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Degradat ion  of Encephal i togenic  Protein in Aerobic  Ascorbic  Acid Solut ions  1 
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Summary. Aerobic ascorbic acid solutions are capable  of ex tens ive ly  cleaving the  pep t ide  chain of the  myel in  basic 
protein.  Cleavage occurred mos t  readi ly wi th  C-terminal  to aspar t ic  acid, serine, threonine ,  g lu tamic  acid and leucine 
residues.  

Th i r ty  pe rcen t  of the  p ro te in  con t en t  of cent ra l  ne rvous  
sys tem myel in  consists  of a single basic pro te in  s. This 
pro te in  is responsible  for the  a u t o i m m u n e  disease 
allergic encephalomyel i t i s  a, 5. I t s  p roper t ies  have  been  
s tudied  ex tens ive ly  because of i ts  i nvo lvemen t  n o t  only  
in th is  disease, b u t  also because of its po ten t i a l  involve-  
m e n t  in h u m a n  demye l ina t ing  diseases such as mul t ip le  
sclerosis. I t  is r epor ted  to be a h ighly  ordered single chain 
rod-shaped  pro te in  hav ing  a specific t e r t i a ry  s t ruc tu re  
which is a symmet r i ca l  and  re la t ively  devoid of ~ helical 
or f i - s t ruc ture6  i t  is an excel lent  subs t r a t e  for acid and  
neu t ra l  prote inases ,  and its tyros ines  are all readi ly  
iodinated.  The basic pro te in  has been sequenced and 
conta ins  170 amino acids. I t s  basic charges  are spread  
ra the r  even ly  t h r o u g h o u t  the  molecule. The basic p ro te in  
conta ins  no cys te ine  and a single t r y p t o p h a n .  

ORR7 has  shown t h a t  cata lase  incuba ted  wi th  ascorbic 
acid resul ts  in degrada t ive  changes  in the  catalase  
molecule. Similarly,  RICHHEIMER and  ROBINSON s have  
shown t h a t  the  ammon ia  l ibera ted f rom t rans fe r r in  

incuba ted  wi th  ascorbic acid could no t  be comple te ly  
accounted  for by  deamina t ion  of asparag inyl  and gluta-  
minyl  residues wi th in  the  molecule. Therefore,  t h e y  
suggested t h a t  the  degrada t ive  effect  of ascorbic acid on 
pro te ins  resul ts  f rom breakage  of t he  pep t ide  cha ins  and  
deamina t ion  of the  resul t ing pept ides .  This paper  p resen t s  
da t a  indica t ing  t h a t  ascorbic acid degrada t ion  of basic 
pro te in  also results  in t he  cleavage of the  pep t ide  chain.  

Materials and methods. The bovine  myel in  basic p ro te in  
was p rov ided  by  Eli  Lil ly and Company.  The pro te in  was  
dissolved in 10 mt  a l iquots  of p H  7.4 p h o s p h a t e  buffer  
which  was 0.0146 i~" KH2PO 4 and 0.0620 F Na2 t tPO 4. 
5 separa te  react ions  were pe r fo rmed :  1. 10 ml buffer,  
20 mg pro te in  and  17.6 mg  ascorbic acid (0.01 M}. 
2. 10 ml  buffer,  20 mg prote in ,  10 tzl H202 (0.01 M) and  
10 tzl ferric chloride solut ion (0.01 M). 3. 10 ml  buffer  and  
20 mg prote in .  4. 10 ml  buffer ,  100 mg prote in  and  176 mg 
ascorbic acid (0.1 M).  5. 10 ml  buffer,  100 mg  prote in ,  
100 ~xl H20 2 (0.1 M) and 100 ~1 ferric chloride solut ion 
(0.1 M).  Af te r  48 h a t  37~ the  solut ions were passed  
down separa te  Sephadex  G-76 columns (4 •  cm). 
The eff luent  was moni to red  at  b o t h  280 nm and 238 nm.  
Gel e lect rophores is  was  pe r fo rmed  on each reac t ion  mix-  
ture  b y  the  procedure  of REISFELD, LEWIS and WIL- 
LIAMS 9. 

In  an o t h e r  set  of expe r imen t s  separa te  react ions  were 
pe r fo rmed  as follows: 1. 4 mg  basic pro te in  and 3.5 mg  
ascorbic acid were dissolved in 2.5 ml  of e i ther  t he  phos -  
pha t e  buffer  or 0.2 M t r i e t h y l ami n e / ca rb o n a t e  buffer  
(pH 8.0). The reac t ion  was for 48 h a t  37~ 2. 4 mg basic 
p ro te in  and  35 mg ascorbic acid were d issolved in 5 ml  
buffer  of e i ther  t he  p h o s p h a t e  buffer  or 0.2 M t r i e t h y l -  
amine /ca rbona te  buffer  (pH 8.0). The react ion was for 
48 h a t  37~ 

C- terminal  analysis  was pe r fo rmed  ~~ on each of the  
reac t ion  mix tu res  before and af ter  the  small  ions were 
r emoved  b y  pass ing the  reac t ion  mix tures  down a Sepha-  
dex G-10 column (1.8 •  cm). E a c h  column was sepa- 
ra te ly  m a d e  using unused  Sephadex  to  p r e v e n t  any  
amino acid co n t ami n a t i o n  of the  samples.  

Polyacrylamide gel electrophoresis at 37~ after 48 h of solutions 
which were initially a) 10 -r M basic protein; b) 10 -4 M basic protein, 
0.01 M H302, and 0.01 F FeC13; c) 5 • 10 -4 M basic protein, 0.10 M 
HeO2, and 0.10 F FeCla; d) 10 4 M basic protein and 0.01 F aseorbic 
acid; e) 5 • 10 -4 M basic protein and 0.10 F ascorbic acid (proteins of 
molecular weight greater than 12,000 molecular weight as determin- 
ed by Sephadex chromatography); and f) 5 • 10 -4 M basic protein 
and 0.10 F ascorbic acid (proteins of molecular weight less than 
12,000 molecular weight as deternfined by Sephadex chromatogra- 
phy). All solutions were prepared in I = 0.2, pH 7.4 phosphate buffer. 
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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. 
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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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