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Inhibit ion of Succinic  Oxidase  Act iv i ty  of Beef Heart Mitochondria  
by a N e w  Fluorescent  Metabol i te ,  Zoanthoxant in  

Zoan thoxan t i n  is a new chemical  compound  recent ly  
isolated f rom P a r a z o a n t h u s  cf. axine l lae  (Zoantharia)  1. I t  
is a der iva t ive  of 1, 3, 5, 7 - te t razacyc lopen t  Ell azulene, a 
heterocycl ic  compound  no t  previous ly  descr ibed in l iving 
sys tems  : 
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The funct ion  of th is  substance,  which  exhib i t s  a s t rong  
fluorescence, is en t i re ly  unknown.  In  th is  paper  i ts  
p roper t ies  as a noncompe t i t i ve  inh ib i t ion  of t he  succinic 
oxidase  ac t iv i ty  of beef hea r t  submi tochondr i a l  par t ic les  is 
repor ted .  Zoan thoxan t i n  can. be  considered an inh ib i to r  
of mi tochondr ia l  resp i ra t ion  as effective as o ther  known  
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Fig. 1. The oxidat ion of succinate in the presence and absence of 
zoanthoxantin. �9 no zoantboxantin, [ ]  5.52 • 10 -5 M ,  �9 1.38 x 10 -~ 
M, II 2.76 x i0 -4 M and & 5.52 X 10 -4 M zoanthoxantin. Reaction 
inixture for the control and the experimentally contained phosphate 
60 mM, pH 7.4; ETP 0.554 mg (in terms of protein); cytoehrome 
e 27 ~M; sodium suceinate 20 mM in a total volume of 1.5 ml, in the 
presence or absence of zoanthoxantin at the concentration indicated. 
Sodium suecinate was added last to start the reaction. 

inhib i tors  such as 2, 3 -Dimercap topropanol  (BAL), 
phenan th ro l ine ,  amyta l ,  etc. 2. 

M a t e r i a l s  a n d  methods .  Elec t ron  Transpor t  Par t ic les  
(ETP) were ob ta ined  by  a modi f ica t ion  of t he  m e t h o d  of 
BERNSTEIN and WAINIO a. A fresh beef  hear t ,  t r i m m e d  
from fat  t issue and  l igaments ,  was ground  and  weighed 
and  the  mince  was washed  wi th  cold wa te r  for 1 h wi th  
occasional  st irr ing.  The wa te r  was r emoved  by  f i l t ra t ion  
and the  solid mate r ia l  was homogenized  in a War ing  
b lendor  wi th  0.04 M p h o s p h a t e  buffer  p H  7.0 (3 mt per  g 
of f resh tissue). 

Af ter  r emova l  of t he  cellular debr is  by  low speed 
cen t r i iuga t ion  (1500 g for 20 min),  the  mi tochondr i a l  
par t ic les  were s ed imen ted  at  30,000 g in a Spinco prepar -  
a t ive  u l t racent i fuge  Nod.  LS0 for 1 h, Myoglobin  and  
excess of cy tochrome  c were r emoved  by  wash ing  twice  
wi th  0.1 M p h o s p h a t e  buffer  p H  7.4 (1:3 v/v) and  the  
mater ia l  was resuspended  in a min ima l  a m o u n t  of buffer  
a t  the  same p H  value. The p ro te in  concen t ra t ion ,  as 
de t e rmined  by  the  b iure t  me thod ,  was b rough t  to 25 mg  
per  ml  using the  same buffer.  

The oxygen  consumpt ion  was de t e rmined  po la rography-  
ta l ly  using a Gilson oxygraph .  The reac t ion  mi x t u r e  
con ta ined :  E T P ,  cy toch rome  c, Na-succinate ,  zoan thox-  
an t in  and 0.1 M p h o s p h a t e  buffer  p H  7.4. The expe r imen t s  
were carr ied out  a t  35 ~ Since z o a n t h o x a n t i n  is re la t ive ly  
insoluble in wa te r  i t  was dissolved ill 0.1 M HC1. The 
presence  of hydrochlor ic  acid a t  the  f inal  concen t ra t ion  
used does no t  affect  t he  oxygen  consumpt ion  of t h e  
p repara t ion .  

Resu l t s  and  d i scuss ion .  The oxygen  consumpt ion  of beef  
hea r t  submi tochondr i a l  par t ic les  in presence  of sod ium 
succinate  was de t e rmined  using d i f ferent  amo u n t s  of 
zoan thoxan t in .  As shown in Figure  1, th is  subs tance  has  a 
r emarkab le  inh ib i to ry  effect, which  is clearly d e p e n d e n t  
on the  concen t ra t ions  used and wh ich  reaches  a value of 
abou t  50% a t  5.7 •  -~ M. The values  ob ta ined  wi th  
different concentrations of substrate and of zoanthoxaniin 

(Figure 2) were used for calculat ing the  kinet ics  of t he  
react ion.  The K m and  Vma x (Table) ind ica te  t h a t  t he  
subs tance  is a n o n co mp e t i t i v e  inh ib i to r  of the  succinic 
oxidase  sys tem.  
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Values for Ks and Vm~ (sueeinate) for control and zoanthoxantin-inhibited particulate sueeinate-oxidase 

Zoanthoxantin Concentration in assay I(~ Vff~x 

rag/1 moles/1 mM % 02 cons./min 

0.00 0.00 10.52 20.00 

0.07 2.76 X i0 -~ 10.52 10.80 

0.14 5.52 X 10 -~ 10.52 7.77 

The values were calculated from Figure 2. Km was calculated as -1/intercept on the abscissa. V,,~x was calculated as 1/intercept on the 
ordinate 
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This  subs tance ,  wh ich  is p re sen t  in  r e l a t ive ly  large 
a m o u n t s  in P. axinellae a n d  w h i c h  c a n n o t  be r e l a t ed  to 
a n y  o the r  k n o w n  organic  c o m p o u n d  occur r ing  in l iv ing  
organisms,  p r o b a b l y  has  no physio logica l  s ignif icance in 
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Fig. 2. Reciprocal plots of substrate concentration with respect to 
initial activity of suceinate oxidase system in the presence of inhibi- 
tor. Velocities are expressed in per cent O, uptake/min. �9 no zoan- 
thoxantin, �9 2.76 • 10 4 M zoanthoxanfin, �9 5.52 • 10 -4 M zoan- 
thoxantin. The reaction mixture (1.5 ml) contained 60 mM phosphate 
pH 7.4; 0.554 mg ETP (in terms of protein); 27 [xM cytochrome e; 
zoanthoxantin at the concentration indicated; sodium suceinate 
concentration was varied from 10 mM to 40 raM. 

t he  r e sp i r a t ion  of t h e  an imal .  The  n o n c o m p e t i t i v e  inh ib i -  
t o ry  ac t ion  of z o a n t h o x a n t i n  on  succinic  ox idase  a c t i v i t y  
ind ica tes  t h a t  i t  is no t  i nvo lved  in t he  r e s p i r a t o r y  cha in  
e i the r  as s u b s t r a t e  or as coenzyme.  However ,  s ince t he  
i n h i b i t i o n  r e m a i n e d  c o n s t a n t  w i t h  respec t  to  t ime,  i t  
seems un l ike ly  t h a t  t h i s  s u b s t a n c e  ac ts  as a n  e lec t ron  
accep to r  b u t  r a t h e r  exer t s  i ts  i n h i b i t o r y  ac t ion  a t  t h e  
s i te  of s u b s t r a t e  d e h y d r o g e n a t i o n .  

I n  v iew of t he  s t rong ly  f luorescen t  p rope r t i e s  of th i s  
molecule,  i ts  use as an  i n h i b i t o r  of m i t o c h o n d r i a l  respi ra-  
t i on  is of p a r t i c u l a r  i n t e r e s t  w i t h  r e spec t  to  i t s  possible  
u t i l i z a t i on  as a p robe  of those  molecu la r  even t s  occur r ing  
a t  t he  s i te  of i nh ib i t i on .  

Rdsumd. La  z o a n t h o x a n t i n e  est  u n  n o u v e a u  compos6 
a roma t ique ,  trSs f luorescent ,  caract6r is6  p a r  le ch romo-  
pho re  1,3,5, 7 - t6 t razacyc lopen t [ / ] azu len .  On d 6 m o n t r e  
Fac t ion  i nh ib i t r i c e  de ce m 6 t a b o l i t e  sur  une  p r @ a r a t i o n  
s u b m i t o c h o n d r i a l e  de cceur de bceuf et  le t y p e  & i n h i b i t i o n  
en a 6t6 d~termin6.  On env isage  auss i  la poss ib l i t6  
d 'u t i l i s e r  la z o a n t h o x a n t i n e  c o m m e  i n d i c a t e u r  mol6cu-  
la ire  d a n s  la zone d ' i n h i b i t i o n .  
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Der  Geha l t  an fre ien  n i n h y d r i n p o s i t i v e n  V e r b i n d u n g e n  irn E x t r e m i t i i t e n g e w e b e  von  
Amblystoma mexicanum 

tFber das  S p e k t r u m  der  f re ien A m i n o s ~ u r e n  vieler  
O r g a n i s m e n  ~, d a r u n t e r  auch  die A m p h i b i e n ,  l iegen 
D a t e n  vor.  So h a t  CHEN ~ den  G e h a l t  a n  freien A m i n o -  
s/ iuren yon  v e r s c h i e d e n e n  A m p h i b i e n - E m b r y o n e n  be-  
s t i m m t  und,  abgesehen  yon  ger ingen  q u a n t i t a t i v e n  
U n t e r s c h i e d e n  bei  a l len u n t e r s u c h t e n  Spezies, das  gleiche 
I n v e n t a r  an  n i n h y d r i n p o s i t i v e n  V e r b i n d u n g e n  regis t r ie r t .  
HERNANDEZ u n d  COULSON 3 v e r s u c h t e n  die Z u s a m m e n -  
se t zung  des Aminos~ture-pools als t a x o n o m i s c h e s  K r i t e r i u m  
zu ve rwenden .  Dabe i  e r m i t t e l t e n  sic die K o n z e n t r a t i o n  
der  f re ien Am~nos/ iuren in ganzen  Tieren,  u n t e r  a n d e r e m  
a u c h  bei  Amblystoma tigrinum. I m  R a h m e n  yon  U n t e r -  
s u c h u n g e n  t iber  b iochemische  Ver&nderungen  w/ ihrend  der  
E x t r e m i t X t e n r e g e n e r a t i o n  wurde  festgestel l t ,  dass  sieh der  
G e h a l t  a n  fre ien Aminos~Luren eng b e n a c h b a r t e r  Gewebe  
wie H a u t  u n d  d a r u n t e r l i e g e n d e  M u s k u l a t u r  sehr  s t a r k  
v o n e i n a n d e r  un te r sche ide t .  Die B e s t i m m u n g e n  e r fo lg ten  
a n  e twa  12 M o n a t e  a l t en  Axolo t ln .  Das  in f l i issigem 
St icks tof f  e ingef rorene  und  ge f r i e rge t rockne te  Mater ia l ,  
H a u t  bzw. d a r u n t e r l i e g e n d e s  Gewebe  (im wesen t l i chen  
Musku la tu r ,  der  K n o c h e n  wurde  en t fe rn t )  aus  d e m  
S t y l o p o d i u m  der  Vorde rex t r emi t / i t ,  wurde  m i t  e inem Ge- 
misch  aus  M e t h a n o l / C h l o r o f o r m / W a s s e r  (12/5/3, v /v)4  im 
G l a s h o m o g e n i s a t o r  ze rk le iner t  und  d re ima l  ex t r ah i e r t .  
E ine  v ie r t e  E x t r a k t i o n  erfolgte  m i t  80 % Athano l .  Die n a c h  
Z e n t r i f u g a t i o n  (4 ra in  bei  10 000 g) ve re in ig t en  fJberst~inde 
w u r d e n  zur  A b s c h e i d u n g  des Chloroforms m i t  e iner  geeig- 
n e t e n  Menge Wasse r  und  Chloroform v e r s e t z t  u n d  30 sec 
lang  ausgeschi i t te l t .  Die klare,  w&ssr ig-methanol isch-  
~tthanolische P h a s e  wurde  d a n a c h  a b g e t r e n n t  u n d  im 
R o t a t i o n s v e r d a m p f e r  (12 m m  H g ;  m a x .  35~ bis  zur  

T rockne  e ingeengt .  Der  R i i c k s t a n d  wurde  fiir die s~iulen- 
c h r o m a t o g r a p h i s c h e  B e s t i m m u n g  in 0,1 n HC1 u n d  
N a t r i u m c i t r a t p u f f e r  (0,2 n, p H 2,2) a u f g e n o m m e n .  

Die Ana lyse  der  E x t r a k t e  erfolgte  d u r c h  A u f t r e n n u n g  
in e inem Aminos / i u r e -Ana ly sa to r  ( B e c k m a n n  Un ich rom)  
m i t  A u s t a u s c h e r h a r z  T y p  M 72 (bzw. M 81 fiir die basi-  
schen  Aminos/~uren).  I n  A b w a n d l u n g  des t ib l ichen Ver-  
fahrens5  wurde  zur  o p t i m a l e n  A u f t r e n n u n g  die E lu t ions -  
geschwind igke i t  auf  40 m l / h  he rabgese t z t .  Der  ers te  
E lu t i onspu f f e r  (0.20n N a t r i u m c i t r a t )  wurde  yon  p H  
3,25 auf  3,23 abgegnder t .  Als zwei ter  Puf fe r  d i en t e  wie 
i ibl ich 0,20n N a t r i u m c i t r a t  p i t  4,25. Puf fe rwechse l  
erfolgte  n a c h  198 rain.  W/ ih rend  der  Ana ly se  wurde  die 
S~ iu len tempera tu r  e rh6h t .  Als bes te r  T e m p e r a t u r g r a d i e n t ,  
besonders  fiir d ie  A u f t r e n n u n g  v o n  Pro l in  und  G l u t a m i n -  
s/~ure u n d  der  fr i ih im E l u a t  e r s che inenden  V e r b i n d u n g e n ,  
erwies s ich eine T e m p e r a t u r e r h 6 h u n g  yon  32 ~ auf  54 ~ 
n a c h  120 m i n  (Aufheizzei t  68 min) .  F i i r  die bas i schen  
Aminos~iuren e rgab  das  S t a n d a r d v e r f a h r e n ~  die b e s t e n  
Resu l t a t e .  Den  E x t r a k t e n  wurde  Nor leuc in  als i n t e r n e r  
S t a n d a r d  zugese tz t  (Genau igke i t  des A n a l y s e n v e r f a h r e n s  
--  ~= 2,7%).  
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