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S U M M A R Y  

Heptylhydroxyquinoline-N-oxide and antimycin A were used to study the sequence 
of oxidation-reduction catalysts in the photosynthetic and respiratory electron- 
transfer systems of photosynthetic purple bacteria, Rhodopseudomonas spheroides and 
Rhodospirillum mbr~tm. These inhibitors caused steady-state changes of cytochromes 
in aerobic-cell suspensions: more reduced cyt~ehrome b and more oxidized cyto- 
chrome c. The reduction of cytochrome b (by anaerobiosis) was not inhibited by these 
rcagcnt~ but that of cytochrome c was blocked. It was found, too, that these reagents 
~ffectcd the steady-state level of carotenoids in R. spheroides in an anaerobic sus- 
pension. 

Illumination of aerobic cells caused the reduction of cytochrome b and oxidation 
of cytochrome c in the presenre . f  heptylhydroxyquinoline-N-oxide. It was concluded 
that these inhibitors block the oxidation-reduction reaction between cytochromes b 
and c, and that b-type cytochr.me occurs nearer to the photochemical reducing site 
and to dehydr~ena.st.s, while c-type is closer to tlw photochemical and respirator)' 
oxidizing sites. 

I N'I ROI)UCTION 

Antimycin ~ and HOQNO have twen t~.ed as inhibitors of electron transfer systems 
in mitochcmdria isolated from animals, plants and bacteria t-t. It is well known that 
in the Daotosynthetic phosphorylation of the chromatophores isolated from purple 
bacteria, HOQNO and antimycin A are powerful inhibitors6-L Photophosphorylation 
studies with flashing illuminatiot, have shown that these inhibitors block the site 
in the electron transport chain which l!rnits the over-a!! rate of phosphorylation when 
the light intensity is at the saturating k..,l t 

AbtwevJatlon: HOQNO. a-m-heptyi-4-hydroxyquinoline-N-oxide. 
" l~e0eut  ,g ldrem: Depm~ment of Jtiophyskl and l~cbemietry. Facuky of Science. Unis~rs i t  y 

of Tokyo. Hou8o. Tokyo (JJq~nL 
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Our present  paper  deals  wi th  the s t eady-s ta te  changes of cyi,,cl,r.,,,uos mducoa  
by  these inhibi tors  in purple  bacter ia .  The effect o! these inhibi tor -  ,:.n carotenoid 
p'tgments was s tudied,  too. The l ight- induced absorpt ion  change it~ ~'he presence of 
these inhib!tors  showed an interes t ing blocking phenomenon betw, en cytochr:)mes 
of c- and b-types.  

METHODS 
Culture of bacteria 

PL. , tosynthet ie  non-sulfur  purple bacter ia ,  Rho3opse~utomonas spheroides and r; 6~,.;,,- 
spirillum vubrum, were cul tured anaerobica l ly  und.~t il luminati~m as described be,oft  ,~. 

Spectrophotometric observations 

A spl i t -beam spec t rophotometer  designed in our l abora to ry  t0, n, which has been 
adap ted  for cross- i l luminat ion of samples,  was used for stx, c t rophotometr ic  measure- 
ments.  Difference spec t ra  a t  l iquid nitrogen t empera tu re  were measurt, d with a low- 
t empera tu re  adap to r  for the  spl i t -beam speotroph, m,meter  ~,. Other exper imenta l  
procedures are descr ibed in a preceding pape r~ 

RESULTS 

Effect of HOQ N O and antimycin A on ?he absorption spectrum o/bacterial suspension in dark 

R. sphevoides: If  H O ~ N O  was added  to the aerobic cells, there occurred a shift 
in the  s t eady  s ta te  of cytochromes (Fig. I). Thi~ low-temperature  difference ~pectrum 

Fig. I. Difference spectrum of R 
spkeroides, ,~:iubit IlOQNO-treated 
cells minus aerobic cells. "HOQNO . 
i. xo ' M; optk-al path length, t ram: 
2.70 mg dry weight/ml; temperature.. 
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Fig. : .  Absorption spectrum change 
induced by antimvein A in R. $p/wv- 
otd¢~ anaerobic ceils, l)it~eten~ spec- 
t r~,tm of anaerobic celh, ,,inu~ ~'h'~: t ~ ¢  
antimydn A-tax, areal cells, rP, ntimycm 
A , $. m-" M: , . l  Img  dr), wei~tlml;  
optical p~th length. 3 ram; temper- 

&tul~',  197  ° K .  
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of two "frozen" steady states shows absorhancy increases at 430 mt~ and 557 m/~ 
~ .a  . . . . . .  indicating ~- increa~-~l reduction and - ~ ' ; ~ -  de--ea_~es - t  ,~-" m/a ..... ao . . . .  ~-, 

of a cytochrome of b-type and an i n c r e ~  oxidation of a cytochrome of c-type. 
A similar change was also observed in R. n ~ m  aerobic cells when HOQNO was 
added. I t  is to be noted that this steady-state change is similar to the response of 
HOQNO-treated R. rubrum aerobic cells to illumination. 

After addition of ,ntimycin A (3"~o-S M) or HOQNO (z. xo -~ M) to the an- 
aerobic R. spi~'roides cells, carotenoids showed a striking change (Fig. z). I t  is like 
a reversal of the change observed in anaerobic R. sphcroid~s cells caused by illumination 
or oxygenation, ~uggesting an increa.~e of shorter-wavelength carotenoid@, ~s-~t. At 
the same time the reduction of c-type cytochrome was inhibited and this component 
remained in a more oxidized state than in untreated cells. 

R. rubrum: Reduction of c-type cytochrome by anaerobiosL~ wa~ inhibited by 
HOQNO as revealed by difference spectra, HOQNO-treated minus anaerobic cells 
at room and liquid-nitrogen temperatures (Fig. 3). At room temperature, absorption 
decreases were observed at 42a mr* and 55t m~,; at the lower temperature, the 
troughs were shifted towards shorter wavelengths and were located at 42o and 548 rag, 
with appreciab!e ~harpening of the bands. The band shifts to shorter wavelengths 
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Fig. 3. Stead)" state change of c-type cyto- 
chrome in the presence of ttOQNO in anaerobic 
R. rubrum cells. [HOQNO', I. 1o -I M; optical 
path length, 3 ram; temperature, 77 ° K and 

296" K. 

Fig. 4- Difference spectrum of R. rubrum, 
aerobic minus ',erobic HOQNO-treated cells. 
~..~; mg dry wCSht/ml; ~HOQNO~, 6- lo -s M: 
optkal path length, to ram: temp(.rat,~re. 

297 ° K. 

Fill. 5. A~orpt ion spectrum change by iiluml- 
~ t i o a  in HC~NO-tnmted aerobic R. rmbrum 
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and the sharpening of absorption bands at low tempera tur~  have ..b~n ,,i,~erved in 
hem.e ~.proteins tt- 1,-,-. This r~ui t  indicates that  the redu,:tion of c - , , .~  c3~oc_hrome 
by anaerobiosis is inhibited by HOQNO. 

In the aerobic R. rubrum cells, the steady-statechanges of c3-tocllromes following 
the addition of HOQNO were similar to the changes observed in the at.robic R. spher. 
oides ceils (Fig. 4). This difference spectrum shows that.  in the presence of HOQNO, 
absorption d~rea~.d  at 4x9 m~ and increased at 43t m.;,, indicating that  the stead" 
state of b -ype cytochrome changed to a more reduced level and cvtochrome c showed 
a shift to a more oxidized level, as is the case in R. spheroides. 

Effect of HOQNO on the light-indu, ed absorption spectrum change 

When HOQNO wa.~ added to the aerobic sustx'nsion of R. rubrum, illumination 
caused an increa.~d absorption at 43I m~, and a decrease at 420 mt* (Fig. 5). This 
can be interpreted as a reduction of ~ type  cytochrome and an oxidation of c-type 
cytochrome by illumination when HOQNO is blocking the reaction t,f these two 
heme components. Cytochrome of c-type is largely r~duced and b-type cytochrome 
is mainly oxidized in aerobic R. rubrnm or R. spheroides cells in the dark 18.~9. In 
the presence of HOQNO (in the aerobic cell.~), c-type cvtochrome L~comes m,,re 
oxidized and b-type more reduced. But there is -till enough reduced cvtochrome c and 
oxidized cytochrome b to permit observation , l  the light-induced change shown in 
Fig. 5 in aerobic HOQNO-treated ceils. 

DISCUSSION 

It  has been found that HOQNO and antimycin A art, effective inhibitors of light- 
induced phosphorylation of the chromatoph'.)res isolated from phot.synthetic bat- 
teriaS-L Their effects upon the absorption spectrum of cell suspt ,a.,ion~ wc~e studied 
in this paper. The inhibition cJ cvtochrome c reduction (by anaerobi,L~is) by the ad- 
diton of HOQNO or antimycin A t,, anaerobic sustx, nsions indicates that the electron 
transfer s ~ t e m  is blocked at the dehydrogenase side of cytochronw c. It  was also 
sho~m that cytochrome c becomes more oxidized and cvtochrome b more reduced 
when HOQNO is added to aer ,  bic su~,ixmsions. It  was noted that the illumination 
of an aerobic suspension in the presence of HOQNO induces reduction of b-type 
cytochrome alld oxidation . f  c-t.vpe cytochrome. Thir~ is an interesting phenomenon 
since it would repr, ' . . t . t  one of the c r ~ s . v e r  points for the light-induced response 
observed in intact celts, u~ually the light reslxmse affects the comp~ment, similarly: 
they are all oxidized, a.  in the cam • of the typical anaerobic responselt ;  or if the cell~ 
are treated with phen::lmercuric acetate, one component, cytochrome b, is reduc~.l t 
Our present results suggest that the cyt~chromes c and b are located on the photo- 
synthetic and respiratory, electron transport chain and tl:at the e-type cytochrome 
is closer to the photochemical oxidizing site and to the terminal oxidase, while the 
b.type cv~ochrome is nearer to the photochemical reducing site and to the dehydro- 
genaws. It  i~ indicated, too, that the site of actiott of these inhibitors is at, or close to, 
the site of the oxid~¢.ic.~-t ~luction reactitm of these txro heine protein components. 

Our recent data  on photophosphorylation under ~ashing and contSt~uous illumi~ 
nation suggest that  electron transport at the site of acti,~a of these inhibitors is rate- 
I'~miting in the dark  process of phot~ynthet ie  phosphot3"lation'. 

BmckJm. B.opkrL .L.r~, ~ (t96.~i t7-z l  
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To o b s e r v e  t h e  effect  of  H O Q N O  or  a n t i m y c i n  A o n  t h e  a b s o r p t i o n  s w c t : ~ m  

c h a n g e  in  t he  d e n s e  su':W--n~ions '~f in ta . : t  ce!!~, h i g h e r  c o n c e n t r a t i o n s  of the~:- :,:.,~:: :: 
. . . . . .  p h o s p n o r y l a t l t q i  ,~f ' were  n e c e s s a r y  t h a n  for t h e  i n h l h i ; i o n  ,*f p h o t o s y n t h e t i c  " " - '  t!~.'. 

i so l a t ed  c h r o m a t o p h o r e s .  I t  was,  h o w e v e r ,  n o t i c e d  in t h e  s t u d y  of  t he  e,.Cfec:t '~ <,' ~i-.,.. 

r e a g e n t s  o ' .  p h o t o p h o s p h o r v l a t i o n ,  t h a t  t h e  m o l a r  r a t i o  o t  t h e  reager ,  t s  to  ba~.:~,.ri.;- 

c h l o r o p h y l l  (or p ro t e in )  wag more  i m p o r t a n t  in  d e t e r m i n i n g  t he  d e g r e e  of iui~,ibit io- 

t h a n  t h e  a p p a r e n t  con_cent ra t ion  of  t h e s e  i n h i b i t o r s  m. I t  is  n o t  u n l i k e l y  t h a t  in  t h e  

i n t a c t - c e l l  e x p e r i m e n t s ,  t he  local  c o n c e n t r a t i o n s  of t he se  i n h i b i t o r s  in  tl-,c e l e c t r o n  

t r a n s p o r t  s y s t e m  are  in a c o m p a r a b l e  r a n g e  to  t h o s e  in t h e  p h o s p h o r y l a f i o n  expe r i -  

m e n t s  w i t h  i so la t ed  c h r o m a t o p h o r e s ,  t h o u g h  m u c h  la~g~,r a m o u n t s  of t h e  i ~ h i b i t o r ~  

a re  used  in t h e  f o r m e r  case. 
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