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.t

   The  nature  of  the light-induced absorbancc  change  of  carotenoid,  spheroidenc,  was

investigated with  the chrornatophores  of  Rhodopseudemonas  spheroides. The  experimcntal

results  indicate that  the change  does not  represent  an  exidation-reduction  reaction  of

the  carotenoid,  but is caused  by  a  change  in the state  of  the  chromatophores  closeLy

rclated  to the high  energy  state  ef  the photophosphorylation. Since the  change  almest

vanishes  at  liquid nitregen temperature,  it probably  does not  represent  a  primary

phetochemical  reaction  in the chromatophores,  The  values  of  the quantum  yield for
the change  of  carotenoid  were  above  unity;  2.5 on  an  average.

    A  reversible  change  in the  absorption  spectrurri  of  carotenoid  induced by

illumination of  photosynthetic bacteria was  first observed  by SMiTH and  RAMiREz

(1) in intact cells  ofRhodbspiriltum  rubrum.  Such change  in the  absorption  spectrum

of  carotenoicl  seems  to be one  of  the  common  features of  photosynthetic bacteria

since  si,milar  changes  have  been  detected in intact cells  , of  RhodbPseudomonas spheroides
(2-4), Rhodbspin"llumjulvum (5) and  Rhedomi,crobjum vannietii  (6), as  well  as  in the

chromatophores  of  Rhodospiril(um rubram  (7, 17) and  RhodtlPseudbmenas spheroideS (8,
9, 16). The  absorbance  change  was  explained  as  a  shift  of  the absorption  spectrum

ofthe  carotenoid  caused  by a  light-induced conversion  ofcarotenoid  from  the  original

short  wavelength-absorbing  form to a  long wavelength-absorbing  form (3).
    imEsz  and  VREDENBERG  (5) calculated  the eMciency  of  the  light-induced absorb-

ance  change  of  carotenoid  in intact cells  of  RhodbPseudomenas spheroides, assuming  a

shift  of  the  absorption  spectrum  of  the  carotenoid,  and  obtained  a  value  of  3 for the

quantum  yield of  the  carotenoid  conversion.  They  also  suggested  that  the  absorb-

ance  change  was  not  due  to any  chemical  reactien  of  the  carotenoid.

    Recently, FLEisHMAN  and  CLAyToN  (16), and  BALTsaHEFFsKy  (17) reported

evidence  for the involvement  of  a  high energy  state,  or  phosphorylation intermedi-

ate,  in the mechanism  of  the  light-induced absorbance  change  of  caroteneid  in the

chromatophores.

    The  present work  deals with  the  light-induced absorbance  charige  of  carotenoid

in the  chromatophores  of  Rhedbpseudbmonas spheroides, with  the  aim  ef  elucidating  the

mechanism  of  the  change  under  various  experimental  conditions.

Abbreviatien:CCCP,  carbonyl  cyanide-m-chlorophenyl  hydrazone,
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Material and  methods

    Rhodopseudbmonas spheroicles was  grown  photoheterotrophically in a  liquid organic

medium  after  the  method  ofORMERoD  et al.  (iO). The  culturing  was  carried  out  at

300C semiaerobically  under  the  illuminatien of  incandescent light (about 8,OOe lux).
After 2 days' growth, the cells  were  harvested by centrifugaiion  and  washed  once

with  a  Iarge volume  of  O.05 M  phosphate  bufihr, pH  7.4, containing  O,5 M  sucrose.

The  washed  cells  were  suspended  in the phosphate-sucrose medium  and  subjected

to rupturing  on  a  French press operated  at  400  kg  cm-2.  The  disrupted cell  suspen-

sion  was  centrifuged  and  the  fraction precipitating between 15,OOOxg  for 2e min
and  59,eOO × g fbr 60 min  was  collected.  This fraction Cchromatophores) was  washed

once  with  a  Iarge volume  of  fresh phosphate-sucrose medium  and  suspended  in
a  small  volume  of  the same  medium.  For  measurement,  the  chromatophore

suspension  was  diluted with  the same  medium  to make  the absorbance  at  855 nm
about  I,O,

    For the measuremcnt  of  light-induced absorbance  changes,  a  single  beam-
spectrophotometer  constructed  in this  laboratory was  used,  the  apparatus  was

designed so  that  the  measuring  light and  the  actinic  light were  incident on  the  cuvette

in the same  direction, The  measuring  light (approximately O.I erg  cm72  sec7i)

was  obtained  by use  of  a  prism-monechromator;  an  incandescent  lamp  operated

with  a  stabilized  direct current  was  used  for the  light seurce,  The  855  nm  actinic

light (approximately 1,OOO erg  cmu2  sec-')  was  obtained  firom a  BAuscH  and  LoMB

grating monochromator  equipped  with  a  filter (Kodak-Wratten 88 A). Cuvettes
of  either  a  10 mm  or  3.5 mm  lig'ht path  were  used.  Changes  in intensity of  the

transmittent  light at  desired wavelengths  were  measured  with  a  photomultiplier
/tHamamatsu  

"IiV,

 7696) plaeecl closely  behind  rhe  cuvette  containing  the  ehromato-

phore suspension.  Blue  filters, V-B46  and  IRO-IA  (Toshiba), were  placed between
the cuvette  and  the photomultiplier to  cut  off  the  actinic  light. ['he signal  firom the

photomultiplier was  amplified,  using  an  electric  circuit  with  a  time  constant  shorter

than  one  m  sec.  For recording,  a  strip  chart  serve-recordcr  (Riken Densi  Co. ; SP-J2)
er  a  synchroscope  (Toshiba Electric Co., 1554) was  used.

    For  measurement  of  the  light-induced absorbance  change  at  -1960C,  thc

chromatophore  suspension  was  placed in a  transparent  plastic cuvette  <2.emm
light path) with  an  alminium  fin, and  chilled  by immcrsing in liquid nitrogen  placed
in a  transparent  Dewar  flask.

    The  absorption  spectra  of  the  chromatophores  and  their changes  on  additioR

o{'  oxidation-reduction  reagents  were  measured  with  a  Shimadzu  MPS  spectro-

photometer,

    The  intensity of  the  actinic  light was  aitered  by the  use  of  glass filters, N-70,

N-50 and  N-10 (Hoya Glass Co.). Absolute  intensity of  the  actinic  light was

measured  with  a  calibrated  thermopile  (Kipp and  Zonen,  E1-type) combined  with

a  microvoltmeter  (Toa Dempa  Co. PM-l8).

    The  efllects ofmolecular  oxygen  were  tested  by introducing the  air  to an  anaero-

bic suspension  ol'  the  chromatophores.  The  anaerobic  condition  was  furnished
by repeated  evacuation  and  flashing with  pure nitrogen  gas, fo11owed by further
exhaustion  ofany  trace ol' Tnolec',ular  ox>,gen  by the use  ofa  reaction  mixture  con-

taining  glucose, glucose-oxydase and  catalase  (13).
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Fig. 2. Illuminated-minus-dark difference spectrum  of  the  chromato-

phores. Dotted line represents  the  diflerence spectrum  calculated

assuming  a  uniform  shift  of  the absorption  spectrum  of  the  chromato-

phorestowardslongcrwavelcngth  side,  (400cm-t decrease in wave-

number;  see  text).

independent of  the intensities ofthe  actinic  light used.  As will  be fully discusscd in
a  later section  of  this article  (Discussion), the  light-induced absorbance  changes

occurring  at  440-580 nm  arc  to be ascribed  to a  change  in the carotenoid  in the

chromatophore.  On  the other  hand, the  absorbance  changes  at  605  and  430nm

are  probably due  to changes  of  bacteriochlorophyll (11, 18). The  reduction  of

the  b-type cytochrome  indicated by  the  absorbance  increase at  560  nm  might  also

have contributed  to the  absorbance  increase at  430  nm  (12).
    In the  fbllowing experiments,  the  light-induced absorbance  changes  ascribed

to the  change  of  carotenoid  were  investigated mainly  at  the  above-mentioned  peaks
or  troughs  of  the  diflerence spectrum,  rnostly  at  490mn.  For comparison,  the

changes  at  other  wavelengths  were  also  examined,

ELfibcts of- uncomplers  and  inhibitors on  the tight-induced absorbance  changes

    The  light-induced absorbance  change  at  490  nm  was  suppress ¢ d by  addition

of  CCCP,  an  uncoupler  of  photophosphorylation in chrematophores  of  photosyn-
thetic bacteria (19) (Fig. 3). A  marked  suppression  ofthe  steady  state  level change
was  observed  at  low  concentrations  of  CCCP;  50%-suppression  was  obtained  at

3 × IO-' M  CCCP.  It can  be seen  frorn the  figure that  CCCP  accelerated  the  rate

of  light-off change  (recovery) whereas  it was  without  effect  on  the  light-induced
change  at  the  onset  of  the  light,

    On  the  other  hand,  the  light-inducecl absorl)ance  change  at  430  nm  was  hardly

affbcted  by  10-6 M  CCCP  both with  respect  to the  magnitude  of  the  steady  state

Ievel change  and  to  the  kinetics of  the  on-  and  oflLresponses.

    The  eflbcts  of  CCCP  on  the  light intensity dependence of  the  light-induced
absorbance  change  at  49enm  were  examined  (Fig. 4). The  absorbance  change

at  the  steady  state  level was  saturated  at  a  light intensity of  about  1,OOO erg  cm'Z

sec-i  in the  absence  of  CCCP,  The  presence of  CCCP  modified  the  !ight intensity
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Results

Li,ght-induced absorbance  changes  in chrorrtatophores  qf' Rhodopseudornonas spheroides

    Light-induced  absorbancc  changes  in the  chromatophores  of  Rltodopseudomonas

spheroides were  followed at  i,rarious  wavelengths  in the  visible  region,  }rig. 1 shows

the  time  c;ourses  ofthe  changes  at  523, 507, 490, 474, 430 and  605  nm.  On  illumina-
Lion of  thc  chromatophores,  there  occurred  increases at  523, 490 ancl  430  nTn,  and

conc:ornitant  decrcases at  507,  474  and  605 nrn,  Steady  state  leL,els ol' thesc  changcs

were  reached  within  3e sec  after  onset  ofactinic  illuminati()n, and  thc origina,1  leve]s
of  absorbance  were  rec:overed  within  60 sec  af'rer cessation  of  the  Iight. As will  bc
seen  fro. ni  the  figures, the t.ime courses  of  the  absorbance  changes  at  523,  507,  49{}
and  474nm  were  all  similar  in shape,

    The  ]ight-minus-clark difference spec:trum  was  obta,ined  by  measuring  the  steady

sLate  level of  the  light-induced absorbance  changc  at  rcspectivc  wavelengths  (Fig.
2). Repcatcd  illuminatiori with  one  sample  did not  alter  the  results  of  the  measure-

ments  when  suflici ¢ ntly  long dark periods (e..a,, 3 min)  were  inserted between  suc-

cessive  ]ight periods, As  can  be seen  in Fig, 2, thcre  arc  pcaks at  430, 456, 490,
523  and  560 nm,  troughs  at  447, 474, 507 and  605 nm  and  isosbestic points at  about

464, 477, 501 and  512 nm,  These  charactcristics  of  the  difltrence spectrum  were

;1
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Fig. 1. Time  courscs  of  light-induced absorbance  chaT)ges  at  523,
507, "90, 474, 430 a,nd  605 nm  in chrornatophores  ofRAodopseudemonas

.ipheroides. Upward  and  dowT]ward  arrows  represent,  respectivtly,  onsct

and  cessatien  of  actinic  illuminatie]'].
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Fig. 4, Relationship between intensity of  actinic  light and

light-induced absorbance  increase (steady state)  at  490 nm  in

presence and  absence  of  CCCP.
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.

curve  so  that  the suppressing  eflect  ofCCCP  became  more  marked  at  lower intensities
oflight.  Similar efllects ofinhibitors,  including CCCP,  HOQ,NO  and  desaspidine,
have  been reported  by FLEisHts{AN and  CLAyToN  (16) in the case  of  the chromate-

phores  of  Rhodopseudomonas spheroides. In contrast,  the inhibitory actions  of

gramicidin D  and  antimycin  A  were  not  afflected  by varying  the intensity of  actinic

light (16).
    It was  fbund that  other  uncouplers  of  photophosphorylation,  gramicidin  J
and  Triton  X-100  (20), also  suppre$sed  the  light-induced absorbance  change  at
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490  llm.  The  concentrations  for 5091o' -suppression ef  the  $teady  state  ]evel change

were  3 × 10-6M  for gramicidin .J and  2 × 10'2%  fbr Triton X-IOO.  Inhibitors of

electron  transport  in photosynthetic bacteria, including antimycin  A, o-phenanthro-

linc and  piericidin A  //(21),  a]so  suppressed  thc  light-induced absorbance  change  at

490  nm;  with  509,/,' -suppression concentrations  at  4 × 10'5, 3 x  10'3 and  5 ×  107S M,

respectively.  The  eflect  of  antimycin  A  was  not  removed  by addition  of  phenazine
methosulfate  (10''`M) either  in the  presence or  absence  of  ascorbate.

ELfileats ofmogeczalar oaygen  and  os'idation-reduction  reagents  on  absotzPtion  spectrunt of chromato-

Phores

    SMiTH and  RAMiREz  i(2),  using  intact cells  c)fRhodopseudomonas  sPheroides,  ibHnd

that  introduction of  molecular  oxy, gen to  the reaction  inedium  caused  a change  in

the  absorption  spectrum  ol' carotenoid  similar  in pattern to the  light-induced

absorbance  change  under  investi.cr. ation.  It was  tbund  in the  present srudy,  however,

that  introduction of  molecular  oxygen  did not  cause  any  chan.cre  in the  absorption

spectrum  of  the  chromatophores  at  the  regien  of  460-540  nm,  nor  was  the  light-

induced  absorbance  change  at  these  wavelengths  affected  by its presence or  absence.

    The  eflbcts  of  the  addition  of  oxidation-rcduction  reagents  on  the  absorption

spectruni  of  the  chromatophores  were  investigated (Fig. 5). 
Flihe

 addition  or

dithionite (grains) caused  increases in abserbance  at  430nm  and  at  55e-560  nm

and  a  decrease at  406  nm,  wbich  can  be ascribed  to the  reduction  ofthe  cytochromes,

The  addition  of  ferricyanidc decreased the  absorbance  at  590 nm,  which  is probably
due to  the  bleaching of  the  bacteriochlorophyll. It should  be noted  that  these

reagents  did not  induce  any  significant  absorbance  change  at  wavelengths,  at  which

carotenoid  showed  absorption.  It seerns,  thercfbre,  unlikcly  that  the  light-induced
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Fig. 5, Difllerence spectra  o{' changes  induced by addition  of  oxidation-

reductien  reagents  te the  chromatephorcs,  (a) Dithionite-minus-no addi-

tion.  (b) Ferricyanide-minus-no addition,  Dithienite,  few grains,
Ferricyanide, 5 × IO-5 M.  Spectral changes  were  measured  after  suficient

incubation with  these  reagents  (10 min>.  (c) Light-minus-dark difllerenee
spectrum.



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  ofPlantPhysiologists

Absorbance  change  of  carotenoid  in llPs. spheroides 525

absorbance  changes  at  450-540 nm  (Fig. 2 and  5) represent  an  oxidation-reduction

reaction  of  carotenoid  in the  chromatophore.

Kinetics of light-induced absorbance  changes  of chromatophores

    The  time  course  of  the  light induced absorbance  change  on  onset  ef  actinic

illumination wasmeasured  at  508 nm  with  the aid  ofa  synchroscope  (Fig. 6). Under
the  experimental  condition  of  illumination (i.e., I,OOOergcm-2 secui  ; 855nm)
the  initial rate  of  change  was  O.039 (AA!sec). The whole  time  course  ofthis  change

foIIowcd a  formula for a  unirnolecular  reaction,  having  kuni==5.8secui.

    A  similar  time-course  pattern was  also  obtained  when  the  absorbance  changes

wcre  mcasurcd  at  490  or  523 nm  under  the  same  experimental  conditions.

    The  initial rapid  phase of  absorbance  change  (recovery) on  cessation  of  light
was  also  examined.  In this case  aiso,  the  initial rapid  part of  the  time  course  was

expressed  by  a  formula for a  unimo]ecular  reaction,  The  initial ratc  was  O,O18

(dAfsec) corresponding  to a  unimolecular  reaction  constant  of4,3  sec-i.  Similar
resu]ts  were  obtained  at  othcr  wavelengths  inentioned  above.

    The  relationship  between the  intcnsity of  actinic  light and  the  initial ratc  of

absorbance  changc  at  508  nrn  is iliustratcd in Fig. 7. At the range  oflight  intensities
studied,  i,e,, below 1,OOO erg  cmn2  sec"i  (855 nm),  the  initial rate  was  proportional
to the light intensity. ()n the  other  hand, the  magnitudc  of  the change  in steady
state  ievel ofabsorbance  was  reprcsented  by a  saturation  curve  showing  a  gradual

Fig. 6, TiTnc courses  of  light-induced absurbance  changc  aL  5. 08 nm

[raced  on  a  synchroscope.  ,ALctinic lightl 855 nm,  1,C)OO erg  ar]-2  sec'i,

ila) Absorbance  decrease on  onset  of  light "  a,rrow).  [lb) Ahscn'baT]ce
mcrease  on  cessation  ot' light(Larrow).
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Ught lntensity (erg cm-2sec'i)

Fig. 7. Light-intensity dependence  of  the  initial rate  (a), and  the steady

state  levcl (b) oflight-induced  absorbance  change  measured  at  508 nm.

decrease ofthe  slope  with  increasing intensity oCthe  actinic  light. A  50%-saturation
                                                                    light-was  attained  at  about  100ergcm'2sec-i  (855nm). A  similar  pattern of

intensity dependence was  also  obtained  fbr the  changes  at  490nm  and.  523 nm.

This will  be selfievident  when  we  consider  the  above-mentioned  fact (tzfl Fig. 2) that

the  shape  of  the  light-minus-dark difference spectrum  is independent  of  the intensity

of  actinic  light.

Light-induced absorbance  changes  at  lieuid nitrqgen  temperature

    The  chromatophores  were  tested  for their  capacity  for !ight-induced absorbance

<N

OO[

o

-OOI

     

                    Wavelength (nm)

Fig. 8. Light-induced diflbrence spcctra  at  room  and  liquid  nitrogen

temperatures,  (a> -196eC. O; [[he chromatophoresamplewas  kept

in thedark  during and  ai'ter cooling  to -1960C  and  illuminated only

once  for the  measurement  except  for a  short  exposure  to the weak

measuring  light, which  was  unavoidable  in preparation for thc measure-

ment,  {b) Room  tempcrature  (200C).
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changes  at  liquid nitrogen  ternpcrature  (-- 1960C) //[Fig.  8), It can  be seen  I'rcnn the
figurc that  the absorbancc  changes  at  450 -550 nm  a]most  vanished  with  the  lowcrin.cr
ofthe  temperatur'e  ",･hereas  the  change  at  61O nm  ascribecl  to the  change  of' bacterio-
chlorophyll  was  similar  in extent  as ihat  obser'ved  at  room  temperature.

    At  this  low-teTnperature, however, there  is a  possibility that  the  eflbct  of  the

preceding cxposure  to the  light rni.crht  have  survivcd  during the  dark  intcrval
and  thus  gave rise  to a suppression  of' {'urther rcsponse  ol' the  chromatophore  to

subscquenL  illumination, To  test  this  possibility, seTne  cxpcriments  were  carried

out  in a  Nsiay  that  the  chromatophore  sample  was  froz¢ n  in the  dark  so  as  to  be
illuminated on]y  onee  fhr ihat  particular mcasurement.  The  results  of  such  ex-

perirnents are  indicatcd x･t,kh open  circles  jn thc  figure, There  was  no  difllti'ence
as  compared  with  the  rcsulLs  of  the repeatediy  illuminated experiments.

Discussion

    The  assignment  of  the  absorbance  changes  obrservecl  at  450-54() nin  te so:･ne

chan.cr. e of  carot/enoid  in ihe  chron'-atophorcs  is quite admissil)lct  ifone  considers  tJ)e

c}}aracteristic  three-peakedi  pattern of  ihe  light-minus-dark diflhrence speetrurn

localized at  t'he spectral  region  at  which  carotcnoid  showed  absorption  (1･-9), Sug-
gestions have  also  been  madc  by various  investigators (2, S, 5) that  the  obseived

absorbance  chan.cres  are  a  result  ot' a  shjft  of  the  absorption  spectrun')  of  carotenoid

in the  bacteriai cells  or  chromatophores.  In the pi'e.sent study,  detai]ed examination
ol'this  point 

't,vas
 rnadc  by drawintt/ a  theoretict'Ll  (;ui"ve  for thc  dithrence spectrLtrri  on

a  basis of  thc  assumed  shift  of  the absoi'ption  spcctrum  of' thc chroniato})hore

towards  the  longer wavelength  side.  tdictuali:y,  a  uniforin  shif't  by  400 Kayser  in
wavenurnber  was  adopted  to fit the  expeT'iTnental  rcsuits.  Theagrccniento{'  the
theoreticalcurve  (Fig. 2, dotted line) with  the  experimental  results  obtai'ned  ",as

quite satisfactory,  Tt sl]ould  bc noted  that  the  same  magnitude  of  shift  in the

absorption  spectrurn  has b ¢ cn  successfull>,  used  by  AMEsz  ancl  VREDENBERG  ft)r
explaining  similar  absorbancc  changes  in irita(,t cells  of  Uhodopseudomonas sPheroides.

    Rhodopseudomonas sphero?ldes  eoritains  spheroidcne  aud  spheroidenone  as  its two

major  carotenoids  (14) , 
tl'hese

 caretenoids  were  extracted  and  purificd on  a  siiica-

gel thin-layer  chromaLogram.  Spheroidene showed  an  absorption  maxima  at  429,
456  and  486  nm  ; spheroidenone  at  460  and  515 nm  (acetone--methanol, 7:2, vlv),
thus  confirming  the  assignment  of  the  absorption  changc  under  investigation to th ¢

change  of  the former carotenoid  (5).
    A}{Esz and  VREDENBERr. f,[5) estimated  a  value  oF3  for the  quantum  }iield of  the
absorbancc  change  ol'  carotenoid  in intact cells  ot' Rhodopseudomonas sPlteroides.  The
calcu}ation  was  based on  the  abovc-dcscribed  assurnption  of  a  shift  ofthc  absorption

spectrum  of  the carotenoid.  Howevcr,  no  detailed accountg  have been prescnted
yet. In the  present ",ork  the  quantum  yield of  the  chan.cre  of  tl)e carotenoid  in the
chromatophores  was  calcu]atcd  as  fbllows: The  molar  absorption  cocflicient  or

spheroidene  in the  chromatophores  was  estimated  b}, comparing  the  absorption  ol'

spheroidene  in the  chromatophores  at  the  absorption  maxima  (i.e., 476  nm,  508
nm)  Mrith  that  at  the corresponding  maxima  in the acetone-niethanol  extract  (i.e.,
4:56 nm,  4S7 nm);  a  vaiue,  EiMsos..=-9,3× 10  ̀ was  thus obtained,  using  a  vaiue  ol'

Ei%icrn,4sGnn,--2,700 for the  absorption  coeflicient  of  spheroidene  in an  acetone-
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inethanol  solution  as  reported  by ScHNEou･R (i5), 
'l'hemolar

 difEerenc;e absorption

coeflicient  of  Lhe  caretenoid  in vivo,  dE,  was  computed  graphically by  estitnating

the  absorbance  difilerence which  may  result  froxn a  shift  ofthe  absorption  spectrum

of  the  carotenoid  in vivo  bv 400cm-i  towards  the  lower wavenurnber  side  (see                         '

above)  ; a  value,  siEiMsos.. r-=-  1.6 × 10" "ras  thus  obtaincd  fk)r the  absorbance  change

at  508  nm.  The  number  of  carotenoid  molecules  {/onverted  on  illuTnination was

calculated  from the  observed  absorbance  change,  using  the  above-described  value

tbz' the  molar  di'flbrcnce absorption  c:oecacient.

    The  quantuin  yield ofthe  }ight-induced change  was  calculated  fi'om the  absorb-

ed  li.aht intensity and  the  initial rate  of  the  carotenoid  from the  absorbed  iight

intensitv and  the  initial rate  for the  chapge  of  carotenoid  measured  a$  sliown  in Fig.       '
6. The  values  thus  obtained  for the  quantum  yield were  alway･s  larger than  unity,

(l.tl･ to 3.4; an  average  of  abeut  2.5) vrhich  is in agreement  wit-h  the  results  of  A]msz

and  VREDENRER(}  with  intact cclls  of  t}]e same  orgaiiisni  (5), Such  values  tbr the

quantum  yield that  were  greater than  unity  also  indicate tbat ,thc 
change  in qucstlon

is not  a  simple  photochemical i'eaction,  e,g., photo-isomerrzanon  or  photo-oxidation
or  -recluction, of  the pjgment. A  simila:r  instance of  high quantum  yield has also

been  reported  concerning  the  light-induced H'  uptake  in the chleroplasts  of  higher

plants (2.3), The  question whether  this is a  uiere  coincidence  or  whether  there  is

somc  connection  between these  two  facts reniains  to be elucidatedi.

    At liquid nitrogen  temperaLure,  vhe  extent  of  the  light-induced absorbance

change  of  carotenoid,  ir any,  was  insignificant as  compared  with  that  observed  at

room  temperaturc  (Fg. 8). [I]his fact indicates that  the  change  does noL  represent

a  primary reaction.  Th ¢  above-described  experimental  results  at  the  low tempera-

turc,  however,  diflbr from  those  reportecl  by  ARNoLD  and  CLAyToN  (8, 9) in that,
in the  air-dried  film of  the chromatephores  of  RhodqPseudomonas spheroides, the

absorbance  changes  of  carotenoid  were  observed  even  at  10K, The  c,ause  of  this

difllerence has also  to be clucidated.

    SiiiTH and  BALTscHEFFsKy (7) reported  that  in intact cells  of  Rhodopseudomonas

spheroides, the  magnitude  of  light-induced absorbance  change  ef  carotenoid,  as  well

as  the  time  course  ot' the change,  dependedi on  the  concentration  ofmolecuiar  oxygen

in the  reaction  medium.  The  introducLion of  air  to an  anaerobic  reaction-mixture

causecl  a  spectral  change  of  carotenoid  which  was  simil.ar  to that observed  upon

illumination (2). 
rl]hcsc

 facts led thcm  to the  inference that  the  light-induced

absorbance  change  ofcarotenoid  may  represent  a  light-induced oxidation-reduction

of  carotenoid.  In the present study,  working  with  the  chrernatophores,  however, no

infiuencc of  02  was  detected concerning  the  absorption  spectrum  or  the  light-induced

absorbance  change  of  carotenoid.  It is logical, therefore,  to conelude  that  the

light-induced absorbance  change  of  carote"oid  under  investigation is not  a  rcsult

of  an  oxidation  of  the  carotenoid,  spheroidene.  The  diffbrence in behaviors                                                                    ol' the

intact cells  and  chromatophorcs  towards  melecular  oxygen  may  be exp]ained  as

fo11ows: In (the case  of)  intact cells,  the  introduction ef02  to the  reaction  mixLure

will  accelerate  the  elec'iron  transport  which,  in turn,  may  produce  a  change  in the

state  ef  the  carotenoid  in vivo. In the  case  o{' chromatophores,  inolecular  oxygen

does not  significantly  cnhance  the electron  transport,  partly because oi' the lack of

endogenous  substratesi  some  factor(s), or  structural  element(s),  operating  in thc

 above-described  link of  changes  might  also  have been lost er  iajured. In fact, we
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havc  previously  slio"'n  in a  st.ud>r of  the  ubiqu･in,on.e-m,p-diated  elec.o'on  
`Lransport

 in

C'hromatium D, thaL  the capacity  ibr reacting  xs,･ith n:olecular  oxy. .ciei} i;s  com}]le{/eiy

lost during thc  prepar:ition of  the  chro:･na!ophores,  "'hereas  the  activiLy  of  the

light-i.nduc/ed cyc'1'ic t･te,nspoi't ef  electroi'-s re]nained  uninjured  (24).
    The  suppressing  efi'ects  oi'uricoui)lers,  such  as  CCCP,  grainicidinJ and  

'1'riton

X-]OO,  on  the  light-induced absorbance  change  of' carotenoid  suggest  that  the

[ig.ht-incluced change  is closeiy  related  to  the  form.arion of  a  high-energ}' sttttc (or
intermediate.)' ef  ph･otophosphorylation in t'he chrcrnatophores.  Rcccnt  worl{.s  of

FLEisH}fAN and  C:LAyToN (16) and  BALTscHEFFsKy /(17)  which  appcared  cm  coii-

('Iusion  ot' t.he present work,  previde further sul)porL  to Lhis inference.

    A  n'iost  probable  c.'-'.use of  the  observed  shift  on  the, absorption  spccvrum  is a
strucLLural  change  acc.oinpanying  the  light-induced hi:'I'h entr.if,y  state  ofthe  chromato-

phores (.2.V. )1, which  m'a';.  result  in a  change  in t}]e environment  of  the cai'otenoid

inolecules,  tl'ius inducing a'n  alteration  of  the  elecrronic  state  of  tl]e pigv'}ent
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