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Quanti tat ive and quali tat ive changes in the prote ins  and lipids of the lens and also in its c o r -  
tex and nucleus were  detected.  Four  c rys ta l l ins ,  differing sharp ly  in mo lecu la r  weight, and 
not homogeneous,  were  identified. The choles te ro l  f ract ions in the c rys ta l l ins  were  studied 
and the c h a r a c t e r  of the connection between their  prote in  and lipid p a r t  elucidated.  

Changes in the pro te in  composi t ion of the lens during ontogenetic development  have been descr ibed  
[2, 3, 5, 6, 8, 10]. Conflicting r e su l t s  have been obtained regard ing  the cho les te ro l  content in the lens [7, 9]. 

The object  of the p r e s e n t  invest igat ion was to study quantitat ive changes in the content of c rys ta l l ins  
and cho les te ro l  in the l i p i d - p r o t e i n  complexes  of the total ly t r anspa ren t  lens and its co r t ex  and nucleus 
depending on age, and to examine the c h a r a c t e r  of the connection between its p ro te in  and lipid pa r t s .  

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

The exper imenta l  m a t e r i a l  cons is ted  of 63 t r anspa ren t  lenses  taken in t r acapsu la r ly  not l a t e r  than 12 h 
a f te r  death of pe r s ons  aged f rom 21 to 115 y e a r s  dying suddenly or  accidental ly.  To isola te  c rys ta l l ins  f rom 
the wa te r - so lub le  pro te ins  of the lens, a sl ightly modified vers ion  of method [4] was used; namely  that to 
de te rmine  the homogeneity of the f rac t ions  isolated by gel f i l trat ion,  po lyac ry lamide  gel was used instead 
of a f a r .  Dens i tomet ry  of the gel columns containing c rys ta l l ine  was c a r r i e d  out on a modif ied MF-4 m i c r o -  
pho tome te r  with automat ic  r e c o r d e r .  Total  prote in  of the homogenates ,  superna tan ts ,  and c rys ta l l ins  was 
de te rmined  by Lowry~s method [9]. The solutions of c rys ta l l ins  obtained were  dr ied lyophil icaIly and used 
for de terminat ion  of the i r  cho les t e ro l  f ract ions [1]. The di f ference  between the total  cho les te ro l  and the 
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Fig. 1. Gel Nitrat ion o f w a t e r - s o l u b l e p r o t e i n s  
of the t r anspa ren t  lens f rom pe r sons  of d i f fe r -  
ent ages:  I) o~ l e rys ta l l in ;  II) ~2 c rys ta l l in ;  IID 
fi c rys ta l l in ;  IV) - / c r y s t a l l i n ;  thick continuous 
line age 21; broken line age 64 ;thin continuous 
line age 83 y e a r s .  

loosely-bound component  const i tuted the f i rmly-bound  
choles tero l ,  and when exp re s sed  as a pe rcen tage  of the 
total  cho les te ro l  it gave the coeff icient  of f i rmne s s  of  
its bonding with p ro te ins .  

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

The resu l t s  o f  gel f i l t ra t ion and distr ibution of the 
c rys ta l l ins  of the wa te r - so lub le  pro te ins  of the lens by 
molecu la r  weight a r e  shown in Fig. 1. The w a t e r - s o l u -  
ble pro te ins  of total  ex t rac t s  of the t r a n s p a r e n t  lenses  
cons i s t  of four components :  subfrae t ions  ~1 and ~2 of 
h igh-molecu la r -we igh t  a c rys ta l l ins ,  and the l ow-mole -  
cu la r -weight  fl and ~ c rys t a l l in s ,  d is t r ibuted in a c c o r -  
dance with molecu la r  weight. The f i r s t  f rac t ion  Muted 
f rom the gel column cons is ted  of h igh-molecu la r -we igh t  
c rys ta l l ins  with a s m a l l e r  elution volume,  followed by 
the low-molecu la r -we igh t  components  with a la rge  
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Fig. 2. Ver t i ca l  m i c r o e l e c t r o p h o r e s i s  of wa te r - so lub le  pro te ins  of 
t r a n s p a r e n t  lens f rom persons  of different  ages in po lyac ry lamide  
gel (densi tometry) .  I: e l ec t rophores i s  mobil i ty;  A) h igh -molecu la r -  
weight e rys t a l l i n s ;  B) l ow-molecu la r -we igh t  c rys t a l l in s ;  I) age 52 
y e a r s ;  II) 64 y e a r s ;  III) 76 y e a r s ;  IV) 90 y e a r s .  

Fig. 3. Ver t i ca l  m i c r o e l e c t r o p h o r e s i s  o f c ry s t a l l i n s  f rom thehuman  
lens in po lyac ry l amide  gel (densi tometry) .  I) ~1 c rys ta l l in ;  II) ot 2 
crys ta l l in ;  III)/3 c rys ta l l in ;  IV)3' c rys ta l l in .  

TABLE 1. Content of Crys ta l l ins  (in percent)  in Wate r -  
Soluble P ro te ins  of Human Lens Cor tex  and Nucleus 

Crystallins 

I 
In lens cortex I In lens nucleus 
(in ~7~o) [. (in %) 

M+_m [ • M --4~rn -~0  

50,6-t-3,6 8,18 
28,8-+3,3 7,54 
15,8+_1,9 4,18 
5,9~1,7 3,60 

43,2• t 11,9 25,2• 6,2 
26,6+_8,8 19,7 
6,1_1,87 3,7 

IStatistf-- 
calsfg- 

t nif[cance 
(P) 

1,23 } >0,05 
0,80 >0,05 
1,20 >0,05 
0,08 

elution volume.  The r e su l t s  also showed that, with advancing age, there  is a tendency for the peaks  of the 
subfrac t ions  of ce c rys ta l l in  to merge ,  and also some  dec r ea se  in the elution volumes of the c rys ta l l ins ,  
which is conf i rmed  by e l ec t rophores i s  of the lens pro te ins  of pe r sons  of different  ages in po lyac ry lamide  
gel.  The re  is a tendency for  the connection between the subfract ions  of ~ c rys ta l l in  and/3 c rys ta l l in  to be 
increased ,  while at the s a m e  t ime the i r  e lec t rophore t ic  mobil i ty  is reduced  (Fig. 2:11 > 12 > 13 > I4). 

High-vol tage  disk m i c r o e l e e t r o p h o r e s i s  of the c rys ta l l ins  isola ted byge l  f i l t ra t ion showed (Fig. 3) 
that  they a r e  not homogeneous.  The f i r s t  subfract ion {al) of the h igh-molecu la r -we igh t  ~ c rys ta l l in  con-  
s i s ted  of th ree  and the second of one to two components .  The 13 c rys ta l l ins  cons i s t s  of five to seven com-  
ponents.  Since the 7 c rys ta l l in  has an opposite e l ec t r i ca l  charge ,  this pro te in  migra ted  toward the cathode 
and thus was not p r e s e n t  on the column. A study of the re la t ive  content of e rys ta l l ins  in total  ex t rac t s  of 
the wa te r - so lub le  pro te ins  of the lens showed that  the c.ontent of the ~1 subfrac t ion  of the h igh -mo lecu l a r -  
weight ~ e rys ta l l in  i nc reased  f r o m  30% at age 21 y e a r s  to 54% at age 83 y e a r s ,  while the content of the 
~2 subf rac t ion  of this c rys t a l l in  was doubled during the s a m e  per iod  (from 12.6 to 26.1%). The re la t ive  
content  of l ow-molecu la r -we igh t  c rys ta l l ins  ~3 and 77 showed a tendency to dec rease .  For  example,  the 
content  of/3 c rys ta l l in  at  ages f rom 21 to 83 yea r s  fell by half (from 30 to 15%7, while the content of 7 c r y s -  
tal l in during this s a m e  per iod  fell f r o m  27.4 to 5.1%. 

The number  of f rac t ions  of wa te r - so lub le  pro te ins  in the cor tex  and nucleus of the lens and their  
distr ibution by mo lecu l a r  weight on gel f i l t ra t ion were  found to be identical.  No c l ea r  subdivision between 
the subfrac t ions  of ~ c rys ta l l in  in the lens nucleus could be obtained. The re la t ive  content of c rys ta l l ins  in 
the wa te r - so lub le  pro te ins  of the lens cor tex  and nucleus is given in Table 1. Despite the apparent  d i f fe r -  
ence in c rys ta l l in  content  in the cor tex  and nucleus of the lens,  this d i f ference  is not s ta t i s t i ca l ly  significant.  
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TABLE 2. Content of Cholesterol  F r a c -  
tions in Cryst~Il ins of the Human Lens 
and Coefficient of F i rmness  of Its Bond- 
ing with Proteins  

[Looseiy-[Firmly- Coefficient '- 
:holes- Total [bound [bound [of firmness 

,Crystallins ~erol(in [tholes- }choles- tof cholestrol 
mg%) ]terol(in [I.erol ~,[binding With Img%  I ln g v/~ ,rotoi s 

a 1 2 128-+-27 1 549__+70 579 26,0 
1 493-t-35 I1 214• 279 18,7 

~2 323• 259_.+8 64 19,0 
42 ? 210~20 168_17 20,0 

This is because of the wide range of variat ion in individual 
content of crystal l ins ,  a par t icu lar ly  charac te r i s t i c  feature 
offl crystal l in,  for which it may amount to • This evi-  
dently depends on the degree of sc le ros i s  of the lens. With 
age, a gradual  accumulation of total choles terol  takes place 
in the human lens, but this increase  only becomes significant 
after  the age of 71-80 yea r s ;  at ages of more  than 90 yea rs ,  
no increase  in the content of this lipid is observed.  There is 
a comparat ively  wide range of variat ion in the cholesterol  
content within each age group and between individual decades. 
The total cholesterol  content in the water-soluble  lipoproteins 
of the lens nucleus was found to be 2.4 t imes higher than in 
the cortex,  and this evidently ref lects  different conditions of 
metabol ism in these par t s  of the lens. 

To study the quantitative and qualitative relationships between the protein and lipid par ts  of the water-  
soluble complexes of the lens more  closely,  the cholesterol  fractions were determined in the s t ruc tura l  
units Of the lens f ibers,  in the erystal l ins  themselves .  So far, in the l i terature,  they a re  spoken of as npure" 
proteins .  However, the presen t  experiments showed that erystal l ins  are  also found in combination with 
cholesterol .  Data for the quantitative content of choles terol  fractions in the crys ta l l ins  of the human lens 
in persons  over 40 yea r s  old, and the charac te r  of the connection between the protein and lipid par ts  of the 
erysta l l in  complexes are  given in Table 2. The content of individual choles terol  fractions bound with the 
crysta l l in  proteins shows that the content of this lipid is direct ly  proport ional  to the molecular  weight of the 
crysta l l ins ,  in this case ,  mos t  of the lipids are  represented  by loosely bound cholesterol .  The coefficient of 
f i rmness  of cholesterol  binding with proteins was found to be independent of molecular  weight and to have a 
mean value of 20.9. Consequently, with increase  in age there  is a quantitative change in the l ip id -p ro te in  
complexes of the human lens, reflecting the qualitative state of the protein components,  as well as possible 
conformational  changes in the crysta l l in  molecule. Data relating to aggregation of crys ta l l ins  with age con-  
f i rm the likelihood of these changes. The increase  in the number of bonds between the erysta l l ins  and in 
their  lipid content evidently decreases  the number of active groups of the protein molecule and this, in 
turn, reduces the ra te  of its se l f - renewal .  

These biochemical  changes are  manifested as a disturbance of the plast ici ty of the lens t issue and 
this is expressed as a dec rease  in its power of accommodation.  
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