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C-terminal analysis of degraded basic protein 
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Amino acids �9 Relative amounts 
of aa's in protein 

Relative amounts of C-terminal groups 

0.1 F ascorbic acid 

Phosphate buffer 

0.01 F ascorbic acid 

Triethylamine buffer Phosphate buffer Triethylamine buffer 

Arg u 1.00 1..00 1.00 1..00 1.00 
Ala 0.78 0.01 0.005 0.03 0 
Asp 0.50 0.07 0.75 0 0.41 
Flu 0.44 0.05 0.83 0 0.54 
Gly 1.39 0.05 0.03 0.09 0 
Leu 0.56 0.06 0.22 0 0 
Ser 1.06 0.07 0.52 0.04 0.28 
Thr 0.30 0.03 0.23 0.01 0.13 

~All amino acids are listed which were observed on C-terminal analysis to be present in concentrations greater than 10 -8 that of arginine in 
any one of the 4 experiments. 
bQuantitative comparison of the C-terminal analysis of untreated basic protein with the analysis of treated basic protein indicated that only 
the C-ternfinal argitfine of the protein contributed to the arginine value determined from the degraded protein. Therefore, we have assumed 
that the arginine concentration in the degraded and undegraded protein solutions are identical. 

Results and discussion. The au to-ox ida t ion  of ascorbic 
acid is a complex  process which  produces  m a n y  p roduc t s  
including hydrogen  peroxide  and  free radicals.  The 
Figure  shows the  gel e lect rophoresis  of the  basic prote in  
af ter  t r e a t m e n t  wi th  ei ther  hydrogen  peroxide  or ascorbic 
acid. The grea ter  the  concen t ra t ion  of e i ther  the  ascorbic 
acid or the  peroxide,  the  more  extens ive  the  degrada t ion  
of the  prote in .  In  these  expe r imen t s  t he  b r e a k d o w n  due 
to  ascorbic acid appears  to be grea ter  t h a n  t h a t  due to the  
peroxide.  

The gel e lectrophoresis  of the  degraded  p ro t e in  does 
no t  indicate  the  na tu re  of the  degrada t ion .  In  order  to  
s t u d y  the  pep t ide  breakage,  we per fo rmed  C-terminal  
analysis  on the  degraded  mater ia l .  The basic p ro te in  
conta ins  a single C- terminal  residue, arginine. The Table 
gives the  re la t ive amoun t s  of amino acids recovered f rom 
C-terminal  analysis  of the  degraded  protein ,  Also given 
in the  Table  is the  con t en t  oI each amino acid conta ined  
wi th in  the  pro te in  re la t ive to arginine,  as de t e rmined  by  
amino acid sequence of the prote in~h 

By  compar ing  the  re la t ive amoun t s  of the  d i f ferent  
amino  acids wi th  the  undegraded  pro te in  w i th  those  
observed  f rom C-terminal  analysis  of the  degraded  
prote in ,  one can de te rmine  whe the r  or no t  the  degra-  

da t ion  by  ascorbic acid possesses a sequence specificity. 
I t  would appear  t h a t  there  is some specif ic i ty  of the  
react ion.  Pep t ide  chains  wi th  C- terminal  aspar t ic  acid, 
serine, threonine ,  g lu tamic  acid and  leucine were released 
m o s t  easily. The degrada t ion  was more  extens ive  in the  
t r i e thy lamine  buffer.  I t  is known t h a t  in the  presence of 
phospha te ,  the  basic pro te in  aggregates  (E .H.  EYLAR, 
persona l  communicat ion}.  The  aggregat ion  is min imal  in 
the  t r i e thy lamine  buffer  ; therefore ,  the  aggregat ion of the  
basic p ro te in  m a y  have  an effect  on ascorbic acid degra-  
dat ion.  

We  have  shown t h a t  ascorbic acid is capable  of ex- 
t ens ive ly  cleaving the  pep t ide  chain  wi th in  the  myel in 
basic prote in .  I t  has  been suggested t h a t  the  pro te in  
degrada t ion  which has  now been d e m o n s t r a t e d  in aerobic 
ascorbic acid solutions of ca ta laseL t ransfer r in  8,12, and 
basic prote in  m a y  be re la ted  to the  biological funct ion of 
ascorbic acid 13. 

11 E. H. EYLAR, S. BROSTOFF, G, HASHIM, C. CACCAM and P. BUR- 
I,~ETT, J. biol. Chem. 2d6, 5770 (1971). 

13 A. B. ROBINSON, K. IRVlNC, and M. MCCREA, Proc. natn. Acad. 
Sci., USA 70, 2122 (1973). 

la A. B. ROBINSON and S. RICHItEIMER, Proe. N. u Acad. Sei., in 
press (1976). 

Effect of Cho le s t ero l  Oxidat iof i  on (Na  +, K +) A T P a s e  Act iv i ty  of E r y t h r o c y t e  M e m b r a n e s  
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Summary. By incubat ion  of h u m a n  e ry th rocy te  ghosts  wi th  cholesterol  oxidase (EC 1.1.3.6) pa r t  of the  cholesterol  of 
the  m e m b r a n e  is replaced by  4-cholesten-3-one.  This  a l te ra t ion  in the  sterol  composi t ion  is accompanied  by  an inhi-  
b i t ion  of the  (Na+, K+) ATPase  of the  e ry th rocy te  membrane .  

In  a previous paper  2 we were able to d e m o n s t r a t e  t h a t  
the  a l te ra t ions  in (Na+, K +) ATPase  ac t iv i ty  of e ry th ro-  
cytes  f rom ra ts  fed 20,25-diazacholesterol  is due to the  
par t i a l  r ep lacemen t  of cholesterol  by  i ts  biological pre-  
curser,  desmosterol .  In  order  to get  more  ins ight  into the  
role of cholesterol  on (Na+, K+) ATPase  act iv i ty ,  we t r ied  
to a l ter  the  cholesterol  molecule in the  in tac t  membrane .  

A very  simple m e t h o d  to  induce changes  in the  sterol  
f rac t ion of e ry th rocy te  ghosts  is the  ox ida t ion  wi th  cho- 

lesterol  oxidase  (cholesterol-O~ oxidoreductase ,  EC 
1.1.3.6) f rom Norcard ia  erythropol is .  This enzyme  effects 
the  oxida t ion  of cholesterol  to 4-cholesten-3-one in t he  
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Forschungsgemeinschaft Bonn-Bad Godesberg and the Sonder- 
forschungsbereich 90 of the University of Heidelberg. We thank 
Mr. J, SCI~mDT and Miss I. GELDMACKER for skilful technical 
assistance. 
W. FIEUN and D. SEILER, Experientia 31, 773 (1975). 
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presence  of o x y g e n  a. 20 ml  v e n o u s  blood f rom h e a l t h y  
blood doners  were d r a w n  into hepa r in i zed  syr inges ,  plas-  
m a  an d  red cells were s epa ra t ed  and  the  e r y t h r o c y t e  
ghos t s  were p repa red  as descr ibed  earlier 4. P ro t e in  de- 
t e r m i n a t i o n  was  p e r fo rmed  accord ing  to LOWRY et  al. s. 
E r y t h r o c y t e  g h o s t s  (12 m g  protein)  were d iv ided  in 2 
pa r t s ,  one p a r t  was  i n c u b a t e d  w i th  choles te ro l  ox idase  
(12 uni ts)  in 10 m M  Tris-HCl-buffer  p H  7.0 for va r ious  
t i m e s  (6 to 24 h) in a t o t a l  v o l u m e  of 6 ml. The  o the r  p a r t  
se rved  as con t ro l  an d  was  i n c u b a t e d  in 10 m M  Tris-HC1 
alone. Af t e r  i n c u b a t i o n  was  f inished,  3 m l  of each  sus-  
pens ion  were used  for the  d e t e r m i n a t i o n  of A T P a s e  
a c t i v i t y  (for de ta i l s  see ref. 4) and  the  o the r  3 m l  were 
ana ly zed  for tile s terol  compos i t ion .  To ta l  l ipids were 

ATPase activity in human erythroeyte ghosts 

ATPase 

( M g  2+) ( M g  2+, ( N a  + , K +) 
Na +, K +) 

Stimulation 

(%) 

Control 1.162 2.094 0.932 80.2 
Control + H~O~ 1.121 2.240 1.119 85.1 
Control 1.186 2.210 1.024 86.3 
Control -- H~O~ 1.140 2.186 1.046 91.8 
Control 1..104 2.046 0.942 85.3 
Control + H20 ~ 1.080 2.000 0.920 85.2 

ATPase activity ([xmoles Pi/mg protein • h) in human erythrocyte 
ghosts after 24 h incubation of 6 Ing ghost protein in 0.1 M H202 in 
10 mM Tris-HCl-buffer pH 7.0. Total volume 6 nil. In the controls 
H.202 was onfitted. 
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Fig. 1. The effect of incubation with cholesterol oxidase on the sterol 
fraction of erythrocyte ghosts. The gas-chromatographic procedure 
was performed in a Varian-Aerograph 1,400 using a 2 ft. colmnn 
with 3% OV-17 on Chromosorb Q (120 mesh); 250 ~ isotherm; N 2 = 
36 ml/min FID. Response factor for 4-cholestene-3-one 1.30. 
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Fig. 2. The inhibitory effect of cholesterol oxidation on (Na +, K +) 
ATPase activity of human erythrocyte ghosts. 

r e m o v e d  f rom the  3 ml  of e r y t h r o c y t e  g h o s t  su spe ns ion  
b y  a 3 t i m e s  e x t r a c t i on  wi th  20 ml  c h l o r o f o r m / m e t h a n o l  
(2:1;  v /v) .  The  c ombine d  e x t r a c t s  were w a she d  3 t i m e s  
w i th  water .  T h e n  the  lipid e x t r a c t  was  b r o u g h t  to d r y n e s s  
a nd  r e s u s p e n d e d  in 0.1 ml  c h l o r o f o r m / m e t h a n o l  (2:1). 

The  pe rcen t age  of 4-choles ten-3-one  in t h e  to t a l  s terol  
f rac t ion  was  d e t e r m i n e d  w i th  2 d i f fe ren t  m e t h o d s  w h i c h  
gave  iden t ica l  resul ts .  A) by  q u a n t i t a t i v e  choles terol  
d e t e r m i n a t i o n  accord ing  to ZAK 6. 4-choles ten-3-one  does 
no t  reac t  w i t h  t he  reagent .  B) b y  a gas- l iquid  c h r o m a t o -  
g raph ic  procedure ,  the  deta i l s  of wh ich  are shown  in Fig- 
ure  1. As can  be seen f rom F igure  1 t he  i nc uba t i on  of 
e r y t h r o c y t e  ghos t s  w i th  choles terol  ox idase  leads to a 
pa r t i a l  r e p l a c e m e n t  of choles terol  by  4-choles ten-3-one  
in the  m e m b r a n e .  The  pe rcen t age  of 4-choles ten-3-one  
var ied  f rom 24 to 76% accord ing  to the  t ime  of incuba t ion .  
The  t o t a l  s terol  c o n t e n t  r e m a i n e d  u n c h a n g e d .  In  all 12 
e x p e r i m e n t s  pe r fo rmed  t he  a c t i v i t y  of t he  basic, (Mg 2+) 
A T P a s e  was  no t  in f luenced  by  choles terol  ox idase  (1.18 
k- 0.10 ~moles  P i / m g  p ro t e in  •  whereas  t he  (Na +, K +) 
A T P a s e  was  inh ib i t ed  b y  ox ida t i on  of choles terol  to 4- 
cho les ten-3-one ;  the  ave rage  s t i m u l a t i o n  b y  Na  + a nd  K + 
be ing  92% for the  control  e r y t h r o c y t e s  a n d  46% for the  
t r e a t e d  e ry th roc y t e s ,  t he  pe rcen t age  of t he  la t t e r  one 
d e p e n d e n t  on the  degree of ox ida t ion .  

B y  p lo t t i ng  t he  % inh ib i t ion  of the  e r y t h r o c y t e  (Na +, 
K +) A T P a s e  a g a i n s t  the  % of 4-choles ten-3-one  in the  
m e m b r a n e ,  we got  the  resu l t s  s h o w n  in F igure  2. I t  can  
be seen t h a t  t he re  is a l inear  cor re la t ion  b e t w e e n  these  2 
p a r a m e t e r s  (correlat ion coeff icient  r = 0.9108; y = 
2.7060 + 0.8652 •  W h e n  a b o u t  50% of t he  cholesterol  
in t he  m e m b r a n e  is replaced b y  4-choles ten-3-one,  the  
a c t i v i t y  of t he  (Na + , K +) A T P a s e  is i nh ib i t ed  b y  a b o u t  50 %. 
As H 20  2 also occurs  in t he  e n z y m a t i c  ox ida t i on  reac t ion  
of cholesterol ,  we f u r t h e r  a n a l y z e d  the  effect  of H 20  2 on 
t he  (Na +, K+) A T P a s e  a c t i v i t y  u n d e r  t he  condi t ions  for 
the  ox ida t ion .  As can  be seen f rom the  Table ,  the re  is no 
c ha nge  in (Na +, K +) A T P a s e  a c t i v i t y  a f t e r  i nc uba t i on  of 
n o r m a l  e r y t h r o c y t e  ghos t s  w i th  an  excess  of H20  2. 

B y  c o m p a r i n g  the  effect  of choles tero l  r e p l a c e m e n t  by  
4-choles ten-3-one  w i th  the  r e su l t s  o b t a i n e d  for the  re- 
p l a c e m e n t  of choles terol  b y  de smos t e ro l  2, we can  s t a t e  
t h a t  t he  inf luence  of de smos te ro l  is j u s t  t he  opposi te  to 
the  4-choles ten-3-one  effect.  I n  t he  p rev ious  pape r  2, we 
a s s u m e d  t h a t  r e p l a c e m e n t  of choles tero l  b y  desmos te ro l  
is t he  cause  of inc reased  A T P a s e  a c t i v i t y  b y  a l te r ing  t he  
f lu id i ty  of t he  l ipid m o i e t y  in t he  e n z y m e  e n v i r o n m e n t .  

Since a d i rec t  i n v o l v e m e n t  of choles tero l  in (Na +, K+) 
A T P a s e  a c t i v i t y  is f a vou re d  on ly  b y  a few a u t h o r s  7-9, it  is 
possible  t h a t  the  i nh ib i t i ng  effect  of choles terol  ox ida t ion  
is also due  to an  a l te red  m e m b r a n e  f lu id i ty  b u t  now in the  
oppos i te  di rect ion.  Accord ing  to our  knowledge ,  up to now 
no e x p e r i m e n t a l  d a t a  are ava i lab le  a b o u t  phys ica l  p rop-  
ert ies of m i x e d  lipid b i tayers  in wh ich  choles terol  was  
replaced  b y  4-choles ten-3-one ,  b u t  BRUCKDORFER et  al. I~ 
were able to d e m o n s t r a t e  a s l i gh t ly  increased  osmot ic  
f ragi l i ty  of e r y t h r o c y t e s  a f t e r  i n c u b a t i o n  in 4-choles ten-  
3-one c o n t a i n i n g  media .  
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