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T h e  Effect  of H e a t  o n  B o v i n e  L e n s  P r o t e i n s  

I t  is well  k n o w n  t h a t  in f ra red  and  mic rowave  rays  can  
induce  lens ca t a rac t ,  a n d  i t  is be l ieved t h a t  th i s  p h e n o m e -  
n o n  is due  to  a d i rec t  h e a t i n g  effect  on  t h e  lens 1. Since 
lens p ro te ins  are  of f u n d a m e n t a l  i m p o r t a n c e  in  t he  de- 
v e l o p m e n t  of lens ca ta rac t ,  t h e  p r e sen t  s t u d y  was 
d i rec ted  a t  ana lyz ing  t he  effect  of h e a t  on  t he i r  solubi l i ty ,  
e l ee t rophore t i c  m o b i l i t y  a n d  an t igen ic  proper t ies .  

Methods. B o v i n e  eyes were o b t a i n e d  f rom the  s l augh te r -  
house  i m m e d i a t e l y  a f t e r  sacrifice of a d u l t  an ima l s  an d  
t he  lenses w i t h  capsule  i n t a c t  c lean ly  dissected f rom sur-  
r o u n d i n g  t issues .  The  lenses were homogen ized  in dis- 
t i l led w a t e r  a n d  cen t r i fuged  a t  27,000 g for 30 m i n  a t  
4 ~ The  s u p e r n a t a n t  was  used for analysis .  

e -Crys tMlin  was  p r e p a r e d  accord ing  t o  t h e  m e t h o d  of 
FRANCOIS, RABAEY a n d  WIEME $. The  lens s u p e r n a t a n t  
was ad ju s t ed  to p H  5.0 b y  the  add i t i on  of 0.1 N HC1. T h e  
p rec ip i t a t e  was  s e p a r a t e d  b y  c e n t r i f u g a t i o n  and  dissolved 
in dis t i l led  w a t e r  a t  p H  7.2 b y  a d d i n g  a m i n i m u m  q u a n -  
t i t y  of 0 .1N  sod ium hydrox ide .  I t  was  pur i f ied  b y  3 re- 
p e a t e d  p rec ip i t a t i ons  a t  p H  5.0, and  redissolved  a t  p H  
7.2 w i t h  0 . 1 N  N a O H .  

The  s u p e r n a t a n t  o b t a i n e d  a f te r  t he  s e p a r a t i o n  of ~- 
c rys ta l l in  was t r e a t e d  w i t h  abso lu te  a lcohol  to  r each  the  
f ina l  c o n c e n t r a t i o n  of 13% (v/v).  A smal l  a m o u n t  of e2- 
c rys ta l l in  w h i c h  p r e c i p i t a t e d  was d iscarded.  The  super-  
n a t a n t  t hus  o b t a i n e d  was dia lyzed in t he  cold aga ins t  
dis t i l led water ,  lyophi l ized,  a n d  dissolved in dis t i l led 
w a t e r  a t  p H  7.2 us ing  0 . 1 N  NaOH.  Th i s  so lu t ion  con- 
t a ins  a m i x t u r e  of fl- a n d  7-crysta l l ins .  

Al iquo ts  of lens s u p e r n a t a n t ,  i so la ted  e -crys ta l l in  an d  
fl- a n d  v-crys ta l l ins  were h e a t e d  in a c o n s t a n t  t e m p e r a t u r e  
w a t e r  b a t h  a t  50, 55, 60, 65, 70 and  100~ for 30 min.  
Af te r  hea t ing ,  t h e  so lu t ions  were cen t r i fuged  a n d  the  
clear s u p e r n a t a n t s  sub jec t ed  to cellulose ace ta t e  e lectro-  
phoresis .  The  an t igen ic  p roper t i e s  of t he  lens p ro te ins  
were s tud ied  b y  double  di f fus ion in  aga r  a n d  i m m u n o -  
e lec t rophores isK An t i s e r a  to  adu l t  bov ine  lens were pro- 
duced  in r abb i t s .  The  p ro t e in  c o n t e n t  of lens s u p e r n a t a n t  
was d e t e r m i n e d  b y  t he  m e t h o d  of LOWRY et  al.4. 

Fo r  cellulose ace t a t e  e lec t rophores is  4 ,~ of lens super-  
n a t a n t  were used. E lec t rophores i s  was pe r fo rmed  in 
0 . 0 5 M  tris-borate buf fe r  p H  8.6, a t  35 V / c m  for 1 h. The  
s t r ips  were s t a ined  in ponceau  xyl id ine  a n d  cleared in 5% 
acet ic  acid. 

Results. The  cellulose ace t a t e  e lec t rophore t ic  p a t t e r n  
of f resh ly  p r e p a r e d  bov ine  whole lens s u p e r n a t a n t  (86.8 
m g  pro te in /ml ) ,  a f te r  h e a t i n g  a t  d i f fe rent  t e m p e r a t u r e s ,  is 
shown  in F igure  1. The  mob i l i t y  of c~-crystallin decreased  
a t  t e m p e r a t u r e s  of 60~ a n d  h igher  while  t he  b a n d  
s t a ined  more  in tense ly ,  fi- a n d  v-crys ta l l ins ,  however ,  
showed  decreased  s t a in ing  i n t e n s i t y  f rom 60~ on. At  
100 ~ no  s t a in ing  reac t ion  was no t ed  for fl- and  v-crys ta l -  
l ins  a n d  a v e r y  f a i n t  b a n d  for e-crysta l l in .  I m m u n o e l e c -  
t r o p h o r e t i c  ana lys i s  showed  on ly  an  c~-crystallin b a n d  a t  
100~ while  t he  fl- a n d  v -bands  p r e sen t  a t  lower t em-  
pe ra tu r e s  h a d  d i sappeared .  A decrease  in m o b i l i t y  of 
e lec t rophore t i c  b a n d s  1-3 be tween  22~ and  50~ was 
also noted ,  

The  changes  in the  soluble  p ro t e in  c o n t e n t  a f te r  h e a t i n g  
are s h o w n  in Tab le  I. The  so lu t ion  was d i s t inc t ly  c loudy  
a t  70 ~ and  a h e a v y  p rec ip i t a t e  was p r e s e n t  a t  I00  ~ 
The  p ro t e in  va lue  decreased m a r k e d l y  above  70 ~ These  
obse rva t ions  sugges t  t h a t  the  d i s appea rance  of the  fi- an d  
p-e lec t rophore t ic  b a n d s  w i t h  increase  in  t e m p e r a t u r e  is 
due  to t he  p r ec ip i t a t i on  of these  prote ins .  

W h e n  i so la ted  a-crys ta l l in ,  33.3 mg/ml ,  was  hea ted ,  t h e  
so lu t ion  r e m a i n e d  clear  excep t  for s l igh t  c loudiness  a t  

Fig. 1. Cellulose acetate eleetrophoretic pattern of whole lens soluble 
protein, aliquots of which had been heated for 30 min at different 
temperatures. The arrow indicates the application site. Note the de- 
crease in mobility of cr and the decrease in staining in- 
tensity of the slower migrating proteins. Bands 1 3 probably repre- 
sent T-crystallins, and the reactions indicated by band 4 probably 

/~-erystallins. 

Table I. Change in appearance of solution and protein concentration 
as a result of heat treatment 

Tempera- Appearance of solution Soluble 
ture of whole bovine lens protein 
~ proteins mg/ml 

22 Clear 86.8 
50 Clear 72.0 
60 Clear 70.0 
70 Cloudy 61.0 

100 Complete precipitate 4.17 

1 S. LERMAN, in Cataracts, Chemistry, Mechanism and Therapy 
(Charles C. Thomas, Springfield, IlL 1964), p. 175. 
J. FRANCOIS, M. RABAEY, and R. J. WIEME, Arch. Ophthal. 53, 
4Sl (1955). 

8 H, MAISEL, Arch. Ophthal. 68, 254 (1962). 
4 0 .  H. LOWRY, N. J. ROSEBROUGH, A. L. FARR, and R. J. RANDALL, 

J. biol. Chem. 193, 265 (1951). 
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100 ~ T h e  e l e c t r o p h o r e t i c  m o b i l i t y  of  t h e  i s o l a t e d  p r o -  
t e i n  d e c r e a s e d  w i t h  i n c r e a s i n g  t e m p e r a t u r e  ( F i g u r e  2). 
T h e  i m m u n o l o g i c  s p e c i f i c i t y  of  c~-crystal l in d i d  n o t  
c h a n g e ,  e v e n  a f t e r  h e a t i n g  a t  100 ~ ( F i g u r e  3). T h e r e  w a s  
o n l y  a s l i g h t  d e c r e a s e  in  s o l u b l e  p r o t e i n  c o n c e n t r a t i o n  a t  
100 ~ ( T a b l e  I I ) .  

W h e n  t h e  m i x t u r e  of  fl- a n d  y - c r y s t a l l i n s  w a s  h e a t e d  
t h e r e  w a s  a d e c r e a s e  in  s t a i n i n g  i n t e n s i t y  of  a l l  p r o t e i n  
b a n d s  f r o m  6 0 ~  on ,  a n d  a t  1 0 0 ~  no  s t a i n i n g  r e a c t i o n  
w a s  n o t e d  ( F i g u r e s  1 a n d  4). T h i s  d e c r e a s e d  s t a i n i n g  is 
d u e  t o  t h e  p r e c i p i t a t i o n  of  p r o t e i n  as  i n d i c a t e d  b y  t h e  
a p p e a r a n c e  of  t h e  s o l u t i o n  a n d  b y  t h e  d e c r e a s e  in  s o l u b l e  
p r o t e i n  c o n c e n t r a t i o n  w i t h  i n c r e a s e  in  t e m p e r a t u r e  
( T a b l e  I I ) .  A s l i g h t  d e c r e a s e  in  a n o d i c  e l e c t r o p h o r e t i c  
m o b i l i t y  of  t h e  s l ow  m i g r a t i n g  p r o t e i n s  w a s  n o t e d .  

Discuss ion .  D e n a t u r a t i o n  i n v o l v e s  a r e a r r a n g e m e n t  of  
t h e  p e p t i d e  c h a i n s  in  t h e  p r o t e i n  m o l e c u l e  ~. C l o s e l y  
f o l d e d  c h a i n s  a r e  u n f o l d e d  a n d / o r  r e f o l d e d  6. T h e  p a r t i c u -  
l a r  m o d e  of  d e n a t u r a t i o n  d e t e r m i n e s  w h e t h e r  t h e  d i s -  
r u p t e d  p e p t i d e  c h a i n s  r e m a i n  in  t h e  u n f o l d e d  s t a t e ,  a r e  

Table II. Change in appearance of solution and protein concentration 
as a result of heat t reatment  

Ten,- Appearance Soluble Appearance of Soluble 
perature of solution protein solution of protein 
in ~ of isolated in isolated/~- and in 

cr nlg/ml y-crystallins mg/ml 

22 Clear 33.3 Clear 83.3 
50 Clear 33,0 Slightly cloudy 78.2 
60 Clear 33.5 Moderately cloudy 45.0 
70 Clear 33,3 Very cloudy 11.76 

100 Slight 30,0 Complete 3.78 
cloudiness coagulate 

Fig. 2. Note the decrease in anodic electrophoretic mobility of ct- 
crystallin when heated at different temperatures. A -  unheated, 

B - 70 c'C, and C 100 ~ 

Fig. 3. Imnmnologic analysis of isolated ~-crystallin heated at dif- 
ferent temperatures. The preeipitin bands merge in a reaction of 
identity; a-e  indicate in sequence temperatures of 22, 50, 60, 70, 

and 100 ~ 

Fig. 4. Electrophoretic pattern of isolated/~- and T-crystallins after 
heat  treatment,  a = isolated unheated a-erystallin, b - ~- and y- 
crystallins at 22 ~ c-d - fi- and 7-crystallins after heating to 50, 

65, and 70 ~ respectively. 

5 H. Wu,  Chin. J. Physiol. 5, 321 (1931). 
R. LUMREY and H. EYRING, J. phys. Chem., Wash. 58, 110 (1954). 
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refolded to give t he  or ig ina l  p a t t e r n ,  or w h e t h e r  some 
o t h e r  p a t t e r n  f rom t he  or ig inal  will result .  The  e x t e n t  of 
d e n a t u r a t i o n  can  v a r y  f rom s l ight  s t r u c t u r a l  changes  to 
comple te  r e a r r a n g e m e n t  of the  pep t ide  chains .  

I f  d e n a t u r a t i o n  is due  to  hea t ,  t h e  p r o t e i n  r em a ins  in 
t he  zwi t te r ion ic  s ta te ,  H y d r o g e n  b o n d s  be t w een  pep t ide  
cha ins  are c leaved  a n d  b o n d s  b e t w e e n  h y d r o p h o b i c  
g roups  m a y  disappear .  T he  inso lub i l i ty  of h e a t - t r e a t e d  
p ro te ins  is p r o b a b l y  caused  b y  the  S - S  i n t e r c h a n g e  reac-  
t ion,  a n d  the  r e s u l t a n t  f o r m a t i o n  of new in t e rmolecu la r  
S - S  b o n d s L  

T h e  p r e sen t  e x p e r i m e n t  shows t h a t  h e a t  h a s  signifi- 
c a n t l y  d i f fe ren t  effects on  a -c rys ta l l in  c o m p a r e d  to/5- and  
y-crystal l ins ,  e -Crys ta l l in  is no t  s ign i f i can t ly  p rec ip i t a t ed  
even  a t  100 ~ in c o n t r a s t  to  fl- and  y-crys ta l l ins  wh ich  
p rec ip i t a t e  inc reas ing ly  w i t h  rise in  t e m p e r a t u r e  a b o v e  
50~ 

a-Crys ta l l in  is, however ,  d i s t i nc t ly  modi f ied  b y  the  rise 
in  t e m p e r a t u r e ,  since i ts  e lec t rophore t i c  mob i l i t y  is al- 
te red .  The  change  in molecu la r  c o n f o r m a t i o n  wh ich  m u s t  
a c c o u n t  for this ,  does no t  af fec t  i ts  an t igen ic  sites, since 
t he  immuno log ic  specif ici ty  of e -c rys ta l l in  r ema ins  iden t i -  
cal  f r om 22-100 ~ F u r t h e r  ev idence  of a change  in a- 
c rys ta l l in  s t r u c t u r e  is offered b y  i ts  more  in tense  color 
r eac t ion  w i t h  ponceau  xyl id ine  a f t e r  h e a t i n g  (Figures 1 
a n d  2). Th i s  p h e n o m e n o n  has  been  found  for o t h e r  pro-  
teins,  a n d  ascr ibed  to  t he  unfo ld ing  of the  pep t ide  chains .  
The  h ighe r  color r e a c t i v i t y  shows t h a t  some of the  reac t -  
ing g roups  are bur ied  inside in the  n a t i v e  p r o t e in  or 
screened off in  a n o t h e r  m anne r .  

JANSEN et  al. s, s tud ied  the t h e r m a l  coagu la t ion  of bo-  
v ine  a n d  h u m a n  se rum a l b u m i n  a n d  r epo r t ed  t h a t  t he  
phys ica l  p roper t i e s  depend  upon  t he  free su l fhyd ry l  
g roup  a n d  if t h i s  su l fhydry l  g roup  is des t royed  b y  h e a t i n g  
or o t h e r  chemica l  reagents ,  c lear  clots  result .  

I~INOSHITA a n d  MEROLA 9 r epo r t ed  t h a t  t he re  is a 
m a s k i n g  of su l fhyd ry l  groups  as the  lens m a t u r e s  be ing  

s t r ik ing ly  a b s e n t  in  c a t a r a c t o u s  lenses 1~ This  sugges ted  
t h a t  du r ing  c a t a r a c t  fo rma t ion ,  su l fhyd ry l  groups  are 
oxidized to disulf ide bonds .  

/5- a n d  F-crysta l l ins  con t a in  free su l fhydry l  groups  
whi le  t h e y  are a b s e n t  in  ~-crys ta l l in  as revea led  b y  a 
nega t i ve  n i t rop russ ide  t e s t  n .  I t  m a y  be concluded t h a t  
d u r i n g  h e a t i n g  t he  free su l fhyd ry l  g roups  of /5- a n d  F- 
c rys ta l l ins  are c o n v e r t e d  in to  disulf ide  l inkages  w i t h  the  
f o r m a t i o n  of an  insoluble  prec ip i ta te ,  whi le  the  so lub i l i ty  
of ~-crys ta l l in  is una f fec t ed  b y  h e a t  because  i t  lacks f r e e  
s u l f h y d r y l  groups  1~. 

Rdsumd. La  cha leur  est  capab le  de pr6cipi ter  les pro- 
t6ines  du  cr is ta l l in  b o v i n  fl e t  y, alors que  l ' a l pha  cr i s ta l l in  
n ' e s t  pas  pr6cipi t6  A des t e m p 6 r a t u r e s  a l l an t  jusqu 'A 
100 ~ Cette  c o n s t a t a t i o n  semble  4tre en  re la t ion  a v e c l a  
f o r m a t i o n  de p o n t s  d isul fures  mol6culaires.  

P. D. MEHTA 13 and  H. MAISEL 14 

Department o/Anatomy, Wayne State University, Detroit 
(Michigan 48207, USA), July 25, 1966. 

7 R. C. WARNER and M. LEVY, J. Am. chem. Soe. 80, 5735 (1958). 
8 E; V. JENSEN, V. D. HOSPELHORN, D. F. TAPELY, and C. HUGGINS, 

J. biol. Chem. 185, 411 (1950). 
9 j .  H. KI~OSHITA and L. O. MEROLA, Arch. Biochem. 81,395 (1959). 

10 Z. DISCHE, E. BORENFREUND, and G. ZELMENIS, Arch. Ophthal. 
55, 471 (1956). 

11 W. F. BON, J. biol. Chem. 236, 88 (1961). 
is Acknowledgment: The authors gratefully acknowledge the tech- 

nical assistance of Mrs. SANGITA MEHTA. 
13 Post-Doctoral Fellow of the National Council to Combat Blindness. 
14 Supported by N.I.H. Grant No. NB 04765. 

C h i t i n  i n  T u n i c a t a  

The  occur rence  of cellulose as so-called t un i c i n  in  the  
m a n t l e  of t u n i c a t e s  is a wel l -es tab l i shed  fact .  Obv ious ly  
t h i s  sor t  of cellulose is t he  same as t h a t  occur r ing  in 
p l a n t s  1,~. The  ana logy  concerns  n o t  on ly  t h e  c h e m i s t r y  
b u t  also t he  s t ruc tu re ,  as t he  t e x t u r e  of t he  microf ibr i l s  
exac t l y  resembles  t he  a r r a n g e m e n t  of f ibri ls  found  in t he  
cell wails  of c e r t a i n  p l a n t s  3,4. T he  t u n i c a t e s  are t he  on ly  
group  of an ima l s  k n o w n  so far  in  wh ich  cellulose occurs ;  
chi t in ,  wh ich  is closely r e l a t ed  to cellulose, ha s  n e v e r  
been  found  in t u n i c a t e s  5,6 or in  o t h e r  cho rda t e s  6. T h u s  
i t  was  qu i te  surpr i s ing  when,  in  connec t ion  w i t h  inves t i -  
ga t ions  on  t he  d i s t r i b u t i o n  of pe r i t roph ic  m e m b r a n e s  in 
an ima l s  n o t  be long ing  to t he  A r t h r o p o d a ,  i t  was possible  
to  f ind  in t he  in te s t ine  of severa l  asc id ians  m e m b r a n e s  
c o n t a i n i n g  cons iderab le  a m o u n t s  of chi t in .  U n t i l  now  
on ly  some of t h e  larger  asc id ians  h a v e  been  e x a m i n e d :  
Phallusia mammillata, Ciona intestinalis, Halocynthia 
papillosa, Clavelina lepadi/ormis and  Corella sp. Phallusia 
a n d  Ciona f rom t h e  M e d i t e r r a n e a n  (Banyu l s  and  Naples)  
were f ixed in fo rmal in ;  Clavelina f rom Hel igo land  was 
f ixed in bou in ;  Halocynthia was the  on ly  l iv ing mate r ia l ,  
coming  f rom the  Adr ia t i c ;  Corella was f ixed in fo rmal in  
a n d  suppl ied  b y  t he  Carol ina  Biological  Supp ly  Comp.,  
B u r l i n g t o n  N.C., USA.  

All these  species f i l ter  p l a n k t o n  in t h e i r  b r a n c h i a l  sacs, 
wrap  i t  in mucus  a n d  t r a n s p o r t  i t  b y  means  of t h e i r  cilia 
in to  the  in tes t ine .  Here  t he  b a n d  of mucus  is loosely 
w r a p p e d  in a d d i t i o n a l  m e m b r a n e s ,  be ing  secreted b y  t he  
cells of t he  in tes t ine .  The  secre t ion of these  pe r i t roph ic  
m e m b r a n e s  m a y  easi ly be  seen in cross sect ions of t he  
in tes t ine .  H i s tochemica l  reac t ions ,  such  as  s t a in ing  w i t h  
a lc ian  blue, to lu id ine  blue,  b r o m o p h e n o l  blue, a n d  the  
P A S  reac t ion ,  ind ica te  t h a t  these  pe r i t roph ic  m e m b r a n e s  
are  bu i l t  up  of, or  a t  leas t  con ta in ,  g lycoproteids .  The  
b a n d  of mucus  w i t h  p l a n k t o n  coming in f rom the  b r a n c h i a l  
sac, is somet imes  t r a n s p o r t e d  t h r o u g h  the  in tes t ine  as a 
r a t h e r  s t r a i g h t  band ,  and  is some t imes  coiled up  b e t w e e n  
m e m b r a n e s  wh ich  are w r a p p e d  loosely a r o u n d  these  
r e m a r k a b l y  f la t  coils. I t  m a y  be t h a t  i t  depends  on  t he  
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4 p. A. ROELOFSEN, Handbuch der P/lamenanatomie (Berlin 1959), 
Bd. III, Tell 4, p. 1-339. 
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3 CH. JEUNIAUX, Chitine et Chitinolyse (Paris 1963). 


