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B y  us ing  a s h o r t  i n c u b a t i o n  period,  i t  h a s  been  poss ible  
to  o b t a i n  a l m o s t  c o m p l e t e  des ia l i za t ion  whi le  p r e se rv ing  
94% of t h e  o r ig ina l  i n t e r f e r o n  ac t iv i ty .  

P o l y a c r y l a m i d e  gel was  p r e p a r e d  b y  t he  p o l y m e r i z a t i o n  
of 6 %  (w/v) a c r y l a m i d e  c o n t a i n i n g  2 %  (w/v) ' A m p h o l i n e '  
ca r r i e r  a m p h o l y t e s  (pH 5-8).  P o l y m e r i z a t i o n  of t h e  gel 
was  i n duced  b y  r ibof lav ine .  A f t e r  l oad ing  t h e  s amples  
( n e u r a m i n i d a s e - t r e a t e d  a n d  con t ro l  u r i n a r y  p r o t e i n s  con-  
t a i n i n g  in te r fe ron) ,  t h e  sur face  of t h e  gel was  covered  w i t h  
p e t r o l e u m  je l ly  a n d  i soe lec t r ic - focus ing  a was ca r r i ed  o u t  
in  t he  ve r t i c a l  pos i t ion  : t h e  c a t h o d e  was  w e t t e d  w i t h  5 %  
(v/v)  e t h y l e n e d i a m i n e  so lu t ion  a n d  t h e  a n o d e  w i t h  5 %  
(v/v)  p h o s p h o r i c  acid.  A d ia lys i s  m e m b r a n e  p r e v e n t e d  
l iquid  f low f rom t h e  e lec t rode  vessels  to  t h e  gel. T h e  run  
was ca r r ied  o u t  in t h e  cold room for 30 h w i t h  a p o t e n t i a l  
d i f fe rence  of 9 V/cm.  

A t  t h e  end  of t h e  run,  t he  gel was  d i v i ded  s i n to  61 
s e g m e n t s  (0.3 cm) for  t h e  n e u r a m i n i d a s e - t r e a t e d  and  
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Simultaneous separation of neuraminidase-treated and control uri- 
nary proteins containing interferon by polyacrylamide - isoelectfie - 
focusing in a pH 5-8 ampholyte system. 

con t ro l  samples ,  respec t ive ly .  I n  o rde r  to  measu re  t h e  
pH,  ~/3 of t h e  s e g m e n t  was  su spended  in 4.5 ml  of d is t i l led  
wa te r ;  i n  o rde r  to  r ecover  t he  f r a c t i o n a t e d  in te r fe ron ,  t h e  
r e m a i n i n g  s e g m e n t  was  i m m e r s e d  i n to  5 ml  of m e d i u m  
199 c o n t a i n i n g  20% b o v i n e  se rum a n d  was  lef t  s h a k i n g  
for 6 0 h a t  0% 

T h e  F i g u r e  shows t h e  resu l t  of a t y p i c a l  r u n  : t h e  con t ro l  
u r i n a r y  i n t e r f e r o n  cons is t s  of severa l  ac t ive  c o m p o n e n t s  
( m a y b e  7 or  more)  of d i f f e ren t  isoelectr ic  p o i n t  r a n g i n g  
f rom 6.9 to  5.5. Af te r  de s i a lyza t i on  t he  e l ec t rophore t i c  
p a t t e r n  is s t r i k i n g l y  c h a n g e d  a n d  shows 2 m a i n  p e a k s  
h a v i n g  isoelec t r ic  p o i n t s  a t  p H  6.6 a n d  6.3 whi le  m o s t  of 
the  more  ac id ic  in t e r f e ron  ha s  d i sappeared .  The  he t e ro -  
gene i ty  of t h e  i n t e r f e ron  seems  the re fo re  due.  a t  leas t  in  
pa r t ,  to  t h e  presence,  poss ib ly  in a d i f f e ren t  a m o u n t ,  of  
sialic acid in  t h e  molecule .  

The  r e su l t  sugges ts  s t r ong ly  t h a t  i n t e r f e ron  is a glyco- 
p ro t e in  a n d  t h a t  r e m o v a l  of sialic acid raises t he  isoelectr ic 
p o i n t  a n d  reduces  t h e  e l ec t rophore t i c  mob i l i t y .  The  
reason(s)  of i n t e r f e r o n  h e t e r o g e n e i t y  r e m a i n s  as ye t  con-  
j ec tu ra l  ; in  f ac t  i t  could  be  due  to d i f ference  in sialic acid 
a d d i t i o n  a t  t h e  s i te  of syn thes i s ,  as i t  could  be due  to 
pa r t i a l  d e s i a l y z a t i o n  d u r i n g  t r a n s i t  in  t h e  b o d y  or d u r i n g  
pu r i f i ca t ion  procedures .  

Whi l e  t h i s  m a n u s c r i p t  was  in p r e p a r a t i o n  a r e p o r t  b y  
SCHONNE et  al.10 on  isoelectr ic  focus ing  of r a b b i t  in te r -  
fe ron  ha s  a p p e a r e d .  A l t h o u g h  t h e  source  of i n t e r f e r o n  was  
d i f fe rent ,  t h e  s a m e  conc lus ion  h a s  been  r eached  in b o t h  
s tud ies  11. 

Riassunto. P r o t e i n e  u r ina r i e  di couigl io c o n t e n e n t i  
i n t e r f e rone  sono  s t a t e  des ia l izza te  m e d i a n t e  n e u r a m i n i d a s i  
e sono s t a t e  s e p a r a t e  s i m u l t a n e a m e n t e  a i  con t ro l l i  me-  
d i a n t e  e l e t t ro fo res i  su p o l i a c r i l a m m i d e  con  g rad i en t e  di 
pH .  L a  r i m o z i o n e  de l l ' ac ido  s ial ico p roduce  u n a  no t evo l e  
modi f i caz ione  del  prof i lo  e l e t t ro fo re t i co  con d i m i n u z i o n e  
d e t l ' a t t i v i t ~  i n t e r f e ron i ca  a v e n t e  p u n t i  i soe le t t r ic i  infe-  
r ior i  a p H  6.3. Il  r i s n l t a t o  ind ica  che  a l m e n o  in p a r t e  
l ' i n t e r f e r o n e  con t i ene  ac ido  sialico. 
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Experimental Lathyrism: Inhibition of fi-Alanine Incorporation by fi-Aminopropionitrile 

T h e  n a t u r e  of t he  defec t  in e x p e r i m e n t a l  l a t h y r i s m  
has  b e e n  e x t e n s i v e l y  r ev iewed  b y  o t h e r  i nves t iga to r s  1-3. 
Essen t ia l ly ,  i t  is a disease of c o n n e c t i v e  t i ssues  e x h i b i t i n g  
changes  in col lagen,  e las t in ,  a n d  g r o u n d  subs t ance .  

The  n a t u r e  of t h e  defec t  in  co l lagen  ha s  been  shown  
to  be  a n  increase  in t h e  a m o u n t  of t h e  n e u t r a l  sa l t  soluble  
f rac t ion ,  a n d  t h e  fa i lure  of col lagen molecules  to  m a t u r e  
in to  n o r m a l  f ibri ls .  Th i s  defec t  h a s  been  a t t r i b u t e d  to  

mod i f i ca t ion  in t h e  c ross - l ink ing  b e t w e e n  col lagen mole-  
cules occur r ing  a t  b o t h  t h e  i n t e r  a n d  i n t r a m o l e c u l a r  
level*, B. Changes  in e l a s t i n  are  also t h o u g h t  to  be  due  
to a fa i lure  in cross- l inking.  VVhether t h i s  is a c c o m p a n i e d  
b y  a dec reased  s y n t h e s i s  of e las t ic  f ibers  or a de s t ruc t i on  
a n d  f r a g m e n t a t i o n  of those  f ibers  a l r eady  p roduced  is n o t  
c lear  s , 7. Changes  in t h e  g r o u n d  s u b s t a n c e  h a v e  been  a t t r i -  
b u t e d  p r inc ipa l ly  to  a l t e r a t i ons  in  mucopo lysaccha r ides .  
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The  m e c h a n i s m s  b y  wh ich  l a t h y r o g e n s  p r oduce  t he  
disease  is st i l l  u n k n o w n .  Ni t r i les  a re  sa id  to  be  a m i n e  
reac to r s  u n d e r  phys io log ica l  cond i t i ons  a n d  m a y  be  ex- 
p e c t e d  to  e n t e r  i n to  p e p t i d e  l inkages  in  t h e  s y n t h e s i s  of  
p ro t e in s  s. T h e  f ind ing  of f l-alanine,  a poss ib le  h y d r o l y t i c  
p r o d u c t  of f l - aminoprop ion i t r i l e  (BAPN) ,  in  t he  t o t a l  
h y d r o l y s a t e  of l a t h y r i t i c  col lagen s u p p o r t s  t he  con ten -  
t i on  t h a t  l a t h y r o g e n s  can  be  i nvo lved  a n d  ac t  d i r ec t ly  
w i t h  a p r o t e i n  such  as c o l l a g e n t  W h a t  is more  i n t r i gu ing  
is t he  poss ib i l i ty  t h a t  because  of t h e  s imi l a r i t y  b e t w e e n  
a l a t h y r o g e n  such  as  f l -aminoprop ion i t r i l e  a n d  t h e  a m i n o  
ac id  fl-alanine,  l a t h y r o g e n s  m a y  a c t  as  a n t i m e t a b o l i t e s  
c o m p e t i n g  w i t h  a s t r u c t u r a l l y  r e l a t ed  m e t a b o l i t e  for  
i n c o r p o r a t i o n  i n to  deve lop ing  c o n n e c t i v e  t i s sues  ~°. The  
pu rpose  of t h i s  i n v e s t i g a t i o n  was to  t e s t  t h i s  l a t t e r  hy -  
po thes i s  us ing  a n  in v i t r o  mode l  s y s t e m  p rev ious ly  de- 
sc r ibed  n .  

Materials and methods. L-929 f i b rob l a s t s  were g rown  
in EAGLE'S n m i n i m u m  essen t ia l  m e d i u m  (MEM) sup-  
p l e m e n t e d  w i t h  10% calf  s e r u m  a n d  g r o w n  in  a n  a t m o -  
sphere  of 5% CO~ a n d  air.  A cell suspens ion  h a v i n g  a 
p o p u l a t i o n  of  1 × 10 s cells pe r  ml  was p r e p a r e d  f rom 
5-day-old  cu l tures .  C 1~ labe led  f l -a lanine (ca rboxyl  c a r b o n  
labeled)  was  t h e n  a d d e d  to  t h e  cell  suspens ion ,  2 ~C pe r  
ml  of cu l tu re  m e d i u m  used.  T h e  cell suspens ion  was 
d iv ided  i n to  5 p a r t s ;  t s e rved  as  a cont ro l ,  a n d  B A P N  
was a d d e d  t o  t h e  o t h e r  4 g iv ing  t h e  fo l lowing m ~ l  con-  
c e n t r a t i o n s :  10, 5, 3, a n d  1. R e p l i c a t e  cu l tu re s  of e ach  
c o n c e n t r a t i o n  were  p r e p a r e d  us ing  60;<15 m m  plas t ic  
pe t r i  dishes.  Cells of e ach  c o n c e n t r a t i o n  were  h a r v e s t e d  
a t  1, 2, 3, 4, a n d  7 days.  A t  h a r v e s t ,  cells were w a s h e d  
3 t i m e s  w i t h  p h o s p h a t e  buf fe red  sa l ine  a n d  d isso lved  in 
10°/o s o d i u m  hydrox ide .  Cel lu lar  u p t a k e  of f l -alanine was  
m e a s u r e d  in a B e c k m a n  LS-150  l iqu id  sc in t i l l a t i on  
coun te r .  

Results. T h e  TaMe  shows  a g r a d u a l  i n h i b i t i o n  of 
f l -a lanine i n c o r p o r a t i o n  as t h e  c o n c e n t r a t i o n  of B A P N  
was  increased.  V i a b i l i t y  of t h e  ceils was  n o t  a f fec ted  
even  a t  t h e  h i g h e s t  c o n c e n t r a t i o n  of t he  l a thy rogen .  
f l -alanine is no t  i nc luded  in t h e  chemica l  f o r m u l a t i o n  of 
MEM, b u t  t r aces  m a y  be  p r e s e n t  in  t he  calf  s e r u m  added .  
I n  sp i te  of this ,  t h e  d a t a  gives m e a s u r a b l e  ev idence  of 
i n h i b i t i o n  b y  t h e  l a t h y r o g e n  of ce l lu lar  i n c o r p o r a t i o n  of 
t h e  l abe led  f l-alanine.  

A c o n c e n t r a t i o n  of 5 m M  of B A P N  has  been  found  
to  depress  p ro l i f e r a t ion  of cells in cu l tu re  n .  Since t h e  
effect  of a n  a n t a g o n i s t  c an  of ten  be  r eve r sed  b y  s imu l t a -  
neous  a d m i n i s t r a t i o n  of t h e  n o r m a l  me tabo l i t e ,  a series 
of e x p e r i m e n t s  were p e r f o r m e d  us ing  c o n c e n t r a t i o n s  of 
u n l a b e l e d  f i -a lanine f rom 0.1 m M  to  10 m M  in  a cu l t u r e  

s y s t e m  h a v i n g  a 5 m M  c o n c e n t r a t i o n  of B A P N .  None  
of t he  c o n c e n t r a t i o n s  of f l -a lanine h a d  a n y  ef fec t  in  
r eve r s ing  t h e  e f fec t  of B A P N  on  cell  g rowth .  A l t h o u g h  
i t  was  n o t  t h e  p u r p o s e  of t h i s  s t u d y  to  d e t e r m i n e  t h e  
f a t e  of t h e  i n c o r p o r a t e d  f l-alanine,  i t  was  f o u n d  to  be  in 
a n o n - d i a l y z a b l e  m o i e t y  a n d  n o t  p r e c i p i t a t e d  b y  5% 
t r i ch lo roace t i c  acid. 

Discussion. The  i n h i b i t i o n  of f l-alanine i n c o r p o r a t i o n  
b y  B A P N  suggests  t h a t  t h e r e  ex is t s  a degree  of compe t i -  
t i on  b e t w e e n  t h e  two ;  however ,  t h e  effect  of t h e  
l a t h y r o g e n  was  n o t  t r u l y  p r o p o r t i o n a l  to  t h e  f l -alanine 
ove r  a wide  r a n g e  of c o n c e n t r a t i o n s .  A l t h o u g h  t h e  inh ib i -  
t i o n  was  n o t  t r u l y  c o m p e t i t i v e  in  t h e  classical  sense, one 
m u s t  conc lude  f r o m  t h e  d a t a  t h a t  c o m p e t i t i o n  does exis t .  
N o t  all  a n t i m e t a b o l i t e s  are  ef fec t ive  a n t a g o n i s t s  in  al l  
s i tua t ions ,  b u t  t h e y  do in genera l  i n h i b i t  t h e  m e t a b o l i s m  
of t he  n o r m a l  analog.  Converse ly ,  t he  fa i lure  of f l -a lanine 
to  reverse  t h e  effect  of B A P N  a g a i n  d e m o n s t r a t e s  t he  un-  
p r e d i c t a b i l i t y  of a n t a g o n i s t s  s ince t h e r e  are  i n s t ances  
whe re  t h e y  a re  less r eve r s ib l e  or  i r resvers ib le .  

F r o m  t h e  d a t a  p r e s e n t e d  in  t h i s  s tudy ,  i t  is poss ib le  t h a t  
l a t h y r o g e n s  m a y  ac t  as a n t i m e t a b o l i t e s  c o m p e t i n g  w i t h  a 
n o r m a l  ana log  for i n c o r p o r a t i o n  in to  deve lop ing  c o n n e c t i v e  
t i ssues  a t  one or more  s tages  of me t abo l i sm .  T h e  effect  on 
t o t a l  m e t a b o l i s m  d e p e n d s  u p o n  t he  f i t  of t h e  ana log  to  
t he  a c t i v e  s i t e  of a p a r t i c u l a r  enzyme .  I f  such  a n  ana log  
compe te s  w i t h  a n  a m i n o  acid  a n d  is a ccep t ed  b y  t h e  
ac t ive  s i te  of a n  e n z y m e  i t  m a y  f u n c t i o n  d u r i n g  t h e  
e n z y m a t i c  r eac t i ons  i n v o l v e d  in p r o t e i n  s y n t h e s i s  a n d  
be  i n c o r p o r a t e d  in p ro te in ,  b u t  i ts  p resence  in t h e  pro-  
t e i n  m a y  a l t e r  t he  f u n c t i o n  of t h e  f ina l  p r o d u c t  signifi-  
can t ly .  I n  t h i s  way,  a n t a g o n i s t s  m a y  p l a y  i m p o r t a n t  
roles  in  t he  e t io logy of disease b y  a l t e r ing  cel lular  con-  
c e n t r a t i o n s  of one  or  more  n o r m a l  ana logs  p r o d u c i n g  
a l t e r ed  end  p r o d u c t s  w h i c h  m a y  resu l t  in  a b n o r m a l  func-  
t i o n  a n d  disease.  

Zusammen/assung.  /~-Aminopropioni t r i le  v e r h i n d e r n  
w i rkungsvo l l  die zellulAre E i n l a g e r u n g  yon  f l -Alaninen 
( s t ruk turmAss ig  zu den  AminosAuren  geh6rend)  in grosser  
K o n z e n t r a t i o n s b r e i t e .  Aus  d iesem G r u n d e  w i r k e n  L a t h y -  
rogene  als A n t a g o n i s t e n  d u r c h  V e r ~ n d e r u n g  de r  zel lul / t ren 
K o n z e n t r a t i o n  de r  Analogen .  Die  v e f i t n d e r t e n  P r o d u k t e  
h a b e n  w a h r s c h e i n l i c h  eine a b n o r m e  F u n k t i o n  u n d  die 
E r k r a n k u n g  zur  Folge.  
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Cellular incorporation of C zt labeled fl-alanine in cells treated with 
a range of concentrations of fl-aminopropionitrile (BAPN) 

Time Control 
(days) 

fl-aminopropionitrile treated cells (raM) 

1 3 5 10 

1 429, 427 372 375 337 
2 13,123 10,361 8,173 4,294 592 
3 13,988 11,358 6,965 3,283 1,429 
4 28,211 27,358 18,952 12,870 2,393 
7 42,898 22,396 10,607 6,360 2,650 

Each figure is the average of 3 samples and is expressed in cpm 
per 1 × 106 cells. 
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