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INTRODUST TOK

Part I

in order te understand the lens proteins it is neces-
sary to examine not only the historicsl development of the
current goncepte sf the protein’s structure, but also the
envirenment in which these particsuler proteing exist,

The lene is formed from the purface ectoderm of the
embryo and grows until, at maturity, it looks ekin to the
lens in Pipgure 1. From this stage, all further growth is
producad by cell division of the single layer of epithelium
and subseguent elongation of these daughter cells, As the
céllg elongate they curve arsund the deeper and oldsr fors
mations towards the anterior and posterior eurfaces., These
elongated celles are referred to as lens fibers, and as
they are displaced towards the nucleus by newer cells, the
nlder fibera lose their nuclei, Thue the fibers appesr
to "migrate™ intc the lens nucleus. The division between
ecortex and nucleus is not anatomicel, for thers ir no sep
arating membréne or cell layer, Rather, the division ig
operational, as the two are usually separated by differencees
in solubility,

The lens is distinguished from other organs by three
characteristic features (44}, fince it ie fed by no blood
vesgela, it 1s well iseolated. All chemical subatances necw-

sgsary for its existence and maintensnce must reach it by



Pizure 1, Diagrammatic representation of the len

in cross-section,
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diffusion or "active transport® through the lens cansule
from the surrounding ajgueous or vitrssus humor, Secondily,
the embryonlo origin of the lens is solely epithelial tise
sue, thus the lens represents a culture of epithelial sells,
The final distinguishing feature is that the lens never ceaw
ses to grow, since none of the older cells are discarded,

Ap was previously described, ﬁhe nlder =2ells "migrate®
t@#nrdg tﬁm nucleus as the new cells are produced, with &
resulting ineresse in density of the lenms, Vhile grnith
does uonﬁinua throughout the lifetime of the organiss, the
growth rate sctually degreases with are, The significance
of continued gfuuth and smbryonic homogeneity iz vet une
¥nown, but & theory has been npmposed a8z to the elfect of
isplation of the lens on the leng proteins, Thie theory
will be discuseed later, |

Although most credit ic given to 4,7, MSrner for the
discovery of preteins in the lens, it was actually Derzelius
who, in 1830, found & provein fraction which he desigated
as eryestallin {(l}. It was up to Mormer, hawavér, to isolate
various fractions of the lens erystallin (29}, end from
his work haw come the classical definitions, He found two
soluble protain groups #nd an insoluble one, the latter
being designated albuminoid. The first of the soluble
fractions, which he called alpha erystellin, war defined

a8 that protein which precipitated atv approximetely pH L8,
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when the resulting supernstant was raised to & pH of 6,0,
a second protsin fracuion precipitated; it was desisnated
beta oryvatallin,

There was ther & lapse of thirty-threes years before
Burky and “ocods, in 1928, defined & third orystallin frace
tion {14,15). They, too, leoluted the alphs and beta frueo-
tions by iscelectyrie precipitation; but whan the finel
nup-rﬂ&ﬁmnt was trested with ammonium suifave, 8 third pro-
tein fraction was found to precipitate, This frection was
dgesimmated by them se gumme orvetallin., Tt is these three
clagsifications; slpha, beta, and gemma crvetalilin, which
are in use today.

Then for a number of vears interest in the probiem
slacksd with but few publictions (16, 23, 26, 31). It
wae not until 1955 that Freno®is, Rabeey, and “ieme start-
ed the inquiry anew with 2 paper alsctrophoretic analyeie
of the lens crvstallin of oxen {(21). Thess investigators
divided the lens inteo two parts, nucleus and cortex, and
analysed sagh senarately, They found alpha crystallin to
ba the fastest ﬁ@?iﬂ&, gamma the slowest, and heta arvee-
tallin intermediate, The isolation of nuclear zlphe oryse
tallin was at pH 5, se per Woods and ﬁufky?m technique,
but Francois found that after precipitating cortisal alpha
erystallin et pH 5 {&lphe) cortex}, the sddition of athanel
to the ﬁugérnmhant resulted in another precipitatve, which

he designaved slphas erystallin. Upon electrophoresis
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both alpha eryetallins sigreted together., The slectroshore
etiec pattern of the bets erystallin from both nucleus and
cortex showed two componente, Thus the first indication,
albeit poerly substantiated, »f any Jifference betwesm nue
claar and corticsl proteins., Molesulsr weights of the come
bined alpha erystallins und of the heavier comoonent of beta
erystellin were determined by light scsttering to be 1,2 x
lﬁﬁ and 200,000 respectively.

The conclusion that iesnik resched after dolns sede
imentation analyses on both @lph&l and alpha, as nrepared
by the above method, was that the addition of alethel did
not preeipitate 8 different protein frastion, but rather
was peeded for complete precipitstion in the first place
{35). He found that both slpha erystallina from culves' lens
had identicsl sedimentation constente, and that the recipe
roeal of the sedimentation ceefficient of either crystallin
aid not vary with the concesntration of praﬁ&in. In addition,
the molecular welght wes valculated from sedimentation and
diffusion and from light scattering data, Valusse of 1 x 106
and 1.5 x 1@6 vere oblained respectively, which is in eclose
agrosment to the values oblained by Franeois, ibout 2
ysar later & new method was used to igolate alpha crystele
lin from bovine lenses, Hloemendal and Ten Jate emploved
starch-sone slectrophoresis to isolatvae proteins om which

l=terminal amino acid studies ware subgecuently dome {6},
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Using Senger's FUNB method they found glutamic acid to be
the major N-terminal residue of alpha, beta, end gamma cry-
stalling; thue indicating & similarity or possible relation-
ship between the three fractions. In & work published a
year later these same two investigators eonfirmed their
previous results that gintamic acid was indeed the predom-
inant l-terminal residue in all fractions (T). In an exper-
iment desipned to determina the effect of iseo-electric
precipitation upon alpha crystallin, ultracentrifusl studies
were done on protein prepared by iscelectric precipitation
and on protein iscolated by zone electrophoresis. It was
found that iscelectric precipitation did indeed change the
ultracentrifugal pattern, so any further isolation would
have to be done by ather methods. The zone elsctrophoresia
also indicated that the protein was heterogeneous, possibly
being composed of different aggregations of the same pro-
tein subunit. In addition they studied the effect of pH
upon alpha crystallin employing the Tiselius electrophor-
esis apparatus, The conclusion reached was that between
pH's 4.2 and 8.9 there is no change in the molecule, but
at more extreme pH values the protein becomes labile.

In another study on the effect of pH upon alpha crys-
tallin, Hesnik and Kentoy as had Bloemendal, found that
at pH's below 4.5 some change _u the protein is achieved
{36}. They studied the intrinsic viscosity and sediment-

ation pattemms and were lead to the conclusion that the
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molecule may split into two subunits at low pH's and small
ionic strengths.

Bjork, in 1960, used vertical éolumn zone electrophor-
esis employing cellulose ag the aﬁpporting medium to sep-
arate the fractions from whole lens proteins (2). The pH
used was 8.0 and under such conditions three fractions are
isolated., When examining these fractions by free electro-
phoresis under the same conditions, the slowest moving
fraction {III) preeipitates, thus the mobility of this frac-
tion remained unknown. Ultracentrifugsl analysis of the
other two fractions showed one to be homogeneous with a
sedimentation coefficient of 18.36 (I), while the other
{(I1}) was heterogeneous. The sedimentation coefficient of
the fraction with highest electrophoretic mobility (I)
indicates that it is alpha erystallin. Precipitation of
fraction III at pH 8.0 would argue for the fact that it is
gamma crystallin, for the isoelectric point of gamma c¢rys-
tellin is close to pH 8., The fraction with intermediate
electrophoretic mobility was sssumed to be beta crystallin
since the ultracentrifugal pattern indicates multiple sede
imentation coefficients of the order of magnitude pre-
dicted for molecules of approximately 200,000 molecular
weight. |

One of the puzzling results of some investigators is
the ability to resolve &s many &as thirteen different com-

ponents from the lens proteins. Work has been done by



9
Spector (39) using ion exchange chromatography, by Perry and
Koenig (33) and Rupe (37) using electrophoresis, and by
Manski (28) ueing immunoelectrophoresis, in which ten,
thirteen, eight, and ten components were found respectively
in the whole lens nroteins., The significance of the great
number of fractiones, if they are indeed true fractisns, is
ag yet unexplained.

Yet another paper Indicating the numerous possible
fractions or aubunits}af alpha erystallin is that of Pape
aconstantinou, Resnik, and Saito (32). By eluting the
soluble lens preteins through a diethlaminoethyl —~cellulose
{DEAE )} column they obtained four fractions of alpha crys-
tallin. In support of this result they also obtained four
bands of alpha crystallin using the agar diffusion tech-
niques of immunochemistry. DzAlL chromatography also showed
a difference between nuclear and cortical lens proteins,
This difference was not in the number of fractions, but
rathér in the proportion of the total that each fraction
represented, In éddition, they found by sedimentation
- analysis that alpha crystallin was split irreversibly in
half at low pH.

The idea that alpha crystallin was composed of some
sort of subunit was furthered by the work of Bon in 1961
(o). He unalysed the cortical lers extract by ultracentri-
fugati&n and electro-horesis and found three sedimentation

and two electrophoretic boundsries. By precipitation at
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pH 5, the alphe éryséaliin was isolated and found teo contain
one eisctrophoretic boundary and two sedimentation boundaries
(15 and 7.5 $). The supernatant from above was analysed
and resulted in one electrovhoretis and one sedimentation
boundary (3 S). The treatment of alpha crvstallin with acid
at pH 2.5 resulted in molecules whose sedimentation coeffli-
eient was 1 5. He states that these data indicate that
there are two species of alpha erystallin, one being rel=-
atively globular and the other fibrous, but of similar molec-
ular weights. aAn alternative hypothesis is that acid causes
disaggregation of the 15 & molecule, and that this phenom-
enon is dependent upon the actual concentration of the hydro-
gen ion. Thus at pH 5 & 7.5 S unit is observed, while at
pH 2.5 a 1 5 unit is seen., Unfortunately for these hypoth-
eses, however, Bon states in a later paper that alpha and
beta erystallin in solution together prevent sedimentation
and electrophoretic analyses from being definitive (11},
Thus the previous data could be interpreted as coming from

‘mixtures of alpha and beta erystallins, rather than from
just alpha crystallin.

In the first work on the effects of urea on alpha
erystallin, Bloemendal treated the protein with 3.5 M urea
and found that the large 19.5 S band in native protein had
disappeared and that the 10 8 band had becoms more predom-
inant (8). Other components seen in the ultracentrifugeal

pattern had sedimentation coefficients of 5.3, 3.6, and



11
1.6 3.  The authors interject the idea that the heterowenw
elty observed in alpha erystallin by other workers weas not
heterogeneity of the native protein, but denaturation result-
ing in seeming polydispersity.

in further work doue by tha‘same group, 7M urea was
Found 1o dissociate the alpha crystallin to & species of 1.8
5 having & molecular weipht of aporoximately 26,000 {12).
after removal of urea by diulysie the sedimentation n»natterm
ghowed two peaks, one of 115 and the other 4 5, Thus the
action of urea on alphsé crystallin, whatever it may be, is
at least partially reversibié.

In 1963 Bjork further explored the idea of two alpha
erystallins (4). Upcon elution of alpha erystallin through
DEAS.cellulose at pH 8, two species vere separated., In
attempting to differentiate the two, free electrsphoretic
aﬁd ultracentrifugel analyses were done. Both technigues
yielded significént differences. However, additional studisg
by light scattering, rotatory disversion, intringic vis-
cosity, and amino acid content yilelded no significant dif-
vference between the two, so Bjork concluded thét alpha
erystallin was not composed of two species,

Niyogi and Koenig present some data from ox lens pro-
t@iﬁa which appears to be in direct conflict with the data
of other workers (30). Previously, no concentration depen-
dence of the sedimentation coefficient of alpha crystallin

had been exhibited, but these two investigators do find
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such a eoncentration dependence and interpret their results
as indication of association-diseociation phenomena.

Then in 1964 Spector. isolated the various lens protein
fractions from calves in a new manner (40). FHe found that
the addivion of zinc glyrsinate and ethanol to the whole lens
extract caused the beta and gamma fractions to precipitate,
vhile the alnha crystellin remained soluble. The former
two proteins were then separated using rpel filtration.

The method did give good separation as tested by paper elec-
tropltoresis, ultracentrifugation, and ion exchange chroma-
tography. "The alpha and gamma crvstallins had sedimenta-
tion coefiicients of 19.7 and 2.4 & rnspéetivalv; and
appeared as single, symmetrical peaks at neutrallpﬁ. The
beta erystaliin exhibited three peaks with sedimentation
coefficients of 5.0, 9.2, and 14.5 S. Pfeliminarv obser=
vations by ﬁhe author indicntes that all components eluted
‘through the ion exchange column, except gamma er&ata?lin,
can be broken down by urea to 1.8 S units, These findings
agree with the previous results of Hloemendal and further
subsﬁantiata the hypothesis that at least alpha and beta
erystalling of the lens proteins are complicated aggregi-
tiong, The findings here indicated that gamma cr?atallin
is not composed of subunits which can be detected after
traatment with urea, |

in experiments performed by Bloemendal's froup on the
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splitting and recombinetion of alpha crvetallin, the protein
sigse was found to vary with the concentration of urea (9).
A8 before, the native alpha crvetallin had & sedimentation
coefficient of 19 S, while in 7 [ urea the species nresent
was of such a gize Lo have a sedimentation coefficient of
1.8 &, Removal of urea by dialvsis resulted in a protein
whose sedimentation coefficient was again 19 &, These data
iﬁﬁic&ta that the effect of urea on the size of the wrﬁtmin
is reversible.

The first definitive work done on gamma cervstallin
was by Bjork in 1961 (3). He used the principle of mol-
ecular sieving and found that if the whole lens extraet
was eluted through a Sephadex G-75 column, the alpha and
beta fractions were eluted together in the void volume,
while the gamma crystallin was small enough to he retained
and eluted later., The ultracentrifugal pattern of the gamma
erystallin protein thus isolated showed a single, symmetri-
cal peak with a sedimentation coefficisnt wkich was indepen=
dent of conecentration., The molecular weight was determined
to be 20-25,000 aséuming & partial specific wolume of 0,70,
¥hen the sedimeﬁtation patterns of protein at pH's 5.0 and
9.0 were exemined, a single boundary was seen, and studies
done with synthetic boundary cell indicated that the apnarent
diffusion coefficient was constant. Thus all the data from
gedimentation analyses indicated that gamma erystallin was

a homogeneous protein. The results of free electrophoresis
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did not Justify the same conclusion, however. 7The protein
wag analysec at pH 5.0 and found 1o contain four different
components, while immunoelectrophoresis at pH 8.7 resulted
in the detection of twe different components, and & total
of nine in the whole lens extract, The conclusion reached
by Bjork was that the homogenity was more apparent than
real. 7That the {ractions of geamma crystallin were not
separated in a centrifugal Tield and were eluted taﬂetherv
in gel flltration probably means that they possess similar
molecvlar weights., The experimental conditidns under whish
the immunoelectrophoresis was carried out, ie pH 3.2, was
the probable explam.ation for the appearance of only two
components. Upon elemental analysis 307 n moles of sulf-
hydryl per gram of protein were found. Assuming a molece
ular weight of 25,000, this figure approximately corres-
ponds te 7.5 moles of sulfhydryl per mole of protein. The
significance of the high sulfur contemt in this fraction
is as yet unknown, but it is believed to play a role in
cataras formation (17).

A & sidelight, i1t is interesting to note that the
first appearance of gamma crystallin seems Lo be associated
with the process of cell differentiation deseribed earlier.
Takata, albright, and Yamada studied the lens ecells during
growth and subsequent elongaticn into lens fibers (41]).
Employing immunocelectrophoresgis and immunofluorescence they

found that gamma crystallin did not apvesr in the cell
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until elongation had sturted.

in summary, then, the seneral hypothesis evelving from
these works 1s that the lens proteins are com-licated age-
gregetiona of smaller wnite., Aloha and beta crvetalline are
comprised of these aggregationa, but native gamma arystallin
uppears 0 be presont in ite smallest -ossible unit, 4Al-
though a relatively large quantity of work has heen done on
alvha erystallin, both bots end gemma erystellins have bemn
- meagerly investigated, Tt would indeed be interecting to
eluridate the relationshin of each of these nroteine fractions
o one snother, and the relationchip between their snbunite,
if any e«dsts. Defore these rel ationshins ean be worked out,
it seems necessary to more f1lly characterize a1l three
fraotions, Thue the goal of the researeh presented in this
paper is to isoclate and charasterize, both nhyeically and

chemiaally, the gomma ¢:ystallin freection of lens nroteins,



INTRODUCTION
Fart II

There are a few aspects of lens proteins that were not
exemined in the previous section which deserve some comment.
The problem of the effect of age on the proteins, as well
as the speecies specificity and involwment of the proteins
in cataraet formation will be @imsuﬁséd.

In order to understand some of the changes in the lens
composition, it is important te know that the level of
glutathione and ascorbiec acid in the lens is higher than
in most other organs of the body. In comparing a number
of workers' results, Pirie and Van Heyningen point out that
the rat lens contains between 172 and 320 mg of glutathione
per 100 g of tissue {34). The organ with the next highest
level is the liver, which contains 173 mg of glutathione
per 100 g of tissue; and in contrast, the blood contains
only 19 mg of glutathione per 100 g of tissue. The authors
add that the ascorbic acid level in lenses is also high in
comparison to other orpgans. The observed phenome 2 in this
case is not as marked as in the case of glutathione, for
in most animals examined the hypophysiz and adrenal glands
~had a level of ascorbic acid much higher than the lens.

The significance of the presence of these compounds in such

high concentrations in the lens has not been firmly estabe



lished.

in work done by Dische, both the nrotein andvauifhydryl
content of the rat lens were examined in animals of differ-
ent ages {18). The levels of glutathione and ascorbis acid
were found to increase until the animal was about 150 days
old, and to decrease thereafter. The total amoumt of sol-
uble lens proteins increased with age until the animal was
one year old, at which time it started to decline, The
author points out the fact that the time of synthesis of
soluble protein roughly corresponds to the time of increase
ing levels of glutathione and ascorbic aeid, and suggests
that these compounds may play & role in protein syntheeis.
Another phenam&ﬂw@absaréed hy Dische was that the insoluble
lens protein, albuminoid, increases slowly with age. The
albuminoid contains approximately equal amounts of cysteine
and cystine, while the soluble protein contains no cysteine.
Thus, aging of the lens is associated not only with net
oxidation of cysteine to cystine; hut also with increasing
amounts of albuminoid and decreasing amounts of soluble
protein, as well as decreasing levels of glutathione and
ascorbic acid, The implication that the sulfhydryl group
plays a role in the formation of albumineid through aggre-
gation of soluble proteins is interesting to consider.

In an experiment designed to isclate the location of
various sulfhydryl containing compounds, Kinoshita and

Merola found that the sulfhydryl in the cortex of bovine
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lenses was mainly present as glutathione (25}, On the other
hand, the sulfhydryl in the nucleus was predominantly pro-
tein bound. Although the total levels of sulfhydryl in
both nucleus and cortex were apnroximately equal, there was
neticed a difference between nuclear protein sulfhydryl
econtent and cortical ﬁlutéthien@ sulfhvdryl content, This
difference was found to be constant, while the total amount
of éulfhvdryl in both nucleus and cortex increaéad with age.
If thege results are examined in the light of PDische's
experiments, we can conclude that inerga&ing age iz accome
panied by inersasing protein sulfur and albuminoid in the
nucleus, Unfortunately,it appears that not a sufficient
amount of work has been dahe in relating the role of sulf-
hydryl groups to the solubility of the protein, so that
any conclusion &s to the fate of the sulfhydryl molety are
quite tentative.

The theory that the lens proteins are most probably
involved in cataract formation hes been expounded for a
number of years. Among the researchers who have found
evidence in favor of this theory is Stephen Trokel, who,
in 1962, measured the light scattering of the lens {43].

Hs found that any aggregation of the soluble proteins or
any change tending te decrease the afdar of the fibers will
cause & marked incerease in the scattering intensity. Thus
the opacity obgerved in a cataractous lens mey be due to

the changes in the lens proteins. In addition, the amount



19
of back scattering produced by the lens increased with age,
thus hinting at a possible egimilarity in the changes occure
ing to the proteins in both aging and cataract formation.
it has been shown that hoth processes invdve an increage
in the albuminoid content &nd & decresse in some nortion of
the soluble protein (34). The diff'srence between the two
phenomena seems to lie in the fact that & general decresse
in total amount of protein is associated with catarscte,
while the opposite is the case in aging.

The lack of species specificity of lens proteins raises
interesting questions. ¥%hile ssrum proteins have changed
with evolution, Maisel and Langmen have examined the lens
proteins of various v@rtebrétes and have found that alpha
erystallin islwrasent in these animale in identical or
partially identical forms (27). The study was done employ-
ing agar diffusion of antigen and antibody and noting the
reaction. The beta crystellin fraetion was found to be
identical or partislly identical only in those animals rel-
atively close in the phyogemetic scale, while the gamma
erystallin seemed to toke an intermediate position bLetween
alpha and beta corystallins. Tvo possible expl anations
have been proposed by Halbert for this phenomenon (22),

The constaney of the lens proteins in the vertebrates may be
due to the fact that the lens is relatively well iselated,
or that the protein structures are so well suited to use
that no change has been possible without damage to the

system. Both sxplam ations are necegsarily speculative,
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ADDENDUK

in a paper just recently published, Rjork further studied

the gamma crystallin fruevion of cell lens proteins (5). He

L=

2

used sulfoethyl (3£) - fephadex and Phosphocellulose columns

a1

and obtained four and six fractions respectively. The pro-

©

&

linear gradient of 0.2 to 0,5 of acetate buffer at

pH 5.0. The chromatography of each of thess four fractions
on & PO column yielded results thet indicate two of the four
fractions were homogeneous and two were not. The eluant
1zed in this case was & linear gredient of phosphate buffer
from 0.02 ¥, pH 4.0, to 0.3 M, pH 7.0, ecular weicht
deterninations of the four major fractions by the aohroach
o sedimentation equilibrium method showed that &ll frace
tions had essentially the same molecular weight, i.e, abosut
19,000, amino acid content studies indicated some depree
of difference between the fractions, btut the Veterminal
amino acld sequences gly, glu, leu or ileu were found to be
identical., In addition, the ¢W1F%vurv1 content was deter-
mined by & spectrophotometiric method hased on the resction
of 5,5'«dithiow=bis=(2-nitrobenzoic acid) with the protein,
The resultes show that three of the four fractions have dif-
ferant sulfhydryl content; hbut that all fractione contain
approximately hall the sulfhydryl content as determined by

Bjork in anearlier paper {3).

in was eluted from the fi-Sephadex by using an ionic strend
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Again the conalusion resched was that there aru four
major {ractions of gamme crystallin, These Practions anpeayr
very similar and probably differ only in some portion of
their primary structure, That each fraction had snly one
N-terminal amino acid probably meana that there is only one
péptiﬁ@ chain, or that the l~terminal amineo acid of any

other chain present cannot be found.
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BuTHODE alD MATLKIALS

1., Laboratory apparatus

4 Beckman Model DU spectrophotometer was used in all
spectrophotometric measurements, "hen constent temnsrature
was desired, the cell holder housing with aporopriate mode
ifications was emploved. Unless otherwige snecified mea-
surements were made at room temperature. The concentration
of protein solutions was determined by measuring their
sbeorbance at 280 mp:, The blanks used were the resnective
protein solvents.

The pH of solutions was me&sured electrometrically,
expept when very approximate pH was desired, in which case
pHydrion paper was employed.

Centrifugations were carried out with a lLourdes Model
a refrigerated centrifuge at 10,000 rpm and sither 12,800
or 16,300 ¥ G, depending upon the rotor utilized.

The fraction collector employed was the (ilson Medieal
slsctronice model equipped to colleect & maximum of 225
samplers in a rectanpular tray. The volume collected was
variable and was accomplished by pipettes calibrated to

the desired volume with a lirht sensitive device.

2. Special apvaratus
Glass colums employing glass wool stoppers were utile

ized in &ll column chromatographic procedures. The packed
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column material was covered with & circular “hatman No, 1
filter paper to prevent disturbance of the surface when
solutions were added, The Sephadex used was supplied by the
Pharmacia Company of Sweden in both medium and course grades
with relative pore sizeofl G-50 and G-75. The procedure
employved in packing the Sephadex columns was as followsg
the dry Sephadex material wes suspended in & large guantitly
of water, and allowed to swell at leael overnight. The
fines were then removed by decantation, Lhe material washed
thrice with distilled water, and finally thrice with the
appropriate buffer. The column was nacked by {irst filling
it with the solvent, then plaeing a giass wool plug &t the
bottom, and finally allowing the material to flow in Trom a
continously stirred reservoir., For the first few minutes
no buffer was allowed to flow, so the material could start
to form & bed on top of the plur. After thie brief waiting
period, the buffer was allowed Lo flow at its maximum rate,
“When all the materisl wes packed, & circuler Whatmen No.l
filter paper was placed on top.

The packing of the phésphocelluloae {PC) eolumn differed
in only two ways. First, the material wss washed with 1 M
KCL, or 0.5 M KCL=n.5 M XOH, or 1 M HCL sand then 1 M [OH,
It was then rinsed at least 4 times with distilled water
and finally three times with the correet buffer. The actual
packing was done in the same manner ag above, excepl that

2«6 1bs per sq. inch pressure was used., ¥ithout pressure
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the flow rate of the PC columns was toé slow. The PC maters
ial was originally from the Bio-Had company, and had an
exchange capacity of 1.08 millieguivalente per gram dry
welght.

The ultraeentrifug&l analyses were performed on Dr.

e 4. Rigas's Spinco Medel Z ultrasentrifuge with the kind
aéeistance of Mr. Grayson Capp. #ll sedimentation vslocity
runs were done at 200 and employed the Al-D rotor at a

speed of 59,780 rpm. Schlieren otitice were used and re-
corded on Kodak Metallographic plates. Complete instruc-
tions on the operation of the ultracentrifuge and develop-
ment of the photographic nlates are availeble in the manuals,
and hence shall not bé covered here,

4 Brice-Phoenix Model 2000-D light scattering spec—m
trometer was used in the molecular weight determinatinnsa,
411l solutions used in these experiments were prepared Irom
the doubly glass distilled water made available to us by
Dre V. Veimar, und were filtered through a 0.22 u millipore
filter immediately prior to analysis, A Brice~Phoenix
differential refrectometer wa: employed for the measurement
of the refractive index increment. Once again, detailed
ingtructions are mvallable in the manuwals, so that the

reader is referred to them for all operational infermation,

3. Isolation

The rabbit eyes were excised from € to 12 week old
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animals sleughtered at the Crane sbbatoir in Beaverton,
Yithin half an hour after the death of the animal the globes
were immersed in 0,99 saline and maintained thers wntil
further work was ready to be done, 7This time usually amount-
ad to a fevw hours, but vhen the globus remalned in saline
overnight the solution was cooled to 4° C.

in order to exposs the lens, & slit was made across the
back of the eye and the vitreous removed, The zonular fibers
ware than soverdd and the lens and lone capsule waghed in
distilled water for & few minutes. The capmule was then
slit with a scalpel, while avplyving & small amount of presge
sure to the mass by souesiing, thus forcing the lens to
smerge Jrom ite capsile., “The cancule was discarded and
the whole lens stirred inte & solutisn of 0.1 ¥ nhosphete
buffer, pif 6.8, vhose volume was ap roximately 1 ml por lens.
Stirring was gontinued until all cortices ware susnended and
only the nuclei remained whole., These nuelel ware then
removed and discarded, and the cortical lens protein mixture
was homopenized in & Potler«ilvejhem glass homagenizer,
The solution was then centrifipged at 17,830 x G for 30
minutes at 15%, and the supernatant dialyvzed spainst three
ghanges »f 500 mls of 0.1 ¥ phosohate, pB 6.8 for at least
6 hours. In some carsces no dialysis was done, Whem dlalysis
was done & slirht amount of precipitate appeared, vhich
wag removed by sentrifuration at 12,4880 x ¢ for 30 minut e

at 159 The resulting srotein solutinn wse then eluted
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through & 5 x 60 cm Sephadex G-75 (medium grade) colum at
retes between 0.5 and 1 ml per minute and at 4° ¢, The
protein was applied to the columns in 10-20 ml volumes and

at concentrations close to 40 mg per ml., In one experiment

& volume of 30 mls with a concentration of 25 mg per ml gﬁs
applied. The fractions collected were usually liml volumes,
but 15 ml collecting tubes were used ocecasionally. Aapprox-
imately 1 L of 0.1 M phosphate, pH 6.8 or 0,05 ¥ phosphate~
0.05 1 #0L, was used as the eluant. The desired nretein
effluent, which was located by determining the absorbance

~f the samples at 2830 mp, was pooled and concentrated either
by precipitation with 70 g ammonium sulfate ner 10N mls of
sclution, or by ultrafiltration. The protein wasz then stored
at 4°
under tolusne vapors., Vhen protein was nesded for further
analysis, the precipitate wis dialygzed at L° ¢ apainet the
appropriate buffer. If the protein had been stered under

toluene vapors. & simple dilution was made with the csrrect

solvent to give & solution of the desired concentratiom,



okP ERIMENTAL AND EBSULTS

1. Sephadex Chromatograshy

A medium grade Senhadex G=-75 column was prepared in
0.05 ¥ nhosphate ~ 0,05 M B2l in the usual manner, The
elution of the whole lens nroteins 2z deseribed above resulted
in repeatable results as depicted in Fisure 2., The alpha
and bsta erystallins were eluted together in the void volume,
while the gamma crvstallin was retained and eluted later,

If the cortical lens sxtreact was not dialyzed prior to rel
filtration, & third component waus eluted, which consisted of
small molecular weight peptides. The two fractisns rare
collected and stored «u the ammonium éulfate nrecipitete or
under toluene vapors,

Upon dialyels of the zamma crysiallin nrecivitate a=

gainst 0,1 ¥ phosphate, pH 6.8, a smzll amount of lishie
brown precipitate iz formed after the majority of thes nrotein
hasg dissolved. In all instences this precinitate »as re-
movad by centrifugation at 12,800 x G before further analyvses
were done on the nrotein.

In order to test the effectiveness of the separation of
gamma crystallin by gel filtratinn, & solution of 12 wls of
the gamma crystallin was rechromatographed in the 5 » A0 cn
Sephadex column under the same ~onditions as were nreviously
used. Approximately 1 L of 0.1 M phosphate, oH A,3, was

used as the eluant and 14 ml Fraestions were rollected,



Figure 2, :lution of whole lens extraect Lhrourh
a Gephadex Ge?5 solwmn, The buffer ured wae 0,1 IV p

phosphate, PH 4%, Jolumn dimencions were § x 0 m,

Pipure 3, Rechromatography of ghewa crvetelliin
throurh & Sephadax G=75 column using 0,1 M phosschste,
pH 6,2 as the eluant,
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As cén be seen in Figure 3, the resulis show that the gamma
eryetallin is well separated from the rest of the lens proe
teins in the first gel filtration procedure., The recovery
of vrotein from this column was found to be 95% or better

in all experiments.

2, Phosphocellulose Thromatogrephy

The preparation of the gemma crystallin protein for ion
exchange chromatography included diazlysis of the ammonimm
sulfate precipitate against 0.1 M phosphate, pH 6.0, 4
brown precipitate resulted, which was removed by centrifuge
ation and then discarded. A PC column was preparved as
described above in (0.1 ¥ phosphate buffer, pH 6.0, The
coiumn size wae 1.5 x 30 om and waes run under 2«3 lbs per
8q. inch pressuyre, . protein solution containing 13 mg was
applied to the column and eluted with 100 mls of the fol-
lowing 0.1 I phosphate buffers; pH 4,0, 6.2, 6.5, and A.43,
Fractions collected were 10 mls each &nd nrotein racovery
wae between 35 and 909. Four fractions ars eluted under
thess conditions &s seen in Pigurs 4.

Using a larger P7 column (2.5 x 29 em) and sporoxi-
mately 10 times &= much orotein, the elution pattern i
somewhat changed. In thkis expsriment 200 mls of each of
the afore mentioned buffere were used to elute & total af
887 of the protein applied. Once again,l0 ml fractione

were nollected, and the elution done at4°., The patterm



Flgure ke Jhrometoeriohy of irma ervstellin
tuvugh & fhosphocslluloss column, The protein wae

eluted with a pH gredient as describad In the text.

Flrure 5. mmﬁammphy of pamma eryetallin
through a P2 column, The concentration of motein in

vhis sxperimsnt was aprroximately 10 times that shown
in "igure L
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obtained is depicted in Pigure 5 end, &z cen be seen, more
than 4 components &re sluted. The resulte shown are repgéte
&ble with minor differsnces between esperiments,
| ifcer collection of fraction III of Figure 5, the pro-
tein was precipitated vith asmonium sulfate, dislyzed sgalnst
0.1 ¥ phosphate, pH 6,0, and rechromavographed on a PC
column emploving the afore mentionsd bulfers, The elution
pattern ghowed heterogeneity of that Irection, but the

pattern was not reproducible hetween axperiments,

3, Determination of the Axtinetion Ooefficients and

Observange of the Lembert-Reer Law

A solution of gpeawme corystallin irolated in the usuxl
manner and concesntrated by ultrafiltration was dialyzed
fres of buffer salts, The final protein selution had an
sbeorbancs at 240 mp of 2,45 and 10 ml aliquots of 1v were
plaged in ench of three previously tared weighing bottles,
In addition, 10 ml portions of the final dlalyzete were
placed in three other tared Lottles. The samples were
then dried at 1102 for 48 houre in & desiceator, cooled flor
30 minutes, end the weighte recorded. The procedure was
repeated, only 2 hours of drying time were used. Sucoes-
give welghings varied by -~ 0.1 mg. From these data the
sxtinction coefficient of a 1% gumma érjwtalltﬂ solution
at 280 my wae caleoulated to be 17,6,

4 series of dilutions ol gamme crvystallin solution
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of soncentration l.6 mg/ml was performed with 0.1 ¥ phosvhate,
ol 6.8, and with 0,1 ¥ Nall to determine the linearity of
the relationship between 0D 220 and congsntrétion of protein,
The results indicate that & linear relationship does indeed
exist in both solvants, and thues the Lambert-Beer Law,

0D = Ble, is obeyed in the concentration range investigated,

Le Ipeatrum

The ultraviolet spectrm of gemme cryastallin wis deter-
mined by messuring the sbsorbance at 5 mu intervals of a
solution of the protein in 0.1 ! phosphate, pH 5,3, A plot

of wavelength v, optical densicy is shown in Fipure 6,

5. Solubility in emmoniue sulfate

A golution of pumma cryetallin wae thoroughly dialyzed
against. 0.2 M phosphate, pH 6.8 in the cold, ill other
procedures of this experiment wers done at room temverature,
A saturated smmonium sulfate solution was prepared by suse
pending an sxcess of 7% g of the salt in esch 100 mis of
Q.2 M phosphate and adjusting the pH with 0,2 30& te 4,8,
This solution was allowed to equilibrute for & number of
&nya before use, aAliguots of the gowma erystallin solution,
whose 0D 280 vag 2,13, were diluted with specified volumes
of ssturated amwonium sulfate such that the resulting sole
utions veried in psrcent ssturation (of ammonium sulfate)
between 20 and 20 at 10% intervals, In sach cuse a blank

was prepared with solvent substituted for mrotein solutinn,
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The solutions were mixed, allowed to equilibrate for 30
minutes, and then gentrifused for 20 minutes at 12,800 x 6
at 25° {room temperature). The abeorbanse at 280 mn of the
resulting supernaténts wag determined, correcied for dile
ution, and plotted wersus vevgent saturation, In the region
of the break of the curve depieted in Pigure 7, the procede
ure was repeated to give solutions of L5, 55, and A5 4
saturation. The final granh of solubility (0D 280) versus
peyeent anmoninm sullfate satursation showe & gingle. sharn

decrecse in pamms crystallin solubility at 47.5% saturation,

He Ultrucentrifugetion

Sedimentation velocity runs were made on the Model E
&t pamme crystallin consentretionsof 2.4), 3.6§ 4.43, 4.82,
He03, 2,04, and 13.31 mg per ml in & solvent of 0,1 ¥ phoge
phate buffer, pH 6.8, The series ~f photographs shown in
Figure 8 is from the ul%rﬁﬂwniriﬁugatian run of protein
goncentration &t 13.31 mg per ml, These photopraphs show
a single, symmetricsl peak, thus indicuting homopeneivry,
Thess resultes were revrodugible osver the noncentratinm range
used. Heasurements were muade from photographs with & two
dimensiongl misrocomparator, and celeulastions from these
data were made sccording to the method nf Zehachman {338),
The resulting 520,y vélues &re shown in Pigure 9 and were
galoulated agruming the density of the »okvent was the
same as walter and that the relative viscositly vwés annroxe

imately 1.029. Lxtrapolation of these data to usro



- “lgure ¢  Absorption Spectrum of ganma

erystellin in 0.1 M phosphate bufier, pH 533,

figure 7. S50lubility of gamne orystallin in

varying nongsntrationg of ammonium sulfate solutions,
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concentration gives a S5z0,w value of 2.48, As can be seen,
the sedimentation constant of gemma crystallin at pH 6.3 is

independent of the concentration.

7. Light Scattering

Light scattering annlyﬁe& ware done on gamma erystallin
solutions of 4.69, 3.39, 2.35, and 1.15 mg ver ml in Q.1 M
phosphate buffer, pH 6.4, at 546 mu. In each case the
dissymmelry (3), turbidity (t), depolarization (F), and
relative refractive index were measured. The molecular
waight dependence upon concentration is described by the
aquatian He/r=1/M + 2Be where H is a quantity devending
upon wavelength of 1irht ﬁsad and relative refractive index
of the solution, ¢ is the concentration, M the molecular
weight, and B is & constant. The obrerved turbidity was
corrected forld@palﬁrization as suﬂgegtéd by Stacey (&1%,
but no correction was necessary for dissymmfh?'sinceﬁgamﬁa
erystallin molecule was considered small in comparison te
the wavelength of light used. The calculated values of
He/t were plotted versus concentration, end extrapolation
of the data to zero concentratlion gave a molecular weipht of

32,000 {eee Figure 1 0).

8, N-terminal Amino acid Analysis
The fluorodinitrobenzene (FDHB) method as described
by Frarnkel-Conrat, Harris, and Levy was used with & few

alterations (20}. A solution of gamma crystallin was



Fipure 8, Mtracentrifural pattern af @
sodimencation velocity run of gemma crystallin at

13.3 mg/ml in 0. M phosphate buffer, nH 6.3,
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dialyzed free of salts and then lyophilized. Twenty-five

mg of protein were suspended in 0.25 mle of water, to which
wag added 0.5 mle of 8 10% (w/v) solutien of FDNB in Q5%
ethanol, The mixture was shaken at room taﬁﬁeratura over
night in & stopoered tube, After rezction, the mixture

wae exbracted 4 times with 10 ml portiens of ether {or
until ths ether does not extract any additional FDNB, and

is thus colarlessé; twige with 10 ml portions of 1073 w

HCl, and & final time with 10 mls of ether., Then 1 ml of

A K HCl was added to the agueocus DNP-protein, and the tube
sealed., Acld hydrolveis was achieve: by alleowing the tube
to heat at 105° for 8 hours. The hydrolysis tuba was then
opened and the solution diluted with water to make the acid
epproximetely 1 ¥, The mixture was then extracted with
four 5 ml portions of ether, and the ether extractz 2ombined
and evaporated over a steam bath emplcYing negative pressure
to prevent condensation. The resulting yellow residue was
presumably the DNP-amino acid derivatives.

4 two dimensional chrometography system was emploved in
this snalysis. The apparetus for the first dimension cone
sisted of a cylindrical glass container 12" in diameter and
24" high, Placed in the bottom of this evlinder were twon
erystallizing dishes, one 150 x 75 mm and the other 190 x
400 mm, The larger dish was supported by & ring of rubher
tubing, vhile the smaller dish was placed inside the larrer

one, The chromatograéphy paper used was "hatman No, 1 filter
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paper, 184" x 224", which was rolled into a eylinder 13i%
hich with a 1" overlan. The paper was fastened by staples,
and & rectangle 2" hieh and 1“ long was removed from the
bottom edrme in such & manner so as to prevent the overlian
from contacting the solvent. The solvent was prepared by
mixing 30 mla of toluene, 9 mis of pyridine, and 12 mls of
2-chloroethanol, and adding 13 mis of 0.8 M NH3 is such a
manner as to nrevent further mixing., This solution was
allowed to sit approximately 2 hours before use . The DNP-
amino acid was dissolved in a few drops of acetone and then
applied to the paper 2% from the long edge and 5 from the
Joint., 7The paper was then positioned in the large crvs-
tallizing dish and 200 mls of 0.8 M NHy added to the small
dish, The aqueous layer of the "toluene™ solvent prepared
above was discarded, and the or-anic laver introduced into
the large dish by means of a long funnel. The cylinder
was then closed, and the solvent allowed to ascend for 24
hours. At the end oi that time the paper was removed, the
solvent front marked, and the paper dried overnight at room
temperature.

The second dimension consisted of 1.5 M sodium phosphate,
pH 6.0, utilized in a descending manner. !NP-amino acid
markers were run simultaneously with the unknéwn amino acid
derivatives, Descending chromatography required 24 hours,
at the end of which time the paper was removed, the solvent

front markad, and the chromatograph dried. HRf values were



“Loure 9¢ The dependence of the redimentation
coallicient of gamma c¢rystallin upon concentration,

Pigure 10, CGraph of He/t versus concentration
of pumma crystsllin
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then calculated and the probable identity of the DNF-amino
gclde established, Figure 11 showe a drawing of the chro-
matograph after descending chromatography, while Figure 12
shows the caleulated Ry values of the markers and the unimown
derivatives. 4s can be seen, the N-terminal amino zecid of
gomma crystallin is glveine. To more firmly establish the
identity of the N-terminel amino acid, some of the zarmma
crystallin DNP-amino acid was spotted on a 19 x 57 cm hatman
No. 1 filter paper. 4 solvent of henzene: 1% acetic acid
{1:1) was employed in a descending menner and allowed to run
Br 8 hours. The DNF derivatives of slycine, slutemic acid,
and aspartic secid did not move in this solvent, but DHVP-OH
had an Rp of about 0.95. The chromstogram was then dried
and the second solvent, 1.5 M phosphate, pH 6,0, was then
run in a descending system., The Re of the gamma crystallin
UNP~amino acid corresponded to the Re of the DVP-glycine.

mariker,

Qe Determination of Sulfhydryl Content

The spectrophotometric determination of sulfhydryl
content of gamme crystallin was done according to the method
of Boyer (13). fThe method is based on the inerease in a
absorbence at 250 mu caused by the formation of a mercantide

rom para-hydroxymercuribensoate {p-HWNB) and the reactive

pratain_sulfhy&fyl ZrOUD.

A relatively concentrated Solution of gamma ervstallin

in C.1 M phosphate, pH 6.8, was prepared and various dile



Fipure 1ll., Two-dimensionsl paper chrowmatogram

of Direamine acids and JHP-amino aoilde Crom gunws

erystaliin,

Figure 12, Table showing the relative Hy values

of the HHNPe-amino acide,
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utions made, The resulting solutione were rescted »ith &
constant and known emount of pesHiE inal ml cuvette, Alter
resction haa gone to completion in an hour, the O0 250 was
read, and from this valus was subtrscted the ahsorbance due
to peHiE and protein, The resulting change in 0D 250 was
dus only to the fomation of the mercaptide, and was plotied
varsus concentration of gamma orystellin as sean in "pure
13 Prom the point »f sharp chaunge in alope, tha nurher of
sulfhydryl grouns was detemined to be 2,34 per molecule of
gamme orystallin, assuming & mslesular welieht of 32,000,

in order to determine the number of resctive =2ulflydryl
~groups in denatured gamma crystallin the experiment wowm
repeated, but with ures added., HSulTicient ures vas added
to both the reaction mixtures and the blanks to make them
8 M. Thus the results ebtained indicate the total Mmmber
of smdfhvdryl proups in the native protein plue thosze made
available in the denatured state, or im the transition to
this states The results as seen in Figure 1li, show that
there are no additional sulfhydryl croups made reactive to
p=HiE when protein is denatured by & ¥ urea, Jaloulstion
of the duta indloates that there are 5,28 sulfhydr+l sgrouns

pei molesule of ures-trauted geme oryetallin,

10, Bound Carbohydrate Jontent
The bound carbohydrate content was -determined by the
Minnezola method e desgribed by Hodse {24}, The method

utilizes the reaction of any carbohydrate with phenol and

-



Plgure 13, The inerease in absorhance at 2350 mu

versus concentration of native garma ervetallin,

Fizure l4s The inersase in absorbence at 250 mu

versus ooncentration of urea-treated gamma crvstallin,
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sulfuric acld, and the formstion of an minown compound
vhich absorbs at 480 mp.

Thres samnles of approximately 10 mp each of lyonhiliued
gormé ervetellin vere weirhed and dissolved in 1 ml of water.
Twe blanks and two standards sontaining 50 mg of galactose
wope also prepared, To soeh of the samvles war added 1 ml
of & 5% phenol solution and 5 mls of 9% sulfurie acid,
The tubes vere then shaken and allowed to siand in & water
bath at 25«30% for 70 minutes. At the end of this period
the absorbances at 4730 mn were read and compared to &
previously sressred gtandard curve., fSaleulations from those
data indicite that the amount of bound carbohvdrate in pamma
eryetallin is 0.3437 by weicht, wh eh 2rresponds to 0,612
moles of carbohdrate »er mole of protein, assuming an
averare molegular welsht of carte hydrate of 180, "Thus there
ig 1ictle loosely b und carbohvdirate present in geamma

ervetaliin,
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The examination of the gamma crystallin fraction »7
rubblt lens proteins can be divided into three cateroriss,
Some of the data obtained indicates thit this fraection is a
homogeneous protein, some that 1t ie heterogeneous, and
some gives no evidence for either hypothesis.

In the research presented in this paper, the analvals
of zcortical gemma oryetallin was undertaken in order to
avoid any possible difference between cortical and nuclear
proteins, In addition, the cortical gamma erystallin was
chosen because it is the most recently formed ramma TV -
stallin,

The significance of the brown precipitate, which annears
only upon diglyeis of the ammonium sulfate nrecinitate of

;

gemma orystellin, is unimown. Vo other resesrchar has vet

Prad

performed this type of concentration nrocedure on gamma 2LV
stallin, and thus not recorded this phenomena. The presipe
itation can and should be avoided by concentrating the
protein using ultrafiltration.

The extinction coefficient of 17.%4 determined for ramme
erystallin is in the rance of other proteins, and is clos=e
Lo the value of approximately 21 found by Bjork for his
four fractions of gamma erystallin (5). The ultravielst

spectirum is & normal protein spsctrum due to the abse winlion

of the aming acids tryptophan 1, tyrosine, and phenvlalanine,

¥
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“he extrapolation of lizht scattering data to zero
concentration of gemma crystallin gives a value for the
melecular weight of 32,000, The azccuracy of this method is
prouably ne better than i‘laa {41}, but the value obtained
ig close to the value of 20«25,700 determined by Rjork on
calf lens gamma crystsllin in 1961 (3), although it is
higher then his value of 19,000 determined later(s) .
Possible sources of error in lisht scattering determindtion
ars dirsymmetry of the molecule, depolarization of the ineci-
&ent beam, and anomalously high resulis due to dust parti-
sles in the solution, issymmetry of the molecule was not
corrected for because it was assumed thet pamma cryetallin
behaved ¢ = & point scatterer.  The correction for denoi: re
sation wag approximately 0.1, but did decrease with decranse-

ing concentration, as expected. Before sach solution was

{

analysed, it was filtered through a 0.22 n millipnore filter
and visually examined for dust particles. The data obtained,
4s seen in Figure 10, falls within the molecular weirht

range of 26,600 to 31,500. Althourh there apnears to he &
deereasing value of He/t {and thus increasing molzoular
welpht) with decreasing concentration, the amount of deta
accumulated and the degree of difference between values

obtained is insuffieient to rive a definite indication of

any dependence of molecular weisht wpon protein concentration.

g




The sulfhydrvl determination vields results which indicete
thet the denati ration of gamma crystallin expores ne addiwe
tional sulfhyvdryl srouns Por ragction with para=hydroxyeareure
lbenzoate. The number of sulfhvdryl rroupe found ner molas
of wrotein wes approximately 8.3, while Biork “pund 9.3
moles of gulfhydryl per mole nf ramms crystallin {3).

Thege figures closely corrsspond to the averasa value »f the
cyateine contents of the éamma ervstallin fractiones found
by Bjork in 196L (5). He found 3,7 moles of evsteine ner
mole of protein, assuming z wolecular weight of 32,0200,

The question of heteropeneity of the pamma erystallin
wes Tirst raised by Bjork (3). The oreponderance of evideance
presented in this paper suzmgests that gemma orystellin s
in fect a single, homogenenus protein., The sephadex chrow
matography and rechromatozraphy of the protein at pH 6.5 as

N
. L S

O

kssentizlly ldentical results were obtained by Bjork hnth
in 1961 and 1964 (3,5). The ultracentrifugal pattern of
pammé crystallin at various concentrations, as typified in
Figure 8, shows a single, symmetrical sedimentation boune
gary. The 8z0,w values obtained from various runs were
calculaled as described previcusly. The plot of 520, w
Versus conceniration of nrotein shows that there is neo depe
endence of the sedimentation coefTicient upon concentration,
Bjork also observed a concentration independence of 20,w

between concentrations of 2 and 12 mg/ml (3}, Wis value of
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S20,w  at asero ponceniration was 2,36 3, 2lose to the 2,4% 8
value obtained in this researeh., The concentration indenene
dence of the ﬂ@dimentatinn soefficient can be esxplained by
either of tvo reasons. #Firstly, there may be no intersctiion

between the protein melecules, thus no particular fomm, i.e,

monomar or polymer, Is favored by low concentration., Th

Fiid
it

second possibility is that there are negating intercotions,
The effects due to nrotein-protein interaction, protein-ion
interaction, and proteinewater intsraction may all be opere
ative, but may ve of such mapnitude that the sum of them is

zero. 4t this point the actual reasen for these resulte is

]

sneculative, and the elucidation of the exnlaration i
j: »

f

heyond the scope of this paper,
The sclubllity of gamme crvstallin in ammonium sulfate

solutione of varying percent saturation, as seen in irure 7,

. 4 s 3 o, i .
showe & single, sharp decrssss beginninzg &% 47.5% saturatisn.
: : . i 4
This exveriment is another piece of evidence indicating

that gpamma crystallin is a homogeneous nrotein.,

The fact thut the Neterminal studies show only one
amino &cid, glyoine, favors the hymomhaéia that gamma 2rvse
tallin ia & single protein, ﬂgaih, Bjork obtained identigdal

-

rasulta, but, in addition, determined the N-terminal amino

acid sequence (3}, He found only one sequence of gly, glu,
leu or ileu in gammeé crvstallin of bovine lens nroteins,
Thus the Indicetions from these experiments are that =z

single cumma ¢rystallin protein exista.

e
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The case for homogeneity of the wemma crvstallin protein

iz by no means complete, for there is evidence to the sontrary,

Lrxperimente done on the ion exchanpge chromatogranhy of the
protein show that there are four major frestions. Fhosnho=
ceilulose chromatonraphy conducted in this laboratory (see
figures 4 and 5) Bi'ldsfaur‘compon&ﬂts. The elution was
accomplished by a step~wise pH gradient between pH's A,0

and 0.5 as described earlier. Althoush four mé jor fractions
vere observed in each experiment, the percentage of the
total that each Traction represented was not constant, Tn
the first experiment {depicted in Figure 4) the nercentages
were 24,29,29,and 17 from‘lafﬁ to right, wheresas in the
latter experiment they wére 25, 19, 44, and 11 respectivelv,
in addition, the rechromatogruphy of Traction JIT on phog-
phocellulose under ildentical conditione yvields results
which are not repeatable between sxperimente. The reasons
for this epparent change in composition of the.toual protein
and of fraetion III are unclesr. Possibly the results are
due to the iﬁability to control the pH stringently enough,
and zonsaquently the pdrotein changee in some manner,

In gamoarison, Bjork obteins four major comvonents of
pamma crvstallin when & combination of sulfoethyl (55)-
sephadex and Phosphocellulose (PC) chromaétography are em=
ployed (5). When the vrotein is eluted through a Si- Sephe
adex column at pH 5.0 using a linear sradient of ionic

strength, four fractions &re owvserved, one baing a minor

S —
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component. The chromatography of the third fractisn through
a PO eolumn at pH 2.0 ylelds two comnonents, and of the
fourth fraction at pH 6 to 7 also ylelds two components,
althoush one is very minor.

The observed heterogeneity of gamna srystallin ilacussed
above has been found on the basis of only one criteria,
that of charge of the protein at various pH's, Thig hetero-
reneity might be a result of the nrotein's sensitivity of
secondery or terti&ryvatructure to environment, in partia
cular pll and ionic strength. The chenge in structure caused
by & change in enviromment could exvose or mask differsnt
ioniaing groups, thus changing the relative charse on the
protein with which the icheexchange group reacts. Hence,
the gamma crystallin protein may exist as four or five dif-
ferently charged specises, &1l of which would have the zame
molecular welght, solubility in corcsntrated salt solutione,
sedimentation coeflficlent, and N-terminal amino aecid sequence,

That this theory is éﬁ least feasible can be substane
tiabed by examining the changes af.the lens during cataract
formation. The chemical changes within the lens must indeed
be small, Tor the lens is consgtantly in contaczt with the
normeal agueous and vitreous humor, Yet the transmittsnce
characteristice of the lens changes drasticelly during
gataract formation, Thus either the order of the fikers or
the sigze of the proteins are changing., Hence, a small

environmental change causes & larrse change in protein =sig
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or orderiiness.
another possible sxplanation of the data obtained ie

that gamma ocrvstallin ie composed of subunite which interact

d

“srm the vardious fractions. The particular combination

o

to

S

ol thase subunits ecould determine the sitructure and thus
the relative charge on the resulting molecule,
objeetion to this theorv is that no such subunit has heen
isolaved, Soth natlive gamma crystallin and all fractinnes
of' it isolated thus far have essentislly the same molecular
weight.

Yet another interpretation of the date is that rsemme
ervetallin is heteropenecus and is comnosed of four differe
ent proteins, All four proteins would have the sgme Va
terminal amino a&cid sequence, solubility, melesular weisht
and sedimentation coefficient; but would have different
sulThyvdryl contents and small differences in amino acid
comnosition. Again, an objection ariszew to this thearv.
The rechromatography of one of these proteins isolated bv
PC chromatogrephy yvields more than one component, hut the
resultes are not reproducible, Thus it would appear that
the protein is either unstable or that il iz not & differant
protein, but rather a differsntly sharsed state of the
parent protein,

The tentativeness of any conclugions dravn from the
work pragented here or from the work done by other invest.

irators cannot be over smphagized, for the data acoumulated




to date is not complete enourh to warrant the acceplance of
one theory in favor of another. TYhus, much work remsins to
be dons belfore any Timm theory of the structure ol gawna

erystallin can emerge,




SUMMARY

the soluble rabbit lens proteins can be aivided into
three groups; alpha, beta, and gamma crystellin. In the
vorg pregented here the gamma crystallin frastion isolated
oy gel Iiltration was physically and chemically charastere

leeds. oome of the technigues useu wers also eriteria pf

Hh

purity, Ifrom which conclusions were drawn as to the homoe
zeneivy of goama crystallin,

i‘he whole lens protein extract was eluted throuch a

o

cephadex G-75 column from which twe pesks emergsd., One of
these was the alpha and beta fractions, and the other the
Camni ;r&s&allim fraction. The protein prepared in this
ménner was subsequently concentrated either by ammoni
gulifate precipitation or by ultr&fiitratiom. Upon dialysis
o' the ammonium sulfate precipitate &n insoluble br
material was observed, WNo meaningful significance could
he attached to this observation, except thset it wae better
avoided by using ultrefiltration of the gamma crvstallin
solution,

Phosphoecellulose chrometography of the gamma »rvstallin

g )
th a

}-h

protein showed four major components vwhen eluted w
tep~wise pH gradient of 0,1 M phosphate buffer, pH 6.0 to
Ge%e  Hlpon rechromatography of one of the fractions thus

results were oghtainasd,

3

isolated, irrenroducibl

The extinction ~oefficient was determined to he 17.6
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and the nltraviclet spectrum was & normal proteln specirum.

Light scattering deta extrapolated to Zero protein
concentration showed the molscular weipght of samma crys-
tallin to be approximately 32,000, while ultrucentrifussl
analyses at varying nrotein concentrations gave an igg’w
value at infinite dilution of 2.4% 5. The ultrazentrifursal
patterns at all concentrations showed & single, symmatrical
paal,

The ll~-terminal amino acid of garmma crystallin was de=-
tarminﬁd by the @ NBR procedures to be glyelne,

The sulfhydryl content, as cdetermined by the gpeoctro-

shotomatric method based of the formation of mercantide
between the protein sulfhydryl and para-hydroxymareuribens
zoate, showed that camma crystallin posaesses approximetely

1.3 sulfhydryl groups per moledule. 'The denatura®ion of
the protein with & M urea did not exposs any additional
sulfhydryl groups.

The bound carbohvdréte was determined by rea-tins the
nrotein with phenol and sulfurie acid, Calseulations from
the data indicsted the amount of hound carbohydrate in
gamma crystallin was 0,343 % by weight.

The results obtzined above were sompared to the work
of Biark (3,5), and theories as to the explsnation of the
apparent homogeneity and heterogeneity discussed. ihe
conelusion reached was that the acceptance of one Lheory

over another was premature at this time, for there is still




insulficient evidence available.
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