equlpped with a sccnle exp,ande)r, type E.P-5, whSeh '
                    ' 'i'had been stenqardized at 'pH 4 and •7. Cytoehrome l2-555 in the
                                      ttfractlons was estlmated from the absorbaiice at IJ•14• mp.

  ' Meza$urement' of Cetal-.ytic Actl.tiits ' The ce,talytie '
                                            '
act.lvity of eytoehrome b.-55S was exgmined in both the foilowtng

,o.,ystems: (1> a sgrnpie euvette eontainbd purified rat liver '

i, ,,,•i,, l..N"• ?, ,i Yt ,r .• i5, ,S ., Y' ',., ,r` •t/C i .`, 2 i) `O 8 P ' .,r. .



Proteln),• 1,OO LtL/ NADH, f,O p!Lt fe.'r]'icytrchrome ,n.., g. nd C,O m!L/•

phosph-ote bufeer (pel 7.tp) in a tital volume 6f 2.o rfl1.. "rhe, •:'T•

                                               'rea, ction t"as; startp.-. by additlon of k8 m;iM) lar.val feyrieyto-.
                                         -                              'chrome h,-555i a. nd the reduction of beef, heefirt, feTrieytochrome c,
                                             ,
was fcllowed spectrophotometrieal].y b,y the ine)retpr,e lri the

absorbance. a. t 550 mp. (2-) An asr.ay mixture contained lgrvs.1

microsomes (for prep.nr.ation procedures, see ref. (:L)) (L"2 pff,

protein), 3,98 p!!! ferricytochrome !2-5.55, l mM, potsssium eyanMe,

gnd 50 mX/ phosphate buffer (pF,,7.4) in a total volume of 2.0 ml.

The r. eeaction was started by addin.ny. ioo p!L/ NADH. The ehonge in
          ' 'the ab,sorh.anee at 424 mp veas tvac,ed vrit,h time under gerohie

                         'i '
                                                           '                                           '                                    ,     Amino Acirl Anglvt),es - Approximatel,y 400 pcr, of' s-nmple

;N'es hyirolyzed., in O.5 ml of twlce dist!!ipt.d 5.7 N HC]. in cfi sec lad
                                                -
tUbe Lt sLftt.gilgcuo at 1100C. Hydrolysis was conductea for 24 or 72

     'hours. Anal.yses were performed by the metinod of Sp.a.el<mteAn et al.
                                                          ----- -                                           ' eets--ee                                           t.(:2), usinx. a Beck.man Amino Acld Analyzer 120B. '
     wat .r'Dectra ---. The CD spectra',vJere measured,,on a JAS.)CO/OPD/

>UV•-5 spectropolerimeter equipped wieh a CD g,t;te'chm.ent. n. t, 22-2"OC.

The slit vtidth of the instrume.nt vg•as pkfoFr,remmecl te yield con,stant

M.g.ht intenstty throuqhout the spectrg,1 regign. Ce.Ils with fused.

qunrtz wirwlo'h's end of psth lencr,ths from 1.0 to 10 mm ";eTe usp.d.

A samo]A• dlssQlved, in O.1 Sl! phcc,Dhfit'e huffer'<pH 7.0) in a euvette

                                        /tua"re" YICil,,liliP,r,1.1.1,itlo"gf,,soiidtg,odt?T1,l,lp•?l,onitg Fupi•.rl,duc-

         tt.tt t t tt t                            ,              tt tt tt tt                        '                             '                      tt                              '    '' 'f           tt ttt t                      '.t  . i•., • ,•
              tt                                    '



 tion of the eytochrome t;hro.uqhout the CD mea$vrement, ta'dfs; rrtonit;<r"vrl.

.b ys reco rd ing the ahsorptLon s pec t, ra imm od iA te l. y he fo r. e rg nd. taf te .r'

each s,c?,n. BgJte•1..ines were recorded. anct subtreocted frb.m the

dichroism curve$. rDhe el].inticitie,e,, Ce], were calculat'ed fr<n
                                                           '                   ,I the exnression, ' • '       .

 ` ,• ,. Ce] =33oox(eL- eR)t •
and are ex.pressed es derees•crn2. decimoler]-. ' '

     ne r.e rm l. na th on of Concen t. rg tion [Vhe concentr3 Vions, of
       .
NADH, lervaX c,vtochrome l2.-5S5 and beef. het?,]rt cytochrornp. g, weTe
               v                                                              '                                                  ',

determineq sn.eetrop.hotometrically (6,, Z, see Tab].e Ir ln .
              '                                                     t-"REtbTJL- 'i:S").''The eoncentration of pr.otein was determlnad by the

 ----b.--.--- ,                                                      ttrnethod of Lowry 21tL al. (8.), usin. q, bovine serum al.humln n.',s, the '
           -"---                                                             '                                                    'stcondaTd. ' .-. -                                                           '                                            '                     '              -tt     So, ecr.x'bphotometric Me•? •snr.enents------d SpectroD, hotometrtc
             ,                                      '                                     'measureme.nt,s we"e ear.rrled out with a Cary spectroohotome.ter,
    'model. 15 and a IIStachi Pe.rki.n--Elme.r speetrophotome..te.r, model

i3 ,9. . T ,h ,e o
?yicai p?,th ienge,ths of ,?,,.r/.vettes!y.gre iirom i.9 to iO mm.

                'v,                  ttt                                                   .t                         tt        'I,                 tt           tt          •, ', ,d                                                't -i ''t     '               ttttt t t                                                         '               's.1. '                                          ' tt                 '                           - t/               t //   , .. i R.Fr,,SIIr,rll'S , ' '                         tt                                            '
  ' Se. A.rcfit.e Comn.on<,nts -"----- At the •s.tecfidy sta. te'of isoe).eetric

                                                    '                                        'I•, a  l l,i1111,liril,il?,ill'"1,i cyrliehr"i! -11•,",ii pr i.pa'rigy•i7n,ih•g r.1, tro



or th ree r"ed, b,? nd ,s on' th e" coi um n. On d 'r.p in .tn ,C;, howev o, r, on l.y a

      . -t -t .l-             '            'sinxle peAl{ w,?,e. ohtained becR.use of t,he c].o.e.e proximity of the

Pands. <FXg.1 1). A.gsi,{,nment of eornponents to the frc•otlgnrs wa:-.

   t .l                                                             ,                '           '                                                       '                                          '.t                                                          '               • .r ,. ••-                                          t.           '                                                      '                 tt        , -• • --- -t --b-"e------ -- -- t- -- --- -- --e •
        •-i ,                       '                            Fig. 1,
                        " -d- -- -- " -- - --- -d- - -- - --" id- -'

                                 .-
confirmed by dixeet viewinff. durSnq draining,. 7?he pH of•the frao-

tions were determined at O-20C to be "' .24, 2".28, snd 1-t.32, vi•hich

were supposed to eorrespond to the iseelectrl.c points' for the eyto-
chrome components, respectively. CI)he .nbsorption spectre., of the '

ts .2ZS .a nd LL .28 com i) onen t;s, wh i. ch we r. e re eo r,d ed in the ( rca iris bo th

                                        ttin t.he o): .t di 7. ed and re d, ue ed forms at ro om tem pe ra tu re , we re ve ry

               's im an fn r to t, h o s e o f ma mm a l is n tn l c r o s o m a L c y to c h T om e b                                                       Th i. s                                               . -5'
indicates that the crude larvctel eyto,chrorne )-55S prep.nratlon
                                        ttt.t
con"vains one klnd,of spectrally uniform cytoohrome and Tiot
                             -tother types. ' [Dhe sppro>:i` mgte molp. i),, ratlo of the/LV.24 eomponent

                               ' 'to the other eom ponen ts we, re es. tima ' t ed to be 1: 1: tra ce assurn ing
        .                             'thEett the component,s.had the seme extinctj.on eoeffictent, tn the

vi.sible reg,ionr` There was,on]y a tr,ace of the tPt32 eomponent,

so it yres not studied. further. '  ,•'
                                                             '                                             '                                           '     On the gther hand, the same erude preparation as that u,".ed '

flr, is  sl,,i.iFill cgcu,,'f ,fa"i•l"?.•.•"e/g b,ftp•pli `i4 ep,r',xilatei'.i



equal arnounts) on chr'omato:rraphy on a DE.AE-cel,lul.o•e:,e c{ lumn

                                                         '                                               '(Eig.., 2)'. 'By se'pgrete isoelectr.ic focusS.ncr, the i$oelp.etrS.c
                                                  ,     '                      '                                        '          /-    tt                 '        tt                '                                         '                    '           '                                                          ,                        - -- -t- t-- pt --- -- -" -- - -- -                                         tt      '              tt                                          '         '                   '
                   tJ.                             '    '                         '            '
                        -- - -- -- -- -- -- --b - d- d-- -- -t-

                                              '                                   '                                                        'p, olnt for the component in the first peak (marked "X" in Fig,. 2)

was de-tp.rmined to be 4.282while th2t for the seJc<nd. comp, onent

        '(ma.rked. "Il" in 'L",ig. 2) was U;2LP. ']?he two ecoTr,ponent,s revealed
                                                 -                                 '                                                              'a stnq.ie red band ln el.ther foeusing,. The 4.2g cctmocnent is

:r' e•fer.recl to es c,ytochrome h-S.55 (I) and. the Lp.2L'} component a.g '
                           -
cytochrome h.-555 (rl), herea.fte..r. At tkiis stgsKe of Dur.lfi.cation

(the. sn-.eond DEAE-eel-1.ulo,se chr6mAtoqreoph,y), the two components

we. re s, !5ec t. rs ll y ind is t; .fi.n 'ru ishab le , an(1 no (l iffe renee wD s fou nrl

be. tween them in ei t, h, er their ca taiyt i'e ac t• .i vitie s, or their CD

                                             '                                           !                                          fspectr.a in the $:'oret reg,lon in eiPher the' oxidized or l;he re6uced

                  t/                                   '                                  '                                                      '                                   t t//     Each componenta cytochromes b-55d5 ,<Z) and (IX) wss further
                                  -                                           '                                 'buri.fierl sepgrai;ely by ehromatog.raphy on a Sep' ho.dex G-10C eolumn
                               '(1.1 x 133.5 em), gnd b,y adsorption or} and elution from o)tmina
C7 c;.el (•e,ee ""IATII,R]'A[t•C)' AND ?qE'IHODS"). , [irh,e'  different beh2vior

in adsorption and el-ution on the C v gel bet,tr`een t},ie. +two compone'nts

                                                '                                        '                        'was not ohrervedt,• ]7he two componenl.s pur.ified by the ,oluminn gel

   !1 •r•Ll''1'l:'i/•' '1' '1 ' " i.,1 ,.1'.'.;'•,• -', ,,
      gf" FiE.,. ,. ,., ., . , ,, , . ., ,,
                                                                  ,      ',x,. ", . ,., .,. . .,                                                     ' ' ' 't/ // :i t' '''' '' ' ' - '' ' 't ''                                     '      ." tt t- tt      "' ''' ''' ''t '   ttt tt tt t't t' tt t t                                              '                                            '                  t t.                             '          tt               '                                                              '         .,, ' ,• e'8 ti• ''' ' '                                             '                                     '                                    '   '     .tt              ,                                                '



                '     ' had mu ch the sa me arn iho acid corr, po r>' fi, 't ion ( "V,n ble i- ) . Th Er tt am ples

         t-tt . .t t                                                            '                                                             '         '     '            '    '                   tt             . -d"r--------"--- ''
                    • Tahle! a,i
                                     e, ',
       ,, --i- --P ---d pt-e- -- -- -e -- --

 used for determins,tion of the molar extinetion coeffieient,
                                                           ' medr.surements of CD .o, o, ectrcg, gnd amino a, cirl gn,alysds• "re.re-,A. mixtu.re
                                                            .   '      , or all,t.h-n,ee eomponents, eytochro'mes b-555 (Z) ancl (M'I), anr], a . "
                                     pt                -t                   '                                                         '                              ' minor cornp,onent. . • ' '                           '                                                                  '                                  '                   -      rn the preparation clescribed previous.ly (1) there wss nb'
                                              -
'obvious separation of difeerent components'  on a DEAE-eeLlulose

 eo}umn (Flgr,. 3). Fraetions aft.er frsctions number 150 to
                                        r'                  ' 4oo (not shown in Epi,g,. '3).contained ne 'eytoehrome ],2)-555.

            ' rifIelanin-.like pi,gtnents were eluted Sn fractions eround the pesks

        l-                                                      '                                                     '                                                        '                            '                                   '                          '                                                         '                                '                                          '            • ,1                                         t t/                                        tt                                                            '                                                       '                                           '                      '        '                   . -- -- -- -lie-- -- -------- "-" .                                                      '           '    ,• .•' Fig." 3 ,'i          '
                         -d---- -P- -P -} d- -t- --- -- -

                                  LNi
                                                  '            .t                   'marked "X" in FiEr,. 3, r.rom the ].iÅílf,value on chromatozra. oh:y on a

DE"AE-cellulose, cc:..umh cytochrome !2-555 <I) in thls pi.reparation'

                ' (marked "Xl'. in. Mg. ,2) seems to be Mentieal with cybochrome
          '                     - t/.,, ,, ,,s lp . p,,,,,,pi  p  i.ri ,1.,p

,,

gi
.i

, IY,i ,,i,.li.r,,..i•L Fili.ii/iii"'• .



               tt            '     tyjo]at' Ext.tnet;ian (:.roef.f.Icrj.ent The e,xtSnction coe'ffi-

                             '                                                               tcients and absorbn. noe ra. tios Qf lo,rvn.]. cytoehrome h-555 p"re
                                                  -                                                         '                                   '                        tt                                        tt                                                                  'given iin Teble Zr. ,• ,•                                                     '                    tt                                                  '   '               '        '                                        ti
               '                       '                                                              -              '               '    ttt t t  '            '    ,, . , ,--- -------"--- --t --e-"- d-- i-t rl d-- ---

   ttt
••  • • Table Xr      '               '          tt                                             '             '                        '  '  '' • '1• J.•' . "---" "' "' -- """'- .• -. d

  '

     ,Amtno Aeid Coi•n,,'Do,st'tibn The resu:Lt.s of am.i.no acld
                                           '
anaiyses  ef the ourified rsgmple e7re summar ?/e'l in T="b]9 i.rZ. ,

              /-           t ttt tt                                            . ttt      .. ,. L.                                                 '   • • • •..-..".--.-"-"--"..--", ••                                         .;
                             Table Xtt

                        e- "- -- -- -b t--- -t -- -- -- --- --- -t-

A lar?.;e excess of acMie amino cn.cltats over h-gstc one,g endi of'

h ,yd ro ph i l i c a m i n o a c id s ov e r h fd r o Ph o h. i c on e. s i s' n o ti c e a h l e .

                                  't 'This feature is in good accord,g.nce with the low isoelect,ric pointsV
                                     tt
c'i'nd solublllties in ;gst.er and s salt solution -. :' '- ' '
                                                    '
(Talle rXr artd Fi<c.. 1). From the cr)mposition of amino acids,
                             ,othe' r then eysteine s.nd t.r,yoi toph?n the formula weight, v;es, calcu-
                                  i                                                       '1rt? r.ed to be 8,020. 0n the basts of ptotein a. nd herne conten'ts,
                                       /
the  m\,i2egi.:.:,t':geg.t,gi X,li e,ggO;gg:1 ?.,:ei,ai,']O.21,,., i,....i

            '
cytoc ,h,rome .3gd•sss  "s  g  spiub,ii

lz'
:g lgrln ef cytgchrO,Ta !2s iO?el,SZed



                ''

in' tlne l.arvcs' 1 partior)late froetion. rr,t ccmp.:)+.]ris.,cn wl. t;h eytochrornes

bs from various sources reoorged 'oy ot.hcr wo.rkers (St-2.2?) lsz•v?.1

eytochrome l--555 contains the fewest s.mi.no .fi.cid. restdu?.c. (!)5 co.mino

                                           ,
2eS.6.{ residtnRs oeher th,on tryotophan arifft eysteine), Lo;,:e:r contents

of histidine, prollne, and n.eucine, and hS•gher cont,ents of alsni.ne

                                                   '
     Clr6ultqr Dlehrolc SDecr,r2 - The circu]-e.r diehroic speetra

of  lerval  f.e.Fn-  and ferrocytoehrome  ]i.-•5S.5,sre  shovtn. xn  FXr.  ,4.

          • - , , -" .. ..-" ..-"•- .. ...•

                       d- -  '' '-" ' , 'Fi ,nc. .b lt ' •- •
       I ,• . -- -• -- -• -•--•--• -• •- •- -•- ,,

            '                                  '  '                       '         .:rn the Soret resrion a lsir.xe neq,g. tive trou gh at 1"16 mii of ferrj-

eytochrome IEtL. -55.5 was preminent refleet2nx a skmplo. opticD,IX.

aetivpt" tr,qnsttlon of the Soret a.bsorption ba.nel. Popt.tive peaks

at 483, 39]., and 337 mp, a-.nez.at'Lve trou,q.h a. t 3Pt; m'p, ?ncl tl ree

brood ne ,tr,ative: trou tlhs in the re g. i6n of r.n m. ta. i-l i. zs `ntft tra. nst ti on ,

from .COO to 600 mp, su,(nyqe.st that the 'SS.r,'.otein moiety provirles sn

s.symm?.trlcnl envircn}nent to the,heme ln the molecule. .A b: os. rl

ne.TT.gtive"  CD bgn(1 grouncl 300 mii, a posfut.i.ve peak at 29!4t mp snd

Z',nZi';." );eS.I,rgur': /Lj.aZO, ll\i.'t/gXM.,,11? L'Z,•;l.Si2Ciztgi :;g.h..:r,znsitiens

6hromophgres. :n the far-u)trgviolet re,itn the dlehroie speetrum

'ho" ?,g,Jr"{:t; r'/'tro""hsat,,22i-":.,iil•m'i TheS)'9Cl''IM?117r"?-.



te 'r' fi. s tic o f. t7. -• helicrt=rj, r,L p ro be fi,n s' gnd pol ,,vr pe p 't Zde ,r:; ,n,.t l. 1. D. "; ,t; t; he cc n- .

cl.usion ot' the J presence of 2 rirht-h.nntaed cT.-hel.).x form in the'

mrote in moie ty of the es toch ro m. e. Is!hen tl .e he-.i ,?. ht of th 'e na q.g tiv p.

                                              '                                             ,elli e, ti ei tu b" nd ta round 2. 21 m :i vt;rn s used to es ti mg te the a. --hp.lix .

ctr)nbe-nt, usincr the value [el)2.22 mli = -L i".o xt loLi f(.:)r hel.iosl ,

poly-•L--cr,lutamic g,ei(. as s st2nd.ord. (l.3), a value of 2]. '1, for
                                    -                     '                                                    '                                         '12cv.gl ferrieytochrome b-555 vJas ohtaine:a as, st,umi'nrx 6.(i peptttKe

                                                           'chrotnophor'es, p.er herne (r.ee [Pn.hle IXX). Thls vtarLue for thr" iz-•hrtsL.tx

                    'con te rtn t mA .y be a m,g x imum one be cau ,g- e the cont]r .i. 'outi on of eom ple be -•

ly dena tu red cytoch rome to the el ]. ip r. Xclty a. t 22 ]. mp rA; es s no`t.

tt ken into consMer'.-fitlon in the caleul,gtion. It hss been et;tob-
                    '
lj ,t, he d. tha t the ne ga. tive trou g.h at 221 rn p involves con t,Ti. bu tl on ,s

                              'not only .from the a-he,lix but from ,8r and/rand,.om e6i].ed struc-

                                        'ture.s. Åívioreover, the priesence of op. tical.ly ective transttions
                                         '         '
ot.her thnn those sssoci$.ted rtJith rthe amide. trtynsit.tons oÅ} tiie poXy-•

peptlde eheke hemp. in. the caso. of. e,ytoehrome, fur.ther com'pll,-
   '                                           .cat.es the quantitatXve interpretat!on of. the date in thi•"b wavp.-

            '               'leng.,th reTion. 'Vher.efore, a.n,y ?.e,ti'mat.e of the heM.c.A.1 cont.ent of

                                                               'cytochrotnes basecl on eit.her CD 'or ORDtmegsurement ma.v be of

   --limit.ed use. ' ,                      '
     The dl.chTole spectrum of t.he reduced. protel,n wes si,xnifi--
   '                             'csntly different from that of. 'tihe oxid.rLzed. protein. Thq inajor

soret ne,gative t]rouftch w.ns gt t,itbout t"27 hm jnstehd of 1"l6 ml" A. s,

                             bin ferrleytochrome, the d.1 .splacement being similar to thst '

obsArved in , tpe  qbsor r,tion spe:,ti:. ..and, the fP ,Sbi e,,et'1 Of P9th



                                                        ,                          '  L
o>: .l di ze 6. a nd. rr eauced cy te ch ro ,ne : e pre ,s ant ari ,c• npro x. i rto te re f-

1:.ction o.f. the abs:orption s, pectxa w.tth res.peet:, to. tlnp. vi..'velenech

axis. 'Lhi,g. prominent ellipticity at alg:)out tF27 rnp wo`s see•orn-

pGnied b.y en Dossttive peak st IPI3 rnp n.nd a• -r]eg&,tive ctsou`rh .st LL02 ,

mp. Ip the re glon be V,Teen 500 and r/ 70 mp com pl ic cD ted fe rrtu ,re ,s

in the CD speetrum TN'ere observecit. [I?he •fi. a.ncl. B o}')sorpt.S,on h,,n'3,e:
                                                   '                         '       ,a"u 55'5 and 528 mp, respactivelY, of 'ferrocyt.oc'nrome h"55C• seemed
                                                    -                                'to. exhiblt f. lve diseinct ne.xatlve eU-io, ti.cities gt about 5C.9, 552,
               tt       .525, 508, ancl LiY90 ml.i. [I)he. five neor.ative rliehroic r.roup;h.s vJt.rei

at about the same wa-ve].engths as the .gbsorption mt?ximm of the

lov,i ternpereotu're 6, pectrum of ferroc:sftochrome (1). rPhe presF.nt

clato su,rr.y.est th,at the a and B bands of ferroeytochrorne b-555 con-

tcatn mu ]. tip Le transi tion ,": st ro om tem pe ra tu re and tha t eireu ie r '

diehroic spe.etroscoo.y is.gn extra. ordinarily sensitive methoa to
                                                            '
resolve these tra nsi tion s. under orcl ina ry p. ondi ti on ,rr: . - !n tl e near

                ,e                 - ttultraviolet reg.ion there were a nesrative t,rough a. b 362JJ mp, s

                                                            'eu trrve at :3 LVO m I.t ca nd a po:itive p, ea' k a t, 3 IL 7 mii. ` The. ne tTit", tive

and positive bands at 298 cnncl 28LV rnp seern tto' reflect comp].ex

                • "1optjeally active trensttions of both aromatic a.mino aeM tJ,rouvs
           .              '                                       '                                                         's/ tl p:r otQ heme, The re d. uc tion of, the cytochrome •a ecom p. a,nled•s
             '
slight  S!ecreasg ln the elllpVicity,at, 222 mp. ,,

                                      /                           -t t         t tt tft              t; /.                         '                                   '                                                    '        tt                                           t/                       '                   tt       tt t tt / ti tt t             t. -t       ,-/                                   '          '    t ttt t         ttt t t       '                       '                '
    '                                           '                             '                  '            '     '                                     '                                  '                             '                                    '        tttt ttt t t /           '           ttt                     '                          t-              '       tt           ,               '                          '           '           t-                                                      Å}/                            .t tts .                                   '                                                        .                        '                tt          .t     ..,i, .. ,. i -13- ' ''           , '             tt               '        t.          '             '



  . 1-1} [t-' ,, c,r u,":; r:' [oT,I
     S"S t? T)g ir rfi tp" Co;n pon en tr, A rl i f.' fe )re)"l t b`e 'htav ior of 1 •7 rv -:t l

           --
c "r t. ochrome !i- 5. 55 on a i-) I,:A E-cellu lose co rL umn Tt•igs no ti ce d- f, rom

                                                             '            'epr, '. e• oA r,g ti (. ,n to pre pa ra tion ( E" ip s. 2 cn.:• nd., 3) .' Thi,g d if f, b. ren ce

    ,      '
wt s not c?. us ed hy a d. iffe rence in •g co, lumn size h. t:. ep use t}ie r. F:. pB r? -•

      the •tfi Oi ofAtuo component.s was achieved on g shorter column (3.0 x

                                   'll.O cin)- than t,hat t used. for the results ln Fi,q.. 2 (unoublished

         ,ob se rv a ti6n s) . A t T) re sen t. the re i lacr• : o .cr, tg t ts f2. c t< r y ,t n te r p, r ". ta tic n

on th ls d fi ffe r'ence because of tfi. .iLa ck o L" ne nou cch ev j. d. ence. }- Tt ur thnr

worX' 'ls re. qu .t r, ed on "v his he te ro e, ;,ene ity amon •.1 pre! s. ro ti ons.

                            the     By ]',soeleetric focusing' •a: crucle eytochrome b-55t5 o. 'rep2r2. tSo'ct
                             A "-
'tias seDarated.In' t.o thiee components, of fuhich compone.nts (T) and

                                  '(XI) hgd. the seome propertielts in severp..L rdsp.ects. 'I]he 'ceason. za:hy -

                                           '
the cr'ude prep-Dration, contA. ined three elee'troo, hot"etlcal,1.y rlifeerr

ent components is not eleor at present but severrD.1 ext"IA. rta'tions
                                                       '          t-tare p, es) sib, le. He tp. ro ,tr. ene i. ty u ,gu.a ll .y a p. ne i{iS. s on dif fe rences ln

                                                                   'pr ime ry, $econda ry, ter ti .a ry, o.r q,uarte rn •g ry structti re o.e D, ro te lns .

E en wS.th a differenoe oniy in the,primar. st:ructur.e Vnere rgre
                                      '                                              ',sevefoal nosslhle exolanstions tn.king ,i'nto a. ceount of rn}Aeh the

                      L- 'same amino acid •e orn po si tions of the two com pon e.n t.s ( TtE b. le r) .'

(1) 7]he tv o eom ponen ts in av y hD ye g v, p. r. ox im lg] t'61y'' the sa me am ino

           '
acic]. sequenee ln the molo,euie: bub (].a) a different distr.lbution

of the g.mMe g,roups 'Nithin the molecule mc7y eause sufl lei'ent shift

of the dissociattoneonstantsof some ionizcleble group.s to gccount .

                tt t                           '                              'fgr a.differe,nce ln elecbrophoretic mol]ility, ss, sucr,erested ir}, the

                                                     '                                                    '             - e:, / .1 ,-,,                        d                                                        '                                   '                                           -.      ttt                           '                                                        '          '                                             t+     ,           '                               '                                                  '            tt t /t t. .t 1                                                  '                              '     '                             tt '                                                  ti               '     '' '' '' -l4- • , ,.               '                        '                                                             '



ernse of i'nyo,T,1.o'5. in (L.l!li) an(1 cytochrocrte s. (2,,5.")); (lb) the:re acny ?)•e

f-;eVeral actdi.tional a'mino ae.td rest.riue.c• t,o the molecule of' o"ne. of

the cotp pon ten ts , as in the ca ,:.e of ]. iver micro ,pt. orn tE i cy toeh r. off`e ;:.); tf

                                              ,7(.I.LLt+-'"•); (le) one or two nont"ral amlno tg.cid.s in ohe of the components

meoy be replRced by aciclic or b?sic one,eb in tlae ot.ho.r. (2) Ooo..tÅ}-

          /t                                                           tstonallyt the two components may have the sgme a/ninc rgcid. compos,i-
    '.

'tion and very cLose isoelectric point-s but h,tuve, q}aite ri. ifferent
         -.                               '
a;fiine scXd sequenees. Causes fo.r dieferences in thfo. secendary,

tert.laxy, or quArternar.y s.tructunre of hemop,Toteins olso remdr.in
                                                                    .                                                           'to be elucldated. .
                                                   '         .     Arnln.o Aeid Comoesitlon •----•-- Cytoehroi"t-.)ot'' l2tr-555t (-.L) anri (]I)

                  '(16we.r ;uTi.ty) had less prollne, tyrosine, and p.henylalsnane th,en

g mixture of both cc•mpo"nents (,most purified) (T.fibles I f-pnd XIi).

[Vhis ls, p, robably bee2.use of the techni.c21 ,di•ffieuZty in the'  ' '

quantitatlve anaiysis of a small a.,mount of sample (approximatp.ly
100 p,q pro'uein) end due to' d.estructlon of these amino sÅëids

i-turinz,, A.clciL hyd.rolysis. •" ,
                                                     '     Larval cytochrome Lt-S5S contp.ins Vl e fewest amino ceid
                    'restdues amonq'c,ytochrornes l2s from various sourees reo, orted b,y

other wor)<ers (2-•l.22)., 7]his fact may s,ug,F•;es.t that larval c,yto-

chrome is extraeted as a heme-peptide, eontrery to the pr.eviou,s

            --- •
                              .     From gmlno ,aeid sequence deteurmination 2. nd. chemiegl modifi-
                                                              '                                `eatlon studies ti):,ri.??m.t2.?t.e.'i.r htss su1•;,ir,e,trted (],2tL.) th, tfnt tuNo hir.'ttdine

            'restd, ues are involved in the hgme bindinÅë. in 'eytoehrpme ])S.

      '
[Dne f  c r th ,t,,,}nrv ,X,,,c toc.[i r,o :rn ,].f,l2 1 ,5.) hEls on.ly two hXstidinr ,,,



ro s iO. u 2. s is, th e• re fo re, o f tx rea t, a cl va n t,? q e i'n l o o? ti n x th e
                                        "6
].igsn'dincr. grovv')s.

 , CD Spectr, •--- Urr,y her,•reDortecl (]7) that. 1.oTt ,spi'a com-
                     ""t-
plexes have lnr(r,e CD bancls at 260 mu anrl tha't the rotation•gl

                            '                                                              '       '                   -tstren,z".h and posi' tiens of these dtchrL>le h.p.nds woulci. be efd"Lfeete4,

                           'hy the v, osition of the iron with r'fi}st)eet 'to the ineme nlfDne a:nd

by the ngtur.e and relative orientations of the Mggnd. .s in the
            '                                                                 'fif th a. nd six th coo rd in.ft, ti on po st t.S. on . Tlo :`"ever, ln. rval fe rri -•
                             '                                  '                                                            'cytochrome h.-555 of Xow-s.pin type had no stspt,niftcant elliptietty

arround 250 ml.i, while rabbit liver mlcrosomu 1 f.'erricytochrome b.
                          endo,m.'eneous' -')
(ZOw-•.spln type) solubUized byAcathepsin showed a positive pp.ak .

st 250-1 mp (unpublished dats). LarvaX oytoch,rome b-563 (low-s.,pln
                                                   -
tyt)e.> from the housefXy, rilusca 0,.cmvs)tte.? L. hacl•no positive peak
                         ww
in thp-. 250"260 mp reg,!on in,either 'the oxidized or thc-. reduced .

CD spectirum (to be pubXlshed>. Althour.h t.hese data are ineon-

sistent with TJrry's. $ur,pt.estion, fur.th. er d,at.za. on the CD ,ct: p.ectr.a of.
             e e• --
other  hemoproteins must be accumu12. ted b.er'ore a 9,,efini.te conclusicort

ean be sg. f.el,y dreA.wn. ,•, •
     Studi'e,g on opt",eal rotatorg d.lso, .k,rsion and ci'ccule• r dichroism

of hemoproteins with protoheme as the prosttr}etic groupt p..g.

                                           ihe unot7. lob in, myog.l ob in, ca ta ia se ( EC 1. L:L i. 1.. 6) , pe roxit". A. se (FC

1.11.1.7), and cytochrome li,,2'<EC 1.X.2.3), have been undertakep

b2 msn.y worl<ers (lk9,•-2.23). [Dhese sVudie.s. will Lvhrow light on,

                                       'e].ucM,ntion of the dif lerent funetions of hemoproteins with the

srpme prosthn.tic sTroup. Lrarvsl ferri-- and ferroÅëytochrOme b-5S5
                   tt              -,                         t-.                                                       '    '                     '                                         '                                                    '                            tt                                            '                          tt   t 't tt t ttt 't ttt t-t                                                             '           tt       t tt t         '                                                     '                              t.                tt                 '            '                                                  ,                                                       '      '                    '     ' ' ,'' -16- , ., ..,                                      .              tt t                        t. t           t 't /t tt .t Ptt .H t tt '' t t    t t ttt tt tt



 shot,ied ne-c"ative diohroic pe.tkts• in t.he SoreV rF)tzion. ORr) speclt.rr]

 o'f gnother b-t,ype eytochrome., ,yoa,st, ferni- ,rtnd f.erTocyt4nwhrom=.t L,.,,
                                                                 (.-
 have been reporbed to exhibit' necative Soret Cott.on effectss(23).
                                                               w
 Sj.nce a ne.g.ative Cotton efT"eet in an ORD ,spe6trum is e.qv.`,Lva. ].ent

                                                                 ' to rxv neTstive trc u.ny,ia in a. CD speet;'cu,n, the hf.,me i.n both b, -t.ypo, '

'c"ltochrc•mes rnDy be in the stgme ster.'ic envi)rorment provicle"1 by

 the• protein melecule. On th,e other hond, many other workers hsve
    '
 olr,served thg. t in myr>cr,lobin and hernoJr].ob).n. which Dre ox,v. ,qc-n-carrrv-

 ing hern opro te ins, and in ,perox id -s se, a } yd ro ren n. e r. oxide -b binrl ln •z

                             tt hemoprotein, the case is' reverse both in the oxidized e.nd rp.dvcecl

 stc"jtes (1-,q•, ].q, 2.1). Fr`om ther:e results it i.s sugtx.ested.L th.at .i.n

 ,c A:n t)x ?, l. h. ,'. 'J th tri tin,e rte "luce ,ft ,a. nd oxjdize d. fc rrn s dn h -• t; vr)o c .v to n-. hr o• r/e

h2 s. ;a ne rr. D t, ive Cotton effc. ct in the So ;ret rcr rt i. on ?,T Yi i. ].e non-})- t. y, r)e

'n. trro t.ohel to r) -n. o te ins ( }nern o;rlo'b, i n) m vo ,rr rl ol'), j n, o, e r'o;< ft. cl tLi s e , `) t;e . In ,e)ve '

-t bosS tive oni,n.. On the basis <f.this h,ypotlnesl,pt., the stcr,n of,

Soret Cotton effect may be co:rrelcn ted to the diffe/rent funetions

of the hemoprotelns contairllnfT, protoheTne: a ne,cra ,S,;lve Cottor, effect

to an electron-transferring f'u'nction, a positive one to cten oxyg.en-

end hydroeTen peroxide-carryingg f'unctloui. Moreover hemoptr.'otein.s

in the fo rm er g, roup do not react wi th ex. 'trS. ns ic 1 -1 ,q.ands ( car b. en

mono)< M. p. ,. c.yan id e, ezid e. , ete• .), wh Xle those in the la tter do.

Cetalg.se and lamprey hernoglobln are, however, exceptional to
                                                                '                                                              .this hypo t' he sts (20, 22). Fu r. ther stud ies are req u .t red to, ex pla in
                 -- r'- ,                                         '                                            '                   ttwh,y th 5. s' is so. ' ' ,', • '  '                                             tt                            tt  -, on thR hgsis o" thn ORD"7I::,) [iD eet e;?!fs ,both ie the oxldXzed



and i"edueefl'  form,.s of he,nosrlobin, Tr,:fotrLobtn, c,y'bochrorne ILt2",

Iar.val cy/ioca' romes ho•-•55f5 and L,-563, t-,nB. rE-?)1it. 1.i.ver'm,ic ,rosom"e].

cyt.ochrome b.s reported by other authors cetn(1 ,in thc pres:,o,nt in-

vestiET,•?. tion (],iRL., .li.:CzL, ee.3, t•o,be publis)hecl.),- eA,n(.)t.her h.ypotlnes'is is

P]rOPLr)Sed.:.It)EÅí9.SIR.irL9.El}.:r !OL•O}1enl•')22t:g.1!sLMote•uns'rl;p.vc-) tlt,c) f-;p;,:•p.sfto-}'1ilflL}riFttSoTref,Cb

'soeetT.n hoth .G.n the oxita L,zo.d. .rand re,BLur.ed. for'ms

     E"urthe r. more , ma ny o ther wo r]<ers he.ve r;ir e,por t. ed

hemops}obint catalare, and per.o>ric3ase coor6.inete

ilg,rpnOts such s.s c,yani4..e, azide, ox)trgen, o.r hydrogen

to fo rm hemo m"otet' r• -ex te rnal li gs. nd com pkxe s'

rame siffn Cotton effect.s in the SoTet re,Lx.,ion as

proteins (EL.e.P--Z.9.0, El..Ge, =?5). This fact su,czg,ests

th.at eomnley,,es. of nTe.;togemom"oteins u'tYc,h e.xt;rinsle

.

     that m ,y osr. ]. ob in ,

  wi.'th extern.nl •

      peroxit3e'

which exhih.lt t'rtF.

  the orig.ina: herno-

a thircl h/,vpothes)is-

                  ,                '  ' IS i-r ,?.nr], :..

(? r•:hi lii i fr. t. }:.•e ,c,) -e- me s l. ,(Tin in t;he. So r'et C( tto n. `r). ffce ts ,A s tV,e t: ri (r• i 'n. rri l

h•err3( p. r,obe .) ns, - •                          t tttt
                                             '     +The CD spectra of ferro- and ferrie'y'tochrome oxM,es•e(nc

1.9.pt1) e>rhib.it o. slmilar pattern tb tn' ose of,lerval ferri- .

and ferroeytochrome b-5s5 ln the J'oret regicn, b.ut thelr stff,ns of

eiliptici"uy are opposite (2.26). Cytochromie ox5.d..,?se eont.gir,s herne

a,, bound to the protein ,noiety by a non-cov,e.lent linkacr.e jus,t 2s

in the case of protohemop. roteins, and binr3s an ox.yg.en molecule

re,sultinx. in .n stAifble oxyr,enated complex. rvforeover it coordina- tes

both vrrth, carbon monoxicle and cycanM : .to form eomplexes which

ezh, ibit the same stg,n ln the Soret Co,tton effects as the orizinsl

C{19?hr.CM,9...(1"2i)1, TheSe fgctslsu;g?o..rtt.rtae above eonsideretion.



                                      L-X-Ray diffraction analysÅ}s on crystals of eytochrome bs and other

studies wiZi prove the abeve speculations on the Soret CD sign
         'and clari2y the strueture of the heme environment.
                            '                                      '                             '
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