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S U M M A R Y :  To s tudy  t h e  m o l e c u l a r  s t r u c t u r e  of  t h e  g e n e  r e s p o n s i b l e  fo r  a l ens  
f i b e r  c e l l  b e a d e d - f i l a m e n t  s t r u c t u r a l  p r o t e i n  of  9~kDa (CP9#) ,  we i s o l a t e d  i t s  
s p e c i f i c  c D N A  f r o m  a r a t  l ens  c D N A  l i b r a r y  by use  of  a n t i - m o u s e  CP9tt  
a n t i s e r u m .  The  e x p r e s s e d  fus ion  p r o t e i n  k e p t  t he  e p i t o p e s  s p e c i f i c  a g a i n s t  
a n t i - c h i c k  CP97  as  wel l  as  a n t i - m o u s e  CP9~  a n t i b o d y ,  and  t h e  s i z e  was  
e s t i m a t e d  as  190-200kDa ,  i n d i c a t i n g  t h a t  t he  c D N A  i n s e r t  of  t he  c l o n e  s e e m e d  
to  e n c o d e  a p o l y p e p t i d e  w i t h  g 0 - 9 0 k D a  in a p p e a r a n c e .  N o r t h e r n  a n a l y s i s  
i n d i c a t e d  t h a t  CP9t;  m R N A  is e x p r e s s e d  on ly  in t he  lens ,  and  no t  in t h e  b ra in ,  
skin,  h e a r t ,  k idney ,  lung,  and  l ive r ,  and  t h e  s i ze  was  e s t i m a t e d  to  2 . 1 - 2 . 3 k b .  
In a l ens  of  i n h e r i t e d  m i c r o p h t h a l m i c  m o u s e ,  Elo, a t r a c e  a m o u n t  of  m R N A  w i t h  
t h e  s i ze  c l o se ly  s i m i l a r  to  t h a t  of  r a t  m R N A  was  o b s e r v e d .  The  e n t i r e  c o m p i l e d  
s e q u e n c e  ( ] , g73bp)  s h o w e d  a n  open  r e a d i n g  f r a m e  c o v e r i n g  t he  s e q u e n c e  of  533 
a m i n o  a c i d s  t o t a l l i n g  5g ,g57Da.  No s e q u e n c e  h o m o l o g o u s  to  t he  e n t i r e  CP9tt  was  
found  a m o n g  t h e  e n t r i e s  of  any  n u c l e o t i d e  and  a m i n o  ac id  s e q u e n c e  d a t a b a s e s ;  
bu t  w i t h  r e s p e c t  to  a l i m i t e d  a m i n o  ac id  s e q u e n c e  of  N - s i d e  r e g i o n  of  CP9# ,  a 
s i g n i f i c a n t  h o m o l o g y  w i t h  c y t o k e r a t i n s  was  found .  © 1992 Academic Press, Inc. 

The  d i f f e r e n t i a t i o n  of  t h e  v e r t e b r a t e  e y e  l ens  e p i t h e l i a l  ce l l  to  a 

m a t u r e  f i b e r  c e l l  is a d i s t i n c t i v e  m o r p h o l o g i c a l  e v e n t  t h a t  i n c l u d e s  loss of  

o r g a n e l l e s  and  ce l l  e l o n g a t i o n ,  and  i t  is a c c e p t e d  as  a use fu l  e x p e r i m e n t a l  

s y s t e m  fo r  t h e  s t u d y  of  t h e  m e c h a n i s m  of  g e n e  e x p r e s s i o n  du r ing  m o r p h o g e n e s i s  

(1). The  f i r s t  f e a t u r e  of  t h e  e v e n t  is b i o c h e m i c a l l y  c h a r a c t e r i z e d  by a c h a n g e  

in t he  c o m p o s i t i o n  of  l ens  c r y s t a l l i n s ;  and  a n  i n c r e a s e  in a c t i n ,  d e c r e a s e d  

s y n t h e s i s  of  v i m e n t i n ,  t ubu l in ,  and  t h e  a c c u m u l a t i o n  of  m e m b r a n e  i n t r i n s i c  

p r o t e i n s  (MIPs) a r e  s i m i l a r l y  o b s e r v e d  (1). Also  r e p o r t e d  was  t he  a p p e a r a n c e  

of  a u n i q u e  c y t o s k e l e t a l  s t r u c t u r e ,  t h e  b e a d e d - c h a i n  f i l a m e n t .  It is s e e n  on ly  

in t he  e l o n g a t i n g  l ens  f i b e r  c e l l s  (2), and  i t s  s t r u c t u r e  in t h e  c h i c k  m a i n l y  

c o n t a i n s  two  l e n s - s p e c i f i c  p r o t e i n s ,  r e f e r r e d  to  as  CP97  and  CP~9  (3, tt). 

*To w h o m  c o r r e s p o n d e n c e  should  be  a d d r e s s e d .  
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We r e c e n t l y  r e p o r t e d  the  d e f i c i e n c y  of  a 9# -k i l oda l t on  (kDa) pro te in ,  

n a m e d  CP9#,  in the  n o n - c r y s t a l l i n  f r a c t i o n  f rom the  lens of  t he  inher i t ed  

m i c r o p h t h a l m i c  mouse ,  Elo (5). The an t ibody  ra i sed  aga ins t  9#kDa pro te in  

r e a c t e d  wi th  t he  ch ick  lens CP97 p ro te in  as wel l ,  and an an t ibody  agains t  CP97 

(4) a lso  r e a c t e d  wi th  the  pro te in .  F r o m  these ,  we conc luded  tha t  the  p ro te in  

cor responds  to the  ch ick  CP97,  and n a m e d  it  'mouse  CP94 '  in keep ing  wi th  the  

des igna t ion .  Chick  CP97 is be l i eved  as a t t a c h m e n t  s i t e s  for  c rys t a l l i n s  and 

tha t  i t  is func t iona l ly  i m p o r t a n t  in lens f ibe r  ce l l  e longa t ion  and in keeping 

i ts  c o n f o r m a t i o n ,  because  they  a re  wide ly  d i s t r i bu t ed  th roughout  the  lens 

f ibe r  ce l l s  and a lso  c lose ly  a p p r o a c h  the  p lasma m e m b r a n e  (#). R e c e n t l y  

F i t z G e r a l d  and C a s s e l m a n  (6) showed tha t  the  cor responding  p ro te in  wi th  t he  

s a m e  i m m u n o r e a c t i v i t y  is wide ly  d i s t r ibu ted  in t he  lens of  var ious  an ima l  

spec ies .  As CP9g  had not  been  prev ious ly  desc r ibed ,  we conc luded  tha t  the  

p ro te in  be longs  to  the  c lass  of  lens b e a d e d - f i l a m e n t  s t r uc tu r a l  p ro te ins ,  

because  an t ibody  ra ised aga ins t  mouse  CP9# r e a c t e d  wi th  pur i f ied  ch ick  CP97,  

and v i c e  ve r sa  (4, 5). Because  the  m o l e c u l a r  s t r u c t u r e s  and the  r e g u l a t i o n  of  

the  genes  respons ib le  for  this  c lass  of  the  p ro te ins  have  not  been  s tudied,  we 

dec ided  to  i so l a t e  the  s p e c i f i c  c D N A  encoding  CP9# pro te in  in this s tudy.  

MATERIALS A N D  METHODS 

The p repa ra t i on  of  rabbi t  a n t i s e r u m  raised aga ins t  mouse  lens f ibe r  ce l l  
94kDa p ro te in  ( an t i -CP9#  an t ibody)  and the  p rocedure s  of  S D S - P A G E  and Western  
blot  ana lys is  w e r e  desc r ibed  previous ly  (5). The rabbi t  a n t i - c h i c k  CP97 
an t ibody was the  g i f t  o f  Dr.  Maisel  (t 0. The m e t h o d  of  Huynh e t  al .  
(P ro tob lo t  ® Immunosc reen ing  Sys tem,  P r o m e g a  Corp . ,  Madison, W1, re f .  7) was 
used to  s c r e e n  the  lens c D N A  express ion  l ibrary  in ~gt11 (C lon tech  Lab. Inc.,  
Pa lo  Al to ,  CA) p repa red  f rom young adul t  SD ra t .  DNA inser ts  f r o m  the  pos i t ive  
c lones  w e r e  subcloned in to  a pUC18 v e c t o r ,  and the  recornbinants  w e r e  f u r t h e r  
t r i m m e d  wi th  var ious  r e s t r i c t i o n  e n z y m e s ,  e x o n u c l e a s e  Ilk and mung bean 
nuc l ea se  (TOYOBO Corp. ,  Japan)  and used for  s e q u e n c e  d e t e r m i n a t i o n  of  both  
c o m p l e m e n t a r y  s t rands  (Sequenase  Ver.2.0,  USB Corp . ,  C leve l and ,  OH). DNA 
o l igomers  named  C P P R I ~ 3  ( sequences  a r e  shown in Fig.  #) w e r e  syn thes i zed  by 
J apan  B i o s e r v i c e  Corp.  To ob ta in  the  3 ' - e n d  of  CP9# c D N A  ( 3 ' - R A C E ,  re f .  8), 
10~g of  ra t  lens RNA was added to  F i r s t - S t r a n d  c D N A  R e a c t i o n  Mix (con ta in ing  
13 pmol of  Not  I-d(T)~8 pr imer ,  P h a r m a c i a  LKB Bio tech .  Inc.), and incuba ted  
for  2h a t  37~. The product  s e p a r a t e d  f r o m  exces s  p r imers  was c o n c e n t r a t e d ,  and 
added  to  t he  p o l y m e r a s e  cha in  r e a c t i o n  (PCR) c o c k t a i l  con ta in ing  100 pmol of  
Not  1-d(T)~ ~ p r imer ,  100 pmol of  C P P R 3  and 2.5 uni ts  of  A m p l i t a q  ® DNA 
p o l y m e r a s e  ( P e r k i n - E l m e r  Ce tus  Corp . ,  Norwalk ,  CT). DNA a m p l i f i c a t i o n  was 
ca r r i ed  out  by the  p rog ram of #0 cyc l e s  of  94~, lmin ;  55~, 2min;  72~, 3rain 
(8). The p roduc t  was d i g e s t e d  wi th  Sac I and Eco RI, and c loned  into  the  pUC18 
v e c t o r .  To ob ta in  the  5 ' - e n d  reg ion  of  CP9# c D N A  ( 5 ' - R A C E ) ,  lens RNA was 
r e v e r s e  t r ansc r ibed  as d e s c r i b e d  above  e x c e p t  for  the  subs t i tu t ion  of  100 pmol  
of  pd(N)~ random pr imer  for  Not  I-d(T)L 8 p r imer .  The product  was c o n c e n t r a t e d  
and added to DNA ta i l ing  buf fe r  (Bohehr inger  Mannheim GmbH,  Germany) .  A f t e r  
incuba t ion ,  the  product  was added  to  t he  PCR c o c k t a i l  con ta in ing  100 pmol  of  
e a c h  of  Not  1-d(T)l ~ p r i m e r  and CPPR2 ,  and a m p l i f i e d  by the  p rog ram as 
desc r ived  above .  The PCR produc t s  w e r e  used as t he  t e m p l a t e s  for  a second PCR 
r e a c t i o n  c o n t a i n e d  CPPR1 ins tead  of  CPPR2 .  The  second PCR produc t s  of  200-  
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500bp w e r e  d i g e s t e d  w i t h  Eco  RV and  Eco  RI, a n d  c l o n e d  i n to  p u c l g .  RNA was  
e x t r a c t e d  f r o m  l e n s e s  of  SD r a t s  (one  d a y - o l d ,  200 lenses ) ,  m i c e  (129 /Sv3  and  
m i c r o p h t h a l m i c  129 /Sv3-E lo ;  o n e - w e e k - o l d ,  t~0 l e n s e s  f r o m  each ) ,  a n d  n e o n a t a l  
c h i c k s  ( f ive  l enses ,  f r o m  loca l  p o u l t r y  f a r m ) ,  and  f r o m  va r ious  t i s sue s  of  
p o s t n a t a l  SD r a t s  ( e a c h  two  g r a m s )  as  fo l lows :  t i s sue  in # M g u a n i d i u m  
i s o t h i o c y a n a t e  was  d i s r u p t e d  and  c e n t r i f u g e d  o v e r  C s T F A  so lu t ion .  The  RNA 
p r e c i p i t a t e  was  d i s so lved  in,  and  a n  a l i q u o t  of  i t  was  f r a c t i o n a t e d  on  a 1% 
a g a r o s e  ge l  c o n t a i n i n g  2.2 M f o r m a l d e h y d e ,  and  t r a n s f e r r e d  to  Immob i lon®-N 
m e m b r a n e  (0.#5~Jm, Mi l l ipo re  Corp . ,  Bed fo rd ,  MA). B lo t s  w e r e  h y b r i d i z e d  to  t h e  
r a n d o m  p r i m e d  [ 3 2 P ] - l a b e l e d  p r o b e s  (1× 108 cpm/~Jg) f o r  l gh. T h e s e  w e r e  f i na l ly  
w a s h e d  w i t h  t h r e e  c h a n g e s  of  0.2× SSC c o n t a i n i n g  0.1% SDS a t  504 (9, 10), and  
exposed  to  X - r a y  f i lm w i t h  a n  s c r e e n  fo r  1-#h a t  -70~ .  A c h i c k  B - a c t i n  g e n e  
f r a g m e n t  was  p u r c h a s e d  f r o m  O n c o r  Inc. ,  G a i t h e r s b u r g ,  MD. The  s e q u e n c e  d a t a  
was  h a n d l e d  and  a n a l y z e d  w i t h  GENETYX p r o g r a m s  ( S o f t w a r e  D e v e l o p .  Corp . ,  
3apan) .  H o m o l o g y  s e a r c h e s  w e r e  done  on  a l l  e n t r i e s  of  t h e  n u c l e o t i d e  s e q u e n c e  
d a t a b a s e s  of  E M B L - G D B  ( re l .2g .0)  and  G e n B a n k  ( re l .69 .0) ,  and  of  p r o t e i n  
s e q u e n c e  d a t a b a n k s  of  SWISS-PROT (rel .  19.0) and  N B R F - P I R  ( re l .29 .0) .  

RESULTS A N D  DISCUSSION 

Our  a n t i s e r u m  was  r a i s e d  a g a i n s t  m o u s e  CP9~ t (5), bu t  a c D N A  l i b r a r y  used  

was  m a d e  of  r a t  l ens  b e c a u s e  t h e  a n t i b o d y  r e a c t e d  w i t h  a r a t  l ens  p r o t e i n  of  

s l i gh t ly  l a r g e r  m o l e c u l a r  w e i g h t  ( 9 5 - 9 6 k D a )  w i t h  t h e  s a m e  s e n s i t i v i t y  on 

W e s t e r n  b l o t t i n g .  By s c r e e n i n g  of  t h e  l i b r a r y  (~1×106),  f o r t y  p h a g e  c l o n e s  

e x p r e s s i n g  fus ion  p r o t e i n s  w e r e  o b t a i n e d .  All  of  t h e s e  c o n t a i n e d  t h e  s a m e  DNA 

f r a g m e n t  of  va r i ous  l e n g t h s ,  and  t h e  one  w i t h  t h e  l o n g e s t  i n s e r t  (1 .84kbps) ,  

n a m e d  ~p9t~.#0, was  s e l e c t e d  and  m a i n l y  used  fo r  t h e  s u b s e q u e n t  a n a l y s i s .  The  

fus ion  p r o t e i n  w i t h  ~ - g a l a c t o s i d a s e  and  r a t  CP9t~ was  p r e l i m i n a r i l y  

c h a r a c t e r i z e d  by W e s t e r n  b lo t  a n a l y s i s  f o l l owing  S D S - P A G E  (Fig.  1). It was  

on ly  o b s e r v e d  in t h e  l a n e  l o a d e d  w i t h  t h e  ce l l  i n f e c t e d  w i t h  ~p9t~.t¢0 i n d u c e d  

w i t h  IPTG and  h a r v e s t e d  just  b e f o r e  s p o n t a n e o u s  lysis .  With  a n t i - C P 9 4  a n t i b o d y  

used  fo r  d e t e c t i o n ,  t h e  a p p a r e n t  m o l e c u l a r  w e i g h t  of  t h e  fus ion  p r o t e i n  was  

e s t i m a t e d  as  190 -200kDa ,  i n d i c a t i n g  t h a t  t h e  c D N A  i n s e r t  of  t he  c l o n e  s e e m e d  

to  e n c o d e  a p o l y p e p t i d e  w i t h  8 0 - 9 0 k D a  (a s suming  t h e  / t - g a l a c t o s i d a s e  p a r t  of  

t h e  fus ion  p r o t e i n  to  be  l ] 0 k D a )  wh ich  c o r r e s p o n d s  to  8 4 - 9 4 %  of  m a t u r e  r a t  

CP9t~ s e q u e n c e .  H o w e v e r  t h e  i n s e r t  s i ze  was  1.84kbps,  and  t he  m a x i m u m  c o d i n g  

c a p a c i t y  of  i t  was  c a l c u l a t e d  a t  68kDa  p o l y p e p t i d e .  We c a n  no t  c o n c l u s i v e l y  

e x p l a i n  t h i s  d i s c r e p a n c y  a t  p r e s e n t ,  bu t  t h i s  r e s u l t  s u g g e s t s  t h a t  t h e  

c o n f i g u r a t i o n  of  t h e  CP94  m o l e c u l e  is f a r  d i f f e r e n t  f r o m  a g l o b u l a r  shape .  The  

a n t i - c h i c k  CP97  a n t i b o d y  a l so  r e a c t e d  w i t h  2p9t~.40 l y s a t e ,  but  b a n d s  w i t h  

l o w e r  m o l e c u l a r  w e i g h t s  w e r e  o b s e r v e d ,  p r o b a b l y  r e p r e s e n t i n g  d e g r a d e d  f o r m s  of  

t h e  CP9#  fus ion  p r o t e i n .  

N o r t h e r n  b lo t  a n a l y s i s  i n d i c a t e d  t h a t  t he  c l o n e d  i n s e r t  ~p94.40 

h y b r i d i z e d  to  a m R N A  of 2 . 1 - 2 . 3 k b  l e n g t h  in t h e  l a n e  l o a d e d  w i t h  RNA f r o m  r a t  

l ens  (Fig.  2). No s igna l  was  d e t e c t e d  in t h e  l a n e s  of  1RNAs f r o m  b ra in ,  skin ,  

h e a r t ,  k idney ,  lung,  and  l ive r ,  t hus  c o n f i r m i n g  t h a t  t h e  e x p r e s s i o n  of  t h e  
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FIG. l. Western blotting analysis of the fused protein. Three-ml cultures 
of YI090 strain t ransfected with ip94.#0 or i g t l l  were induced to synthesize 
fusion protein with [PTG and harvested just before spontaneous lysis. The 
cell bodies were immediately mixed with the SDS-PAGE sample buffer, denatured 
by heat, and loaded into each lane of an SDS-PAGE gel ( lmm, 7.5%). Proteins 
were then transferred to nitrocellulose and reacted with alkaline phosphatase- 
conjugated ant i -rabbi t  lgG as the second antibody. Molecular weights of the 
proteins were es t imated from the gel profiles simultaneously achieved; 
thyroglobulin (330kDa), ferri t in half-unit  (220kDa; not indicated), myosin 
heavy chain (200kDa), B-galactosidase (ll3kDa), phosphorylase b (94kDa), 
and bovine serum albumin (67kDa). 

CP94 is c o n t r o l l e d  in a l e n s - s p e c i f i c  m a n n e r .  Nex t  we  e s t i m a t e d  t h e  homology  

b e t w e e n  r a t  cDNA inse r t  and the  RNAs i so l a t ed  f r o m  the  lenses  of  ch icks  or  

m i c e  (Fig. 3). No m R N A  s p e c i e s  w e r e  d e t e c t e d  in t he  lane  of  ch i ck  lens  RNA,  

ind ica t ing  the  r e l a t i v e l y  l o w e r  s e q u e n c e  homology  b e t w e e n  r a t  c P g #  and ch ick  

CP97 mR NAs .  While in t he  l ane  loaded  wi th  t he  lens  RNA i s o l a t ed  f r o m  m o u s e  

(129/5vj ) ,  an i n t e n s e  band wi th  t he  s i ze  c lose ly  s imi l a r  to  t h a t  of  r a t  was  

o b s e r v e d .  The t r a c e  a m o u n t  of  CP94 t r a n s c r i p t  w i th  t he  s a m e  s i ze  was  e x p r e s s e d  

in the  lens  of  t h e  Elo; n e v e r t h e l e s s ,  t he  CP9# p r o t e i n  was  not  d e t e c t e d  in t he  

lens  of  t h e  m o u s e  (5). 

The e n t i r e  s e q u e n c e  of  r a t  CP9# cDNA is shown (Fig. #). One  open  r ead i n g  

f r a m e  e x t e n d i n g  to  the  to 02TA G s top  codon  was  o b s e r v e d  fo l lowing  the  r ead i n g  

f r a m e  of  t h e  ~gt11 LacZ gene .  S ince  ~p9#.#0 and o t h e r  s e l e c t e d  c lones  all 

l a cked  bo th  5 ' -  and 3 ' - e n d  reg ions  of  CP9# m R N A ,  we a t t e m p t e d  to  l ea rn  t h e s e  

s e q u e n c e s  by RACE (g). By the  Y - R A C E ,  s ev e ra l  r e c o m b i n a n t s  w e r e  ob t a ined .  

Among  18 c lones  ana lyzed ,  t he  inse r t  s e q u e n c e s  w e r e  in c o m m o n  unt i l  ~8~ 0G, but 

s o m e  s e q u e n c e  h e t e r o g e n e i t y  was o b s e r v e d  a f t e r  n u c l e o t i d e  1867: CACCATC(A)n in 
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O 

>" 28S 1RN~ 

3 o  

18S R N A  
18S RNA~ t p9:4.:40 

- a c t i n  ® 
FIG. 2. Northern blot analysis of rat tissues. Ten ~g of each RNA 

prepared from the indicated tissues was resolved on formaldehyde-containing 
agarose gel (1%), and t ransferred to a membrane.  The blot was first  reacted 
with a probe from ip9O-.t~0, then reprobed with a chick B-actin gene fragment 
(770bp). 

FIG. 3. Northern blot analysis of the lenses. Ten ug of each RNA prepared 
from the indicated lenses was resolved and transferred to a membrane.  The blot 
was first reacted with a i p9:4.O-0 probe and then reprobed with •-actin gene 
fragment,  RNA sizes were determined by the est imation from the profiles of the 
i/Hind Ill digest simultaneously electrophoresed.  The autoradiogram shown was 
purposely overexposed in order to clearly demonstrate  the faint band in the 
lane of Elo/Elo lens RNA. 

2p9# .~0  

fl - a c t i n  

12 c lones ,  C(A)~ in four  c lones ,  and (A)n in two  c lones .  T h e r e f o r e ,  a 

p o t e n t i a l  p o l y a d e n y l a t i o n  s ignal  s e q u e n c e  was  i d e n t i f i e d  as  ~84aATTAAA, 24-31 

n u c l e o t i d e s  a h e a d  of  t he  poly(A)~ ta i l .  In an a t t e m p t  to  e l o n g a t e  t he  5 ' -  

r eg ion  s e q u e n c e  by 5 ' - R A C E ,  all  o f  our  e x p e r i m e n t s  fa i l ed :  using o l i g o m e r s  of  

CPPR1 and  C P P R 2  for  s u c c e s s i v e  n e s t e d  PCR,  we o b t a i n e d  10 c lones .  Four  

r e c o m b i n a n t s  r e v e a l e d  i n f o r m a t i o n  on the  5 ' - e n d  po r t ion  shown in Fig.  tt, but 

o t h e r  c l ones  only c o n t a i n e d  s h o r t e r  i n se r t s  a l r e a d y  o b s e r v e d  in t he  inse r t  DNA 

of  i, p9tt.#0. S ince  the  s i ze  of  CP9tt m R N A  was  e s t i m a t e d  a t  2. T-2.3kb by N o r t h e r n  

blot  (Fig. 3), and  assuming  the  l eng th  of  a poly(A) tai l  as  a p p r o x i m a t e l y  t00 

n u c l e o t i d e s ,  we  c o n c l u d e d  t h a t  t h e  c loned  s e q u e n c e  wi th  poly(A) ta i l  is n e a r  

2 .0kbp in l eng th ,  and tha t  85 -95% of  t he  e n t i r e  ra t  CP9# cDNA was  c loned  in 

t he  s t u d y .  The a m i n o  ac id  s e q u e n c e  d e d u c e d  f r o m  the  n u c t e o t i d e  s e q u e n c e  is 

a lso  shown (Fig. tt). One open  r ead ing  f r a m e ,  f rom a TTG to ~ 02TA G s top  codon ,  

c o v e r e d  533 a m i n o  ac ids  r e f l e c t i n g  a m o l e c u l a r  we igh t  of  58,857Da.  

We c o m p a r e d  the  n u c l e o t i d e  and d e d u c e d  a m i n o  ac id  s e q u e n c e  d a t a  shown 

a b o v e  wi th  al l  e n t r i e s  of  n u c l e o t i d e  and  p ro t e i n  s e q u e n c e  d a t a b a n k s  (11). No 

s e q u e n c e  homologous  to  t h e  e n t i r e  CP9# s e q u e n c e  wi th  t he  i d e n t i t i e s  o f  o v e r  

tt8% and 18% in n u c l e o t i d e  and a m i n o  a c i d  s e q u e n c e s ,  r e s p e c t i v e l y ,  was  found  in 
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(2p94 .40 )  
5'-[LacZ]-CC~AATTCC~] / S m a I  

10 20 | 30 40 50 60 70 80 90 
GCTTGCC~ACGTCAGCCAAT~TCGCGC~CGGGACCT~CAGCCGAGCACGCGCGGCT~AGA~CA~A~GCCGA~CGCACGG~C~C 

L P H V S Q S R A R D L A A E H A R L E R Q E A E A H G R L  

100 110 120 130 140 150 160 170 180 
TCGA~GAGTr~CG~AG~AAATA~GAAAAT~A~TGTGAATGTCAATT~TG~TAAA~AAATG~T~AA~CTGAA~AA~AAG~TGA~G 

D E F R S K Y E N E C E C Q L V L K E H L E R L N K E A D E  

/ P s i  I /Eco  RV 
190 200 210 220 230 240 CPPRI 250 260 270 

AAGC~TTA~GCGTAACCTG~AC~TTCAGTT~AAG~C~AGT~GCA~CAGATATCAGTGT~AA~ACA~TACAAAAAGAAT~ 
A L L R N L H L Q L E A Q F L Q A D I S V A K D R Y K K N L  

/ P s t  I 
280 CPPR2 290 300 310 320 330 340 350 360 

TTCT~AAA~CAGA~CTACATCACCAT~TG~AGCAGATCATACAGACTG~TC~CAAGTGT~C~TCAC~GGTGGGATGAGGGA~ 
L E I Q T Y I T I L Q Q I I Q T A P Q V S L V T G G M R E E  

/ P s t  I 
370 380 390 400 410 420 430 440 450 

AGAA~TGCT~ACAGAAC~GGAAGTAG~TG~CTGA~AACCAGCT~ATGAGGGCCGGGA~CAGT~ACCCACCTGCA~CA~AGAAAG 
K L L T E R E V A A L R N Q L D E G R E A V T H L Q A Q K A  

/ P S t  I / S p h  I 
460 470 480 490 500 510 520 530 540 

CT~AGCT~A~C~AGA~AA~AG~T~AA~AAGCTATTAA~ATG~TCAT~GCTACGATGACGAGATCCAGCTTTATAATGGGC 
E L Q A Q T T A L E Q A I K H A H E C Y D D E I Q L Y N G Q  

/ P s t  I 
550 560 570 580 590 600 610 620 630 

AGATCGAAAACCTCC~AA~AGATAGA~A~GAGC~T~AGAGGTCGTCCTATGACT~A~CAGCT~CTGT~CCCAGC 
I E N L R K E I E E A E R S L E R S S Y D C R Q L A V A Q Q  

/ S a c  I 
~0 650 660 670 680 690 700 710 720 

AGACCCT~AACGAGCTAGACC~TATCATC~ATCATT~AGATT~AA~CAACA~TTGAG~CC~TTTCATAGAGACTCCCATCT 
T L R N E L D R Y H R I I E I E G N R L S S V F I E T P I S  

/Bam HI ~8gl I I  
730 740 750 760 770 780 790 800 810 

CTTTGATCAC~CCAAGCCAT~CCTCTCTCAGCCTT~ATCCAATGTGAAAGAT~TACCAC~C9~CT~GCA~ATATTACAGCAGCTA 
L I T P S f l G A S L S L G S N V K D L T R A V Q D I T A A K  

820 830 840 850 860 870 880 890 900 
AACCCA~CA~A~CCCTC~CCAAGAGCCTTCCAAAAAGAAA~AGATTATAGCTCAAGATAAAGT~ACGAAACTCT~AAGATGcAC 

P R Q K A L P K S L P K R K E I I A Q D K V D E T L E D A P  

910 920 930 940 950 960 970 980 990 
CATTAAA~CTACAAGAGCCAAA~CAGTGCAC~AGCTTACA~AGATGGAGACTCTCAGCTGGGAGCA~C~ACATGAAG 

L K T L Q E P K A V Q G E L T G D G D S Q L G A G G G R E V  

1000 1010 1020 1030 1040 1050 1060 1070 I080  
T~GTCC~CACA~G~C~TCCTGA~ACGTGC~AGATGGGA~C~G~TAA~AA~GCCTTTGGGAAACTTTG~AA~GTAGTC~AAG 

S P T Q E G G P E D V P D G S Q I S K A F G K L C K V V K E  

1090 1100 1110 1120 1130 1140 1150 1160 I170 
AGAGAGT~CCACAAAGAG~CTGTG~A~G~CA~ACCTCTTCACCAAA~A~CATATA~T~TCA~AGGGGAATCTA 

R V S G R K E P V P E P P A D L F T K G R H I L V T G E S S  

/EcoT22 I 
1180 1190 1200 1210 1220 1230 1240 1250 1260 

~TTTTGTTGACCCCGAGTTCTACTCCTCCTCCAT~CCAG~AGAGGTGGGGTGGTGGT~CCATTGAGGAAGACTCTATGCATCATGA~ 
F V D P E F Y S S S I P A R G G V V V S I E E D S M H R D G  

1270 1280 1290 1300 1310 1320 1330 1340 1350 
GCCATGTGGA~CCTCTCCT~ACAGCCCATGCCACCTGT~A~AT~TCAC~cCCCAGGGCAGGGAA~TGCCCACTCAAACC 

R V E P S P G Q P M P P V E N G Q O Y P Q G R E G A R S N 8  

/Bgl I I  
t360 1370 1380 1390 1400 1410 t420  1430 1440 

ATCAA~AGGTTACAGA~AA~ATGGGATAAGAG~CAA~AA~(DGAAAGAT~GGAGGAAAAAGAT~T~CAGCA~AA~A~GAT~ 
Q Q V T D K R G I R A K E P K D L E E K D D D S R K D D E A  

1450 1460 1470 1480 1490 1500 1510 1520 1530 
~GGG~AGGA~TC~GTGATCATACCTGGT~CTGATGGACCATCTAC~C~CA~CA~AAAC~C~GT~CAATCAGGGT~AC 

G R R P C P V I I P G P D G P S T T H S Q T S G S N Q G G P  

1540 1550 1560 1570 1580 1590 1600 1610 1620 
~AGAGC`GGC~GGGAGTAA~GCAGTAGCCTGCT~CCAAGA~CTTCGAA~CTTrGT~TTTAAG~GGTAGA~T~T~AATCCAT 

E G P G S K S S S L L A K S L R R L C L L R R e n _ _ ~ d  

1630 1640 1650 1660 1670 1680 1690 1700 1710 
TGAGAAGATTTCGA~AGA~A~TATTCAGACGTAT~AGAACCTTC~AATTGTGGAGAC~TGA~GGGAAGA~AAAGGGTAACAA~ 

/ S a c l  CPPR3 

1720 1730 1740 1750 1760 1770 1780 1790 1800 
AACC~A~GAAGAGCTCCTCAAATGCCAA~C~A~AA~GAGTGTCTC~CAGTAGGGG~GTGCTTTGAGATAGCTTC~G 

1810 1820 1830 1840 1850 1860 1870 1880 
TTT~ATTA~TCATAGTTGACCTGTCT~C~AC~CCTTC~.TA-A-~TGCTTTATTTTTGCTTGCACCATC(A). 

). 

~TTCC~-3'(Ip94.40) 

ffIG. ~. The cDNA and amino acid sequences of rat CP94. The nucleotide 

sequence of the coding strand derived from cDNA clone 2p94.40 was residues 23- 

Ig64. The sequences of 1-22 and 1865-]883 were identified from the 
recombinants obtained by the RACE. The heterogeneity observed near the 3'-end 
is shown by branch lines. The cut t ing s i tes  of r es t r i c t ion  e nz yme s  and the 
posit ions of the syn the t i c  o l igomers  (CPPR] ,  CPPR2, and CPPR3) a re  also 
indicated.  The TAG stop codon is noted as 'end' and a pu ta t ive  polyadenylat ion 
signal is boxed. The sequence  will appear  in the DDB3, GenBank ,  and EMBL-GDB 
nucleot ide  sequence  da tabases  with the access ion no. D10866. 

195 



Vol. 186, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

KIC6$BOVINE 
KICISMOUSE 

RAT CP94 

K2C8$MOUSE 
K2CISHUMAN 

K]C6$BOVINE 
KICISMOUSE 

RAT CP94 

K2C8$MOUSE 
K2C]$HUMAN 

(Coil lb) 

a D d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

199: TIEDLKGQILTLTTDNANVLLQIDNARLAADDFRLKYENEVTLRQSVEADINGLRRVLDE 

1: LPHVSQSRARDLAAEHAR~ERQEAEAHGRLDEFRSKYENECECQLVLKEMLERLNKEADE 

149: YINNLRRQLEALGQEKLKLEAELGNMQGLVEDFKNKYEDEIQQRTEMENEFVLIKKDVDE 
233: F ...... GVDQ.KSDQSR.DS..K...DM...YR ....... NK..NA ..... T ...... G 

(Co i l  lb) Space r  2 
1 [ 

d a d a d d d d E d a a a a a a 

243: ...T.T ...... T ........................................... 
259: LTLSKSDLEMQIESLNEELAYLKKNNEEEMRDLQNVSTGDVNVEMNAAPGVDLTQLLNNM 

61: ALLNNLHLQLEAQFLQADISVAKDRYEKNLLEIQTYIT-ILQOIIQTAPQVSL- VTGGM 

209: AYMNKVELESRLEGLTDEINFLRQIHEEEIRELQSQIS-DTSVVLSHDNSRSL DMDGI 
293: ...T..D.QAK.DN.QQ..D..TALYQA.LSQM.T... E.N.I ..... N.QF--.L.S. 

(Coil 2) 

KIC6$BOVINE 
KICI$MOUSE 

RAT CP94 

K2C8$MOUSE 
K2C]$HUMAN 

S d . . .A.~ a d a d d 
303: . . . . . . . . .  R . .  E . ~ . . ~  . . . . .  iN-- "L . . .  d . . . . .  V . . . . . . . . .  - . . . .  ~ .  

3]9: RNQYEQLAEKNRKDAEEWFNQKSKELTT--EID SNIEQMSSHKSEITE-LRRTVQGLE 

118: REE KLLTEREVAALRNQ~DE-GREAVT--H~Q--AQKAELQAQTTALEQAIKHAHECYD 

266: IAE-VRAQYEDIANRSRAEAE TMYQIKYEELQTLAGKHGDDLRRTKTEISEMNRNINRL 
350: ...-.K..N .... QK.K .... -SL..S ...... IT..R...SV.NS.I .... L..V.Q.. 

(Coil 2) 

K]C6$BOVINE 
KICISMOUSE 

RAT CP94 

K2C8$MOUSE 
K2CISHUMAN 

,~ d d a d a d a a a a a a d d 

358: .S . . . . . . . . . . . . . . . . . . . . .  
374: -IELQSQLALKQSLEASLAETEGRYCVQLSQIQ-SQISALEEQLQQIRAETECQNAEYQQ 

172: DEIQLYNGQIENLRKEIEEAERSLERSSYDCR-QLAVAQQTLRNELDRYHRIIEIEGNR 

324: -QEIEALKGQRASLEAAIADAEQRGEMAIKDAQTKLAELEAALQPAKQDMARQLREYQEL 
408: RS..DNV.K.ISN.QQS.S ....... N.L...KN..ND..D...Q..E.LT.L..D .... 

FIG. 5. A l i g n m e n t  and  c o m p a r i s o n  o f  r a t  CP9# wi th  c y t o k e r a t i n s .  
KIC6SBOVINE,  bovine  c y t o k e r a t i n  type  I (c lass  613); K1C1SMOUSE,  m o u s e  type  1 
(59kDa); K2CSSMOUSE, m o u s e  t ype  II (c lass  8, EndoA); K2C1SHUMAN,  h u m a n  type  11 
(67kDa).  Amino  ac i d s  a r e  g iven  as  s ingle  l e t t e r  symbols ,  and  t he  r e s idues  of 
K1C6SBOVINE and K 2 C l S H U M A N  iden t i ca l  to KIC1SMOUSE and K2CSSMOUSE, 
r e s p e c t i v e l y ,  a r e  shown by ".". The  hep t ed  r epea t  p a t t e r n  of  c y t o k e r a t i n s  is 
no ted  by a (f i rs t  posi t ion)  and  d ( four th  posi t ion) ,  and  the  s t r u c t u r a l  
d o m a i n s  o f  c y t o k e r a t i n  a r e  i nd i ca t ed  above .  The  r e s idues  i den t i ca l  to 
K 1 C t S M O U S E  a n d / o r  K2CSSMOUSE in the  RAT CP94 s e q u e n c e  a r e  ind ica ted  by "*", 
and  c o n s e r v a t i v e  r e p l a c e m e n t s  a r e  shown by ":". Hydrophobic  a m i n o  ac ids  in 
f i rs t  and  fou r t h  pos i t ions  of  the  r e p e a t s  in t he  RAT CP9# s e q u e n c e  a r e  denoted  
by underlines, and a mot i f  in K IC1SMOUSE is shown by doublet l ine. The 
cytokerat in data were obtained from 5WISS-PROT. 

t h e  d a t a b a s e s ,  r e v e a l i n g  t h a t  t h e  c l o n e  w a s  p r e v i o u s l y  u n c h a r a c t e r i z e d .  

H o w e v e r ,  in  t h e  c a s e  o f  c o m p a r i s o n s  u s i n g  t h e  d e d u c e d  a m i n o  a c i d  s e q u e n c e  o f  

t h e  N - s i d e  r e g i o n ,  s o m e  h o m o l o g y  w i t h  t h e  d a t a  o n  m o s t  i n t e r m e d i a t e  f i l a m e n t  

c y t o k e r a t i n s  w a s  d e t e c t e d .  T h e  a l i g n m e n t  a n d  c o m p a r i s o n  o f  t h e  p r e d i c t e d  a m i n o  

ac id  sequence encoded by the 5 ' - s ide  par t  o f  CP9# c D N A  w i t h  r ep resen ta t i ve  

t ype  I and II c y t o k e r a t i n s  is shown (Fig. 5). This reg ion  of  CP9# was 

ca l cu l a ted  to  be 19.~% and 21.7% homologous to  mouse c y t o k e r a t i n s  of  t ype  I 

59kDa (K1CISMOUSE in SW1SS-PROT) and t ype  II class 8 EndoA (K2CgSMOUSE) 
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spec i e s ,  r e s p e c t i v e l y .  The  v a l u e s  w e r e  i n c r e a s e d  to  27.7% and  2%9% w h e n  t h e  

l i m i t e d  s e q u e n c e  f rom ~2Leu to  76G1 n was  used fo r  ana lys i s .  Using t h e  

s e q u e n c e ,  t h e  i d e n t i t y  to  va r i ous  s p e c i e s  of  c y t o k e r a t i n  was  c a l c u l a t e d ;  

b o v i n e  t y p e  I c l a s s  6B (27.7%; K]C6SBOVINE) ,  m o u s e  t y p e  I c l a s s  10 (29.2%; 

K ] C J S M O U S E ) ,  s h e e p  t y p e  I c l a s s  8 C - ]  (30.2%; K1M1SSHEEP) ,  h u m a n  t y p e  I c l a s s  

]8 (28.1%; K 1 C R S H U M A N ) ,  f rog  t y p e  I (26.2%; K ] C 4 S X E N L A ) ,  h u m a n  t y p e  lI 67kDa  

(22.7%; K 2 C ] S H U M A N ) ,  m o u s e  t y p e  II 57kDa (24.5%; K2C3SMOUSE) ,  b o v i n e  t y p e  II 

c l a s s  8 (25.9%),  s h e e p  t y p e  II (24.2%; K2M1SSHEEP) ,  and  f rog  t y p e  ll 

c y t o k e r a t i n s  (20.9%; K2CSSXENLA) .  F u r t h e r m o r e ,  t he  m o t i f  

2 ~ 2 D N A R L A A D D F R L K Y E ( N E  ) s e e n  in t h e  coi l  l b r e g i o n  of  m o u s e  59kDa c y t o k e r a t i n  

(Fig.  5, K 1 C ] S M O U S E )  is h igh ly  c o n s e r v e d  w i th  l i m i t e d  v a r i a t i o n  a m o n g  va r i ous  

t y p e  I c y t o k e r a t i n s  (12), and  n ine  of  t he  ]7 a m i n o  a c i d s  (52.9%) in t h e  m o t i f  

w e r e  c o n s e r v e d  in t h e  c o r r e s p o n d i n g  r e g i o n  of t h e  CP9t t  s e q u e n c e .  M o r e o v e r  t he  

s e c o n d a r y  s t r u c t u r e  of  CP9t~ p r e d i c t e d  by t h e  m e t h o d  of Chou  and  F a s m a n  (13) 

r e v e a l e d  t h e  a - h e l i c a l  c o i l e d  s t r u c t u r e  w i t h  7 - r e s i d u e  r e p e a t ,  as  is g e n e r a l l y  

o b s e r v e d  in t h e  c y t o k e r a t i n  s t r u c t u r e  (14): in t o t a l  51 f i r s t  (a) and  f o u r t h  

(d) pos i t i ons  of  7 - r e s i d u e  r e p e a t s  of  t h e  l i m i t e d  s e q u e n c e  of  CP9tt  f r o m  Leu ~ 2 

to  Glu L 92 p r e d i c t e d  by t h e  a l i g n m e n t  w i t h  m o u s e  t y p e  I 59kDa c y t o k e r a t i n ,  38 

pos i t i ons  (7t~.5%) w e r e  o c c u p i e d  by h y d r o p h o b i c  a m i n o  ac id s  (Ala,  Gly,  Ile, 

Leu,  Met ,  Phe ,  and  Val); e .g . ,  of  t h e  Ala  used  21 t i m e s  in t he  s e q u e n c e ,  7 of  

t h e m  (33.3%) a p p e a r e d  in t h e s e  s p e c i f i c  pos i t i ons .  S imi l a r l y  15 of  t h e  Leu 

used  26 t i m e s  (57.7%) and  7 of t h e  Ile used  l0 t i m e s  (70.0%) o c c u p i e d  t h e s e  

pos i t ions .  S e v e r a l  r e s e a r c h e r s  (15, 16) p r ev ious ly  r e p o r t e d  t h a t  l ens  ce l l s  

w e r e  n e v e r  s t a i n e d  w i t h  a n t i - k e r a t i n  a n t i b o d i e s ,  n o t w i t h s t a n d i n g  t h e  f a c t  t h a t  

l ens  ce l l s  a r e  c o m m o n l y  c l a s s i f i e d  as  ' e p i t h e l i a l ' .  The  g e n e  i d e n t i t y  b e t w e e n  

CP9tt  and  c y t o k e r a t i n s  is low as  a who le ,  and  we f e e l  i t  d i f f i c u l t  to  s u g g e s t  a 

g e n e t i c  c o r r e l a t i o n  b e t w e e n  t h e m  a t  p r e s e n t .  H o w e v e r ,  i t  is c o n c e i v a b l e  t h a t  

CP94  is e x p r e s s e d  i n s t e a d  of  c y t o k e r a t i n  dur ing  lens  f i b e r  ce l l  

d i f f e r e n t i a t i o n .  In t he  Elo m o u s e  lens ,  t h e  s i ze  of  t h e  CP94  m R N A  t r a n s c r i p t  

is a p p a r e n t l y  n o r m a l ,  bu t  i t s  a m o u n t  is v e r y  s m a l l  (Fig.  3), and  i t s  

t r a n s l a t i o n  is t h o r o u g h l y  s u p p r e s s e d  (5). It is s t i l l  u n c l e a r  w h e t h e r  a d i r e c t  

c o r r e l a t i o n  e x i s t s  t h e r e  b e t w e e n  t h e  a b n o r m a l  CP9t~ e x p r e s s i o n  and  t h e  m u t a t e d  

locus ,  Elo, bu t  t h i s  unusua l  g e n e  e x p r e s s i o n  m a y  c a u s e  t he  d e f e c t i v e  

e l o n g a t i o n  and  t h e  fo l l owing  d e g e n e r a t i o n  of  t h e  f i b e r  ce l l s  o b s e r v e d  in t h e  

b o r d e r  a r e a  of  c o r t e x  and  n u c l e u s  in t h e  Elo m o u s e  l ens  (17, 18). 
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