
I N H I B I T O R Y  A C T I O N  OF L - C Y S T E I N E  

OF A M Y L O I D  F I B R I L S  I N  V I T R O  A N D  

T ,  S. K o r n e e v a  a n d  V.  V. S u r a  

ON F O R M A T I O N  

I N  V I V O  

UDC 615.241.3:547.478.6]. 015.4:616-003.821-092 

Addition of L -cys t e ine  to a solution of amyloid  reduces  the amount  of prec ip i ta te  formed when 
the pH is changed f rom 11 to 7 by 1.54 t imes  compared  with the control .  This is evidence of 
the inhibitory act ion of L-cys te ine  on the fo rmat ion  of amyloid  f ibr i ls  in vi t ro .  In exper iments  
on C57B1 mice ,  a delay in the development  of amylo idos is  of the spleen was found in an imals  
rece iv ing  L-cys t e ine  and casein  by c o m p a r i s o n  with a control  group, which rece ived  injections 
of case in  alone. 

A dist inguishing fea ture  of the amyloid  which is deposi ted in var ious  organs  in amyloid d i sease  is its 
f ib r i l l a ry  s t ruc tu re  [1, 2, 3, 5, 8]. 

While it d i f fers  cons iderab ly  in many of its p rope r t i e s  f rom the other f ib r i l l a ry  proteins  of connective 
t i ssue ,  amyloid  p o s s e s s e s  some  fea tures  which a r e  common to al l  f ib r i l l a ry  prote in  and which de te rmine  
their  u l t r a s t ruc tu re .  

According to the gene ra l  theory of prote in  s t ruc tu re ,  an e s sen t i a l  condition for aggrega t ion  of protein 
molecules  into f ibr i ls  is the p re sence  of f ree  SH-groups  in the t e r t i a ry  s t ruc tu re  of the protein.  The resu l t s  
of mos t  invest igat ions [3. 6, 7] have shown that amyloid  contains a large proport ion of eyste ine  (1.5-2.9 
moles  %), the SH-groups  of which faci l i ta te  aggrega t ion  of the amyloid  subs tance  into f ib r i l l a ry  s t ruc tures~  

Under ce r ta in  conditions protein molecules  fo rm sulfhydry! 
br idges  between each other  through their  f ree  SH-groups;  in addi-  
tion, individual subunits a r e  held by interact ion between different  
polar  groups.  Since the dominant  fac tor  in the p roces s  of f ibri l  
format ion  is the c rea t ion  of sulfhydryl  br idges ,  it is possible  to 
s top aggrega t ion  a r t i f i c ia l ly  by the admin i s t r a t ion  of agents binding 
f ree  m e r c a p t o - g r o u p s .  

The mos t  effect ive inhibitors of the p roces s  of format ion of 
prote in  f ibr i ls  a r e  amino acids  and the s imples t  peptides containing 
f ree  SH-groups ,  because  ol their  c lose re la t ionship  with the protein 
molecule .  The s imples t  compound of this type is cysteine,  which 
contains a m e r c a p t o - g r o u p  and has a ve ry  sma l l  molecu la r  volume. 

On the basis  of these theore t ica l  cons idera t ions  an invest iga-  
tion was ca r r i ed  out to study the inhibi tory act ion of L-cys te ine  on 
the format ion  of amyloid fibrils~ 

Fig. 1. Mass ive  deposi t ion of a m y l -  
old in r e t i cu l a r  t i s sue  of the spleen 
in control  mice  (a) and sl ight depo-  
si t ion of an imals  around fol l icles  
in expe r imen ta l  mice  (b). 

E X P E R I M E N T A L  M E T H O D  A N D  R E S U L T S  

Amyloid,  isolated f rom mouse spleen [4], was dissolved at  
pH 11, and an equal vo lume of an aqueous solution of L - c y s  teine was 
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added to the solution (an equal volume of water  was added to the control  sample),  a f te r  which the pH of the 
mixture  was adjusted to 7 by the addition of 1% HCI~ 

The degree  of aggregat ion was es t imated f rom the height of the column of precipi ta te ,  which was 
separa ted  by centr ifugation at  3000 rpm for  15 min, in sealed capi l lary  tubes. 

The degree  of aggregat ion differed considerably in the control  and exper imenta l  tests .  The height of 
the columns of precipi ta tes  in the samples  with cysteine was less than in the control  on the average  by 1.54 
t imes.  Consequently, L-cys te ine  has an inhibitory action on the formation of amyloid f ibri ls  in vitro. 

In view of the inhibitory action of L-cys te ine  on the aggregation of animals  into fibri ls  in vi t ro,  it was 
assumed that L-cys te ine  would have the same action in vivo. 

To test  this hypothesis ,  two se r i e s  of observat ions were  made on 20 C57B1 mice.  In the exper iments  
of s e r i e s  I (control),  the mice rece ived  an in t ramuscula r  injection of 1.5 ml of 5% casein solution. In the 
exper iments  of s e r i e s  II, s imul taneously  with casein,  the mice received 0.15 ml of 1% cysteine hydrochlor ide  
by in t raper i toneal  injection. 

The animals  were  sacr i f iced  by decapitat ion af te r  5, 10, 15, 20, and 25 injections. 

No amyloid was found in the organs of the control  o r  exper imenta l  groups of mice sacr i f iced  a f t e r  5, 
10, 15, and 20 injections.  In the mice of  the control  group sacr i f iced  a f te r  25 injections, considerable  depo- 
si t ion of amyloid was found in the spleen (Fig. la).  No deposition of amyloid was found in the other  organs.  
In all  mice of the exper imenta l  group rece iv ing  25 injections,  the deposition of amyloid was much less 
marked (Fig. lb). 

The resu l t s  suggest  that adminis t ra t ion  of L-cys te ine ,  by preventing the format ion of f ibr i l la ry  s t ruc -  
tures ,  may r e t a rd  the development  of exper imenta l  amyloidosis .  
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