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Chapter 1 

INTRODUCTION 

The eye lens is an isolated suborgan devoid of blood 

vessels (1). Thus its survival between two water- and lon-

rich environments, the aequeous and vitreous humor, must 

depend primarily upon the metabolic properties and per

meability of its cellular components. As in other cellular 

systems permeability and transport here are mainly regu

lated at the level of the plasma membranes. For this 

reason investigators in this field became more and more 

interested in the biochemical characteristics and ultra-

structural features of the cell membranes in the lens (2). 

Since the first description by Berzelius in 1830, the eye 

lens (lens crystallina) (3) has been mainly characterized 

by its proteinous material. These proteins are easily ex

tracted by water and almost the whole protein moiety is 

found m this water-soluble material (4,5,6). This simple 

experimental finding justified for many years the interest 

of the lens student in the major water-soluble crystallin 

constituents. 

The water-insoluble material, previously called albuminoid 

fraction (7,8,9), was neglected and rather few studies 

until now have been devoted to this fraction (10,11,11a, 

12). However, if one considers that this fraction contains 

the membrane and the cytoskeleton, as will be demonstrated 

in this thesis, one can easily concur with the fact that 

major sources of information on the physiology of the 
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lens, should have come from comprehensive analysis of the 

water-insoluble material (2,11,IIA,13,14). 

The lens is surrounded completely by a permeable passive 

barrier, consisting of mucopolysaccharides and collagen

like proteins: the capsule. Inside this "sack" the eye 

lens consists of one single type of cells that during the 

whole lifespan of the organ is characterized step by step 

by a long term process of cell differentiation (1,15). The 

front of the lens, in respect to incident light comprises 

a monolayer of epithelial cells. During differentiation 

these cells elongate tremendously at the equatorial or 

peripheral lens regions and intracellular constituents 

like nuclei, endoplasmic reticulum and mitochondria dis

appear (16). Thus the epithelial cell becomes a fiber by 

virtue of new assembly of plasma membranes and removal of 

almost all intramembranous components. This phenomenon is 

quite unique in vertebrate systems. For instance myotubule 

formation occurs by fusion of the precursor myoblast (17). 

In the mammalian erythrocyte system the terminal differen

tiation which also involves loss of nuclear and membrane-

cytoplasmic constituents is not accompanied by increase of 

the cell surface as it happens in the lens fiber (18). 

It has also been clearly shown that lens cellular elements 

communicate with each other as a result of an astonishing 

amount of intracellular junctions which are assembled 

during elongation (19,20). 

These junctions are of the type which usually are respon

sible for short range communications and rapid horizontal 

transfer of ions and metabolites from one cell to another. 

The maintenance of the ionic balance of the total lens 

would thus depend on the presence of communicating junc

tions on the one hand between epithelial cells, where the 

cation pump (ATPase) is mainly located; on the other hand 
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between fiber cells which form the bulk of the lenticular 

mass (21,22,23,24,25,26,27,28). 

The major function of the lens is to form an image onto 

the retina by diffracting and focusing the incident light 

beam in a controlled manner. This implies that the lens 

should modify within physiological range its shape in or

der to accommodate the light path and focus it. These re

quirements involve several structural characteristics of 

the lens such as its elasticity and its maintenance of a 

deformation capacity (29). Usually changing of cell shape 

and cell movement in non-muscle cell systems are possible 

because of cytoplasmic motility proteins, organized in a 

three dimensional structure, the cytoskeleton (30,31). 

Consequently, it is of interest to study the cytoskeletal 

structural elements which maintain the shape of the lens, 

ensuring its accommodation properties. It is reasonable 

to expect that in particular lens fibers should contain 

such a cytoskeleton. 

In general the animal cell plasma membrane is considered 

to be the key structure for main cellular operations res

ponsible for growth and differentiation (32,33). The cell 

surface, in particular its structural backbone, the plasma 

membrane, acts as a sensor, as a channel or pump and as a 

transducer or amplifier. These membrane events involve 

several steps such as binding of regulatory ligands, con

formational or topographic changes of signals from the 

exterior to the interior, or in the case of intracellular 

generated signals from the inside to the outside. The 

control of these cell surface functions involves two levels 

of regulation. One being genetic, relying upon the control 

of production of cell components, the other being epigene-

tic and involves the mechanisms of assembly and modulation 

of the compounds in the right place and time. 
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One of the major aspects of this type of regulation is 

based upon the assumption that plasma membrane and cyto-

skeleton are intimately associated. 

During the last decade both in muscle cells and in non-

muscle tissues many workers (34,35) were able to demon

strate the presence of actin and to a lesser extent the 

occurrence of desmin and desmin-like proteins by various 

techniques. Invariably these actins could be correlated 

with a specific motility function of the described tissue. 

As far as the literature could be traced Dunia et al. (15) 

were the first to report that lens fibers contained actin-

like microfilaments. In 1976 Lonchampt et al. (36) were 

able to show the presence of microfilaments in cultured 

lens cells applying the immunofluorescence technique using 

antiserum raised against muscle actin. 

In the course of our investigations a topography of lens 

protein of both the water-soluble and the water-insoluble 

fraction was reguired for further study of the plasma 

membrane-cytoskeleton complex. 

This inventory, together with a review on the isolation 

and ultrastructural characterization of the lens fiber 

plasma membrane, is presented in chapter 2. 

A new procedure is described for the isolation of the plas

ma membrane-cytoskeleton complex. This technique enabled 

us to give a more detailed description on the architecture 

of the lens fiber (chapter 3). The comparison of water-

soluble and water-insoluble lens proteins showed that 

motility proteins also in the lens exist in their soluble 

molecular configuration as it occurs in several other non-

muscle cell systems (31,32). An important part of our 

effort was, to purify and to characterize lens actin and 

to visualize its ultrastructural and its in situ organi

zation. As a concomitant result we detected and were able 
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to characterize partly a desmin-like lens protein. 

In chapters 4 and 5 biochemical, physico-chemical and 

immuno-chemical properties of these motility proteins are 

described. 
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Chapter 2 

GENERAL INTRODUCTION 

As mentioned in chapter 1 during differentiation of the 

lens epithelium into fibers most of the cellular organella 

disappear, with the exception of the cytoskeleton, poly

ribosomes and plasma membranes surrounding each individual 

fiber (1). The lens, therefore, is a good system for 

studying the molecular organization and structure of both 

plasma membranes and cytoskeleton (2,3,4). 

The lens membrane fraction can be obtained by a gentle 

method of purification that differs from current tech

niques of preparation of the albuminoid material,which does 

not alter neither the composition nor the spatial arrange

ment of constituents as upon extraction of membrane ele

ments with perturbants such as urea and guanidine-hydro-

chloride (5,6). 

A typical feature of the plasma membranes of the 

vertebrate eye lens is, that the individual fibers are 

connected by an extensive system of a unique type of 

intercellular junctions (7). The plasma membrane of the 

eye lens is here again a useful tool for studying struc

tural and molecular organization of junctional complexes. 

The lens consists of approximately 35% of protein, and 

65% of water. The water-soluble proteins can easily be 

separated by gel filtration on Sephadex G-200, Ultrogcl 

AcA-34 or Bio-gel P-300 columns into four major classes 

of crystallins, namely a-, 0 - ^ , and Y-crystallin 

(8,9). Part of these so-called water-soluble proteins 

exists in close association with the membrane backbone, 

being to a certain extent probably also integral consti

tuents of the plasma membranes as will be shown in this 

chapter. 
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It is obvious that some basic knowledge of the topography 

of these water-soluble lens proteins is required in order 

to enable the analysis of polypeptides associated with the 

plasma membranes of the lens fibers. Section 1 presents 

analytical data on these proteins. 

SECTION I 

THL· TOPOGRAPHY OF LENS PROTEINS BASED ON GEL FILTRATION 

AND TWO DIMENSIONAL GEL ELLCTROPHORESIS 

SUMMARY 

Two-dimensional Polyacrylamide gel electrophoresis is an 

analytical tool of extremely high resolution. It has here 

been applied for the water-soluble and urea-soluble frac

tion of lens proteins. 

Membrane components which otherwise are obscured in the 

8-crystallin region of urea gels have clearly been visua

lized. The γ-crystallins have been resolved into five 

components. 

On the basis of the present results a nomenclature for 

the water-soluble lens crystallms is proposed. 

INTRODUCTION 

During an extended period of time the proteins of the 

bovine eye lens have been investigated by several groups. 
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α-Crystallin, especially, has been studied in great detail. 

Recently the complete primary structure of the two major 

chains of the latter protein has been reported (11,12). 

Likewise the γ-crystallins have been the subject of 

thorough examination (13,14,15). Although the amount of 

precise data concerning bovine β-crystallins up till now 

is considerably less, the insight into the nature of this 

class of lens proteins is growing (16,17,18,19). Attempts 

have also been made to characterize "minor" lens proteins 

such as the ribosomal proteins (20)> FM -crystallin (21) 

and recently the membrane proteins (7,22,23). 

We propose here a nomenclature based on: 

A. solubility in buffer and detergents; 

B. behavior in gel filtration; 

C. Polyacrylamide gel electrophoresis. 

In particular, two-dimensional Polyacrylamide gel electro

phoresis, to be described here, appeared to be a useful 

tool to demonstrate the complicated topography of the 

crystallins. This method also allows the demonstration 

of minor components that are frequently obscured by one-

dimensional techniques. 

MATERIALS AND METHODS 

Isolation of samples. 

When calf lens tissue is stirred and homogenized either 

in water or buffer the 15,oO0x g supernatant of the homo-

genate yields the soluble lens proteins to be designated 

as s-crystallins. These proteins are separated by gel 

filtration on Sephadex G-200 into four protein fractions 
<3,
'(*H > BL anc

^ γ-crystallin. 
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Zonal centrifugation reveals that the α-crystallin frac

tion consists of different size classes (24). Moreover, 

by separation on Bio-Gel A-5m an α fraction is obtained 

referred to as HM (high molecular) crystallin (25,26). 

Further fractionation into IIM̂  and НГІ2 of this material 

was achieved on Bio-Gel A-50 m (27). The buffer at pH 7.5 

routinely used by us for extraction and equilibration of 

Sephadex columns contained 0.05 M-Tris-HCl, 0.05 M-CaCl 

and 0.001 M-EDTA as described by Testa, Armand and 

Balasz (28). The 15,000 χ g pellet (Ρχ, see scheme 1) 

is extensively washed with 0.01 M-ammonium acetate at 

pH 7.5 and suspended in б M-urea containing 0.04% dithio-

threitol (DTT). The major part of the pellet P̂  (USL 

protein) is soluble in 6 M-urea. Centrifugation at 

10,000 χ g leaves a relatively small pellet (P2) which 

is completely soluble in 1% sodium dodecylsulfate 

(SDS). The latter pellet is considerably larger when 

centrifugation at 75,000 - 100,000 χ g is applied. 

Polyacrylamide gel electrophoresis (PAGE). 

PAGE was performed both in 6 M-urea and in 0.1% SDS in a 

slab gel apparatus obtained from Pleugcr Wijnegem, 

Belgium. The following samples were tested: (a) a, 0
H
, 

ß L and γ fraction (s-crystallin);(b) 6 M-urea-soluble 

fraction (USL protein);(c) 1% SDS soluble material (UIL 

protein). 

Urea slab gel electrophoresis. 

A 7-5% acrylamide gel slab containing 6 M-urea solution 

at pH 8-6 was prepared by mixing 20 ml of solution A 

(0.46 ml t-M^N^N^-tetra-aethylenediamin (TEMED) 

diluted to 100 ml with 0.184 M-Tris-glycine), 40 ml of 

solution В (30 g acrylamide and 0.8 g bisacrylamide 
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diluted to 100 ml with distilled water), 20 ml of solution 

С (30 mg potassium femcyanide diluted to 100 ml with 

distilled water, 57.5 g urea and 17.5 ml of distilled 

water).After degassing 12.5 ml of solution D (10 mg 

ammonium persulphate per ml distilled water) and 64 mg 

DTT were added. The gel solution was poured between two 

glass plates (20 χ 20 cm) and allowed to polymerize for 

2 - 3 hr. The electrophoretic run was made overnight at 

200 V and 50-75 тЛ. The samples were dissolved in 6 M-urea 

to which a few drops of glycerol and bromophenol blue solu

tion were added. The electrode buffer consisted of 180 ml 

of 0.184 M-Tns 1.5 M-glycerol and 540.5 g urea diluted 

to 1440 ml with distilled water (upper vessel) and 30 ml 

of the same buffer without urea diluted to 240 ml with 

distilled water (lower vessel). The bands were stained 

with amido-black and destained electrophoretically in a 

Rapid Destainer from Pleuger Wijnegem, Belgium. 

SPS slab gel electrophoresis. 

Л 13% acrylamide slab gel was prepared by mixing 75 ml 

of solution В with 42.6 ml of 1.5 M-Tris-IICl at pH 8.8, 

49.2 ml of distilled water and 0.7 ml of 10% TEMED. 

After degassing 1.71 ml of 10% SDS and 0.41 ml of 10% 

ammonium persulphate were added. The gel solution was 

handled as described for urea gels except that after 

polymerization a so-called stacking gel solution was 

applied which contained 2 ml of solution B, 5 ml of 

0.5 M-Tns at pll 6.8, 12.6 ml of distilled water. 

0.1 ml of 10% TEMED, 0.2 ml of 10% SDS and 0.2 ml of 

ammonium persulphate. The latter two solutions were 

added after degassing. Samples of 20 up to 150 g were 

dissolved in a solution of 2 ml of 10% SDS, 100 mg of 

DDT, 1 ml of glycerol and 2 ml of distilled water and 

boiled for 3 mm. 
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The electrophoretic run was performed for about 5 hr at 

120-200 V and 40-50 mA. The electrode buffer contained 

188 ml of Tns-glycxne, pH 8.6, 15 ml of 10% SDS diluted 

to 1500 ml with distilled water. The bands were stained 

with Coomassie blue. 

Two-dimensional gel electrophoresis. 

For this procedure an electrophoretic run was performed 

on Polyacrylamide gels containing 6 M-urea in 13-cm tubes 

as described by Bloemendal(29). Thereafter the gel was 

sliced longitudinally with the apparatus according to 

Berns and Bloemendal (30). The inner slice was used as 

sample gel for the run in the second dimension on an SDS 

slab gel. This slice was kept in position by pouring a 

stacking gel solution (5% acrylamide) on top of the slab. 

RESULTS 

The s-crystallins as mentioned above were separated by 

gel filtration on Sephadex G-200 into four protein frac

tions, namely α-, β ц-, В L
- an<ï γ-crystallin. Further 

characterization was made by PAGE in buffers containing 

6 M-urea and 0.1% SDS as described in the Methods section. 

The one-dimensional slab gel patterns in 6 M-urea and 

0.1% SDS are depicted in Fig. 1(a) and (b), respectively. 

For comparison also the pattern of the s-crystallins and 

tne USL fraction is shown. In the USL pattern in 6 M-urea 

the four o-crystallin chains are predominant (Fig. 1 (a) 

E), whereas in the UIL column, as expected, no band 

appears (Fig. l(a)F). The fact that also in the correspon

ding column on the SDS gel pattern protein bands are 

absent, while in the stacking gel no protein remained 

(Fig. 1(D)F) IS due to the isolation procedure applied 

(compare Methods section, sedimentation at 10 000 χ g). 
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At 100,000 χ g centrifugation of the urea-treated pellet 

P̂  many very faint bands, in addition to a predominant 

zone at about 25,000 daltons, appear (Fig. l(c)C). 

ЬЛ 

(a) 

«M* m "*гт 

2 

α В 

ßBp» Д в
Рр 

αΑ
2 

β" 

«Μ 

«Α, *
Α
1 

Fig. 1(a). One-dimensional Polyacrylamide gel 

electrophoresis pattern of lens proteins on a 

slab containing 6 M-urea at pH 8.6. Α,α; B, 

6H;
 C ' B L ; D» γ; E , U S L ; F, UIL,- G , s-crystaiiins. 

Comparable amounts of s-crystallin (Fig. 1(с)Л), USL 

(Fig. 1(c) В) and the UIL (Fig.l(c)C) fraction obtained 

at 100 ,000 χ g have been applied to the SDS gels in this 

typical experiment. This results in overloading for both 

s-crystallin and the USL fraction. The appearance of bands 

in the region above 30,000 daltons in the s-crystallin gel 

demonstrates that statements concerning pure fractions 

should be considered with great care. As far as a-

crystallin is concerned the nomenclature proposed by one 

of us (31) and by Waley (32) is now generally accepted, 

D 



namely α A and a В for the acidic and basic chains,respec

tively, subdivided into αΛ^, αA2, αВ^ and αΒ2 according 

to their electrophoretic mobility in urea gels (compare 

Fig. l(a)A and scheme 1). 

(b) 
( 

( 
( 

В A 

ÌR2 CH, 

пВ m 

M 

Fig. 1(b). One-dimensional Polyacrylamide gel 
electrophoresis pattern of lens proteins on a 
slab containing 0.1% SDS at pH 8.6. Α,α ; в, 
Вн

; c
' ßL' D' Υ' E

' USL; (MP = membrane protein 
region); F, UIL; G, s-crystallins; H, marker 
proteins; M myoglobin 17,600; CH, chymotryp-
sinogen-α = 25,700;BA, bovine albumin 66,000. 

In fig. 2(a) the two-dimensional pattern of the α -crys-

tallin polypeptides is visualized. Although the acidic 

and the basic chains α A2,α Αχ,α B2 and α Βχ are pre

dominant, at least 10 very faint additional spots are 

also detected. The 8 ц- and ßL-crystallins have the 

major polypeptide in common. This chain has been indi

cated as Ββρ where Ρ stands for principal (16). 
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,c) A 8 С 

Fig. 1(c). One-dimensional Polyacrylamide gel 
electrophoresis pattern of lens protein fractions 
on gel rods containing 0.1% SDS at pH 8.6. (A) 
s-crystallins; (B) extensively washed USL 
(pellet P!); (C) UIL fraction (pellet P2) ob
tained from the pellet Pj (dissolved in 0.1% SDS) 
after centrifugation at 100,000 χ g for 1 hr. 
In order to get comparable patterns gels A and В 
had to be overloaded (see text). 

In addition to gBp, g
H
 and gL share a number of minor 

chains too. The characteristic of is the occurrence 

of two rather basic chains and one acidic chain fSA. 

On urea gels the two basic chains are frequently either 

ill-dissolved or even poorly visualized. However, they 

become always clearly visible on the SDS slab gel as 

bands migrating at the lowest mobility (compare Fig. 1 

(b)B). In the two-dimensional pattern of ßjj-crystallin 

the highly basic chains arc always well resolved (Fig. 3 

(b). Moreover, the acidic chain, βΛ, resolves in two, 

and in some cases even in three, overlapping components. 

As expected the βΒρ chain (= 6B3)again appears the main 

constituent of both ßjj and ßL (compare Fig. 3(a) with 

3(b). 
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Björk's ΎΙΙ fraction 

First dimension 

second dimension 

Supernatant 

Soluble crystallins 

Urea insoluble lens proteins 

Pellet 

Urea soluble lens proteins 

Membrane proteins. 

For the time being the chains of 8-crystallin with ex

ception of (jBp are designated on basis of their migra

tion order in basic polyacrylamide-urea gels. 

The γ-crystallins have previously been classified by 

Björk (13,14) on the basis of their behavior on sul-

phoethyl Sephadex and phosphocellulose columns as γ I, 

YII, Yllla, Ylllb, γIVa and ylVb. 
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In accordance with the
 a
- and в-chains, we propose to 

designate the individual Y-chains on the basis of their 

mobilities in urea gels at alkaline pH. Especially the 

two-dimensional procedure yields a clear-cut separation 

of the У -crystallins (Fig. 2(b). 

The distribution of all s-crystallins analyzed by the two-

dimensional technique is shown in Fig. 4. The pattern 

gives an excellent impression concerning the concentra

tions of the individual crystallin polypeptides in the 

total extract. Obviously о Л2, α B2 and β Bp are the 

principal components. After centnfugation of the lens 

homogenate a pellet is left which is insoluble in water 

or buffer. It was already known by studies of Ruttenberg 

(33) and Waley (34) that this pellet can partly be dis

solved in urea of high concentration and that the solu-

bilized fraction contains a -crystallin components. 

Figure 1(b) E, and even more clearly the two-dimensional 

pattern (Fig. 5), show that o-crystallin chains are the 

main constituents; but in addition ß-crystallins and 

other proteins are extracted from the pellet. Moreover, 

in the 40,000 - 60,000 dalton region ( cytoskeleton pro

teins, see chapter 4) an appreciable number of bands is 

detected. 

The urea-insoluble part, which contributes only a very 

small fraction to the total lens protein content, can be 

dissolved in 1% SDS. Detection of the UIL protein bands 

is strongly dependent on the way of centnf ugation. At 

10,000 - 15,000 χ g virtually no pellet P2 is obtained. 

However, upon spinning at 100,000 χ g the results visua

lized in Fig. l(c)C show a characteristic pattern for the 

UIL proteins. It should also be mentioned that repro

ducible results can only be expected if the pellets Pi 

and P2 are thoroughly washed until the respective super-

natants have an absorbance ( A
n Q
- ) of 0.050 or lower. 

¿ou nm 

These considerations may be relevant in view of a previous 

discussion On this subject between Harding(35 and Balazs(36) 
23 
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Fig. 2. Two-dimensional Polyacrylamide gel electrophoresis 
pattern of (a) a-crystallin and (b) γ-crystal1 in. 
(I = original slab and II = schematic drawing). 
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Fig. 3. Two-dimensional Polyacrylamide gel electrophoresis 
pattern of (a) ß L-crystallin and (b) ßfj-crystallin . 
(I * original slab and II = schematic drawing). 
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Fig. 4. Two-dimensional Polyacrylamide gel electrophoresis 
pattern of un fractionated s-crystallins. 
(I = original slab and II = schematic drawing). 
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Fig. 5. Two-dimensional Polyacrylamide gel electrophoresis 
pattern of USL proteins. 
(I = original slab and II = schematic drawing). 
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DISCUSSION 

Two-dimensional PAGE in urea and SUS is a convenient 

procedure for the analysis of complex protein mixtures. 

The method has, for instance, already successfully been 

applied for the separation of ribosomal proteins (37). 

Already in 1970 Rana and Maisel (38) applied a variant 

of this technique for the resolution of subunits from 

chick lens В-crystallin. In the first dimension they 

applied a cellulose acetate strip which was inserted in 

an 8 M-urea starch gel slab. The procedure described by 

us gives at one glance an impression of the relative con

centrations of the individual crystallin chains in the 

total lens protein mixture (compare Fig. 4). Obviously 

the α A2 chain is the main component of s-crystallin follo

wed by ßBp, the major polypeptide shared by вн
 a n

d 0 L 

(16). Also αB2 chains occur in rather substantial quan

tities. The total number of recognizable polypeptides 

amounts to about 2 0 of which only three have acidic iso

electric points, namely αA2 t ο Αχ and β A. 

The slab gel technique as applied to lens proteins reveals 

also a number of other facts: 

1. Even highly-purified α-crystallin preparations contain 
_
 *) 
minor impurities, a few of which may be ascribed to intra-

cellularly degraded polypeptide chains recently described 

by De Jong, Van Kleef and Bloemendal (39) and by Van Kleef, 

Nijzink. and Hoenders (40). For primary structure studies 

those "impurities" will not interfere since they are lar

gely identical to the native chains, lacking only a defined 

number of aminoacid residues at the C-terminal end. 

2_. The two most basic 0 f¡ chains, which are frequently 

poorly separated by means of the one-dimensional urea gel 

*) see, however, G-actin described in chapter 4. 
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technique, can always clearly be resolved. Furthermore it 

is confirmed that 8 Bp, earlier characterized as the prin

cipal constituent of both S H and S ̂  (16) , is indeed the 

major chain of the ß -crystallins. 

3. The individual Ύ -crystallin constituents are visua

lized at high resolution. 

£. The two-dimensional technique reveals that membrane 

components present in the USL fraction are obscured in the 

ß region by the one-dimensional polyacrylamide-urea gel 

method (compare Tig. 1(a) E with Fig. 5). Studies of Bloe

mendal et al. (7) and Duma et al. (22) demonstrated the 

occurrence of lens membrane specific proteins in the 

32/000 - 90/000 dalton region. This earlier result with 

isolated lens plasma membranes is in agreement with our 

recent observation that s-crystallins lack these pro

teins, whereas they can be detected in the USL fraction 

(compare Fig. 4 with Fig. 5).Moreover, it is obvious that 

α -crystallin chains are the major "contaminants" of the 

latter fraction. Whether or not this reflects the existen

ce of an interaction of α -crystallin with membrane com

ponents is discussed in section II. 

SECTION II 

PROTEINS ASSOCIATED WITH LENS PLASMA MEMBRANES 

INTRODUCTION 

Early studies of Dische et al. (41) demonstrated that if 

the albuminoid fraction is extracted by guanidine-hydro-

chlonde or urea, membrane structures can be visualized 

in the remaining insoluble fraction. However, this method 
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of isolation of membranes yields a material that may 

be contaminated and not pure enough to supply sufficient 

information concerning the real membrane protein consti

tuents (42). Such contaminants should not be mistaken for 

functional protein constituents of biological mem

branes which are called peripheral or extrinsic by virtue 

of their solubility properties in buffers of low- or high 

ionic strength. 

Lven intrinsic functional protein complexes, such as en

zyme antigens, neuroreceptor proteins and hormone recep

tors are solubilized by perturbants and non-ionic deter

gents (43). Therefore, it is obvious that the use of urea 

or guanidine-HCl may result in such a selection of mem

brane components tnat the contribution of other types of 

more weakly bound polypeptides will be completely elimi

nated . 

Isolation and some characteristics of lens plasma membranes 

Λ new method for the preparation of lens membranes has 

been developed which is based mainly upon the classical 

method of purification of plasma membranes (7,22). For 

the isolation of lens fiber plasma membranes the capsule 

and the epithelium are removed. The cortical region is 

selected and pooled. The tissue is gently homogenized in 

1 mM sodium bicarbonate containing 1 тц calcium chloride. 

L/pon low speed centnfugation a plasma membrane fraction 

is obtained under circumstances to avoid other cytoplas

mic constituents such as cytoskeleton and polyribosomes. 

The definition of the "purity" of the plasma membrane-

rich fraction is based upon electron microscopic obser

vations on thin sections, negative staining and freeze 

etching. The material consists mainly of large fragments of 

membranes displaying the classical triple layer aspect of 

the unit membrane. 
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Plasma membranes of two adjacent lens fibers appear as 

differentiated membrane segments, and both plasma mem

branes merge together forming a junctional complex. These 

latter membranes segments have a penta-layered structure 

in thin section. Freeze-fracture clearly indicate that 

the junctional membranes comprise an assembly of intra-

membranous particles displaying uniform and unique dia

meters of about 9 nm (44). Electron microscopic obser

vations on thin sections also demonstrate that the plasma 

mcmbrane-cytoplasmic surfaces are not associated with 

filamentous structures. Moreover mitochondria, polyribo

somes or nuclear fragments are absent. 

Lens fiber plasma membranes have also been isolated using 

in some experiments a mixture of 50 yg of trypsin and 50 

vg of chymotrypsin per ml at 0o
C during 1 hr (22). 

Protein profile of the isolated plasma membrane. 

Isolated lens fiber plasma membranes (7) have a 

characteristic protein pattern (Fig.61). In sodium dode-

cylsulfate gel electrophoresis a multitude of polypep

tide bands are seen varying in molecular weight roughly 

between 18,000-Mr to approx. 100,000-Mr (22). A very 

significant fact is that crystallin polypeptide - especi

ally o-crystallin subunits - remain detectable in the 

lens membrane protein pattern (bands from approx. 

18,000-Mrto approx.31,000-Mr).These crystallin polypep

tides are not removed by repeated washing in buffer of 

low ionic-strength (see Fig.ei) and even resist mild 

proteolytic digestion applied to the isolated plasma 

membranes. Moreover, when the isolated membranes are 

washed with С M urea, the crystallin polypeptides are 

only partially solubilized, in particular a-crystallin 

(7) (see Гід.бС). That the bands in the 20.000-Mr 

region represent crystallin chains can be ascertained 

31 



BSA· - 6 8 0 0 0 

» •Hb шиш 

w -45000 
••-34000 

A B C D E F G H I J 

F i g , 
One-dimensional Polyacrylamide gel 
electrophoretic pattern of calf lens 
proteins in a 0.1% SDS gel slab (A) 
o-crystal1 in s (В) chymotrypsinogen-α 
26,000-Mr (С) ovalbumin = 45,000-Mr 
(D) bovine serum albumin = 68,000-Mr 
(E) water soluble crystallins (F) urea 
soluble lens proteins (USL) with cyto-
skeletal proteins (G) urea-insoluble 
proteins (UIL) (H) G after deoxycholate 
2% treatment (I) total water-insoluble 
fraction (J) purified membranes after 
sucrose gradient (compare G). 
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from the fact that upon isolation and removal of the deter

gent they form a similar aggregate as native α -crystallin 

polypeptides. This finding probably reflects the close 

association to the plasma membrane of "soluble" crystalline 

which should be regarded, at least partially, as integral 

membrane constituents. It is also clear from those obser

vations that the amount and the type of protein which can 

be removed from the lens plasma membranes varies depending 

upon the elution procedure, and that the definition of 

the protein components, which should be called either 

"intrinsic" of "peripheral" to the membrane leaflet is 

essentially operational (45). 

In order to compare the protein pattern of the plasma 

membranes isolated with the method described here, some 

electrophoretic experiments were performed using a sub-

membrane fraction after solubilization in urea and DOC. 

The latter detergent has been already applied for the 

purification of the junctional complex, found in the lens 

fibers (22). 

This method yielded a quite pure junctional fraction 

which was characterized in most of the experiments by the 

presence of two major components, found in the region of 

34,000 and 26,000 respectively. (Fig. 6J). 

Gel electrophoretic experiments have also been carried out 

on the insoluble material after exhaustive extraction of 

the total lens water-insoluble material with 6-7 il urea 

(5,6). In our hands the isolated lens fiber plasma mem

branes upon urea and DOC treatment are characterized by 

principally the26,000-Mr
 b a n d

 (
F
i9·

 6 H
)· Electron micros

copic observations on thin sectioned membrane fractions 

of DOC and urea resistant material, clearly show that 

these fractions consist mainly of junctional fragments in 

agreement with the observations of Dunia et al. (22). It 

is remarkable that even in the urea and DOC-insoluble 
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fraction crystallin polypeptides are still present in 

particular «-crystallin. Vie have already referred to the 

results of a group of authors who used the urea-insoluble 

fraction from the total lens homogenate. These authors 

have claimed that the M
r
 26,000 component accounts for at 

least 50% of this membrane-rich fraction (5,6). 

However, these results must be evaluated with great care 

because the urea-insoluble fraction did not undergo sucro

se gradient centnfugation, which is consistently applied 

in our isolation procedure of the lens plasma membranes. 

Therefore highly insoluble proteins, for instance some 

P-crystallin polypeptides which even resist urea solu

bilization, may contaminate and/or overshadow the protein 

profile in the region of 24,000-Mr 26,000-Mr,known 

to be the molecular weight range of the major p-chains 

(Figs, lb and 1c). If the molecular weight is estimated 

by sodium dodecylsulfate gel electrophoresis it should be 

kept in mind that the values are not exact. A very illu

strative example is the size of the two polypeptide chains 

of a-crystallin of which, according to the elucidated 

primary structure, the molecular weight is 19,830 for the 

αΑ-chain and 20,900 for the oD-chain (46). Nevertheless, 

there is a distinct separation m the sodium dodecylsul-

fate gel electrophoretic pattern of both chains with cal

culated molecular weights of 19,500 and 22,500 respective

ly (9). In this connection it should be mentioned that De 

Jong et al. (47) recently demonstrated that even one 

single amino acid replacement may cause considerable 

differences in mobility in sodium dodecylsulfate gel 

electrophoresis. 
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NOMENCLATURE FOR THE POLYPEPTIDE CHAINS OF LENS PLASMA 

MEMBRANES 

In our first report on the characterization of plasma 

membranes from calf lens we designated one of the major 

protein components of about 34,000 molecular weight as 

PB (predominant band) due to its heavy staining after SDS 

Polyacrylamide gel electrophoresis (7). 

Now, in order to avoid confusion in the identification 

of lens plasma membrane components and to facilitate the 

discussion between students of the same problems, we 

believe that it will be helpful to have a more rational 

nomenclature. 

Since at this moment the only well-defined parameter for 

lens membrane proteins is their apparent molecular weight, 

the new nomenclature should contain a reference to this 

data. If one accepts as general designation of lens mem

brane proteins the abbreviation MP, the two major com

ponents, for example, will be called MP26 and MP34, 

respectively. The number behind the capitals MP indicates 

the apparent molecular weight in kilo daltons as deter

mined on SDS Polyacrylamide gels (Fig. 7 ). The two major 

components are further characterized by their behavior 

in urea and detergents. It has to be noticed that MP34 

seems to resist various treatments of the membranes (22) 

whereas MP26 in some cases diminishes while a smaller com

ponent MP22 is found in the membrane protein profile 

(Fig. 7b). Broekhuyse and Kuhlman (6) and Alcalá et al. 

(5) reported the occurrence of one predominant lens mem

brane polypeptide. Although their molecular weight esti

mate differ to some extent»namely 25,500 and 27,500 respec

tively, both are presumably identical to our MP26. 
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From the work of these authors who did not apply gradient 

centrifugation as purification step, it is not easily 

apparent which of the other lens membrane components 

corresponds to the specific membrane protein MP34 found 

consistently in our preparations. 

At any rate it can be postulated that both the 26,000 

and the 34,000 molecular weight components are associated 

with the hydrophobic core of the lipid bilayer and have, 

therefore, to be indicated by MP. Both components are 

found in fiber membranes purified by density gradient 

centrifugation, and in the urea-insoluble fraction of lens 

homogenates extracted with alkaline buffer and urea (2). 

MP26 is absent in epithelial plasma membranes, while an 

Γ1Ρ45 component is found in both types of membranes (48). 

As far as the other membrane protein components of the 

lens are concerned it is difficult to decide whether 

they represent intrinsic constituents rather than entities 

extraneous to the membranes. For example, the α-crystallin 

polypeptide chains aAand ввbound to plasma membranes, may 

be alternatively designated as MP18 and Г1Р20 according 

to our definition. 

SUCTION III 

SOME CHARACTERISTICS OF MP 26 

INTRODUCTION 

A complete characterization of MP26 has not been provided 

yet. 

Alcalá et al. (5) emphasized the similarity in size with 

the crystallin constituent βΒρ (17) Broekhuyse et al.(49), 

however, reported in 1976 an amino acid composition of 
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MP26 which was quite different from that of the ß-crystal-

lin chain. 

In this section additional chemical data are provided, 

confirming these latter findings. 

The purified MP26 obtained upon preparative gel electro

phoresis had an amino acid composition very similar to 

that of MIP described by Broekhuyse. Peptide mapping of 

MP26 further sustained that ßBp and MP26 are different 

polypeptides. 

MATERIALS AND METHODS 

Preparative gel electrophoresis. 

For the isolation of MP26 the urea-insoluble lens fraction 

(UIL, see section I) was used as starting material. The 

polypeptide was purified by preparative gel electrophore

sis. The gel slabs were prepared essentially as described 

under section I (compare also 50), but were now 4 mm 

thick. 10 mg of the protein preparation was solubilized 

in 0.5 ml sample buffer containing 4% sodium dodecylsul-

fate, 10% S-mercaptoethanol and 20% glycerol,and was sub

sequently layered on the gel slab. The electrophoretic 

run was performed at 20 mA per gel during 5 h. 

Staining and cutting the gel. 

After electrophoresis two strips were cut from both sides 

of the slab (Fig. 8A). These strips were stained and 

destained in order to visualize the 26,000 molecular 

weight range. Meanwhile the unstained gel part was kept 

at -20oC. The Rf-value v/as then calculated and corrected 

for the swelling of the gel strips during destaining. 
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The unstained gel after being brought 

to room temperature was cut horizontally to obtain the 

strip containing the MP26 band. As a control also the 

MP 20-bandvras cut out following the same procedure 

as described for MP26. Fig. 8A depicts the stained parts 

of the gel after cutting. 

blution of MP26 from the gel. 

The 26»000-Mr polypeptide obtained upon preparative gel 

electrophoresis was eluted in 20 mM sodium phosphate 

buffer containing 0.2% SDS at pH 7.0. The extracted 

protein was precipitated by a mixture of methanol-acetic 

acid. To each 2 ml extract were added 3 ml methanol and 

30 Pi acetic acid. The solution was kept overnight at 

-20
o
C and subsequently brought to room temperature and 

centrifuged at 10,000 rpm for 15 minutes. The protein 

pellet was solubilized in 300 μΐ of a 70% formic acid 

solution, lyophilized and solubilized in water. 

Amino acid analysis of MP26. 

Amino acid analyses of 100 vg of the MP26, obtained upon 

preparative gel electrophoresis, were performed on a 

Chromaspek amino acid analyzer.As a control the crys-

tallin-chain obtained from the same urea-insoluble frac

tion was simultaneously submitted to amino acid analyses. 

The samples were hydrolyzed in 6 N HCl under vacuum at 

110
o
C for 24, 48 and 72 hours. 

Peptide mapping of MP26. 

Uelipidation of the Γ1Ρ26 containing preparation. 

Delipidation of MP26 was accomplished by extraction of 

50 ml suspension of the lyophilized material with a 
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5:1 acetone-ammonia solution at room temperature for 30 

minutes under continuous stirring. The insoluble fraction 

was collected by centrifugation at 30,000 χ g for 

30 minutes in the Sorvall centrifuge at room temperature. 

This procedure was repeated twice. The insoluble fraction 

was weighed and retained for peptide mapping. 

Aminoethylation of MP26 after delipidation. 

23 mg of the sample was taken up in 3 ml of a 0.5 M Tris-

HC1 solution at pH 8.6 Then 3.6 g urea, 15 mg EDTA and 

0.1 ml B
-
mercaptoethanol were added to the suspension and 

the milky solution was stirred at room temperature for 

1 h. 0.2 ml ethyleneamine was then added and the mixture 

was now stirred for 2 h. at room temperature. The reac

tion was then stopped with 0.3 ml B-mercaptoethanol and 

the solution was dial\jzed against distilled water over

night. The preparation was immediately submitted to 

chymotryptic or tryptic digestion. (Lyophilization inter

feres with digestion.) 

Tryptic and chymotryptic digestion and mapping. 

Trypsin (1/50 v/w) was added to one half of the dialyzed 

preparation obtained after aminoethylation, to digest 

for about 2 h. at 37
0
C. To the other half of the prepa

ration chymotrypsin was added in the same amount under 

the same conditions. After digestion both samples were 

lyophilized. The loss of material was remarkably low. 

(5%) 5 mg of both the tryptic and the chymotryptic 

digests were now submitted to chymotryptic and tryptic 

digestion, respectively. Two-dimensional separations of 

the peptides from the clear solutions were made as 

described by Van der Ouderaa et al. (12). Peptides 

were detected by ninhydrin staining. 
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RESULTS 

MP26, purified by preparative gel electrophoresis (Fig.θ A) 

was analyzed by analytical gel electrophoresis. The esti

mated purity was more than 95% (Fig. 8 Bb). This pre

paration was subjected to amino acid analyses. The obtai

ned composition was compared to the amino acid composition 

reported by Broekhuyse et al. (49) and to the composition 

of ê p (17) (See table 1). 

Table 1. Comparison of amino acid compositions of MP26, 
MIP* and BBp *« data for the calf lens 26.000-M

r
 com

ponents are expressed in mol/100 mol. 

Amino acid MP26 MIP 3Bp 

Asparagine 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Cysteine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Tryptophane 
Lysine 
llistidine 
Arginine 

MIP means membrane intrinsic protein 
** 
βΒρ stands for the principal ß-crystallin polypeptide 

Values were obtained by Broekhuyse et al. (49) 

Values were obtained by Herbrink et al. (17). 

From this comparison it becomes evident that MP26 and BBp 

are not the same polypeptide, whilst our results are very 

similar to those described by Broekhuyse. 

4. 9 
4 . 5 
7 . 8 

16. 3 
6. 7 

10. 7 
14. 4 

8. 2 
0.0 
1. 8 
2. 6 

13 . 2 
2. 9 
5. 2 

-
2. 8 
3 . 1 
5. 3 

4 . 7 
4 . 9 
8 . 4 

1 5 . 8 
5 . 7 

1 0 . 6 
1 2 . 2 

8 . 4 
0. 6 
2 . 3 
2. 7 

13 . 7 
2. 8 
6. 2 
-

1. 5 
2 . 4 
5. 7 

8 . 3 
3 .4 
8 .4 

1 5 . 8 
6 . 8 
9. 3 
4 . 2 
6 . 9 
1. 0 
1.0 
3. 1 
5. 0 
4. 4 
4. 0 
2. 0 
6. 0 
4. 1 
5. 0 
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This latter finding shows that identical MP26 prepara

tions are obtained by different purification procedures 

such as chloroform-methanol extraction and sodium dode-

cylsulfate preparative gel electrophoresis. Comparison 

of the amino acid compositions of ßBp and MP26 also reveals 

a quite different degree of hydrophobicity. To determine 

a rough percentage of hydrophobicity the total of 

mol/100 mol of isoleucine, leucine, tyrosine, phenyl

alanine and, if determined, also tryptophane are com

pared to the total of mol/100 mol of the remaining amino 

acids. Thus MP26 has a calculated hydrophobicity of 30% 

whilst that of ßBp amounts to 18.5% (17, 49). MP26 there

fore meets the criterion of 25 to 50 percent hydropho

bicity which is currently found in intrinsic membrane 

proteins. An additional proof for the dissimilarity of 

MP26 and ßBp is provided by the peptide maps of both 

proteins shown in Fig. 9. 

Fig. 9. 
Maps of the tryptic peptides from the MP26 and the BBp 
chains. 
The picture of the 
Huub Drie s sen. 

iBr chain was kindly provided by 
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Concluding remarks. 

The data presented in this chapter are consistent with 

the view that the architecture of biological membranes 

relies on the association to the lipid phase of intrinsic 

polypeptides amphipatic in nature. Our data demonstrate 

the existence of highly specialized forms of supramole-

cular organization of the membrane proteins. Polyacryl

amide gel electrophoresis on isolated lens fiber plasma 

membranes indicates that crystallin polypeptides formerlj 

characterized by their water-soluble properties are 

instead partially associated with the water-insoluble 

and the detergent-resistant membrane fraction. Moreover, 

we succeeded by applying preparative gel electrophoresis 

to purify the intrinsic membrane protein, MP2 6. From 

amino acid analysis and peptide mapping it appears that 

this protein is characterized by a high degree of 

hydrophobicity. 
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Chapter 3 

THE ULTRASTRUCTURE OF THE PLASMA MEMBRANE-

CYTOSKELETON COMPLEX IN LENS FIBERS 





Chapter 3 

INTRODUCTION 

The assembly and the dissassembly of motility consti

tuents in nonmuscle cells are regulated by a molecular 

mechanism differing from each other according to the 

cell system. Several co-factors either favoring filament 

formation or preventing this process have been character

ized (1,2,3,4,5,6,7,8). Various lines of experimental 

evidence clearly indicate that this class of proteins is 

not only involved as a driving force of cell movement and 

in the maintenance of cell shape, but also controls or 

at least contributes to the regulation of cell surface 

functions. It has been postulated that modulation of 

antigenic and receptor mobility, transduction and ampli

fication of regulatory signals depend upon a common link 

between the plasma membrane protein component and the 

mechano-chemical structure of the cytoskeleton (9,10 )· 

The existence of a close association betv/een filaments 

and plasma membranes in lens fiber cells has also been 

purported (11,12,13).The protein pattern of this complex 

is characterized by, among others, two components of 

Mr 42,000 and Mr 55,000 (9,11,14,15,16,17).These molecular 

weight values are identical to those of actin and desmin 

respectively, two common motility constituents in muscle 

and non-muscle cell systems. In contrast to the sarco

mere model, these cytoplasmic proteins occur in a rather 

labile and transient structure. 

Motility proteins such as actin exist both in a water-

soluble molecular form, and associated with filamentous 

structures, forming the cytoskeleton ( 1,18,19). Gupra-

molecular complexes of actin have also been described in 
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cellular regions, where it is stored (20,21).The finding 

of actin and desmin in the lens complex was remarkable 

since electron microscopic observations on the lens fiber 

plasma membrane fraction isolated under standard condi

tions (22) did not show any filamentous structures asso

ciated with the bi-layer. The purpose of this work is 

mainly to illustrate the ultrastructural' characteristics 

of the cytoskeleton and its association with lens fiber 

plasma membranes. 

MATERIAL AND METHODS 

Isolation of the plasma membrane-cytoskeleton complex. 

The procedure of isolation of the plasma membrane-

cytoskeleton complex was analogous to the method applied 

for the isolation of lens fiber membranes (22) with the 

exception of the choice of temperature and the condi

tions of the medium. The use of proteolytic enzymes was 

avoided preserving as much as possible the structural 

association between plasma membrane and cytoskeleton. 

Instead of 1 mM sodium bicarbonate, a concentration of 

40 mM KCl and 1 mM МдСІ2 in 1 mM of sodium bicarbonate 

was used. For the preservation of ribosomal material 

the Mg-concentration was raised to 10 mM. 

Solubilization of the cytoskeleton. 

The isolated membrane fraction was resuspended in 

0.6 Μ KI (1 mg protein per ml) and stirred at 4
0
C during 

1 hr. Centrifugation at 100,000 χ g for 1 hr was applied 

and the obtained pellet was further extracted in 

0.6 Μ ΚΙ, resuspended and was kept, while stirring, for 
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12 hrs at 4
0
C. (23). This centrifugation step was repea

ted and the final pellet as well as the supernatant were 

both analyzed by Polyacrylamide gel electrophoresis in 

sodium dodecylsulfate and by electron microscopy. In 

another experiment the pellet obtained after the second 

extraction in 0.6 M KI was resuspended and centrifuged 

through a discontinuous sucrose gradient with densities 

of 1.22, 1.20, 1.18, 1.14 g/cm
3
 for 90 min. at 26.000 rpm 

in a SW 27 rotor of a Spinco Ultracentrifuge (21). 

The plasma membrane-cytoskeleton complex was also extrac

ted with Tes-buffer and the insoluble material was ob

tained with the same centrifugation steps as described 

for the 0.6 Μ KI extraction. 

Release of polyribosomes from the cytoskeleton. 

Lens cortices were gently homogenized in 25 mM Tris 

buffer containing 40 mM KCl and 10 ml·! МдСІ2. The homo-

genate was spun at 9,000 χ g for 15 min. The ribosomes 

in the supernatant were precipitated by raising the МдСІ2 

concentration to 0.1 M and kept at 4
0
C. for 1 h. Λ pellet 

was obtained by centrifugation at 33,000 χ g for 25 minu

tes. The pellet was resuspended and layered on top of a 

discontinuous sucrose gradient as previously described 

(22 ). The 9,000 χ g pellet was washed repeatedly and 

centrifuged at low speed. The final pellet was incubated 

for 1 hr with DNAse I (0.2 mg per ml per mg protein) at 

room temperature. After DNAse I treatment the material 

was spun at 15,000 χ g for 15 min. The supernatant was 

collected and layered on top of a discontinuous sucrose 

gradient. 
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Electron Microscopy. 

Thin sections: 

The isolated fractions were fixed for 1 h in 4% gluta-

raldehyde in 0.2 M cacodylate buffer, pH 7.2 or Karnovs-

ky's fixative (24a,b) and postfixed in 1% osmium tetroxyde 

in the same buffer. The fixed samples were dehydrated in 

gradual series of acetone and embedded in Vestopal W. 

Some samples were treated with 1% tannic acid after glu-

taraldehyde fixation (25) and then processed as above 

indicated. Thin sections were prepared using an LKB III 

microtome and were double stained with uranyl acetate 

and lead citrate. 

Negative staining: Both treated and untreated plasma 

membrane-cytoskeleton complex fractions were studied 

after negative staining. The membrane suspension was 

layered on a carbon-coated grid, washed with 1% ammonium 

formate and stained 1% uranyl acetate or uranyl formate 

(26). All the specimens were viev/ed in a Philips EM 300 

or EM 400 electron microscope. 

RESULTS 

The isolated cytoskeleton plasma membrane complex. 

The ionic strength of the homogenization medium and the 

temperature, both differing from the original Neville 

method (27), were chosen at 40 mfl KCl and 1 mM МдСІ2, 

and 20
o
C, respectively. The membranes isolated both 

under "standard" conditions and under filament preser

ving conditions are depicted in Figs. 1 Λ and 1 B, 

respectively. 
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The lens fiber preparation after homogenization was cen

trifugad through a discontinuous sucrose density gradient. 

Fig. 1 Λ. 

Isolated lens fiber plasma membrane using the conventio
nal method (22 ). The membrane profiles are lacking 
filamentous structure attached to them (compare 1 B) . 
Note that the structural integrity of the isolated 
plasma membrane regions is preserved, only when the junc
tional complexes are present. Otherwise only fragmented 
vesicles are detected. 

Figs. 1 Λ and 1 В illustrate the most common and charac

teristic features of the fractions collected at the in

terface between the densities 1.14 and 1.16. These frac

tions consist of large fragments of plasma membranes 
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joined together by numerous junctional complexes. 

A striking difference characterizes the membrane fractions 

that have been isolated under "standard" conditions 

Cytoskeleton plasma membrane complexes isolated under 
stabilizing conditions. The organization of the lens 
fiber plasma membrane and cytoskeleton is retained. 

compared to those obtained in buffer at higher ionic 

strength and temperature. 

Whereas in the former fractions the cytoplasmic surface 

of the plasma membranes is practically free from any 

filamentous or stranded structure, the membrane fractions 

isolated under the latter conditions are characterized 

by close association of filamentous structures to the 
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inner sites of the membrane sheets (see Fig. 1 B.) 

In negatively stained preparations two kinds of filamen

tous structures may be identified. One type occurs as 7 nm 

.-*> 
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•
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Fig. 2 Л. 

Thin 7 nm filaments associated with globular material 
presumptive for either ribosomes or crystallin molecules 
are visualized in negative contrast. 

filaments consisting of a double row of globular subunits 

arranged in a helical configuration. These rather thin 

filaments have common features with actin filaments 

visualized in various muscle and non-muscle cell types 

(Fig. 2 Л ) . 

55 



The other type is represented by intermediate sized 10 nm 

filaments (Fig. 2 B). The substructure is characterized 

by globular subunits forming four rows. 

Both negative staining and thin sectioning techniques 

(24,26 ) show that both types of filaments are closely 

associated or inserted into the cytoplasmic surface of 

the inner plasma membrane leaflet (Fig. 3). These struc

tural features visualized by electron microscopy indicate 

that actin and intermediate filaments have a stable end-

on attachment to the plasma membrane. 
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This conclusion is supported by the fact that the fila

ment-plasma membrane association resists repeated washing 

in buffer during homogenization and differential density 

gradient centrifugation. In Fig. 4. the plasma membrane-

cytoskeleton complex is shown after negative staining. 

200 nm 

Fig. 
Negatively stained preparation of the plasma membrane-
cytoskeleton complex. Note the end-on attachment of 
filaments of the plasma membrane surface and the globular 
subunits associated with thin actin filaments. 

Two kinds of globular structures are visualized along the 

filaments. One type consists of globular subunit entities 

having an irregular shape and size ranging from 5 to 

14 nm. These features are common to individual a-crystal-

lin particles (9,29 )· 
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The other type is a large globular entity consisting of 

two subunits of about 12 and 20 nm in close association. 

These structures have aspects identical to ribosomal 

monomers, (compare Fig. 2 A). In Fig. 3 also ribosomal 

material is visualized as being attached to thin fila

ments and never to intermediate sized 10 nm filaments. 

Solubility properties of the cytoskeleton complex. 

In previous studies on the water-soluble lens fraction 

the existence of a stable association between cytoskele

ton and plasma membranes was obscured, because of the 

use of either urea or guanidine-hydrochloride as a final 

step of extraction of the fraction (30,31, 32 ). Further

more in our early experiments on purification of lens 

fiber plasma membranes, in order to eliminate "conta

minants", we deliberately destroyed the cytoskeleton by 

using proteolytic digestion (21 ). Urea or detergents 

like deoxycholate (DOC) solubilize the intermediate 

filaments and denaturate thin actin filaments. Upon DOC 

treatment the bulk of lens fiber polyribosomes are 

detached. 

Using DNAse I incubation the thin filaments as well as 

(at least partially) the intermediate sized filaments 

are depolymerized. Figs. 5 A and 5 В show the morpho

logical aspect of the cytoskeletal filaments after the 

action of DNAse I. In Fig. 5 A intermediate filaments 

are visualized which are apparently split into indi

vidual subunits indicating depolymerization of the 

assembly. 

In Fig. 5 В the ribosome-actin-filament complex is shown 

which is found in the supernatant after DNAse I treat

ment. 
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Fig. 5 Л. 
The negative stained preparation of intermediate fila
ments incubated with DNAse I. The size of the filament 
is not uniform (compare Fig. 2 B). 
Swelling and fragmentation (* ) of the filament in two 
subfibrilles is clearly visible. 
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Fig. 5 В. 
Long stranded assembly of ribosomes and partially depoly-
merized actin filaments (arrow) after DNAse I treatment. 

It is remarkable that even after prolonged extraction 

of the plasma membrane-cytoskeleton complex either by 

KI or by Tes, thin filaments and intermediate sized 

filaments are still detected in close association 

either with ribosomes, crystallin molecules or with 

plasma membranes (Tig. 6). (9,23). 
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Fig. 6. 
Negatively stained preparation of the cytoskeleton after 
KI extraction. Note that actin filaments ( * ) are still 
visible, although intimately coated with globular sub-
units. 
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DISCUSSION 

Isolation of plasma membranes from animal cells involves 

several steps, including homogeneization and differential 

gradient centrifugation in buffers of ionic strength and 

at low temperature. Eventually, to obtain the "most pure" 

membrane fraction, digestions by protease and collagenase 

were applied (21). Under these condition the labile struc

tural organization of the cytoskeleton and its associa

tion with the plasma membranes were severely damaged. 

Like in other non-muscle systems the stability of the 

actin-containing complex depends strongly upon proper 

ionic concentration within a defined pH range and on se

veral protein cofactors. 

We observed that a consistent amount of actin remains 

insoluble and constitutes a filamentous complex with the 

plasma membrane (see chapter 4). 

The interaction of the filaments with the cytoplasmic 

surface of the plasma membrane has been compared to the 

occumng at the Z-line of actin filaments and a-actinin 

in the sarcomere organization. This attachment seems 

to be an essential condition for nucleated polymeriza

tion and stabilization of actin filaments and their po

larity relative to the membrane. It is believed that the 

assembly of the filament starts at sites on the plasma 

membrane and proceeds away from it (28,33,34,3b,36,37). 

Another important implication of this end-on attachment 

of actin filaments at the cytoplasmic site of the membra

ne might be that this association represents the means 

by which signals from the environment are directly 

transmitted to the contractile machinery. Unfortunately, 

we do not have sufficient data concerning the molecular 

mechanism which regulates the interaction between 
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cetoskcleton and plasma membrane. 

Electron microscopic observations of the insoluble frac

tion after Kl-buffer extraction are suggestive of the 

maintenance of the actin in its filamentous form. Crys-

tallin polypeptides which always remain in this insoluble 

fraction might participate in stabilizing the filamentous 
op 

form
v
actin. Consistent with this assumption is our obser

vation that crystallin molecules visualized by negative 

staining appear in intimate association with the resis

tant 7 nm filaments (see Fig. 6). Recent results also 

indicate the existence of some interaction between actin 

and crystallin since both components are retained on a 

Sephadex-DNAse I affinity column and are eluted together 

only by high concentrations of guamdine-hydrochlonde 

(14). (Chapter 4, Fig. 1). 

As far as the intermediate sized filaments are concerned 

they have been identified as cytoskeleton constituents 

potentially involved in cell motility and maintenance of 

the cell snape. Our results provide another example where 

intermediate filaments contribute to the organization of 

the lens fiber cytoskeleton and its attachment to the 

plasma membrane. Our membrane fractions enriched by a 

high amount of intermediate filaments parallels the 

occurrence of а тазог component in the55,000-M
r
 region. 

Thus it is reasonable to assume that the latter polypep

tide, incidentally called desmin or skeletin, can be 

accounted for by the 10 nm filaments found in lens tissue 

(15,16 ,38Polyacrylamide gel electrophoretic analysis 

revealed a narrow range of molecular weights for the 

subunit size of desmin. These variations in size may 

reflect similar molecular differences as observed for 

the actin (39). Our results demonstrate that at least 
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in some respect intermediate filaments are characterized 

by solubility properties that are common to those of 

actin filaments in the eye lens fibers (14). Actually KI 

partially solubilizes both the 55,000 and 42,000 molecular 

weight polypeptides from the plasma membrane-cytoskeleton 

complex as demonstrated by Polyacrylamide gel electro

phoresis ( 9 ). Consistent with these results are the 

electron microscopic observations showing that interme

diate filaments after KI extraction become dissassembled. 

Another intriguing result concerns the effect of DWAse I 

which induces morpnological alterations of the inter

mediate filaments but is unable to solubilize the 55,000 

molecular weight component from the cytoskeleton. 

The question of whether actin polypeptides interact with 

desmin has been already raised by Lazandes and Hubbard 

(23). These investigations showed that in chicken gizzard 

actin, which resists KI solubilization, co-purifies with 

desmin. More recently Buckley and Porter (4 0, 41) have 

suggested that in cultured fibroblasts many intermedia

te filaments contain a core of F-actin. The functional 

and structural complexity of the cytoskeleton in lens 

fibers is also underlined by the observation that actin 

filaments form a complex with polyribosomes. This complex 

can be easily dissociated from the plasma membrane by 

incubation with DNAse I yielding a material that con

tains a stranded and a particulate structure. 

Gel electrophoretic experiments have already shown that 

this fraction still contains a considerable amount of 

actin (42 ). Moreover after gradient centrifugation the 

pattern of the DNAse I sensitive actin filament-nbo-

somal complex, clearly shows that this fraction contains 

polyribosomes. Applying the HLLA-cell system Ler^ et al. 

(43) pointed out the existence of a close interaction 
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between polyribosomes and actin filaments but from these 

results it was not yet understood how this cytoskeletal 

component may play a part in protein biosynthesis. In a 

forthcoming thesis from our laboratory by Ramaekers the 

characteristics of this special class of polyribosomes 

will be presented. 
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Chapter 4 

ACTIN IN HAHMALIAN LENS 

SUMMARY 

In this chapter evidence is provided that one of the 

protein components of the water-soluble fraction of the 

calf lens binds specifically to deoxyribonuclease I 

(DNAse I). On the basis of this property this polypeptide 

could be purified applying DNAse I-affinity chromato

graphy. Concomitantly a protein of 55,000-Μ
Γ
 and a rather 

large amount of a-crystallin copurify with this polypep

tide having a molecular weight of 42,000. 

Highly purified 42,000-Mr protein was also obtained by 

extraction of the water-insoluble fraction of the calf 

lens with 2 tris (hydroxymethyl)methyl-2-aminoethane 

sulfonic acid (Tes-buffer) followed by gel filtration. 

Amino acid analysis, peptide mapping and electron micro

scopy show that the protein obtained from both lens 

fractions is identical to non-muscle actin. Furthermore 

the amino acid composition of the 55,000-Mr protein is 

identical to hog stomach skeletin and very similar to 

calf brain desmin. 
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INTRODUCTION 

The vertebrate eye lens consists mainly of protein (35%) 

and water (65%). The so-called crystallins constitute 

90% of the protein moiety. Among them a-crystallin has 

been studied extensively (1,2,3). Much less attention has 

been paid to quantitatively minor proteins which never

theless are constituents of essential structures such as 

membrane and the cytoskeleton (4). In chapter 2 is des

cribed that lens fiber plasma membranes are characterized 

by 2 predominant components, MP26 and MP34, respectively, 

which are believed to form the junctional devices between 

fiber cells. In addition a polypeptide is found with a 

molecular weight in the region of 45,000 occurring in 

the dodecylsulfate gel electrophoretic pattern of the 

plasma membranes, in particular when actin-like micro

filaments in association with membranous sheets were 

observed by electron microscopy (4, and Dunia et al., in 

preparation). Furthermore we have incidentally found in 

the so-called water-soluble lens fraction stranded supra-

molecular complexes suggestive for the existence of a 

close association between crystallin polypeptides and 

actin (5). For these reasons both the water-soluble and 

water-insoluble fraction were used as starting material 

for the isolation and chemical characterization of lens 

actin. We show that, like other non-muscle cell systems, 

the lens comprises actin in different molecular assem

blies. Moreover, affinity chromatography, gel filtration 

and electrophoretic data indicate the existence of an 

association between actin, crystallin polypeptides and 

a 55,000-Mr component with an amino acid composition 

virtually identical to that of skeletin and desmin (6,7). 
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MATERIALS AND METHODS 

Materials 

Calf lenses were obtained from the slaughterhouse and kept 

at 4 C. DNAse I recrystallized, from bovine pancreas 

(Sigma Chem. Co.), was used. Guanidine-HCl was acquired 

from Merck and was used without recrystallization. 

Sepharose 4B was purchased from Pharmacia, Uppsala, 

Sweden. Cyanogenbromide was obtained from Kodak. Gel slab 

apparatus was purchased from Pleuger, Wijnegem, Belgium. 

A. Isolation of actin from the water-soluble fraction of 

the lens. 

1. Preparation of the water-soluble fraction of the lens. 

50 Gram of the cortical part of calf lenses was stirred 

with 250 ml of 0.01 M Tns-IICl, pH 7.5, containing 

0.01 M NaCl and 0.001 M EDTA. The homogenate was cen-

tnfuged during 15 minutes at 12,000 χ g. The super

natant was then again centnfuged for one hour at 

200,000 χ g. The supernatant thus obtained was used 

for affinity chromatography. All experiments were 

performed at 40C. 

2. Affinity chromatography of lens actin on DNAse I-

Sepharose 4B columns. 

A DNAse I-Sepharose 4B column was prepared by acti

vation of Sepharose 4B with CNBr essentially according 

to the methods described by Kato and Anfinsen (8) and 

Lindberg and Eriksson (9). 25 g of Sepharose 4B was 

washed with distilled water on a Büchner funnel and 

resuspended in approximately 50 ml of distilled water. 
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4 g of CNDr was dissolved in 150 ml of distilled and 

added to the syspended Sepharose 4B. The mixture was 

kept at pH 11.0 - 11.5 by dropwise addition of diluted 

NaOH. After completion of the reaction the resin was 

washed on a Büchner funnel with 0.1 M ЫаНСОз and re-

suspended in 25 ml of 0.1 M ЫаНСОз containing 0.1 mM 

of СаСІ2. 20 mg of DNAse I was added to the activated 

slurry and stirred overnight. The DNAse substituted 

Sepharose was washed with water, 0.1 M ПаНСОз and again 

water (1000 ml in each instance). The slurry was poured 

in a column and prewashed with 50 ml of 4 M guanidine-

HCl containing 0.5 M sodium acetate and 30% glycerol 

followed by 500 ml of 0.01 M Tris-HCl, pH 7.5, contai

ning 5 mil СаСІ2 (Scheme la) . 

The water-soluble fraction of the lens was applied to 

the column. Unabsorbed material was washed off at a 

flow rate of 2 ml/5 min. with 0.01 M Tris-HCl, pH 7.5, 

containing 5 mM СаСІ2. 

The proteins absorbed to the affinity column were elu-

ted with discontinuous guanidine-HCl solutions at 0.75M 

2.0 M and 4.0 M, respectively (Scheme lb). All salt 

solutions contained 30% glycerol and sodium acetate 

ranging from 0.5 M to 2.0 M. As much as 45 mg of protein 

was eluted from the column. Peak solutions were pooled, 

dialyzed and, after lyophilization, analyzed by Poly

acrylamide gel electrophoresis. 

3. Isolation of actin by preparative gel slab electro

phoresis. 

To obtain purified water-soluble lens actin preparative 

gel slabs were run of the material eluted from the 

DNAse I affinity column. The gel slabs were prepared 

essentially as described in Chapter 2 Section III. 

To ensure improved separation of the bands the Poly

acrylamide concentration was 10%. 10 mg of the protein 
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EXTRACTION SOLUBLE ACTIN BY AFFINITY CHROMATOGRAPHY 
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(Sepharose Í B DNase 11 

Affinity chromatography of calf lens actin isolated 
from the water-soluble fraction. A. DNAse I-Sepharose 
4B column procedure. B. Elution profile. 

mixture was solubilized з.п 0.5 ml sample buffer con

taining 4% SDS, 10% mercaptoethanol and 20% glycerol 

and was subsequently layered on the gel slab. After 

electrophoresis, staining and destaining of the gel 

the 42,000 dalton band was cut out. 
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4. Elution of actin from gel. 

The 42,000 dalton band obtained upon preparative gel 

electrophoresis was eluted and further purified as 

described in Chapter 2 Section III. 

B. Purification of actin from the water-insoluble fraction 

of the lens. 

1. Preparation of the water-insoluble fraction of the 

lens. 

75 g lens cortical tissue was suspended in 100 ml buffer 

containing 4 0 mM KCl and 1 mM МдСІ2· The mixture was 

homogenized at room temperature in an all glas Potter-

Elvehjem tissue grinder. The homogenate was centrifuged 

in Λ CSA rotor of a Sorvall Superspeed RC-2B centrifuge 

at 9,000 χ g for 20 min. at 15
0
C. The supernatant was 

decanted and the pellet resuspended in the same buffer. 

The washing procedure was repeated until most of the 

water-soluble proteins were extracted. The last washing 

was performed in a SS34 rotor of the Sorvall at 12,000 

χ g for 20 min. The resulting pellet is the water-

insoluble fraction of the lens. 

2. Purification by Sepharose 6B column chromatography. 

The water-insoluble fraction of the lens was extracted 

with 100 ml TLS-buffer at pH 5.5 during 1 h at 4
0
C. 

The mixture was continuously stirred and subsequently 

centrifuged at 100,000 χ g for 45 min. The supernatant 

was collected, dialyzed against distilled water and 

then lyophilized. 50 mg of the extracted protein was 

layered on a column (150 χ 1.5 cm) containing Sepharose 

6B in 6 M urea, 0.05 M NaCl, 0.001 M EDTA, 0.05 M Tris-

HC1 at pH 7.Θ. Fractions were collected by an LKB frac

tion collector, pooled and analyzed by Polyacrylamide 

gel slab electrophoresis. 
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С. Peptide mapping of actin from the water-insoluble 

fraction. 

1. Carboxymethylation. 

0.2 - 0.3 μΐηοΐ of purified 42,000 dalton protein was 

dissolved in 1 ml 8 M urea containing 0.3 M Tris-HCl, 

pH 8.0 and incubated at 37
0
C for 3 h with 2-4 μΐ 

8-mercaptoethanol. An equivalent quantity of rabbit 

skeletal muscle actin was taken for comparison simul

taneously. 1.8 ml iodoacetic acid was added to the 

solutions. After 30 min. at room temperature the solu

tions were dialyzed overnight against 0.5% ammonium 

bicarbonate. 

2. Tryptic digestion and mapping. 

Trypsin was added to the carboxymethylated proteins 

(1/50 w/w) to digest for 22 h at 37
0
C and finally lyo-

philized. The pH was kept at 8.9 in 0.1 M ammonium 

bicarbonate. Two-dimensional separations of the pep

tides from the almost clear solutions were made as 

described by Van der Ouderaa et al. (10). Peptides 

were detected by ninhydrin staining. 

D. Gel electrophoresis analyses. 

Gel slabs were prepared as described previously in 

Chapter 2, Section I. The electrophoretic run was per

formed at 20 mA per gel for 5 h. 

E. Isolation of the 55,000-Mr polypeptide from the water-

insoluble lens fraction. 

To obtain the purified lens 55,000-M
r
 polypeptide we 

applied the method of isolation by preparative gel 
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slab, followed by elution from the gel as described 

for the Isolation of actin from the water-soluble 

fraction. 

F. Amino acid analysis of actin and 55,000-M
r
 polypeptide 

From both the 42,000-Mr and the 55,000-Μ
Γ
 polypeptide 

amino acid analyses were performed on a Chromaspek 

amino acid analyzer. The samples were hydrolyzed for 

24, 48 and 72 h in 6 N HCl under vacuum at 110
o
C. 

G. Electron microscopy. 

Thin sections of fixed and embedded membrane-cytoskele-

ton complex were stained with uranyl acetate and lead 

citrate. The electron microscopic observations were 

carried out in a Philips EM 301. Λ double condenser 

lens system and anti-contamination device were rou

tinely used. 

RESULTS 

Separation and identification of actin in the water-

soluble fraction of the lens by affinity chromatography 

and sodium dodecylsulfate Polyacrylamide gel electro

phoresis. 

Lazarides and Lindberg (11) discovered that calf thymus 

actin has the properties of the naturally occurring inhi

bitor of DNAse I. Hence they developed a new method of 

actin purification based upon the affinity of DNAse I 

with the motility protein. 
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Since this method could be considered to be of general 

application, this technique has been utilized in order 

to purify actin from the lens. Peak fractions emerging 

from the affinity columns were analyzed on dodecyl sulfate 

Polyacrylamide gel slabs (Scheme lb) (Fig. 1). At the 

concentration of 0.75 M guanidine-HCl virtually only 

crystallins were obtained, the major part being o-crys-

tallin (Fig. la). When the guanidine HCl concentration 

was raised, the fraction eluted comprised a 42,000-M
r 

polypeptide and still a consistent portion of a-crys-

tallin and a minor component of 55,000-Mr (Fig. lb). 

As a control a cyanogenbromide-activated Sepharose 4B 

column was run with the same preparation (Fig. Ih and i). 

In the latter case the 42,000-Mr and 55,000-Μ
Γ
 components 

are not retained at the guanidine-HCl concentration of 

0.75 M, showing that the binding of these two components 

to the affinity column is specific. Conversely, the 

o-crystallin polypeptides are retained under the same 

elution conditions. 

Purification of actin from the water-insoluble fraction 

of the lens by Tes-buffer extraction and gel filtration. 

The water-insoluble fraction was extracted by Tes-buffer 

at pH 5.5 The extracted fraction contains as a major 

constituent a 42,000-Mr component and crystallin poly

peptides (Fig. 2). The former component was isolated in 

a highly purified form after gel filtration of the Tes-

soluble fraction. Figures 2a and 2d show that the 

42,000-M
r
 component purified in this way comigrates with 

muscle actin in dodecyl sulfate Polyacrylamide gel elec

trophoresis. It is remarkable that if Tes-extraction is 

applied at higher pH, progressively more water-insoluble 

lens components, among which the 55,000-Μ
Γ
 component, 

are solubilized. 
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In contrast, if the Tes-extraction is performed at a pH 

lower than 5.5 only crystallin polypeptides are eluted, 

in particular ß-crystallin (compare Fig. 3 lane b with 

lanes с and d). 

χ : 
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Fig. 
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Amino acid analyses of actin. 

The amino acid composition of the 42,000-Mr component 

from calf lens is listed in Table 1. For comparison the 

values of actin isolated from calf thymus, human platelets 

and rabbit skeletal muscle are also shown. It can be seen 

that the amino acid composition of lens actin is in rea

sonable agreement with the values obtained from the other 

tissues and species. It has to be mentioned that some 

differences have been found between water-soluble and 

water-insoluble lens actin for glycine, valine, leucine, 

serine and arginine. Sequence studies being in progress 

will shed more light on the possible relevance of this 

observation (see first and second column). 

Tryptic peptide mapping. 

The 42,000-Mr component was subjected to tryptic diges

tion. The protein was first carboxymethylated and after 

digestion with trypsin it was analyzed by electrophoresis 

and chromatography. For comparison the tryptic maps of 

both calf lens actin and rabbit skeletal muscle actin 

are shown (Fig. 4). Obviously the fingerprintings in the 

acidic and neutral regions are identical, with the ex

ception of two peptides (hatched in Fig. 4a). Moreover, 

we analyzed the amino acid composition of corresponding 

spots from both maps as shown in Table 2. These compo

sitions are but for one mutation identical to those of 

the known sequences of the rabbit skeletal muscle actin 

peptides. 
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Table 1. Comparison of amino ас 

from different tissues and spec 

id composition of actin 

ies. 

The first column of res 
isolated from the water 
chromatography followed 
phoresis; the second со 
the water-insoluble fra 
Results for calf thymus 
mined by us, the latter 
Astrid Fagraeus (Karoli 
Results on human platel 
et al. (21). 

ults for calf lens was for material 
- soluble-fraction upon affinity 
by dodecy1 sul fate gel electro-
lumn was for material isolated from 
ction by Tes buffer extraction. 
and rabbit skeletal muscle deter-
material was a gift from Prof. 

nska Institute, Stockholm, Sweden). 
ets were determined by Booyse 

Amino acid Number of residues in actin from 

calf lens calf rabbit human 
, ., skeletal platelets 

water- water- thymus .
 r 

, ,, . muscle 
soluble inso

luble 

Lysine 

Histidine 

Arginine 

Asparagine 

Threonine 

Serine 

Glytamic acid 

Proline 

Glycine 

Alanine 

Cysteine 

Valine 

Mefriionine 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

Tryptophan 

19 

11 

18 

35 

27 

27 

44 

23 

28 

30 

4 

20 

7 

17 

33 

10 

14 

-

20 

10 

26 

31 

24 

37 

53 

20 

37 

31 

-

14 

10 

15 

25 

12 

10 

-

21 

11 

18 

35 

29 

24 

47 

20 

29 

29 

4 

15 

10 

20 

30 

12 

13 

-

22 

11 

16 

33 

29 

25 

42 

26 

31 

34 

-

17 

15 

20 

27 

15 

13 

-

19 

10 

18 

33 

26 

25 

46 

20 

32 

32 

4 

16 

10 

23 

30 

12 

13 
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Table 2. Comparison of three tryptic peptides from calf 

lens and rabbit skeletal muscle actin. 

Corresponding peptides from calf lens actin were 
compared to those of actin from rabbit skeletal muscle. 
Compositions and sequences are but for one mutation 
identical. The sequences were determined by Collins and 
Elzinga (22) CmCys= carboxymethy1-cysteine. 

Peptide 

Tl 

T2 

T3 

Tl 

T2 

T3 

Source 

Calf 

lens 

t 1 

t t 

Rabbit 

skele

tal 

muscle 

Composition 

CmCys, Asp, Asp, 

Val
a )
 , He, Arg 

CmCys, Phe 

Asp, Ser, Туг, 

Val, Gly,Asp, 

Glu, Ala, Gin, 

Ser, Lys 

CmCys,Asp, Ile
a) 

Asp, Ile, Arg 

CmCys, Phe
b) 

Asp, Ser, Туг, 

Val, Gly, Asp, 

Glu, Ala,Gin, 

Ser,Lys 

Sequence 

Unknown 

Unknown 

Unknown 

-Cys-Asp-Ile
 a ) 

-Asp-Ile-Arg-

-Cys-Phe
 b ) 

-Asp-Ser-Tyr-Val-

-Gly-Asp-Glu-Ala-

-Ser-Lys 

Gin-

a. Mutation at position 286 from the known sequence of 
rabbit skeletal muscle actin (20). b. C-terminal 
of rabbit skeletal muscle actin (as the protein 
was carboxymethylated before tryptic digestion 
cysteine becomes carboxymethyl-cysteine). 

85 



Isolation and partial characterization of a lens 10 nm 

filament constituent. 

As mentioned before a 55,000-M
r
 polypeptide occurring in 

the water-insoluble lens fraction, and to a lesser extent 

in the water-soluble lens fraction, copurifies in various 

fractionation steps together with actin. 
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Schematic drawing of peptide maps obtained after trypsin 
digests, a. Rabbit muscle actin. b. Calf lens actin 
(water-insoluble). 

Vie isolated the component from the water-insoluble lens 

fraction Dy preparative dodecylsulfate gel electro

phoresis. In Table 3 the amino acid composition of the 

isolated 55,000-M
r
 polypeptide is shown and compared 

with the amino acid analyses of skeletin-like and 

desmin-like proteins from other sources (6,7). This 

comparison reveals that in addition to the identical 
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molecular weight also the amino acid composition of the 

55,000-M
r
 lens polypeptide is almost identical to skele-

tin and desmin derived from other tissues. This data to

gether with the observation that the isoelectric point 

of the 55,000-Mr band from calf lens is also identical 

to that of desmin from other tissues, leads us to desig

nate the protein as lens desmin. Since no sequence 

studies have been reported so far for desmin-like proteins 

from any other cell system, the suggestion can only be 

given in a tentative way. 

Electron microscopy. 

The membrane cytoskeleton complex was prepared under 

stabilizing conditions i.e. the lenses were extracted 

with a buffer containing 40 mM KCl and 1 mM МдСІ2 at 

neutral pH. The membranous profiles comprise 10-nm 

filaments and clusters of ribosomes associated with 

thinner filaments. Filamentous structure have an end-

on attachment to the cytoplasmic site of the plasma 

membrane. In a previous account of our research we 

demonstrated the presence of intermediate sized 

filaments together with thin 7 nm actin filaments within 

lens fiber ghosts (12) (compare also Chapter 3, fig.3 ). 

These results assessed by two independent techniques 

(electron microscopy and gel electrophoresis) led to 

the conclusion that the 55,000-Mr polypeptide band is 

the major constituent of lens fiber intermediate fila

ments. 
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Table 3. Comparison of amino acid compositions of desmin and skeleton from 

different tissues and species. 

Data for the calf lens S5,000-Mr component are expressed in mol 100 mol, being 
averages of four independent determinations. Other results were obtained by 
Starger et al. (7) or Small and Sobieszek (6). 

Amino acid Calf lens Bovine Bovine Human Hog Chicken Baby hamster 
55,000-Mr epidermis brain astrocytes stomach gizzard kidney cells 
component 

Asparagine 
Threonine 
Serme 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Cysteine 
Methionine 
Isoleucme 
Leucine 
Tyrosine 
Phenylalanine 
Lysine 
Uistidine 
Arginine 

9.5 
5.5 
7.2 
17.5 
3.1 
5.1 
10.4 
4.7 
-
1.8 
3.5 

10.8 
2.6 
2.3 
5.7 
2.1 
9.2 

9.7 
3.9 

10.5 
14.8 
1.3 

12.9 
6.6 
5.7 
0.9 
2.0 
3.8 

10.2 
2.4 
3.7 
4.6 
1.2 
6.5 

9.5 
4.8 
3.4 

16.6 
0.0 
6.0 
9.8 
4.5 
0.0 
2.1 
3.9 

11.6 
4.1 
3.8 
5.7 
2.0 
9.7 

9.1 
4.7 
5.9 
18.4 
3.0 
4.9 
10.2 
4.5 
0.0 
2.0 
3.2 
11.8 
2.8 
2.7 
6.0 
1.9 
8.5 

9.2 
5.2 
7.6 
19.5 
2.9 
5.1 
9.0 
4.9 
0.7 
2.0 
3.9 

10.0 
2.8 
2.7 
4.7 
1.3 
8.6 

8.8 
5.7 
7.4 
19.7 
2.3 
5.0 
8.6 
5.0 
0.5 
2.5 
4.2 
9.9 
3.0 
2.7 
4.7 
1.6 
8.7 

10.3 
4.8 
6.5 
18.7 
2.9 
5.7 
8.4 
5.4 
0.8 
2.0 
3.8 

11.2 
2.3 
2.3 
5.5 
1.5 
8.1 



DISCUSSION 

In a number of studies cytoplasmic motility is described 

as a process differing from muscle contraction. The pro

teins involved, in particular actin (13) , occur in va

rious molecular forms and associations. In the cyto-

skeleton-plasma membrane complex those proteins form 

supramolecular assemblies that vary considerably, depen

ding on the cell type. In non-muscle cells a pool of 

globular molecules (G-actin) eventually polymerizing 

into the filamentous configuration (F-actin) is usually 

found. The lens fiber cell system, like other non-

muscle cells, comprises F-actin in a water-insoluble 

form. Moreover, as judged by dodecylsulfate gel electro

phoresis, the situation in the lens is also similar to 

that which has been observed in other systems. In addi

tion to the 42,000-Mr component, consistently a 55,000-Mr 
protein (called desmin or skeletin in other tissues) is 

found. 

On the basis of the immunological properties of inter

mediate filaments, Osborn has proposed the existence of 

four types: prekeratin type, vimentin type (typical of 

fibroblast and other mesenchymal cells), skeletin or 

desmin type (typical of smooth muscle) and the neuro

filament type (14). At the present time, as far as the 

lens intermediate filaments are concerned, it is not 

easy to find out to which type they belong according to 

this classification. We can only stress the similarity 

between the lens 55,000-Mr polypeptide and the smooth 

muscle skeletin or desmin (6). For this reason the 

tentative designation lens desmin for the 55,000-Mr 

polypeptide is warranted. As the latter protein is 

also found in the water-soluble fraction, our results 

89 



favor the postulation that the intermediate-sized (lOnm) 

filament protein may occur, like actin, in different mole

cular forms. 

Besides actin and desmin, crystallin polypeptides are 

also retained on the affinity column (Fig. lb, d, e). 

These polypeptides also consistently copurify with actin 

upon Tes buffer extraction of the insoluble fraction 

(compare Fig. 2c). In this connection it should be 

mentioned that actin polymerization in some non-muscle 

cell systems has been found to be dependent upon the 

presence of other protein cofactors v/hich may promote 

or prevent the process (15,16). Isoelectrofocusing 

analyses in the presence of 6M urea and NP40 (not shown) 

revealed that lens actin migrates at pll 4.3, slightly 

behind the most acidic muscle actin component, a-actin 

(17,18). Recent studies of Vandekerckhove and Weber (19), 

however, emphasize that isofocusing should not be over

estimated as a characteristic for actin classification 

in that it is not an unequivocal criterion to discrimi

nate between muscular or cytoplasmic origin. There are, 

however, definite genetic variations in the two types of 

actins, as became evident from our analysis of three 

corresponding peptides from skeletal muscle actin and 

lens actin. Λ mutation valine/isoleucine has been found 

in peptide Tl. Vandekerckhove and Weber (19)reported 

a mutation Val/Ile in position 286 as a difference 

between rabbit muscle and bovine non-muscle actin. In 

the course of this investigation, these authors des

cribed the same difference between physarum and skeletal 

muscle actin (20). Our observations support the idea 

that this mutation is a general characteristic of cyto

plasmic actin as compared to muscle actin. 

In view of our findings and the data reported in the 

literature for other tissues, the cytoskeletal role 
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of actin seems to be well-established in the lens. How

ever, a contractile function can also not be excluded. 

In fact, the ability of the lens to change its form, the 

phenomenon which is called accommodation, may, on the 

molecular level, at least partly rely on proteins like 

actin and desmin. Further investigations described in 

chapter 5, present a model for the visualized lens 

actin and discuss this hypothesis. 
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Chapter 5 

IN SITU VISUALIZATION ΟΓ ACTIN IN THL· LENS 

(an immunofluorescence study) 

SUMMARY 

A three dimensional model is proposed for the in situ 

organization of actin in calf lens. The indirect immuno

fluorescence technique was applied to unfixed sections 

of lens tissue, using antisera against actin either 

acquired by immunization of a rabbit or from patients with 

chronic active hepatitis. The orientation of actin in calf 

lens is specific in that it accumulates at the short sides 

of the hexahedral structures. Results obtained after 

applying tne same technique to lenses from rat and pigeon, 

two species which differ extremely m accommodative power, 

sustain the assumption , based also on other data from 

the literature, that lens actin may play a role in accom

modation of the lens. 

INTRODUCTION 

Actin has been purified from various non-muscle cells 

and characterized by its molecular weight and its ability 

to polymerize into filaments. Although the occurrence 

of this protein has been postulated in the lens of the 

mammalian eye when actin-like filaments were observedm the 
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electron microscope (1,2), definite (bio)chemical proof 

has only recently been provided by us (3) (Chapter 4). 

Amino acid analysis, peptide mapping and affinity chro

matography revealed the identity of lens actin with the 

corresponding protein in other tissues. Since the fila

ments could be obtained by co-isolation with highly 

purified lens plasma membranes, we wondered how the actin 

containing structures were located in situ. 

MATERIALS AND METHODS 

Indirect immunofluorescence technique (Il'T). 

Unfixed cryostat sections of calf lenses from young ani

mals (3-6 months) and from rat and pigeon lenses were 

used. Immediately after removal the lenses were frozen 

in liquid nitrogen and kept under these conditions until 

use. The lenses were sectioned in three mutual perpendi

cular directions. The sections were 4 \¡m thick. The 

indirect immunofluorescence technique (4) was performed 

by incubation with antiserum A (see below) followed by 

incubation with horse anti-human Ig conjugated to 

fluorescein isothiocyanate (FITC) (Central Laboratory 

of the Netherlands Red Cross Bloodtransfusion Service 

Lot no. PII 17-4-FB; protein concentration 14.5 mg per ml, 

Mol F/P ratio 2.5, final dilution 1:80) or by incubation 

with antiserum В followed by incubation with horse 

anti-rabbit Ig conjugated to FITC. The sections were 

studied with a Leitz microscope with incident light and 

dichroic mirrors. 
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Actin-antisera. 

Antiserum Λ. 

1. Smooth muscle antibodies (SMA) present in blood serum 

of patients with chronic active hepatitis (5)» Sera 

from 12 patients were selected. One of the.sera was 

kindly provided by Dr. A. Fagraeus from the National 

Bacteriological Laboratory in Stockholm (Sweden) and 

was shown to react specifically with muscle actin (6). 

2. Sera from a healthy blood donor and from patients with 

myasthenia gravis that contain antibodies against 

skeletal muscle sarcoplasmic reticulum (7) but not 

against smooth muscle actin were used as controls. 

Antiserum B. 

Pure calf lens actin was isolated from the cortical lens 

fibers as described in chapter 4 (3). Antiserum against 

this preparation was produced in a rabbit by intramus

cular injection of the antigen emulsified in Freund's 

complete adjuvant. The animal was boostered twice with 

the same amount of antigen. 

Absorption of antibodies from positive antisera. 

One ml of antiserum was diluted tenfold in phosphate-

buffered saline (PBS) at pH 7.4 and subsequently incu

bated with purified actin (1 mg per ml). To another ml 

of the same antiserum 100 sections of rat smooth muscle 

were added. A blank incubation without tissue or actin 

was run simultaneously, as well as a control to which 

lens crystallins were added in order to discriminate 

between these major lens proteins and the specific actin-

antigen. The tubes were shaken at room temperature for 

half an hour and then incubated at 37
0
C also during 
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half an hour. After this incubation period they were 

kept overnight at 4
0
C and centrifuged at 25,000 χ g for 

30 minutes. The supernatant was used for IFT. 

Electron microscopy. 

Electron microscopy was performed according to Karnovsky 

(8a),using osmium-tetroxyde fixation. Sections were also 

studied after glutaraldehyde fixation.(8b) 

RESULTS AND DISCUSSION 

Sections, 4 m thick, were obtained by cutting calf 

lenses in three mutual perpendicular directions and were 

incubated with specific actin antisera. A rabbit anti

serum was raised against purified actin isolated from 

calf lens (3). Antibodies against actin are known also 

to be present in the serum of patients suffering from 

chronic active hepatitis (5,6). Therefore, in addition, 

serum samples from 12 patients with clinical signs of chro

nic active hepatitis were selected for this study.All 12 

sera reacted positively with smooth muscle when tested 

in the indirect immunofluorescence technique on rat 

stomach. The calf lens sections thus studied for the 

presence of actin, showed the following patterns in the 

three perpendicular directions: 

1. Hexagons, the shorter sides of which showed the most 

intense fluorescence (Fig. la). 

2. Equidistant (12 μΐη) and almost parallel lines of 

fluorescence of equal intensity (Fig. lb). 

3. Parallel lines at constant distance (4 ym) but with 

interruptions (Fig. 1c). 
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For an interpretation of these patterns in terms of single 

fiber cell structure the model drawn in figure 2a is pro

posed. After incubation with the fluorescent antiserum 

tne hexagonal pattern (compare Fig. la) will arise from 

sections parallel to plane (a) (heavy stained at the 

shorter sides). Conversely strong fluorescent lines 

(compare Fig. lb) will occur in sections parallel to 

plane (b). These are the lines of intersection with the 

short planes of the hexadral fibers. Lventually frequent

ly non-fluorescent lines (compare Fig. 1c) arise from 

the sections cut parallel to plane (c). These lines run 

at relatively short distance from each other. Immuno

fluorescence can here only be observed in the areas of 

intersection with the short planes of the hexahedral 

fibers. Figure 2b shows the expected lines of fluores

cence in a schematic drawing. From figure 1 it can be 

seen that actin occurs concentrated in specialized 

regions of the cells. This typical actin localization 

was visualized by immuno-electron microscopy (Fig. 3). 

Llementary cell biology suggests that whenever a struc

ture is found, there is also a function involved.This also 

holds true for actin, to which in general has been 

ascribed a functional role in many cellular motility 

processes.This may be either in muscle cells as an orga

nized intracellular structure, or in any other cell of 

the body as microfilaments (10). It is not clearly under

stood how actin functions in lens. In vitro experiments 

(Ramaekers et al., to be published) reveal that elonga

tion of the epithelial cells is accompanied by an enhan

ced actin biosynthesis. Therefore it seems that in situ 

at least part of the actin is required for lens cell 

differentiation. Moreover, it is tempting to believe 

that it acts also on the level of accommodation, the 

process which enables the organ to change its shape 
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Flg. 1 . 

Immuno fluores

cence of calf 

lens sections 

incubated with 

anti-actin 

serum.a.Pattern 

from a section 

parallel to 

the hexagonal 

structure of 

the fiber cell 

(compare figure 

2Aa).The shor

ter side of 

the hexagon 

distinctly 

shows heavier 

stain ing. 

b. Λ conti

nuous intense 

immunofluor-

e scence f rom a 

section cutting 

the fiber cell 

as in f ig. 2ЛЬ. 

the equidis

tance of the 

fluorescent 

lines is larger 

than in 1 с. 

с. Lines obtained from sections of the fiber cell paral

lel to the plane in figure 2Ac. The discontinuous immu

nofluorescence indicates that only part of the fiber 

cell is accessible to the immunofluorescence, d. Pattern 

obtained after absorption of antisera with actin. All 

the controls were negative. 
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in order to ensure proper diffraction of the incident 

light beam. If so, two possibilities have to be en

visaged: 

Fi_q^ 3. 

Electron micrograph (osmium-tetroxyde fixation) showing 
the hexagonal pattern of calf lens fibers. Notice the 
small regular protrusions indicated by arrows. {bar = 2 μπι). 
These are shown at higher magnification in the insert 
(bar= 0.5 um), which also demonstrates a bundle of 
microfilaments. The asterisk indicates a typical lens 
fiber junction of the type described previously (11). 

1. Actin present in the lens restores the shape of the 

accommodated organ. This would mean that accommoda

tion is a passive process as far as the lens body 

per se is concerned. 

2. Lenticular actin plays an active role in the process 

of accommodation rendering the lens a primitive con

tractile organ. 

103 



The process of accommodation has been a matter of study 

since the early seventeenth century. Investigators like 

Descartes, Young and Helmholtz have provided experimental 

proof m which the modern theory of accommodation is based. 

By the investigations of Gullstrand (12) it is known that 

in mammalian lens accommodation both outer- and intra

capsular processes are involved. Kleifeld et al. (13,14, 

15) not only confirmed these ideas, but also showed that 

the intra-capsular processes probably depend on active 

participation of lens fibers in accommodation. This sta

tement is paralleled by our present observation on struc

tural features of actin in situ. In two species which 

differ extremely in accommodative power, striking diffe

rences in the immunofluorescence of actin could be ob

served (fig. 4). 

In rat lens, which in general has been described as 

lacking accommodation the regular orientation of actin 

is absent (fig. 4a) although rat fiber cells do have the 

normal hexagonal shape. On the other hand in the pigeon, 

belonging to the species with the highest ability to accom

modate (16), strong well-organized fluorescence could 

be visualized (fig. 4b). 

Despite the fact that Duke-Elder in 1958 (17) claimed 

that ungulates seem not to accommodate, his statement is 

in contradiction with the presence of a well developed 

ciliary muscle in most of these animals as reported by 

Slome in 1965 (18). In connection with this Hughes (19) 

proposes in a recent publication that this topic be fresh

ly examined. Rafferty and Goossens (20) hypothesized that 

cytoplasmic filaments in lens either structurally support 

its spencal shape or provide a contractile force in

volved in accommodation. The energy (ΛΤΡ) required for 

accommodation may become available from a special meta

bolism (called labour metabolism by Kleifeld et al.(13,14, 

15)»occurring in addition to the standard metabolism 
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of the lens. Furthermore it has been shown that different 

regions of the lens vary considerably in ATP content. For 

instance, in the calf lens the ΛΤΡ concentration in the 

cortical region is six times higher than in the nucleus 

(21) . 

20jum 

Fig. 4• 

Immunofluorescence of (a) a rat lens section and (b) a 
pigeon lens section with anti-actin serum. Note the 
striking difference between the patterns. In a rat lens 
only a diffuse "fluorescence" increasing from nucleus to 
cortex (arrow) can be observed whereas in the pigeon lens 
characteristic fluorescent hexagons are seen. 

Moreover from the results of Mandel and Klethi (16,21) 

it can be deduced that the ΛΤΡ content in the bovine lens 

decreases with age. It is tempting to assume that lens 

fibers have a structure which build a primitive contrac

tile system. In this context it should be mentioned that 

large amounts of ΛΤΡ have been demonstrated in lenses of 

chick and pigeon (16,22). Moreover, Klethi and Mandel 
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relate differences in ATP content in lenses of different 

species to the structure and function of those lenses 

with respect to visual accommodation (16). The fact that 

actin occurs in the lens of accommodating species in a 

well organized structure, which can be correlated with 

ЛТР-levels reported in the literature, substantiates 

this hypothesis and may provide the model with a mole

cular basis. 
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SUMMARY AND FINAL DISCUSSION 

There is a variety of experimental data scattered through 

the literature on the ultrastructural organization of the 

water-insoluble lens fraction (chapter 1). However, hard

ly any of these reports clarify how the integration of the 

components of this fraction fits a functional organization. 

Lasser and Balasz (1) describe "globulus" of yet unknown 

chemical nature, present both in the water- and in the 

urea-insoluble fraction. 

Perry and Maisel (2,3) have reported on some electron 

microscopy observations describing thin filaments 

associated with globular material in chick lens. Maisel 

(4) further refers to the presence of intermediate sized 

filaments in the lens. Duma et al. (5) and Bloemendal 

et al. (6) who studied the water-insoluble fraction and 

the reaggregatlon properties of the crystallin subumts 

respectively only incidentally described the existence 

of polymeric structures of crystallin resembling micro

filaments. 

This thesis not only presents new information uut also 

shapes and integrates most of the incidental observations 

in a more comprehensive portrait of the plasma membrane-

and cytoskeleton architecture in lens fibers. This work 

on lens may also be relevant for other non-muscle cell 

systems. In chapter 2 two-dimensional Polyacrylamide 

gel electrophoresis has been applied, resulting in an 

110 



analytical tool of high resolution of the water-soluble 

and urea-soluble fractions. From the remaining urea-

insoluble fraction the most prominent membrane protein 

constituent, MP26, has been further characterized. It 

has been proven that MP26 is not an insoluble form of 

BBp, the principal ß-crystallin constituent. 

Chapter 3 describes the ultrastructure of the cytoske-

letal filaments of the lens. This three-dimensional 

organization is primarily dependent upon end-on attach

ment of actin and desmin filaments to the membrane frame

work so that these two elements can be considered to 

be integral scaffolds for maintaining shape and dynamic 

properties to the lens fibers. Λ better characterization 

of the globular structures associated with thin filaments 

of the lens cytoskeleton contributes to a better under

standing of this type of filament-protein-ribosome 

interaction and provides a basis for further study of 

membrane-cytoskeleton attached polyribosomes (Ramaekers 

et al. 7 ). After DNAse I treatment the complex is 

disassembled into actin filaments and into two types of 

globular structures which were subsequently character

ized as crystallin molecules and ribosomes respectively. 

The biological importance of this finding is reported 

( 7 , 8 , 9 , 10) describing this class of ribosomes as 

specifically capable to synthetizing one of the major 

intrinsic lens membrane proteins, MP26 (chapter 2, 

section III). An interesting feature of the DNAse I 

released ribosomes is that unless they are thoroughly 

"washed" and further purified by detergent, the bio

synthesis of MP26 will not be effected. This may mean 

that once the polyribosomes become associated with 

the actin containing filaments they are masked. 
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From our results in chapter 4 it became evident that both 

lens actin and lens desmin are present in two molecular 

forms: one in the dissociated globular form the other 

belonging to the filamentous type of organization. It 

is remarkable that also desmin which has been considered 

to be found only in its polymerized filamentous form, 

shares with actin the characteristic to exist in the 

globular soluble form as well. We do not know, -which 

(protein) cofactors and which ionic conditions favor 

and stabilize the filamentous form of these two proteins. 

Due to the presence of actin and desmin in the water-

soluble fraction we were able to apply affinity chroma 

tography tor tlje isolation of these two proteins. 

This procedure was adopted from the original technique 

(11) which is based upon actin-DNAse I interaction. 

Surprisingly desmin and crystallins were retained to

gether with actin on the column. But if we compare this 

finding with the electron microscopy observation that 

DNAse I depolymerizes not only actin, but also inter

mediate filaments, and if we take into consideration 

the suggestion of other authors (12,13) that inter

mediate filaments probably consist of hybrid polypep

tides, then it becomes more apparent that a strong mole

cular interaction between actin and desmin may exist. 

The biochemical characterization of lens actin as 

described here, especially its amino acid composition, 

proves that this protein belongs to the non-muscle cell 

types of actin.Complete sequence determination of this 

conservative polypeptide will be of additional value 

to the results in progress of Vanderkerckhove (14) 

and other workers in the field. We may conclude from 

our results that lens desmin associated with the inter

mediate sized filaments, has an amino acid composition 

very similar to that of most desmins and skeletins so far 
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reported in the literature. The question remains whether 

lens desmin is more related to desmin or skeletin found 

in non-muscle cell systems than to the desmin character

ized in smooth muscle. Another unsolved problem at this 

stage is the biological meaning of those crystallin poly

peptides which are associated intrinsically with the 

plasma membrane and are also sticking to actin filaments 

but never to intermediate filaments. Our observation 

that upon affinity chromatography part of the soluble 

lens actin copurifies not only with desmin, but also 

with o-crystallin, suggests some association of these 

three polypeptides in the soluble form. 

Our experiments presented in chapter 5 using antibody-

fluorescent probes are remarkable since actin seems 

to be preferentially localized at the interface between 

fibers and not through the whole fiber profile; whilst 

by electron microscopy thin sectioning and negative 

staining of the isolated complex the cytoskeleton 7 nm 

filaments extend throughout the fiber inner space. The 

results obtained upon immunofluorescence are in agree

ment with the findings of Rafferty and Goossens (15) 

who studied thin sections of whole lenses. These authors 

reported that actin filaments accumulate at the inner 

plasma membrane surface. It was tempting to relate 

accommodation, the phenomenon that lenses of species 

change their shape upon incident light,to the occurrence 

of the contractile protein, actin, which seems to exist 

in a well defined structural organization in the lens. 

If ΛΤΡ is required at all as energy donor,its concentration 

in strongly accommodating animals fits our assumption 

that actin plays some role in this process. However, 

it should be admitted that the exact mechanism underlying 

accommodation awaits further studies. 
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SAMENVATTING EN SLOTDISCUSSIE 

De literatuur over de ultrastructuur van de water-onoplos

bare fractie van de lens bevat een verscheidenheid aan 

verspreide gegevens (hoofdstuk 1). Slechts weinige van 

deze artikelen geven een duidelijke verklaring voor de 

integratie van de componenten van deze fractie in een 

functionele structuur. Lasser en Balasz (1) beschrijven 

een "gloüulus" van nog onbekende chemische aard, die zowel 

in de water- als in de ureum-onoplosbare fractie voorkomt. 

Perry en Maisel (2,3) beschreven enkele electronen-micros-

copische waarnemingen van dunne filamenten geassocieerd 

met globulair materiaal in kippelens. Maisel (4) wijst 

ook op de aanwezigheid van intermediaire filamenten in de 

lens. Duma et al. (5) en Bloemendal et al. (6) die de 

eiwitten van de water-onoplosbare fractie respectievelijk 

de reaggregatiekenmerken van de crystalline-subeenheden 

bestudeerden vermelden slechts terloops polymère associa

ties van crystallines met actinachtige micro-filamenten. 

Dit proefschrift beschrijft niet alleen nieuwe gegevens, 

maar integreert ook incidentele waarnemingen van anderen 

in een vrij uitgebreide behandeling van de plasmamembraan-

cytoskelet-architectuur van lensvezels. Dit werk is mo

gelijk ook relevant voor de studie van andere niet-spier-

cel systemen. 

In hoofdstuk 2 wordt de twee-dimensionale Polyacrylamide 

gel elektroforese beschreven. Deze analytische techniek 

met een groot scheidend vermogen werd toegepast op de 

water-oplosbare en ureum-oplosbare fracties. 

MP26, als quantitatief het meest belangrijke lens mem-

braaneiwit in de ureum-onoplosbare fracties werd ook 

verder gekarakteriseerd. Aangetoond werd dat МР2б geen 

onoplosbare vorm is van BBp, die de voornaamste component 
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van de ß-crystallines is. 

Hoofdstuk. 3 beschrijft de ultrastructuur van de filamenten 

van het cytoskelet van de lens. Deze drie-dimensionale 

structuur is in de eerste plaats afhankelijk van "end-on" 

hechting van actine- en desminhoudende filamenten aan het 

membraangeraamte. Deze twee elementen kunnen dus beschouwd 

worden als integrale onderdelen die verantwoordelijk zijn 

voor vormhandhaving en dynamische eigenschappen van lens 

vezels, ben betere karakterisering van de globulaire 

structuren die geassocieerd zijn met de microfilamenten 

van het lenscytoskelet, droeg bij tot een beter begrip 

van de filament-eiwit-ribosoom interactie en verschafte 

een basis voor verdere studie over membraan-cytoskelet 

gebonden nbosomen (Ramaekers et al. 7) Wanneer dit com

plex met DNAse I behandeld wordt, valt het uiteen in 

actine-filamenten en twee typen globulaire structuren die 

vervolgens gekarakteriseerd werden als crystalline deel

tjes en nbosomen. De biologische waarde van deze vondst 

kan worden afgeleid uit de beschrijving van deze klasse 

van nbosomen als specifiek in staat tot synthese van éën 

van de Belangrijkste intrinsieke lensmembraaneiwitten, 

het MP26 (7,8,9,10) (hoofdstuk 2, sectie III). 

Een interessant kenmerk van de nbosomen die met DNAse I 

vrijkomen is, dat blosynthese van MP26 slechts dan plaats

vindt, als zij grondig gewassen worden en verder gezuiverd 

worden m.b.v. detergentia. Dit suggereert dat de polyn-

bosomen, eenmaal gebonden aan actinehoudende filamenten, 

afgeschermd worden. 

Onze resultaten uit hoofdstuk 4 geven aan dat lensactine 

en lensdesmine m twee moleculaire vormen voorkomen, de 

monomere globulaire vorm en de filament-achtige structuur. 

Opvallend genoeg heeft desmine, dat slechts in zijn ge-

polymenzcerde filanentvorm beschreven is, met actine 
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gemeen, ook in de oplosbare globulaire vorm voor te komen. 

Het is niet bekend welke (eiwit) cofactoren en welke ion

condities de filamentvorm van deze twee eiwitten bevor

deren en stabilizeren. Met behulp van affiniteitschroma-

tografie bleek het ons mogelijk actine en desmine uit het 

water-oplosbare gedeelte van het lenshomogenaat te 

isoleren. Deze procedure werd ontleend aan de oorspronke

lijke techniek, die gebaseerd is op actine-UNAse I-inter

actie. Verrassend was het feit dat desmine en ook 

crystallines samen met actine vastgehouden werden op de 

kolom. Indien wij echter deze vondst correleren met de 

elektronen microscopische waarneming dat DNAse I niet 

alleen actine depolymeriseert maar ook de intermediaire 

filamenten, en voorts rekening houden met de suggestie 

van andere onderzoekers (12,13) dat intermediaire fila

menten waarschijnlijk uit hybride Polypeptiden bestaan, 

dan wordt het duidelijk dat een sterke interactie tussen 

actine en desmine tot de mogelijkheden behoort. 

Uit de aminozuursamenstelling en verdere karakterisering 

van lensactine blijkt dat dit eiwit tot het niet-spiercel 

type behoort. Volledige sequentie analyse van dit conser

vatieve polypeptideketen zal een bijdrage kunnen leveren 

aan de resultaten van Vanderkerckhove (14) en andere 

onderzoekers op dit gebied. Uit onze gegevens kunnen wij 

de conclusie trekken dat lensdesmine, een aminozuursamen

stelling heeft, die erg veel lijkt op die van de meeste 

desminen (of skeletinen) die tot nu toe beschreven zijn. 

De vraag of lensdesmine meer verwantschap vertoont met 

desmine of skeletine uit niet-spiercel systemen of met 

desmine uit gladde spieren, blijft vooralsnog onbeant

woord. Len ander onopgelost probleem is de biologische 

betekenis van díe klasse crystallines, die intrinsiek 

geassocieerd zijn met het lensplasmamembraan en ook aan 

actine-filamenten hechten, maar niet aan desmine-filamen

ten. 
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Onze waarneming dat na affiniteitschromatografie een 

gedeelte van het oplosbare lensactine niet alleen met 

desmine maar ook tegelijk met α-crystalline wordt geëlu-

eerd, suggereert enige vorm van associatie in de oplos

bare vorm van deze drie Polypeptiden. 

Onze experimenten beschreven in hoofdstuk 5, waarbij 

gebruik gemaakt werd van antilichaam-fluorescentie, laten 

zien dat actine bij voorkeur gelokaliseerd is aan de 

plasmamembranen en niet door de gehele vezel heen. Elek

tronen-microscopische technieken zoals "thin sectioning" 

en negatieve kleuring van het geïsoleerde complex daaren

tegen vertonen 7 nm cytoskeletfilamenten door de gehele 

vezel. De immuunfluorescentiewaarnemingen komen overeen 

met de gegevens van Rafferty en Goossens (15), die ook 

dunne coupes van hele lensen bestudeerden. Deze onder

zoekers vermeldden dat actine-houdende filamenten 

geconcentreerd voorkomen aan de binnenwand van het plasma

membraan oppervlakte. 

Het was verleidelijk om het voorkomen van actine (contrac

tie-eiwit) in de lens te relateren aan accommodatie, het 

vermogen van de lens om in afhankelijkheid van het 

invallende licht van vorm te veranderen. Het feit dat in 

sterk accommoderende lensen ook relatief hoge ΛΤΡ con

centraties gevonden worden, ondersteunt onze veronderstel

ling dat actine een rol speelt in dit proces. Een 

definitief antwoord over het exacte mechanisme hiervan 

vereist echter verdere studie. 
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