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Two forms of insoluble protein have been isolated from the rat lens
bassd upon their solubility in 7M urea, The ursa solubls form, found mainly in
the cortex of the lens, contains nearly equal lsvels of alpha and gamma crystallins,
and appsars to be associated by hydrogen snd hydrophobic bonds, The urea
insoluble form, found mainly in the nucleus of the lens contains mostly gamma
crystallin, and is held togesthsr by covalent linkages, such as S5 bonds, The
data strongly indicates that nuclear scleresis during aging is due to ths conversion
of the urea-soluble form to the urea-inseluble form in the nucleus depsndent upen
these factors: dehydration, SH unmasking, pressure, snd gamma crystallin content,

As e consequence of aging, lenticular slasticity and transparency are
reduced, This change in the lens is accompanied by a more rapid increase in the

level of the insoluble protsins than of ths soluble proteins (Figure 1).
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Figure 1, Changes in rat lens protein lavels with age, Preteins were

estimated by the Lowry method (15),

* This investigation was suppoerted by the Rochester Eye Bank Sociaty and
U.5.P.H.5, Grant number NB-08360-01
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Fulhorst snd Young (1) have shown that insoluble lens proteins are derived from
preaxisting soluble protsins, and not from newly synthesized materisl, fany
workers hsve alasc raperted that alphe crystsllin is the scluble protein most clossly
relsted to the insoluble fraction of the cow lens (2,3,4), while othsrs have
reported that ths insoluble fraction of the rat lens closely ressmbles gsmms crystallin
(5,6,7). Recent immunochemical studies (8) have shown that the insoluble fraction of
both species contains both of these soluble proteins, with slphes predomineting in
cow lens and gammapredominating in rat lens, Bets crystallin slso aeemsd to be prssent
in both insoluble proteins,

| The spparent discrepsnciss betwsen the composition of cow end rat lens
insoluble proteins wers at least partly relsted to differences in preparative
procedures. In the ces studiss, the ™ ures solubilized portien of the watsr insoluble
frection was used for snalysis. An ineoluble residus was left which was not

qusntitated or charecterized, In the rst studieé, the whole water insoluble frection

was disselved by sulfonstion of SS and SH bends which produced s completely water
soluble praduct. In the present werk both procedures ware combined te obtain twe
poertions of the total watsr insoiuble protein {TIP) on the hasis of selubility in
7 M urea,

After hemegenization of Holtzmenn rat lsnsses in water and remeovel ef ell
remaining scluble pretein by repeated resuepensian and recentrifugation at 2000 rpm
st 100C, the TIP was suspended in M urea fer % hr end the 7% ures seluble (US)
portion was rameved by centrifugatisn (100,000 xg fer 3 hr). The restdus , er ™
ures insoluble portien (UI) waes seolubilized by treatment with Beiley's reegent
(so3, 5406, M urea, pH 9,9) which sulfenated ell SS and SH groupe, Additien of
mercaptoethancl te tha solubilized UI fractien rasulted in refermation ef an
insoluble product. The US fraction therefore represents s nencevalently linked,
weakly assscisted protein aggregate, probsbly held taegether by hydregen bends and
hydrephobic attractions, whereas ths Ul frection is firmly held togethar by streng
cevalent bends, such as SS bridges and by others net as yst characterized. Changes

in the relative amounts of thesse twe portions of the TIP of rat lenses are shown in
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Figure 2. Changes in rat 1lsns insoluble proteins (US and Ul) with ags,

Proteins wsre estimated by the Lowry method (15).

Figure 2, The mest rapid change takes place bstween 5§ and 10 weska of age, when

the predominance of US in lensas of the youngsr animals is replaced by a presdeminance
of Ul in the older animals, Coincidental with this fairly abrupt changsover is the
slowdown of gamma crystsllin synthesis which results in a drop of gamma crystallin
lavsl to below 50% of the total soluble protein., Loss of the ability ef the laens to
cloud at temperatures beslow 10°C also occurs precisely at this age (5), a fact which

emphasizes the marked decrease in the lsvel of soluble gamma crystallin,
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Figure 3, Changss ih cortical and nuclear protein levels with msge, Proteins
were sxtimated by the Lowry method (15).

During aging of the lens a hard central nucleus forms, As seen in Figure 3

the ratio of total lens cortex protein ts total rucleus protein changes from 2.3
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in 6 week old rats to 0.8 in 52 week old rats. The figure further illustrates that
during this intsrval the amount of soluble protein in the cortex drops below the
smount of insoluble protein in the nucleus. During this time the US drops from 85%

of the TIP in the nucleus to only 25% of TIP, concomitant with an increase of Ul

from 107 to 65% (Figure 4), It seems clear that the increase in size and hardness of the
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Figure 4, Changes in cortical and nuclear US and UI distribution with age,

Proteins were estimated by the Lewry method (15),

Table 1

Aminoc Acid Analyses* of Rat Lens Sulfo-Proteins

Amino Acid Urea Ureea Gamma Alpha
Insoluble Scluble Crystallin Crystallin

{u.1.) (u.s.)

Residues of Amino Acid per 1000 Residues

Lysine 23 31 25 42
Histidine 35 30 35 30
Arginine 119 102 111 73
Aspartic Acid 107 102 106 97
Threonine 27 31 30 35
Serine 80 108 76 107
Glutamic Acid 137 130 127 110
Proline 49 56 48 73
Glycine 89 89 87 74
Alanine 25 38 29 39
Valine 43 50 50 63
Fethionine 30 15 30 15
Isoleucine 36 36 36 39
Laucine 72 75 70 87
Tyrosine 81 58 83 8
Phanylalanine 44 49 57 7

*Hydrolysed at 110°C; 24 hrs.; 6N HCL *
Avasrage of two determinations,
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lens nucleus closely accompanies ths accumulation of ursa-insoluble at the sxpense of
urea-soluble protein,

Preliminary identification of the protsins present in the US and Ul
fractions by amino acid compesition analysis (Table I) indicates that Ul is nearly
100% gamma crystallin while US is approximately SO% gamma and 50% alpha. A
small amount of beta contamination has caussd the values for glutamic acid to be
higher than thoss of both alpha and gamma crystallins, When the values ef gamma
and alpha crystallins in 52 wesk old rat lenses were detarmined by ultraviolet
absorption anelysis (Figure 5), cortical US appears to contain only alpha;
nuclear US contains 60% gamma; cortical UI contains 70% gemma; and nuclear UI is
80% gamma crystallin, A similsr relationship of alpha to gasme crystallin in US
and Ul saxists in 6 wesk old rat lens cortex and nucleus as well, Separations of
US and Ul on Sephadex C 100 chromatography have indicated similar relationships

betwusen gamma and alpha crystallins in the insoluble subractions, The presence
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Figure 5. Ultraviolet analysis of alpha and gamme crystallin levels in rat

lans nucleus and cortex. Points (closed circles) were obtained by
calculating the Ei Mvalues st 280 mp of mixtures ef purified S-alpha
and S-gamma crystallins, The US and Ul extinction values are marked
aleng the curve with x's,
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of both alpha and gamma crystallin in the US and Ul fractions wss also shown by
immunoslectrophoresis (Fiqure 6).

Sclerosis of the nucleus of the lens sppears to be a two step process
whereby the lsns solubles proteins are first convertsd into a weakly associated
loose gel in the cortical region of the lens, With aging, the cortex is compressed
into the nucleus where the loossly associated gsl is converted into a firm tight
gel., The loose gel of the cortex is composed mainly of the urea-soluble fractien,
and seems to be made G4p of approximately equal levels of alpha and gamma crystallins
held together by hydrogan and hydrophebic sttractions, The tight gel of the
nucleus, mainly urea-insoluble pretein, consists mainly of gamma crystallin and is

held togethar pertly by SS bridges., Formation of the firmly-bound gsl structure

U.S.

Figure 6, Immunselectrophoretic analysis on 1% agarese of a) US and b) UI
fractiens of rat lens proteins, Antisera te alpha and gamma
crystallins were prepared by subcutaneous injections of DEAL-
cellulose-purifisd antigsns inte rabbits in Freund's adjuvant.
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seams to depend upon the sstablishment ef the weakly bound gel first, so that greups
which must combina to form the firm gel can interect with each other as tims passes,
or as other ferces bring them into proximity, Factors which may bs involvsd in the
conversiocn of the US to Ul could include: the exclusion of waster surrounding reactive

groupss ths exclusion of SH masking or exchanging molecules, such as glutathions

which is known to be pressent at higher levels in the lens nucleus (9); a changs in
felding of protein molecules which exposes more rsactive groups due to pressure én
the protein gel in the nucleus resulting from decreassd lens cepsule elasticity and

increasing lens volums,

The discussion above is censistent with the idea that gamma crystallin
is the soluble protein whese properties predicaeta ures-inseluble protein formstion,
It has the greatest SH content of all the seluble lens proteins; it seems to possess
e high S° fres radicsl content even without previous irradiation (10), it is present
in the nuclsus et much higher levels than in the cortex; its structurs (11),
(i.e; low helical contsnt) and high apoler amino acid content weuld ensble eesy
association with alpha crystallin and with itself to ferm aggregates, Studies have
been reported in which gamma crystallin aggregates to inseluble products asz a rssult
of the oxidation of SH to SS (12,5). It is alse shown in this repert that with
aging the lavel of gamma crystallin in the seluble phase of the lens is markedly
depressed (10). All of these facts emphesize the importance of gamma crystallin in
the process of nuclsar scleresis, Further importance of gamma crystallin in nuclear
sclerosis is illustratsd in the chicken lens, which has no gamma crystallin, low
SH contant, and no hard central nucleus, even in old age. Recent studies indicate
that only trace amounts of Ul are present in even the eld chicken lens.

This schems of nuclear sclerosis applies perfectly well to tha human lens,
The work of Pirie (13) and of our group (14) indicates that the urea insocluble pebtdon
of the water inseluble pretein of human lenses also centains the gamma crystallin
which appears to be lost from the soluble phase of ths lans with aging, In the

tuman lens, however, a much higher slpha crystallin content has been found in both
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the urea soluble and urea insoluble porticns of the water insoluble protein than in
the rat, This further emphasizes the quantitative rather than qualitative differences
betwsen the compodtion of the insoluble protein of the lenses of differsnt species,
and the relationship betwsen the inscluble fraction and soluble protein distribution,

In the human lans other types eof bonding betweesn protein molaculas which are not yet

fully characterized appear to be as important as the formation of SS bridges,
Theee other types of bonding are probably between oxidized phanolic groups of
the tyrosine residuss which are found in abundance in gamma crystallin, Such

oxidative products seem to cause the ymllow te brown coloration of human lenses.
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