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S U M M A R Y  

T h e  p r e p a r a t i o n  a n d  p r o p e r t i e s  o f  a s u b m i t o c h o n d r i a l  e n z y m e  ~ y s t e m  c o n t a i n i n g  

p r e d o m i n a n t l y  c y t o e h r o m e  a h ~ t v e  b e e n  d e s c r i b e d .  T h i s  s y s t e m  i s  c a p z b ! e  o f  c a t  ~ ! y z ; . n g  

t h e  o x i d a t i o n  o f  r e d u c e d  c o e n z y m e  Q b y  m o l e c u l a r  o x y g e n .  T h i s  p a r t i c u l a t e  e n z 3 n n e  

r e q u i r e s  t h e  p r e s e n c e  o f  b o t h  e y t o c h r o m e  a a n d  a l i p o p r o t e i n  o f  m i t o c h o n d r i a l  o r i g i n  

i n  o r d e r  ¢o  c a t a l y z e  t h e  a b o v e  r e a c t i o n .  T h e  r e s u l t s  p r e s e n t e d  i a  t h i s  c o m m u n i c a t i o n  
s u g g e s t  t h a t  e o e n z y m e  Q is  s i t u a t e d  i n  t h e  a f o r e m e n t i o n e d  l i p o p r o t e i n  b e t w e e n  

e y t o c h r o m e s  b a n d  6. 

T h e  a b b r e v i a t i o n s  u s e d  i~  t h e  t e x t  a r e  a s  follow,~: D I ' N  a n d  I ) P N H ,  o x i d i z e d  a n d  r e d u c e d  
d i p h 6 s p h o p y r i d i n e  n u e l e o t i d e :  A I ) P ,  a d e m J s i n e  d i t ) h o s p h a t e :  "I'ris, T r i . ~ ¢ h y d r o x y m e t h y l ~ a m i n o -  
m e t h a n e ,  a n d  Q H  z, t h e  red.areal f o r m  of  e o e n z y m c  Q. C o e n z y m e  Qt0 r" w a s  t h e  h o n a o l o g u e  used  
t h r o u g h o u t  t h i s  i n v e s t i g a t i o n .  

" P o s t d o c t o r a l  t r a i n e e  o i  t h e  U n i v e r s i t y  of  XVisomsin ,  I n s t i t u t e  f o r , E n z y m e  E e s e a r c h .  
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] N T R O J )  lTCTION 

Previous eomn',unications from this l abora to ry  have shown tha t  coenzyme Q, a newly 
recognized lipid quinone of mi tochondr ia l  origin, is a member  of the te rminal  electron- 
t ransport  sys tem ~ -'~ which undergoes in the mi tochondr ion rapid reduct ion in presence 
of sl tbstrates such as the citric acid cycle in termediates ,  /3-hydroxybutyrate ,  and  
I )PNH.  Its  reduced form (QHo) is oxidized rapidly when mi tocbondr ia  are incubated  
under  aerobic condit ions.  These reactions of bound  eoenzyme Q were also s tudied  in 
several submitochondria l  particles. In addi t ion,  similar oxide-reduct ion reactions 
were shown to occur when purified coenzyme Q was added  to a sys tem conta in ing  
catalyt ic  quanti t ies  of mitochondria l  particles'*, 3. I t  was also demons t ra t ed  t h a t  
mi toehondrion-bound coenzyme Q undergoes oxide-reduct ion dur ing the process of 
phosphorylat ive electron t rauspor t  't. The oxide-reduct ion behavior  of coenzyme Q is 
influenced by the presence or ahsence of inorganic phosphate  and  ADP.  Thus,  in 
al~sence of added ADP,  inorgartic phosphate  g rea t ly  diminishes the ra te  of ox ida t ion  
of ~nitochondrion-bound QH 2. This condit ion of arres ted electron t ranspor t  due to 
absence of a high-energy phosphate  accepter  can be corrected by ADP,  in presence 
of which QI-12 is rapidly oxidized-L These results, therefore,  indicated tha t  this newly  
discovered compound is a membc:  of the e lect ron- t ranspor t  sys tem of mi tochondr ia  
which may  play a siguificant role in phosphoryla t ion .  

In the present investigation,  an a t t e m p t  was made to isolate from the mi to-  
chondriM electron-transport  chain the simplest segment  which was capable of ca- 
ta lyzing the oxidat ion of QHz by molecular oxygen.  Previous work z had  shown 
tha t  the l educt ion of mi tochondr ion-bound coenzyme Q was inhibi ted by  ant imycir t  
A. This finding indica;ed tha t  coenzyme Q was s i tua ted  on the oxygen side of cyto-  
chrome, b, since accorditag to (]REI-2N el a l .  6 as well as CHANCE and his collaboratorsT," 
the reduction of ey tochrome b is not inhibi ted by  an t imyc in  A. Therefore,  a knowledge 
of the components  required for the oxida t ion  of QH z would fur ther  ,assist in localizing 
this compound relative to other  members  of the  e lect ron- t ranspor t  system.  The present  
communica t ion  describes the preparat ion and  properties of a particle derived from 
hear t  mi tochondria  which catalyzes the oxida t ion  of QH z by  molecular  oxygens.  
This particle contains  essentially cy tochrome a and  very little red heroes. I t  requires 
the presence of cytoehrome c as welt as a l ipoprotein,  isolated from rni tochondria  
b 3" l{.xsvtmD .xxa) (;t~I.:l-zy ~, in order to cata lyze the  oxidat ion of QH z by molecular  
oxygen.  

M E T i t ( U ) S  

]-*reparatio), o/the c~tzyn~e s)'s~l:m 

The enzyme sys tem can be Wepared by two different me thods  which will be 
referred to as prepara t ions  I and II.  

P r e p a r a t i o n .  I .  The electron-traiasport particle (ETP) is isolated from crude 
homogenates  of beef-heart  mi tochondr ia  in the same manner  as descrihed previously TM. 

This particle is then t rea ted  with  deoxychola te  (0.5 rag/rag protein) in presence of 
Tris buffer, pH  8.o, and  ihe green and  red fractions of E T P  are , 'eparated by  een- 
t r i fugat ion.  The properties of these two fract ions have a l ready been described xi. The  
u-z5 M sucrose suspension of the green fraction of F.TP is homogenized,  ad jus ted  to 
a protein concentrat ion of xo mg/ml,  and  mixed with o.I vol. 2.5 M sodium aceta te  

lee/i'~ e~tces p. : 95. 
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buffer, pH 5-7- The mixture  is immedia te ly  centr ifuged for 5 min at  30,000 rev./min 
in the No. 4 ° rotor of the Spinco preparat ive centrifuge. After  centrlfugation,  the 
superna tan t  ttuid is discarded and  the residue is suspended in an amount  of 0.I25 M 
sucrose (o.I 3I  with respect to  Tris chloride, pH S.o) equal to the volume of the 
discarded superna tan t .  The suspension is thoroughly  homogenized. Then, deoxy- 
cholate  (xo %, pH 7-5) is added  with stirring until  a concentrat ion of r mg deoxy- 
ehola te /mg protein is reached. The par t ia l ly  clarified -~uspension is centr ifuged for 
5" rain at  IO,OOO rev.]min in the No. 40 rotor of the ~pinco centrifuge. The clear, 
supe rna tan t  fluid is then decanted carefully and recentrifuged in the same rotor for 
45 mln at  40,000 rev./min.  The sediment  which forms af ter  centr ifugation is collected 
and suspended in 0.25 ,]I sucrose. All the above operations should he carried out 
at  o °. The yield of the product ,  as calculated from the tota l  protein contel~t, is about  
12 to 13 °.'~o by  weight of the protein of the s tar t ing suspension of ETP.  

Pe, 'pamtion I I .  A suspension of beef-heart mi tochondr ia  in 0.25 .]I sucro.~e is 
ad jus ted  to a protein concentra t ion of 15 mg/'ml and  acidified to pH 5-7 hy addit ion 
of 2. 5 31 sodium aceta te  buffer, pH 5.7, The mixture  is immedia te ly  centr ifuged 
foe 5 rain a t  IS,OOO rev. /min in the No. 30 rotor of the Spinco centrifuge. The super- 
n a t a n t  fluid is discarded and  the sediment  taken up in a mixture  of equal  volumes 
of o.& ,'t[ "Iris, pH 8.0 and  0.9- 5 3I  sucrose. The suspension is thoroughly  homogenized 
and  brought  to the original vohtme with  the Tri:;-sucrose mixture.  Then,  deoxyeholate  
is added to a concentra t ion of I mg/mg protein, and the part ial ly clarified suspension 
is centr i fuged for 5 rain at  I5,00o rev. /min in the No. 3o rotor of the Spinco centrifuge. 
The clear, superna tan t  fluid is fur ther  centr i fuged for 60 min at  3o,ooo rev.:rnin, 
whereupon the'  red hemoprote ins  remain in solution whi le ' the  coenzyme Q oxidase 
sys tem sediments.  The green sediment  is taken up in 0.25 .~I sucrose. Tb.e suspension 
is homogenized and  ad jus ted  to a protein concentrat ion of IO mg/ml.  The t rea tments  
with ace ta te  buffer and  deoxyehola te  are once again repeated on this fraction. The 
yield of the second green sediment on the basis of total  protein is about  xo oo of the 
original mi tochondr ia l  suspension. 

Both  preparat ions  I and II are yellowish-green in color, form an opalescent 
suspension in 0.25 3I  sucrose, and  can be ~tored convenient ly  at  - - 2 o  ~" with little 
loss of act iv i ty .  In order to distinguish the above preparat ions from other mitochon- 
drial der ivat ive particles ment ioned in thi~ communicat ion,  t hey  shall be referred 
to hencefor th  as eoenzyme Q oxidases I and  II .  

l ' lw asstty system 

The assay of enzymic ac t iv i ty  was carried out a.~ Iollows. In a glass-stoppered 
test tube  were placed 50/zmoles Tris-chloride, pH 7-5, 9.02 mg cy tochrome c, o. 4 nag" 
lipoprotein 9, ahout  I5o to zoo m~moles  QH~ dissolved in o.o3 ml absolute ethanol,  
and  0.25 ~lt sucrose to a final volume of x.o ml. The enzyme was added  last and the 
tubes were incuba ted  at  38 ° for the periods of t ime indicated in the respective tables. 
Tile gas phase was air. After  incubation,  the tubes were wi thdrawn from the battt 
and  immedia te ly  i ml o.I N HCIO, was added to each tube  in order to te rmina te  
the reactions by dena tur ing  the enzymes.  Then, r ml 95 % ethanol  and  2 ml of 
"spectro-grade'"  cyclohexane were add~:d to each tube. They  were then sLeppered 

° The weight refers to the total dry weight of the lipoprotein including lipid. 

References p. z~5. 
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and placed on ~ horizontal ,  reciprocal shaking-machine for 45 min. Addi t ion of 
e thanol  helps the ext rac t ion  of coenzyme Q into cyclohcxane.  The contents  of the 
tubes (after shaking) were t ransferred to conical test  tubes and  these were centr i fuged 
in a clinical centr ifuge for z rain. Then,  the clear cyclohexane layer  was wi thdrawn 
and  the spect rum of coenzyme Q in cyclohexane was recorded by the  DK-2 Beckman  
spectrophotometer .  Calculation of the  degree of oxida t ion  of QH 2 from such spectra  
has been described in a previous communica t ion  3. 

Preparation q] ralu~ed aoe~nzyme Q 

Crystalline coenzyme Q (3 to 5 rag) was placed in a glass-stoppered test  tube  a n d  
dissolved in i ml absolute  e thanol .  Then,  3 mg solid K B H ,  were added  and  the  tube  
was flushed with  nitrogen. Upon reduct ion by  K B H  4, the golden yellow eolog 'of  
coenzyme Q diminished and the  solution becomes a very  pale yellow. At th i s  point  
o.x ml 6 N HC1 was added to the  tube  in order  to  decompose excess K B H , .  The 
presence of acid also stabilizes the  QH 2. Then,  I ml water  and  2 ml  cyclohexane were 
added  and  the mix tu re  was shaken for a few minutes  in order to ex t rac t  the  Q H ,  
into cyclohexane.  The cyclohexane layer  was then  wi thdrawn,  evapora t ed  under  
vacuum to dryness and  the reduced quinone was t aken  up in absolute  e thanol  to  the 
desired concentrat ion.  QH 2 in e thanol  is slowly oxidized in air. Therefore,  the prepa- 
ra t ions  were ei ther  kept  under  ni t rogen or used immedia te ly .  The molar  concentra-  
t ion of coenzyme Q was calculated on the  basis of E~¢ m'v~ = I65 for coenzyme Q a t  
275 m/~ and  the  approximate  molecular  weight  of 850. 

Estimation of the coe~z),~ne Q non,tent el the pargi6ulale e~zymes 

In a previous communica t ion ,  a me thod  was described for the  ex t rac t ion  of 
coenzyme Q in which the particles were hea ted  at  about  9 °°  in  presence of o.5 M 
KH~PO4 prior to extract ion with  cyclohexane s. This procedure,  a l though  sa t i s fac tory  
for mi tochondr ia  and  some of the der ivat ive particles, fail~ comple te ly  when appt ied 
to coenzyme Q oxidase. Consequent ly  the  procedure described below was used in 
this  case. About  3o nag of particle protein suspended in 3 ml o.25 M sucrose were 
placed in a glass-stoppered test  tube,  Then,  15o mg pyrogal lol  and  5 ml  of f reshly 
prepared IO % K O H  in ethanol  (95 %) were added.  The tube  was f i t ted  wi th  a reflux 
condenser (a conical centr ifuge tube  packed  with  ice and  placed on top of the  tes t  
tube  so t h a t  the tapered end hangs  inside, works equal ly  well) a n d  the  mix tu re  was  
refluxed at  85 ° for 30 rain. The tube was then  cooled to room tempera tu re  and  t h e  
contents  ex t rac ted  three t imes wi th  3 ml each of " spec t re -g rade"  cyclohexane.  
The cyclohexane extracts  were combined and  washed twice by  shaking in a s epa ra to ry  
funnel  wi th  5 ml each of water.  Then,  the  cyclohexane solut ion was t ransfer red  to  a 
round-bot tom flask and  the solvent was removed under  vacuum.  The mater ia l  which 
remained in the  flask was taken up in a known volume of absolute  e thanol  a n d  its 
spec t rum recorded before and  af ter  addi t ion  of KBHa.  The spec t rum of such ext rac ts  
sh.uws the characteris t ic  ul t raviolet  spect rum of coenzyme Q with  a single peak of 
absorpt ion at  275 mt z. Upon addi t ion  of a few grains of solid K B H , ,  the  characteris t ic  
absorption spec t rum of QHe with  a peak a t  290 ml* appears.  The concent ra t ion  of 
eoenzyme Q was calculated from the difference in the  absorpt ions  of oxidized and  

• IVo reduced coenzyme Q at  275 mt~. The E , ~  value for the difference in the  absorpt ions 
of oxidized and  reduced coenzyme Q a t  275 mr* has been found *z to be r42. 

Re[evinces p, .195, 
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M A T E R I A L S  

Cytochrome c was  ob ta ined  from Sigma Chemical Co., deoxycholic  acid from Matheson 
Coleman and  BelI Division of Matheson Company,  Inc. and "spec t rograde"  cyclo- 
hexanc from E a s t m a n - K o d a k  Co. Coenzyme Q was prepared according to the  
procedure  a l ready  descr ibed xa and was supplied by  the Merck Sharpe and Dohme 
Labora tor ies .  The l ipoprotein was k indly  provided b y  Dr. R. E. B_xsVOltt) and cyto-  
chrome ct b y  Dr. D. E. Gm-Jz~. 

R E SULTS  

Activity a~ul ~,equi~'e~nenis o] the enzy~'e system 

As was poin ted  ou t  earlier, preparat ions  [ and I I  of the  enzyme require the 
presence bo th  of cy toch rome  e and of the mitochondrial  l ipop{oteln ~ in order  to 
cata lyze  the oxidat ion of QH~. by  molecular  oxygen.  Table  I shows tha t  mi tocbondr ia  
are capable  of ca ta lyz ing  the oxidat ion of Q H  z wi thout  a n y  addit ions,  the  presence 
of cy tochrome  a and t ipoprotein improving slightly the  ac t iv i ty  of the  sys tem.  B y  
comparison,  coenzyme Q oxidase II  is comple te ly  devoid  of ac t iv i ty  unless bo th  
ey tochrome  c and the  l ipoproteiu are added.  In the supp lemented  sys tem,  fresh 
prepara t ions  of eoenzyme Q oxidase 1I are capable  of cata lyzing the oxidat ion of 
abou t  34o mtxmoles QH.2]min]mg enzyme pro te in  at  38 °. 

E vpt. 

I 

.'4yst¢~n 

"t'A !~l ,E  I 

"fl-IE RI- ;QUIR1531ENTS O F  COENZ'~%ME ~.) O X I D A S E  [1  

mt*3lelss o] QH,. a ~idize~l 

.~lttlochot2dria ~ ¢oz')t..'y.)~:e O fllri#ht¢¢ 

t~nzyme 
Enzyme 
El~zymo 
Enzyme 

E n z y m e  
E n z y x n e  

-'7 o 
- -  l i p ~ p r o t c i n  4 t o 
- -  c y t o c h r o m e  c 34 517 
+ l i p , ) p r ( ) t e i n  -~- c y t o c h r o m c  c 45-5 44.7 

3().5 2.5 
+ l i p t > p r o t e m  ~ c v t o c h r ~ m e ¢  54 .0  l j i  

A s s a y  e t m d i t i o n s :  50 t ~m o l e s  T r i s  c h l o r i d e ,  p H  7,5; l o s  mpmt~les Q FIz: o . I  m g  e n z y m e  pr~)tcin: 
a n d  w h e r e  i n d i c a t e d ,  0-4 m g  l i p t ) p r o t e i n  a n d  o .o- '  m g  c y t o c h r o m e  [ l . l . ) t t ra t ion  of  i n c t : b a t i o n  a t  38 ° 
w a s  1.5 mit~ in  b lx p t ,  t a n d  4 ra in  in  E x p t .  ~,. 

° H e a v y  b e e f - h e a r t  m i t o c h o n d r i a  z2 w e r e  u s e d  in t h i s  e x p e r i m e n t .  

Coenzymo Q o.~:lase I, which is ob ta ined  from ETP .  is much more act ive than 
p r e p a r a t i o n  II .  The forn:ci" call cztaly'*e the oxidatioJl of abou t  d-c mtxmoles 

QH2/min /mg prote in  at  380 (Fig. 3). Figs. I and 2 show the ac t iv i ty  of this sys tem 
:i! a s  a funct ion of the  concent ra t ion  of cy tochrome  c and  the l ipoprotein.  The enzyme 
. p r e p a r a t i o n  is incapable  of ca ta lyzing the ox ida t ion  of Q H ,  in the  absence of ei ther  
:- of these  two  components .  However ,  in presence of ca ta ly t ic  amoun t s  of ey tochrome c 
: l and  the  l ipoprotein,  a subs tant ia l  degree of oxidat ion  occurs. As seen in Fig. x, there 
( i s  a rap id  rise in the  ra te  of oxidat ion of Q H  a as the a m o u n t  of  a d d e d  ey toehrome  v 
:::iis increased to about" 0.02 mg  in the  test  sys tem,  bu t  beyond  this level increase of 
i:iiCytoehrome a has  on ly  a slight effect. In the  case of the  l ipoprotein  also (Fig. z), a 

~ [~ II ~ ~ll l 
1 1 1 
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rapid rise in act ivi ty is observed as the level of the lipoprotein is increased to about  
o.2 to 0-4 mg in the assay system, while beyond this range of concentrat ion addi t ion  
of more iipoprotein becomes increasingly inhibitory. Fig. 3 shows the linear relation- 
ship between the concentration of enzyme and the rate of oxidation of the reduced 
quinonc. Cytochrome v cannot  be replaced by a purified preparation of lipid-free 
cytochrome c.~ ~t. Nor does the addition of cytochrome c t along with cytochrome v 
st imulate the rate of oxidation of QH,,, The absolute lack of a s t imula tory  effect 
by cytocl,rome v~ suggests that  in this system cytochrome o~ is not involved in the  
transfer of electrons from coenzyme Q to oxygen (Table II ,  Expt .  ~}. The lipid- 
soluble form of eytochrome v, recently described by WIo.~t~.r a ~  CRAN~) ~, is capable 
of replacing in part  both the lipoprotcin and cytochrome c. As seen in Expt .  z of 
Table II .  the absolute requirement of the system for both eytochr6me ~ and the lipo- 
protein could be satisfied to some extent  by the addit ion of lipid cytochrome c alone. 

70 

u a : ~  
~ m  50 

;~040 
I--ELI 

t Jr,  4 
a:z 20 

/ 
I i i  I I / 

0.0 ~ 0.02 0.03 O. O4 
mg CYTOC.HROME C ADDED 

l: ig.  t .  l{t~ect o l  c ~ m c e n t r ~ t i , m  of  c y t o c h r o m e  c. 
CoIlcl i t ion~ : * 5 ° nv~tn~le.~ (QH~ ; o,I  t n g  c o e n -  
z v m e  {_~ oxkla ,~e I p r o t e i n :  50 / ~ m o l e s  T r i s  
c h l o r i d e ,  p t l  7 ÷ 5 : o . 4  m g  l i p o p r o t e i n ;  a n d  
c v t o c h r o m e  c a s  i n d i c ~ t e d .  3"lie t u b e s  w e r e  

ilacub;tt~-d fl:n 37 5cc at  38- .  

" 7 O  

=_==i =I / --- 

o o4o[ 
k-uj 

° ~ o A ¢  
¢' Z r-'~l I 
ok O I0~ 

~---o!2 d4 o'.6 o~ 
m 9 LIPOPF~OTE2N ADDED 

Fig .  2. E f f e c t  of  c o n c e n t r a t i o n  o f  tt~e l i p o p r o t e i n .  
C o n d i t i o n s :  15o t a t l tmo le s  Ql- lu;  o . t  m g  c o e n -  
z v t u e  Q o x J d a s e  1 p r o t e i n :  5 o / / m o l e s  T r i s  
c i f l o r ide ,  p H  7-5;  0.o2 m g  c v t o c h r o m e  v; a n d  
l i p o p r o t c i n  a s  i n d i c a t e d .  T h e  t u b e s  w e r e  i n c u -  

b a t e d  fo r  75 s e c  a t  38 '~. 
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w3C 

n - Z  
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/ 
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m 
ENZYM~ OF PROTEIN 

I : ig.  3- U ( m c ~ n t y a t i ¢ m  c u r v e  h ) r  c o e n z y m c  (2 o x i d a s c  1, C o n d i t i o n s :  17S i]l/~m, f les ()[-|=, A d d i t i o n s  
o f  b u f i c r ,  t i p o p z o t c i n ,  a n t i  c v t o c h r o n ~ c  c a s  in  T a b l e  [, T h e  t u b e s  w e r e  i n c u b a t e d  f0r  3u  suc  i~t 3 8 " .  

It  may  be added that  lipid cytochrome :: can bc made by mixing water-soluble 
cytochrome c with the lipoprotein and extract ing tile lipid cytochrome ~ formed 
by heptane ". The above results suggest that  the water-soluble form of cytochrome c 
perhaps cannot react with cocnzymc Q, which is a lipid material  u t te r ly  insolubl~ 
in water (see: also Table V t, This interaction occurs probably in the milieu of the 
Re[emnces  p. rg~. 
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"1".\ 11 t.I'; It  

I ~ I ; F I £ G ' L ' S  ( ) l  t L t P l t )  C Y T ( I L ' I I I a / O M t - ~  t" k X l ' ~  ( 2 " ~ ' T O C t t R O ~ I g  g l  

E x p l .  ..hl:lil~'~;.r~ ~!'o ()*tla o'ddiz,_-d 

I . ~ o n e  0 

( i v t o e I i r o t l l e  C o , . 5  

I .] popn ~tei n 3 
Cytochron~e r: F l i p ,  q>rotein 07.5 
[.ipid cvlochroml,  c 31 
[.ipid c v t o c h r o m e r  ~ lipopr(rtcin 33 

2 ' S [ l l l C  I> 

i ' v t ~ K : h r ~ i ~ o  c b l l p r , p r ~ , t e h ~  4 3 . 5  

l~;¢tochro,ne c l i l i tmpn, te in  3 

• 8 9 

CyLuchrome¢ ? cvtcachrome c t i hl>opr~atcin a4 

. . . . . . . . . . . . . . . . . . . . . . . .  

Assay concLitiollS: 140 Ill ll nlt)L(?s (.)1 [~, o , . |  IIL.*~ C[)eD_ZVIIIC ( )  ¢.>xidasc I protein and lipid ~:vtoctlrolile c 
i ln t i  e y t ; | e l l r ¢ ) l l l e  t'~ i n  ilnl¢|tllltS eq,.~ivah.nt t¢, c\-t~mhrt,me c. ! lU,t'r i~.(h|iti¢)IIs ;.Is in Ti~blc ~ I. 1)ttratim~ 
of incubut i t ,n  ill 3 s ;  ~its 3,~ see. in I-~xpv. t am}. 45 see in l-xp~. -'. 

l i p o p r o t e i n ,  w h e r e  c y t o c h r o m e  a a s s u m e s  a l i p i d  c h a r a c t e r .  I t  s h o u l d  b e  p o i n t e d  
o u t  t h a t  t h e  l i p o p r o t e i n  con ta in .~  a v e r y  h i g h  a m o u n t  of c o e n z y m e  Q ( a b o u t  7-5 m g / g  
d r y  w e i g h t )  a n d  c a n  b e  i s o l a t e d  f r o m  m i t o c h o n d r i a  w i t h  b o u n d  c y t o e h r o m e  ~*. 

E T P ,  t h e  p a r t i c l e  f r o m  w h i c h  p r e p a r a t i o n  I is d e r i v e d ,  s h o w s  n o  r e q u i r e m e n t  
for  a d d e d  e y t o c h r o m e  ~ in  c a t a l y z i n g  t h e  o x i d a t i o n  of Q H z .  H o w e v e r ,  as  i n  t h e  c a s e  
of  m i t o c h o n d r i a ,  a s m a l l  a n d  v a r i a b l e  d e g r e e  of s t i m u l a t i o n  i n  t h e  r a t e  of o x i d a t i o n  
of Q H ~  b y  E T P  is o b s e r v e d  w h e n  t h e  s y s t e m  is s u p p l e m e n t e d  w i t h  t h e  l i p o p r o t e i n  

{-fable  I I I ) .  A f t e r  J { T P  is t r e a t e d  w i t h  d e o x y c h o M t e ,  t h e  g r e e n  f r a c t i o n  w h i c h  is 

obtained shows an absolute requirement  for cy tochrome c in the oxida t ion  of QH2 
but still has only a partial requirement for the Iipoprotein (Table III). Thus, it seems 
t h a t  the pH 5.7 t r ea tmen t  is a necessary pre l iminary  for achieving an  absolute 
r e q u i r e m e n t  for  t h e  l i p o p r o t e i n .  D e t a i l e d  s t u d i e s  o n  t h e  o x i d o - r e d u e t i o n  r e a c t i o n s  of  

added  coenzyme Q as ca ta lyzed  by mi toehondr ia  or E T P  have been carried ou t  by  
LESTER AND RA.~tAs_xr.~ea a n d  wi l l  be  p r e s e n t e d  s e p a r a t e l y .  

T h e  e o e n z y m c  Q o x i d a s c  s y s t e m  is i n h i b i t e d  b y  a n t i m y c i n  A, K C N ,  N a N  a, o r  

Z n C l  2. F ig .  4 - a  s h o w s  t h e  i n h i b i t i o n  of t h e  o x i d a t i o n  of  Q H  a b y  a d d e d  a n t i r n y e i n  A,  

T.\IH.E II I 

E F F E C . T ~  O F "  I . [ I ~ O I ) R O T I ~ . [ N  A N D  C . ' ~ ' T I ) C H R O , ~ I E  t" % V I ' F H  ] ' ~ ' ~ ' l  ) A N D  T l l I - ~  ( } I ~ . I -~GN l q ~ . A C r l O . ' n ~  O F  ["7, ' [ '~ ) 

%~ (lfg.,_ o~id;=cd 
~'-~ t 12)'}1] ¢ , ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I"2"1" I ~ 3 " 6 0 . 5 '  ' J o . . 5  

( ; r e t : n  [ r a e t h ) n  3 ° .  5 ' > 7 4  

A.~say condi t ions :  i8o mtmmles  QIl~ and  o.! mg Olllynle proLein. Bufrel-, cvtt:chrome v and lipo- 
protein ; ,ddit ions as in Table  1. The tubes tvere incubated  for t ,5 rain at  3 ,~ . 

* "r[10 itnalyticR[ s t ; l l ( l ies  o f  I~ABIaoRt/l#i [;::ttVC .~tmwn tlmt this l ipoprotem contains  0 5  ~b lipid 
o., a.nd only 5 , .  protein.  Phosl)holipid.~ conlpose ablaut q5 0o of its Iiphl content .  Purilied l ipoprotein 

migrates a.~ a siugle peak when subjected to elecLroplmresis or u[tracentr ifugatiou 9. 

• Re /are*aces  p .  t95. 
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I t  is seen tha t  ve ry  minu te  quant i t ies  of anti,nycim A arc sufficient for near ly  comple te  
inhibit ion of the  reactions. ZnCle also is a potent  inhibi tor  in the  system.  Fig. 4-b 
shows the effect of increasing concent ra t ions  of ZnCI~ and the corresponding diminu-  
t ions in the  degree of oxida t ion  of Q H  z. As would  be expected,  cyan ide  comple te ly  
inhibits  the aerobic oxidat ion of QII~, p r e sumab ly  b y  in teract ing with the cy toch rome  
oxidase sys tem of the  enzyme prepara t ion (Table IV). Azide also has some inhibi tory  
effect when added  at ra ther  high concentra t ions .  As seen in Table IV, Cu++ ions have  
a s t imu la to ry  effect in the sys tem.  Whe the r  this s t imula t ion  is due  to the  effect of 
Cu ++ on the reduct ion of ey tochromc  v byr.QH~ or on the cy toch rome  ox idase  sys t em 
has not  been invest igated.  It  was  shown,  however ,  tha t  copper  does n o t  affect a 
nonenzymic oxida t ion  of QH~. 

o :;I 
~ao 
I / J > .  

,o  

. .  T I 
0.15 0.3 

2,ag AN, TIMYCIN A ADDED 

I',,.t i f  5,,.~1_ | 

~40f  \ 

i k ~ N ~01- ~ - 

t 
(b) ,~amales Z n  CI~, A~CtFD 

Fig .  4- I n h i b i t i o n  o f  c o e n z v m e  Q o x i d a s e  b y  (a) a n t i m . v e i n  A a n d  (b) ZnCI~.  C o n d i t i o n s :  147 
m t m m l e s  QH,~ a n d  o.1 m g  c o c n z y m e  Q o x i d a s e  t p r o t e i n .  A d d i t i o n s  o f  b u f f e r ,  l i p o p r o t e i n ,  a n d  

c y t o c h r o n l e  c as  in T a b l e  I. T h e  t . b e s  w e r e  i n c u b a t e d  fo r  2. 5 r a i n  a t  38 . 

I"AFH.}£ IX" 

I;-[;I;ECTS OF f:~t'ANIIll~, AZIDE, A N l l  CI)t'pI£1.~ 

Ea pt. A ~fititfon.~ 'r,h Q I I :  o~idiced 

]~ ( 'N .  1,~ / r m o l o s  -'.5 

N t m e  d~ 3 
-NaN',t , 20 / l l l lo les  35 

( ' I IS()1 ,  ().1 i / l l ioJe 51 
Cu.~() , ,  0. 3 ?tnlf~|e 7 o 
( 'u.,%()l, o, 5 / tm¢,le SS 

A.~.~av c t m d l t i o n s  : i .~¢~ In/1|3%o]c:5 ( ? I t  z n n d  o, I raL~ CO~ll~.~'ll'lt(.~ ( )  CJ.%i(|0.8 ~" I p r o t e i n ,  t h t f f e r ,  c v t o t : h r n n l e  
c, a n d  l i p ~ p r o t e i n  a d d i t i o n s  its in  T a b l e  ]. t ) u r a t i o n  c,f incu l ,~ t t ion  a t  3 s xva.~ 2.5 r a i n  ill E x p t s .  

a n d  2 a n d  * ra in  in  F .xp t .  3. 

As was pointed ou t  in a previous comnmnicat i ,m a, submi toch0ndr ia l  par t ic les  
lacking the cy tochrome oxidase sys t em are capable  of cata lyzing the ox ida t ion  of 
external ly  added QH ~ b y  externa l  ferr icytochrome c. Concomitant  with the  ox ida t ion  
of QH~, cy tocbrome  c becomes reduced. Therefore,  it was  of interest  to de termine  
whe ther  the aforement ioned l ipoprotein cata lyzes  the interact ion be tween  QH:: and  

l?e/er~nces p. z95. 
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c y t o c h r o m e  c or w h e t h e r  still a n o t h e r  c o m p o n e n t ,  e.g. an e n z y m e ,  is requi red .  This  
poss ib i l i ty  was  t e s t ed  b y  a d d i n g  Q H .  to  a c u v e t t e  cm~taining ox id ized  e y t o c h r o m e  
a n d  m e a s u r i n g  the  r a t e  of r e d u c t i o n  of c y t o c h r o m e  v a t  55 ° rag.  Tab le  V shows  t h a t  
the re  is an  ins igni f icant  r a t e  of r educ t i on  of e y t o c h r o m e  c in s u c h  a sys t em,  wh ich  ;'~ 
def in i te ly  e n h a n c e d  in presence  of  the  l ipopro te in .  H o w e v e r ,  as  it is seen in the  las t  
c o l u m n  of TaMe V, these  ra tes  are  no t  a t  all c o m p a r a b l e  to  tim overa l l  r a t e  of  o x i d a t i o n  
of Q H  ~ as c a t a l y z e d  b y  c o e n z y m e  Q oxidase .  The  ra tes  in the l a t t e r  s y s t e m  are  severa l  
h u n d r e d - f o l d  fas ter  t h a n  the  h ighes t  ra te  r eco rded  for the  i n t e r a c t i o n  of  Q H z  and  
f e r r i c y t o c h r o m e  0 in p resence  of the  l ipopro te in  alone.  

"F.klII_E V 
• ~ ( ) N - E X Z ~ t ' X I I ( 7  I~I'7. D L S ( ~ ' F I O N  ( ) F  ( ! V T I > ( ! H R I > X t | ; .  t" l<~s" I~ | ' : t )U¢~I~I )  COlSXZ"t ' .%[l '~  ( ?  

D:tr:i t ion ,~ tncr~h,ttl.~t 
t m i . )  

Cytot:hr~mm c + Q I I . ,  -: 
C.vtt,chromec ! QH~ t. t 
Cvtochromc c t-- ~.? l I,_, - i-- tipoprc, tcin 
Cytochrtnne c ~ 1211 ? ~- lipopr¢]ttqn t 4 
Cytochrom(, c ! {J|i.~ 4 lip,~i~rotem to 

m/,, .1, 'Me, eyl -  C I~aic ]¢J¢ 2 eh'ct,"on 

~.57(~ o,144 
2 - N  3 o .  l o l  

3.4 o.~;5 

t . 5 7  o .  ~ o .  I 

.~-~';avconditio':~" 5 o,ttmolee l'rischloride, pH 7-5:(>-5 mg ferricvtochrome c; 70ompmolc.sOlI~: 
o.2 I n g  litu~prott'in; and o.;  5 AI sut'ro~t" t~ I . o m l .  The exporime;nts wt;rt, carried otlt :t.t ; .5- 

The  need  for an  e n z y m e  s y s t e m  to c a t a l y z e  the  r educ t i on  of c y t o c h r o m e  c b y  
Q H z  was  fu r t he r  con f i rmed  h y  e x p e r i m e n t s  in wh ich  c o e n z y m e  Q ox idase  was  
rep laced  w i t h  a h igh ly  ac t ive  c y t o c h r o m e  c oxidase~L The  p r e p a r a t i o n  of c y t o c h r o m e  a 
o x i d a s e  used  in these  s tud ies  was  c a p a b l e  of c a t a l y z i n g  the  o x i d a t i o n  of  a b o u t  4 0 - 4 5  
/zmoles f e r r e c y t o c h r o m e  c :min  :rag pro te in .  As seen in Tab le  VI ,  the  r educed  q u i n o n e  
was  r a p i d l y  ox id ized  in presence  of  c o e n z y m c  Q oxidase ,  while c y t o c h r o m e  ox idase  
was  p r a c t i c a l l y  incapab le  of  c a t a l y z i n g  this  reac t ion .  These  resu l t s  indica te ,  therefore ,  
t h a t  c o e n z y m e  Q ox ida se  c o n t a i n s  an  e n z y m e  s y s t e m  which  c a t a l y z e s  the  r educ t i on  

of  c y t o c h r o m e  v by  Q H a  a n d  t h a t  the  l i popro te in  is r equ i red  Ior  the  reac t ion .  The  
c y t o c h r o m c  ¢ ox idase  a c t i v i t y  of  c o e n z y m e  Q ox idase  has been  d i scussed  elsewhere~L 
I t  has  been s h o w n  t h a t  c o e n z y m e  Q ox idase  p r e p a r a t i o n s  c a t a l y z e  the  o x i d a t i o n  
o f  e y t o c h r o m e  v in the  absence  of a d d e d  l ipopro te in  a t  ra tes  t w o  to  four  t imes  fas te r  

T A  I > , I . E  V I  

:min~ "h ~)M~ o.,:zdi=ed 
........................................................... 

tT(,enzyme (? oxi¢la.se I t Si 
Cocnzvme Q oxidast: 1 5 t~5-5 
Coenzvme t? oxidase 1 t t> 0(t.5 
C ytocimmm c oxid~tse t ~ 
Cvtochrome c oxiditse 5 x 2. 5 
tC Vtochrorllt~ c oxidase I ~ ~4 

Assay ctmtlitim~s: 137 napm~lcs l~ll.,; o.5o mg t~f cvtoclm~me c oxidase protein and 0.47 mg 
coenzyme Q oxkhLse protein. Additions of t)uffer, cvtochrome c, and lipoprotein as in Table 1. 
The experiments were conducted at 3 3 .  

Be/evences p. 195. 
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t han  the rate at  which QH~ is oxidized. However,  the presence of the lipoproteins 
though not m a n d a t o r y  as it is for the  oxidat ion of QH_, in the same system,  increases 
the rate  of oxida t ion  of cy tochrome c (ref.XT). I t  m a y  be added tha t  this lipoprotein 
also s t imulates  the ac t iv i ty  of highly purified preparat ions of eytoehrome oxidase iv. 

CRANE ,tND GLEZ~N n have repor ted tha t  the green fraction of E T P  has D P N H  
oxidase ac t iv i ty  when supplemented with  cytochrome c but  is devoid of succinoxidase 
act ivi ty .  D P N H  oxidase ac t iv i ty  was found to be absent  in preparat ions  of cocnzyme 
Q oxidase, which are made  from the green fi'action of ETP.  I t  was found tha t  the 
D P N H  oxidase ac t iv i ty  of the green fraction of E T P  could be enhanced by  addi t ion 
of the ]ipoprotcin to the reaction mixture ,  while coenzyme Q oxidase showed no 
D P N H  oxidase ac t iv i ty  even in the presence of both cytochrome c and the l ipoprotein .... 

Co~#o~mms o/aoenzy~ne Q oxidasa 
The reduced and oxidized spectra of coenzyme Q oxidase are shown in Fig. 5. 

i t  is seen tha t  the concentra t ion of cy tochrome a*, as represented by  the  absorpt ion 
peak at 605 mtL is very much higher t i tan the concent ra t ion  of the red hemoproteins .  

o`*  

~0.3 
~o.z 

,*50  5O0 6 0 0  7 0 0  
WAVELENGTH IN l'l"lIL,l 

Fig .  5. Tiae  s p e c t r u m  o f  c o e n z y m e  Q o x i d a s e  l I.  P r o t e i n  c o n c e n t r a t i o n  w a n  4-7 m g / m l  in  p r e s e n c v  
of 3 % deoxychotate. The hroken line represents oxidized spectrum and the full line after redt,ction 

with dithionite. 

Tile small absorption bands  between 57 ° and  500 m/~ indicate  the  a and  fl bands  of 
these hemoproteins,  possibly largely of cy tochrome b. Coenzytue Q oxida5e I I  has 
about  2. 9 m/zmoles cy tochrome a]mg protein and  only o.o4 m/~moles/mg protein of 
eytochromes b and c 1 combined. Coenzyme Q oxidase I contains about  3-5 mt~moles 
cy tochrome a/mg protein and  about  o.o5 mr, moles of the other  cytochromes.  These 
values were calculated from the ext inct ion a t  605 ~_n 5~4 ml .  of a . . . . . . .  ~^, . . . -  
soIubilized preparat ions af ter  reduct ion with  dithionite.  I t  is very  interest ing tha t  t he  
ratio of cy tochrome a to the other  hemoproteins  is the same in bo th  prepara t ions  
of coenzyme Q oxidase. As was discussed earlier, coenzyme Q oxidase I is two to 
three t imes as active as preparat ions  of eoenzyme Q oxidase I I  on the basis of un i t  
protein weight, The cytochrome a level of the two preparat ions  also suggests t h a t  
coenz3'me Q oxidase I is the more purified preparat ion.  

By  the procedure described in the  METtfOIIS section, the quinone con ten t  of 
coe1~zyme Q oxidase I was es t imated  to be 2.94 mg/g protein a.nd tha t  of coenzyme Q 
oxidase II  was found to  be 2.88 mg/g protein.  As was reported earlier a, the molar  
concent ra t ion  of coenzyme Q in mi tochondr ia  is about  five t imes tha t  of cy tochrome a. 
In  eoenzyme Q oxidase I, however, there is only  about  x.o mole coenzyme Q/mole 
cytochrome a. 

* I n  t h i s  c o m m u n i c a t i o n  n o  d i s t i n c t i o n  wi l l  b e  made b e t w e e n  c y t o e h r o m e s  a a n d  ~t a. 

Re/ere~¢es p. z 9 5  
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It  was pointed out above tha t  the method  of extract ion of coenzyme Q by  
t r ea tmen t  of particles with KH~POa at 9o ~ and  then ext ract ion with cyclohexane a 
failed whm~ applied to ecc::zyme Q oxidase. It was though t  possib!c, therefore,  t h a t  
there might  be two forms of coenzyme Q in mitoclmndria ,  one released by KHzPO~ 
and  the other  by  saponification with alcoholic KOH.  This possibility was tested by  
heat ing mi tochondr ia  in KI-tzPO.=, ext rac t ing  with cyclohexane,  then  saponifying 
the ex t rac ted  protein and  ext rac t ing  again. I t  was found tha t  near ly  all of the co- 
enzyme Q was removed in the first extract ion.  I t  was evident ,  therefore, tha t  both  
methods  ex t rac t  almost  all of the mitochondrial  eoenzyme O. The lipid material  
removable  by hot  ethanol  6 was about  zo °o of the total  protein content  in coenzyme (_) 
oxidase I and  ahout  6 % in oxidase II.  

I )  [S t :  C.~;SI( IN 

The studies reported here clearly indicate tha t  coenzyme Q is s i tua ted  on the snbstra te  
side of ey tochrome c. It has been previously shown tha t  the lipoproteJn of BASFORI3 
A N D  GREI~N 9 contains  a very high amoun t  of bound coenzyme Q. Also, no other  
mi toehondr ia i  fract ion which is free of the lipoprotein has yet  been found to contain 
large amoun t s  of coenzyme Q. Thus,  it seems tha t  this l ipoprotein is the  locus for 
mi toehondr ia l  coenzyme ,(2- These findings and the evidence presented in pre*'ious 
communica t ions  ''-~ suggest, therefore,  tha t  eoenzyme Q is located in the above 
l ipoprotein between eytochromes b and  c. Cytochrome c t does not seem t o  be involved 
in the oxidat ion of coenzyme ,Q. I t  cannot  replace cy toehrome a in the eoenzyrne Q 
oxidase sys tem and,  when added i=l conjunct ion wi th  cy toehrome c, it does not  have 
a st imulatol-y effect. Other  studies* have shown tha t  reduced cy tochrome c t is oxidized 
very  rap id ly  in a sys tem containing cata lyt ic  anaour, ts of cytochrome c and  eyto-  
chrome oxidase ~r. The presence of cy tochrome a for the oxidat ion of reduced cyto-  
chrome ca v ia  cs~tochrome oxidase was manda to ry .  Thus, in an experiment  where 
the rate of oxida t ion  of cy tochrome c was found to be 27. 5 p m o l e s / m i n : : m g  enzyme 
protein,  the corresponding ra te  of oxidat ion of cy tochrome a~ in presence of catalyt ic  
quant i t ies  of cy tochrome c was z~.6. This rate  was zero in the absence of added cyto-  

• chrome c. These results fur ther  suggest tI:,"ot the p a t h w a y  involving coenzvmc Q is 
different from t h a t  involving cytoehro,ne c~ since the immedia te  electron acceptor 
for both  coenzyme ,(2 and  cy tochrome c a appears  to be cy toehrome c. 

The f inding tha t  lipid cy tochrome c alone can par t ia l ly  sat isfy the requirement  
of the  coenzyme Q oxidase sys tem for both  cy tochrome c and the lipoprotein suggests 
tha t  a t  ~uct~* - -̀ t ond Imtction of the lipoprotein is to facili tate the interact ion between 
hydrophohic  molecule (coenzyme Q) and  a water-soluble one (cytoehrome c). The 
st imulators ,  effect of the l ipoprotein in the nonenzymic reduction of eytochrome 6 by 
reduced coenzyme Q supports  this view. The inhib i tory  effect of an t imycin  A in the 
coenzyme Q oxidase sys tem suggests tha t  external ly  added Qtt~ is oxidized by  
way  of the eoenzyme Q conta ined in the added lipoprotein. I t  was shown i ,  previous 
communica t ions  -~-4 tha t  in presence oi an t imycin  A the rcdltction of bound  coenzyme 
Q of mi toehondr ia  is inhibited. Therefore, it appears  tha t  an t imye in  A prevents  the 
reduct ion of coenzyme Q conta ined in the lipoprotein. Thus,  in the case of mitoehon-  

* ~t ~, H..~TY, FI, unpublisltcd observalions. 
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d r i e s -bound  cocnzyme Q, where this compound  is s i tua ted  in tile l ipoprotcin,  an 
inhibi t ion of reduct ion was observed.  While in a system such a.~; coenzyme Q oxidase,  
where added  QH2 is oxidized on ly  when the l ipoprotein is present ,  tile ox ida t ion  of 
added QH~ (or in o ther  words the  reduct ion of l ipoprote in-bonnd cocnzyme Q) was 
inhibi ted by  an t imyc in  A. When mi tochondr ia  are 11sed as ca ta lys t  for the ox ida t ion  
of ex te rna l ly  added  QH ~ this process also is inhibi ted by  an t imyc in  A is. 3"he possibi l i ty 
tfiat  an t imyc in  A inhibits a process in the. l ipoprotein is r a t he r  appeal ing since the  
lipid na tu r e  of the  l a t t e r  agrees wcU with tie.; solubil i ty proper t ies  of an t imyc in  A. 

The occurrence  of coenzyme Q in tke l ipoprotein in large concen t ra t ion  as well 
as the absolute  r equ i rement  for l ipoprotcin in the  c0enzyme Q oxidasc sys tem in- 
d;cate~ tha t  coenzyme Q should perhaps  be considered as the funct ional  co lnponen t  
of a more complex en t i ty ,  namely  the l ipoprotein.  Tiffs .~ituation m a y  be analogous  
to the cy tochromes ,  wherein the heroes are the funct ional  moieties.  Tints the lipo- 
protein would cor respond to the prote in  componen t  of the  cy tochromes ,  with the  
difference tha t  the former is sui ted for solubilizing tim hydrophob ic  coenzyme Q 
molecules. The finding tha t  cy toeh rome  c can combine wi th  the l ipoprotein  and  assume 
a lipM charac ter ,  the form in which it seems to react  with coenzyme Q, fu r the r  
emphasizes the impc~rtant role of the l ipoprotein in the e lec t ron- t ranspor t  sys tem.  
I t  has been repor ted  in a separa te  communica t ion  tha t  this l ipoprotein s t imula tes  the  
ac t iv i t y  of higtdy purified cy t och rom e  c oxidase prepara t ions tL This finding suggesis 
t ha t  the  form of cy toch rome  ¢ which acts  as a subs t ra tc  for c y t o e h r o m e  v oxidase  
m a y  be the same as tha t  which is associa ted with the l ipoprotein.  Not  m a n y  cases 
have  been inves t iga ted  where a l ipoprotein is involved in an enzymic  react ion.  
Ano the r  exmnple  of this na tu re  is the th rombop las t i c  l ipoprotein  whicl~ has been 
isolated and  s tudied  by  CnAR(;.XFF and his co l labora tors  TM. 

I t  was shown in a previous communica t ion  4 tha t  the  ox ide- reduc t ion  reactions 
of mitochondr ion -bound  coenzyme Q under  s t eady- s t a t e  condition,;  is influenced by  
the presence or absence of phospha te  and  A D P  in the  react ion medium.  In the  presence 
of phospha te  and  the absence of ADP,  cocnzyme  Q was rap id ly  reduced and  its r a te  
of ox ;da t ion  was r e m a r k a b l y  decreased.  Addi t ion  of ~XI)P to the med ium af fec ted  
an ox ida t ion  of the reduced quinonc.  These: findings indicated  t ha t  a componen t  of 
the sys tem forms a high-energy in t e rmed ia te  with inorganic  phospha te ,  which in 
the absence of an accep te r  sys tem such as A D P  can no longer  undergo  cyclic react ions.  
As a result ,  e lectron t r anspor t  ceases and  the electron carriers remain in the pa r t i cu la r  
s ta te  of ox ida t ion  or reduc t ion  d ic ta ted  by the mechanism of ox ida t ive  phosphory la -  
t i es .  This s ta te  of a r res ted  electron t r anspor t  was found to a c c o m p a n y  a shift  in the  
oxide- reduct ion  s ta te  of bo th  coenzyme Q and  DPN toward  increased reduct ion.  
Then, when A DP was added,  the high-energy phosphory l  g roup  was p re smnab ly  
t ransfer red  to A D P  and concomit~mtty coenzyme Q and DPN H were oxidized.  

l¢ocently, ToDi) and hi.~ associates ~-'' as well ,~s H.xm¢lsox -~ have  proposed t ha t  
quinoid compounds  m a y  be the  e lect ren carriers which react  with inorgmAc phospha te  
to form a high-energy phospha te  in te rmedia te  dur ing  the  process of ox ida t ive  phos- 
phowla t ion .  T<~DD and  his co l labora tors  tlavc presented  evktence tha t  quinol  phos-  
phates  can undergo dephosphory la t ion  concomi tan t  with oxidat ion.  T h e y  have  also 
shown tha t  ox ida t ive  dephosphory la t ion  of such compounds  can result  in the  forma-  
t ion of py rophospha te ,  i.e. phosphory la t ion  of o r thophospha te .  These  observa t ions  
correspond ra ther  well with the effects of phospha te  and A D P  on the  ox ide - reduc t ion  
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h e h a v i o r  of  c o e n z y m e  Q in t h a t  in t)rest.r3ct~ ()f l)Iiosph~:te the reduced  form of  c o e n z y m e  
Q ;s s tab i l i zed ,  whi le  o x i d a t i o n  of QI-lz i.-, at~ect,.'d w h e n  a p h o s p h a t e  acceptor  is 
avai la l ) le .  

The  pt)ssibility cleat eoenzyme  Q may form an in te rmedia te  with pho>;phate, 
which l ike m a n y  oti~er higi~-energy phost)imtt,  ~,Jmpoun(ts m a y  be labile  in a q u e o u s  
media ,  sugges t s  a very  i,-,aport~mt r-)le for the' l ipoprotcm with which coenzyme Q is 
assoc ia ted .  It  is possibh~ tha t  the lipid mitivu ~f the l ipoprotcm is the  m',cessary m e d i u m  
|or  s t a b i l i z i n g  s u c h  an in termediau , .  
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