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Specol spec t ropho tomete r  (Carl Zeiss, Jena) .  The  resul ts  
of the  separa t ion  of the  p igments  b y  means  of co lumn and  
th in - layer  c h r o m a t o g r a p h y  in t he  specimens  of Arach-  
noides men t ioned  above  are  g~ven in Tables  I and I I  and  
in t he  Figure .  As t h e  R f  va lues  and the  m a x i m u m  absorp-  
t ion  of t he  var ious  f ract ions  of the  co lumn  and  th in- layer  
c h r o m a t o g r a p h y  show, the  colour  of the  specimens of t he  
Arachnoides  inves t iga ted  is due  to the  presence of a 
whole series of carotenoids.  

F r o m  compar i son  of t he  absorp t ion  m a x i m a  of the  
f ract ions  ob ta ined  by  means  of co lumn and th in- layer  
c h r o m a t o g r a p h y  wi th  l i t e ra ture  d a t a  TM, i t  is ev iden t  
t h a t  such carotenoids  as fl-carotene, echinenone,  can ta-  
xan th in ,  lutein,  astacene,  and  free a s t a x a n t h i n  are  
present .  The  absorp t ion  m a x i m a  of t he  four th  orange 
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f rac t ion  f rom co lumn c h r o m a t o g r a p h y  indicate  t he  
presence of c ryp toxan th in .  A th i rd  yel lowish-orange frac- 
t ion  of a ca ro tenoid  occurs which  we h a v e  no t  been  able 
to  ident i fy .  Our  resul ts  when  compared  w i t h  those  ob- 
t a ined  dur ing  inves t iga t ions  on o the r  species of  H y d r a -  
carina,  show t h a t  t~ fl-carotene, Iutein, a s t a x a n t h i n  and  
ke to-caro tenoid  are  present  in Eylais extendens. The  
au thors  of this paper  h a v e  however  noted  in Eylais 
hamata the presence of t he  same carotenoids  as those  
found in Hydrachna geogra]ica and Piona nodata xs. 

R~sumd. Les au teurs  ~ l 'a ide  des m6thodes  de chroma-  
tograph ic  sur colonne e t  sur couche fine, on t  effectu6 la 
s~parat ion des carot~noides chez Hydrachna geogra/ica 
(Mtiller 1776) e t  Piona nodata (Miiller 1776), qui  appar -  
t i ennen t  g H y d r a c a r i n a  (Arachnoidea).  Ces recherches  o n t  
attestA la pr6sence du fl-carot~ne, de l '6chin6none,  de la  
can taxan th ine ,  de  la  lut6ine,  de  t 'as tac~ne e t  de l ' as ta-  
x a n t h i n e  fibre. 
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Thin-layer chromatograms of carotenoids from Hydrachna geogra/ica 
and Piona nodata in systems of solvents A and B. 
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Peroxidative A c t i v i t y  o f  H e m e p e p t i d e s  f r o m  Horse Heart Cytoehrome c 

TuPPY and PAI-~US x isolated hemepep t ide  by  pept ic  
digest ion of cy tochrome  c and showed t h a t  i t  is an  undeca-  
pep t ide  (HUP)  wi th  the  sequence of 

Val-Glu (NH,) -Lys-Cys-AIa-Glu (NH,) -Cys-His-Thr-Val-Glu 

l . h e i n e  l 

B y  using pyrogal lo l  as a hydrogen  donor,  PxL~US e t  al. ~ 
repor ted  t h a t  this  c o m p o u n d  exh ib i t ed  a peroxidase- l ike  
a c t i v i t y  20 t imes  h igher  t h a n  t h a t  of cy toch rome  c. 
T r e a t m e n t  of H U P  wi th  t ryps in  r emoved  Val-Glu(NH~)- 
Lys,  g iv ing  a hemeoc tapep t ide  (HOP).  Al though  the  per-  
ox ida t ive  ac t ion  of several  hemepept ides  has  been 
reported,  no ex tens ive  s tudy  has been made.  

Horse  hear t  cy toch rome  c (Type I I I ,  99%) was pur-  
chased f rom Sigma Chemical  Company  and was fur ther  
pur i f ied by  means  of an  IRC-50  ion-exchange resin 
column.  H U P  was p repa red  b y  pept ic  digest ion of cy to-  
ch rome  c according  to  t h e  m e t h o d  of TuPPv  and PALi~US 1. 
H O P  was p repared  by  t r y p t i c  digest ion of H U P  following 
the  m e t h o d  of  HARBURY and  LoAcri~. However ,  a puff-  

f icat ion p rocedure  invo lv ing  Hyf lo-super  eel was repea ted  
twice  ins tead of once as in t he  procedure  of HARBURY 
and LoAcH. The  H O P  prepared  by  the  HARBURY and 
LOACH m e t h o d  was fu r the r  purif ied by  using Sephadex  
G-25. 

P e r o x i d a t i v e  ac t iv i t ies  of t he  samples  were  measu red  
spec t ropho tomet r i ca l ly  a t  460 n m  in 0 . 0 1 M  p h o s p h a t e  
buffer  p H  6.0, us ing o-dianisidine as a hydrogen  donor4,L 
The  effect  of subs t ra te  concen t ra t ion  on the  ra te  of 
reac t ion  was s tudied  and all the  enzyme  ac t iv i t ies  were 
measured  a t  t he  subs t ra te  concen t ra t ion  which  gave  the  
m a x i m u m  ve loc i ty  (Figure 1). 
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The  amino  acid compos i t ions  of H U P  a n d  H O P  are 
s h o w n  in Table  I. The  resul ts  were comparab le  to  those  
of MARGOLIASH e t  a l s  and  HARBU~Y a n d  LOACH g. F r o m  
amino  acid  analysis ,  i t  was  s h o w n  t h a t  H U P  con ta ins  
1 mole  each  of lysine, h is t id ine ,  th reon ine ,  a n d  a lanine;  
2 moles  each  of va l ine  and  cys te ine ;  and  3 moles  of 
g lu tamic  acid residues.  The  analys is  also ind ica ted  t h a t  
H O P  conta ins  I mole  each of his t id ine ,  th reonine ,  alanine,  
valine, and  2 moles  each  of g lu tamic  acid and  cys te ine  
residues.  

P a p e r  c h r o m a t o g r a m s  of b o t h  H U P  and  H O P  gave 
only  1 spo t  a t  the i r  respec t ive  Rf  values  (0.30 for H U P  
a n d  0.54 for H O P ) .  The  so lven t  sys tem,  bu tano l -ace t i c  
ac id -wa te r  (4 :1 :5) ,  was  used. The  p a p e r  e lec t rophores is  
e x p e r i m e n t s  also ind ica ted  t h a t  each  h e m e p e p t i d e  was  
homogenous .  E a c h  h e m e p e p t i d e  also y ie lded only  1 b a n d  
in S e p h a d e x  G-25 and  hyf lo -super  eel columns.  

Cytochmm.e  c, H U P  and  H O P  gave typ ica l  Sorer  b a n d s  
a t  407, 417, and  410 n m  respec t ive ly  in 0 . 1 M  imidazole  
solut ion.  On reduc t ion  of c y t o c h r o m e  c, H U P  and  H O P  
wi th  sod ium di th ioni te ,  all c o m p o u n d s  gave typ ica l  ab-  
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Fig. 1. Effect of substrate concentration on peroxidative activity of 
HOP~ HUP, horseradish peroxldase, and eytochrome c. 

so rp t ion  m a x i m a  a t  550 and  520 nm.  In  t he  UV-region,  
c y t o c h r o m e  c gave a typ ica l  p ro te in  absorp t ion  m a x i m u m  
a t  280 m n  b u t  b o t h  H U P  and  H O P  gave no such  absorp-  
t ion.  This  fu r the r  conf i rmed  t h e  absence  of ty ros ine  and  
t r y p t o p h a n e  res idues  in H U P  a n d  H O P  as found  b y  the  
amino  acid analys is  shown  before.  

Simple inorganic  ferric c o m p o u n d s  such as ferric am-  
m o n i u m  sulfate,  ferric a m m o n i u m  chloride,  and  ferric 
a m m o n i u m  n i t r a t e  gave no pe rox ida t ive  ac t iv i ty .  P ro to -  
hemin  i tself  showed  v e r y  l i t t le  ac t iv i ty  (Table II) .  

Unl ike  horse rad i sh  peroxidase ,  hea t  t r e a t m e n t  of H U P  
and  H O P  did no t  a l te r  t he  pe rox ida t ive  ac t iv i ty .  H e a t -  
d e n a t u r e d  c y t o c h r o m e  c gave s l ight  increase in ac t iv i ty .  
Add i t i on  of n i t rogenous  c o m p o u n d s  such  as imidiazole,  
h is t id ine ,  a n d  a m m o n i u m  chlor ide  increased t h e  peroxi-  
da t ive  ac t iv i ty  w i t h  t h e  excep t ion  of c y t o c h r o m e  c. 

Pe rox ida t i ve  ac t iv i ty  of c y t o c h r o m e  c and  horse rad i sh  
pe rox idase  were  readi ly  inh ib i ted  a t  re la t ive ly  low con- 
cen t ra t ions  of cyan ide  ion. B o t h  H U P  and  H O P  were  n o t  
inh ib i t ed  b y  t h e  cyan ide  concen t r a t i on  which  inh ib i t ed  
the  pe rox ida t ive  ac t iv i t ies  of c y t o c h r o m e  c and  horse-  
rad i sh  peroxidase .  However ,  a t  m u c h  h igher  concen t ra -  
t ions  of cyan ide  ion, t he  pe rox ida t i ve  ac t iv i ty  of b o t h  
H U P  a n d  H O P  was  inh ib i t ed  (Figure 2). 

Low fluoride ion concen t r a t i on  also inh ib i t ed  t h e  per-  
ox ida t ive  ac t iv i ty  of  ho r se rad i sh  perox idase .  The  per -  

. ox ida t ive  ac t iv i ty  of c y t o c h r o m e  c was  less sens i t ive  t o  
f luoride ion and  t h a t  of H O P  a n d  H U P  was  no t  inh ib i t ed  
(Figure 3). 

I t  is of in t e res t  to  no te  t h a t  t he  p H  o p t i m u m  for each 
c o m p o u n d  was  dif ferent .  Hor se rad i sh  pe rox idase  gave  
the  lowest  p i t  va lue  of 4.5 and  c y t o c h r o m e  c gave t h e  
value  of 6.0. O p t i m u m  p H  of H U P  and  H O P  were  qu i te  
d i f fe ren t  (Figure 4). 

s E. MAROOLIASH, N. FROHWmT and E. WIENER, Biochem. J. 71, 
559 (1959). 

Table II. Peroxidative activity of horse cytochrome c, hemeundeea- 
peptide (HUP), hcmeoctapeptide (HOP), horseradish peroxidase, 
and ferric salt 

Table I. Amino acid composition of hemepeptides 
Sample Addition of Heat Enzyme 

nitrogenous treatment activity a 
compounds 

Amino Hemeundecapeptide Hemeoctapeptide 
acids Cytochrome c 0.019 

M A R G O -  l IAR- Present HAR- Present study 94°C for 30 min 0.110 
LIASH 6 BURY study BURY ~ b 0.1M imidazole 0.018 
et ak e and and 

L O A C ] I $  L O A C H  s Horseradish 478 
peroxidase 

94 °C for 30 min 0 
Lysine 1.6 1.02 1.12 0 0 0 0.1 M imidazole 713 
Histidine 1.2 1.00 1.33 0.97 0.93 0.93 
Arginine - 0 0 0 0 0 HOP 1.9 
Aspartic acid - 0.06 0 0.14 0 0 0.1 M imidazole 3.4 
Threonine 0.8 0.91 1.32 0.92 0.95 0.96 94 °C for 30 rain 3.5 
Serine - 0.21 0.08 0 0 0 HOP 2.9 
Glutamic acid 2.9 2.97 2.90 1.98 2.10 2.06 94°C for 30 min 5.5 
Proline - 0 0 0 0 0 

0.1 M itnidazole 7.4 Glycine - 0.06 0.09 0.20 0.12 0.10 
Alanine 1.3 1.06 0.93 1.10 1.10 1.10 Protohemin 0 
Valine 2.1 1.98 2.12 1.01 1.00 1.00 0.1 M imidazole 0.09 
Methionine - 0 0 0 0 0 

Ferric ammonium 0 Isoleucine 0.2 0 0 0.19 0.10 0.10 sulfate Leucine 0.2 0 0 0.09 0.15 0.06 
Cysteine as 1.7 0.85 2.02 - - 1.80 Ferric ammonium 0 
eysteie acid nitrate 

- The values were not reported, a HC1 hydrolysis, b Performic acid a The enzyme activity was defined as ~mole o-dianisidine oxi- 
treatment before HC1 hydrolysis, dized/min/mg sample. 
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Fig. 2. Effect of cyanide concentration on peroxidative activity of 
~ - - e ,  HOP; O - - O ,  HUP; { ) ~ 0 ,  horseradish peroxidase; 
x ~ x ,  cytochrome c in 0.013I phosphate buffer at pH 6.0. 
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Fig. 3. Effect of fluoride ion concentration on peroxidative activity 
of e - - e ,  HOP; O - - C ) ,  HUP; ~D~{O, horseradish peroxidase; 
x - - x ,  eytoehrome c in 0.01 M phosphate buffer at pH 6.0. 
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Fig. 4. Effect of pH on peroxidative activity of e - - o ,  HOP; 
C ) - - O ,  HUP; {D--{D, horseradish peroxidase; x - - x ,  eyto- 
chrome c. Acetate buffer was used for pH 3-5 (0.01 M) and phosphate 
buffer (0.01 M) was used for pH above 5.5. 
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Fig. 5. Effect of temperature on peroxidative activity of e - - e ,  
HOP; C ) ~ @ ,  HUF; I ] - - t D ,  horseradish peroxidase; x - - x ,  
egtochrome c in O.01M phosphate buffer pH at 6.0. 

A t  h i g h e r  t e m p e r a t u r e s ,  t h e  e n z y m e  a c t i v i t y  of horse-  
r ad i sh  pe rox idase  decreased  as  expec t ed  b e c a u s e  of p a r t i a l  
d e n a t u r a t i o n  of p ro te in .  However ,  p e r o x i d a t i v e  a c t i v i t y  
of c y t o c h r o m e  c did  n o t  decrease  a t  h i g h e r  t e m p e r a t u r e s .  
The  a c t i v i t y  of b o t h  H U P  a n d  H O P  inc reased  as  t he  
t e m p e r a t u r e  b e c a m e  h igher ,  fo l lowing a n  A r r h e n i u s  p l o t  
(F igure  5). 

No ca ta l a se  a c t i v i t y  was  d e t e c t e d  on  H U P  or  H O P  as 
s h o w n  b y  t he  f ac t  t h a t  t h e  s ame  t i t e r s  of K M n O  4 were 
used  for t h e  H~O~ b l a n k .  

I n c u b a t i o n  of H U P  or  H O P  w i t h  o -d ian i s id ine  w i t h o u t  
I-I~O 2 d id  n o t  y ie ld  a n y  a b s o r b a n c e  change .  Therefore ,  t h e  
a b s o r b a n c e  increase  is no t  due  to  t h e  o x i d a t i o n  of 0-di- 
an i s id ine  b y  H U P  or  H O P .  E l i m i n a t i o n  of h y d r o g e n  donor ,  
o-dianis idine,  f r om t h e  s y s t e m  did  n o t  decompose  t h e  
H20~, i n d i c a t i n g  t h e r e  was  no  ca t a l a se  a c t i v i t y .  T h r e e  
c o m p o u n d s :  H~O v h y d r o g e n  donor ,  H U P  or  H O P  are  
nccessa ry  for  t h e  a b s o r b a n c e  change .  Therefore ,  t he  
a b s o r b a n c e  c h a n g e  in a comple t e  s y s t e m  is due  to  t he  
p e r o x i d a t i v e  ac t ion  of H U P  or  H O P .  

Rdsumd. L ' h & m o u n d ~ c a p e p t i d e  ( H U P )  a dtd prdpar6  
p a r  d iges t ion  peps ique  du  c y t o c h r o m e  c qu i  a dtd e x t r a i t  
e t  purif id  b. p a r t i r  du  cceur de cheval .  L ' h d m o o c t a p c p t i d e  
(HOP)  a 6t6 o b t e n u  p a r  d iges t ion  t r y p s i q u e  de  I ' H U P .  
L ' u n  e t  l ' a u t r e  o u t  d o n n 6  des  p r o d u i t s  homog~nes  p a r  
c h r o m a t o g r a p h i c  sur  co lonne  e t  sur  papier ,  p a r  61ectro- 
phor~se  sur  p a p i e r  h d i f fd ren ts  p H  e t  p a r  ana lyse  des  
ac ides  amin6s .  On a effectu6 u n e  ana lyse  s p e c t r o m 6 t r i q u e  
de  H U P  e t  H O P  e t  d d t c r m i n 6  leur  ac t iv i t6  p e r o x y d a s i q u e  
d a n s  d iverses  cond i t ions .  Ces 2 compos6s  n ' o n t  pas  m o n t r 6  
d ' a c t i v i t 6  ca ta l a s ique .  
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