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A C o m p a r i s o n  of the Variabi l i ty  of Muscle ,  Hair,  

Struc tura l  p ro te ins  form a he te rogenous  group including 
collagens, kerat ins ,  histories and the  pro te ins  found in the  
lens, muscle,  r ibosomes and membranes .  Most  have  com- 
plex s t ructures ,  and  the i r  funct ions  usual ly involve inter-  
act ions wi th  o ther  macromolecules .  E s t i m a t e s  of var iabi-  
l i ty  indicate  t h a t  while  there  is some var ia t ion  be tween  
species 1-3 m a n y  s t ruc tura l  p ro te ins  have  evolved in a 
s t r ik ingly conserva t ive  fashion 4-6. In  con t ras t  m a n y  en- 
zymes are no t  only  ve ry  var iable  be tween  species bu t  
common ly  exh ib i t  in t raspecif ic  po lymorph i sms  7,8. This 
repor t  is concerned wi th  whe the r  there  is a genuine 
difference be tween  the  var iab i l i ty  of s t ruc tura l  and plas- 
ma  proteins .  

Mater ia l s  and  methods. The animals  used were inbred 
lines of Oryctolagus cuniculus ,  Cavia porcellus, Mesocrice- 
tus auratus  and  Cricetulus barabe~sis. Polyac ry lamide  
electrophoresis  of the  lens and  hair  p ro te ins  is r epor ted  
elsewhere 9, ~0. Muscle ex t rac t s  were p repa red  by  homo-  
genizing the  exsanguina ted  femoral  complex  of muscles 
in 0 .05M Tris -HC1 buffer  p H  7.2 conta in ing  8 M  urea. 
The homogena t e  was left  overn igh t  a t  0-4 ~ cent r i fuged 
at  3000 g for 30 rain and the  resul t ing clear viscous solut ion 
appl ied to  po lyac ry lamide  gels conta in ing  63 / /u rea .  The 
pro te in  p a t t e r n s  ob ta ined  were essent ia l ly  t h e  same as 
those  ob ta ined  b y  using par t i a l ly  purif ied act in  and 
myos in  solut ions u. The crude muscle p ro te in  conta ined  no 
prote ins  in c o m m o n  wi th  the  p a t t e r n  ob ta ined  when  urea 
t r ea t ed  whole blood was e lectrophoresed.  Con tamina t i on  
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Lens and P l a s m a  Prote ins  

of t he  muscle  wi th  s ignif icant  quant i t ies  of blood p ro te ins  
can therefore  be e l iminated .  

P l a s ma  was ob ta ined  by  collecting blood into an equal  
volume of 0.6% sodium ci t ra te  followed by  cent r i fugat ion  
at  3000 g for 10 rain. The s u p e r n a t a n t  was e lec t rophoresed  
in gels no t  conta in ing  urea. 

The mobil i t ies  of all p ro te in  bands  were expressed as 
mobil i t ies  re la t ive  to  a s t an d a rd  marke r  (bromophenol  
blue) included in every  gel. 

Resul ts .  In  order  to  compare  the  var iabi l i t ies  of muscle  
and  p l a sma  prote ins  (Figures 1 and  2) and  those  of lens 
and  hair  9,10 Jacca rd ' s  coefficient  of s imi lar i ty  ~ was cal- 
cula ted using each set  of p ro te ins  in t u rn  and  every  pos-  
sible pai r  of species. J acca rd ' s  coeff icient  is given by :  
N u m b e r  of bands  in c o m m o n / T o t a l  n u m b e r  of compar isons .  
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Fig'. 1. Muscle proteinpatterns after eleetrophoresis in polyaerylamide 
gels. a) Cavia porceltus; b) Cricetulus barabensis; c) Mesocricetus aura- 
tus; d) Oryctolagus cuniculus. 
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Fig. 2. Plasma protein patterns after electrophoresis in polyacryta- 
mide gels. a) Oryctolagus cunicutus; b) Mesocricetus auratus; c) Carla 
porcellus; d) Crieetulus barabensis. 
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Fig. 3. The relationship between the mean coefficients of 
species similarity and the theoretical width allocated to 
each protein band shown in Figures 1 and 2. 

Us ing  4 species t he re  are  6 coeff icients  of s imi la r i ty .  The  
mean ,  v a r i a n c e  a n d  95% conf idence  i n t e r v a l  of these  6 
coeff icients  (using a n g u l a r  t r a n s f o r m a t i o n s  of coeffi- 
cients)  were ca lcu la ted  for each  of t he  4 sets  of p ro te ins .  

I f  t he  m e a n  coeff ic ients  are h igh  t h e n  t h e  species a p p e a r  
v e r y  s imi la r  and  t h e  set  of p ro t e in s  used m u s t  be  r e l a t ive ly  
invar iab le ,  whereas  if t h e  coeff ic ients  are low, t he  charac-  
ters  are more  va r i ab le .  T he  coeff icients  were ca lcu la ted  
us ing  a r a n g e  of b a n d  w i d t h s  f rom 0 .2 -5%.  

The  resul t s  (Figure  3) show t h a t  a t  a n y  p a r t i c u l a r  b a n d  
w i d t h  t he  p l a s m a  p ro t e ins  yie ld  cons i s t en t ly  lower coeffi- 
c ien t s  of s imi l a r i t y  t h a n  t h e  o t h e r  p ro te ins .  This  d i f ference 
be tween  p l a s m a  a n d  s t r u c t u r a l  p ro t e in s  is in s ign i f i can t  
on ly  if t h e r e  is fa r  more  t echn ica l  e r ror  assoc ia ted  w i t h  t h e  
p l a s m a  p r o t e i n  bands .  Two po in t s  are r e l evan t .  A single 
s ample  of lens p ro t e in s  was r e p e a t e d l y  e lec t rophoresed  and  
t he  b a n d  w i d t h  t h a t  i nc luded  95% of al l  r epea t s  was  

0.4% in t h e  p resence  of urea,  a n d  -r 0 .5% in i ts  ab-  
sence la. W e  should  the re fo re  c o m p a r e  t he  coeff ic ients  
w h e n  t h e  b a n d  w i d t h  is a b o u t  0.4-0.5~o. Secondly ,  t h i s  
is a m i n i m u m  e s t i m a t e  of t e chn i ca l  e r ror  since t he re  m a y  
be  er ror  i n t r o d u c e d  d u r i n g  sample  p r e p a r a t i o n .  However ,  
t he  e x t r a c t i o n  p rocedure  for t he  s t r u c t u r a l  p ro t e in s  is far  
more  l e n g t h y  and  i n v o l v e d  t h a n  t h a t  for  p l a s m a  pro te ins .  
W e  m a y  a rgue  t h e n  t h a t  if t he re  is a d i f ference in t e chn i ca l  
error,  i t  could  on ly  increase  t he  s igni f icance  of t he  resul t .  

The re  is a f u r t h e r  f ea tu re  of F igure  3 t h a t  is w o r t h y  of 
c o m m e n t .  I f  a se t  of p ro t e in s  were comple t e ly  iden t i ca l  
in  all  4 species t he  m e a n  coeff ic ient  of s imi l a r i t y  would  
increase  s h a r p l y  w i t h  inc reas ing  b a n d  w i d t h  a n d  t h e n  
p la tea t l  w h e n  all  t h e  b a n d s  h a d  been  recrui ted .  The  s h a r p  
increase  would  be  in  t he  region where  t e c h n i c a l  e r ror  was  
i m p o r t a n t .  A t  t h e  o the r  e x t r e m e  would  be  a se t  of pro-  
t e ins  t h a t  was u t t e r l y  d i f f e ren t  in  all  species. I n  th i s  case 
t he  m e a n  coeff icient  would  increase  s lowly as more  a n d  
more  b a n d s  were  g r a d u a l l y  recrui ted .  As can  be  seen f rom 
Figure  3 t he  p l a s m a  p ro t e ins  a p p r o x i m a t e  more  closely to 
t he  v a r i a b l e  e x t r e m e  a n d  t h e  ha i r  p ro t e in s  to  t he  c o n s t a n t  
ex t reme.  The  muscle  and  lens p ro t e in s  are  i n t e r m e d i a t e  
( t hough  n o t  s ign i I i can t ly  d i f fe ren t  f rom t he  ha i r  pro-  
teins).  Th i s  p rov ides  f u r t h e r  r eason  for  be l i ev ing  t he  plas-  
m a  p ro t e ins  to  be  more  v a r i a b l e  t h a n  t he  s t r u c t u r a l  pro-  
teins.  

The re  are severa l  po in t s  wh ich  re l a t e  to  th i s  conclusion.  
F i r s t ly  i t  is essen t ia l ly  una f fec ted  b y  the re  be ing  d i f f e ren t  
n u m b e r s  of p ro t e in s  in  each  ex t rac t .  Secondly,  t he  pre-  
sence of u rea  in some b u t  no t  all  of t he  gels m a y  be  con-  

s idered a compl i ca t i ng  factor .  I n  fac t  lens e x t r a c t s  h a v e  
been  ana lyzed  in  b o t h  t ypes  of gels and  t h e  two  sets  of 
coeff icients  are ind i s t ingu ishab le .  Th i rd ly  t he  ex is tence  of 
in t raspec i f ic  p o l y m o r p h i s m s  c a n n o t  be  excluded.  The  co- 
eff ic ients  of s imi l a r i t y  do no t  d i s t i ngu i sh  be tween  in ter -  
a n d  in t ra-speci f ic  v a r i a t i o n  a n d  so t h e  two  m u s t  r e m a i n  
confounded .  Never the less ,  i t  shou ld  be  n o t e d  t h a t  no  va-  
r i a t i on  was de tec ted  be tween  rep l i ca te  an ima l s  w i t h i n  in- 
b r e d  lines. 

Discussion. The  s t r u c t u r a l  p ro t e in s  m a y  h a v e  evo lved  
a t  a s lower  r a t e  as a resu l t  of g rea te r  s t ab i l i z ing  selection.  
I t  is c e r t a in ly  no t  d i f f icu l t  to  imag ine  t h a t  the  p ro te ins  of 
hai r ,  muscle  or col lagen should  be  v i t a l l y  i m p o r t a n t  to  a n  
an imal ,  a n d  t h a t  a n y  i m p a i r m e n t  of f unc t i on  would  be  
d i s a d v a n t a g e o u s  if no t  le thal .  Poss ib ly  fewer a l t e r a t i ons  in 
these  p ro te ins  are t o l e r a t e d  because  t he re  is a more  l imi t ed  
a r r a y  of molecules  t h a t  will p e r m i t  i n t e r ac t i ons  w i t h  o t h e r  
macromolecules .  Cer t a in ly  t h e  c o n s e r v a t i s m  seen in o the r  
s t r u c t u r a l  p ro t e in s  such  as h i s t one  I V  4, collagens6 a n d  
muscle  p a r v a l b u m i n s  a is t r u l y  impress ive .  

Rdsumd. Trois  groupes  de pro t6 ines  s t ruc tu re l l es  (celles 
de la lentil le,  celle des muscles,  e t  celles du  poil) f u r e n t  
compar6s  aux  pro t6 ines  de p lasma ,  en  u t i l i s a n t  F61ectro- 
phor6se  en gel po lyac ry lamide .  Les v a r i a t i o n s  a p p a r a i s s a n t  
chez 4 esp6ces de rongeurs  f u r e n t  examin6es  e t  on  t r o u v a  
que  les p ro t6 ines  de p l a s m a  v a r i e n t  p lus  que  les aut res .  
L ' i m p o r t a n c e  de ces r6su l t a t s  dans  la r eche rche  d ' u n e  6vo- 
l u t i o n  possible  de ces pro t6 ines  est  consid6r6e. 
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