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SUMMARY: Upon de YWVO synthesis of lens proteins in a reticulocyte 
lysate membrane- and cytoskeleton-specific lens polypeptides are 
detected in membranous structures derived from the heterologous system. 
The results strongly suggest that an onset of membrane and cytoskeleton 
assembly takes place in vitro. 

INTRODUCTION 

Lens cells represent not only a convenient tool for investigations 

on de nova synthesis of the structural protein (crystallins)(l), but 

provide also a suitable system to study the in vitro biosynthesis and 

assembly of plasma membranes. Those studies are facilitated by the 

fact that lens plasma membranes can be isolated either by density 

gradient centrifugation (2) or by a method based upon their insolubility 

in water and urea (3). This allows detection of possible aspecific 

adsorption inherent in the isolation procedure. 

The present paper provides evidence that, upon de nova synthesis 

in a reticulocyte lysate, from the bulk of newly synthesized lens 

protein predominantly MP34, MP45, and MP55 are found in heterologous 

membranous structures, as judged both by density and solubility criteria. 

Furthermore, it appeared that MP34 and MP45 are preferentially detected 

as urea-insoluble components, whereas MP55 and a-crystallin polypeptides 

(aA2) can be extracted by urea treatment. 
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MATERIALS AND METHODS 
All methods applied have been described previously. The reticulocyte 
lysates were prepared according to Evans and Lingrel (4) Lens fiber 
plasma membranes were isolated as reported elsewhere either by flotation 
in a discontinuous sucrose gradient (2) or by water and urea extraction 
of a lens homogenate (3). Translation of isolated lens polysomes in the 
reticulocyte lysate has been published earlier (5). Urea-polyacrylamide 
gel electrophoresis was done as published elsewhere (6). 
Sodium dodecylsulfate polyacrylamide gel electrophoresis was carried out 
as described by Laemmli (7). PD-electrophoresis were performed as reported 
by Kibbelaar and Bloemendal (8). Scintillation autoradiography of the 
dried gels was done after Bonner and Laskey (9). 

RESULTS AND DISCUSSION 

Fig. 1 shows that the protein patterns of lens fiber plasma mem- 

branes are virtually identical after application of either urea extrac- 

tion of lens homogenates or isolation of the water-insoluble lens frac- 

tion that concentrates at the 1.14-1.16 g/cm3 interface of a disconti- 

nuous sucrose density gradient. Therefore, if newly synthesized proteins 

can be found in these patterns they represent either internal or 

external membrane components. 

We demonstrated previously that not only crystallin but also lens 

plasma membrane polypeptides can be synthesized in vitro (5), and that 

specific messengers for these non-crystallin proteins can be isolated 

(10). One of the characteristic lens plasma membrane constituents is a 

polypeptide with an apparent molecular weight of 34,000, designated 

MP34 (11) (compare fig. 1). Its biosynthesis in vitro was proven by 

immunoprecipitation with specific antisera after cell-free incubation 

(12). However, it remained to be established if this newly synthesized 

polypeptide would be assembled in vitro together with other membrane 

constituents or whether it required the intact cell for assembly. To 

answer this question isolated lens polyribosomes were translated in 

a reticulocyte lysate as described previously (10). A portion of the 

incubation mixture was analyzed directly by sodium dodecylsulfate 

polyacrylamide gel electrophoresis followed by scintillation auto- 

radiography. It can be seen that the bulk of newly synthesized protein 
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Fig. 1 Sodium dodecylsulfate 
of proteins from lens 
isolated as described 
a) For comparison the 

b C 

polyacrylamide gel electrophoresis . 
plasma membranes. The fractions were 
elsewhere (12,20). 
water-soluble lens proteins (crystallins) 

are shown. 
b) The lens fraction that is insoluble both in water and urea. 

(membranes prepared by a method based on insolubility 
criteria). 

c) Proteins from lens plasma membranes (isolated by buoyant 
density gradient centrifugation). 

is crystallin, whereas MP34 is present in minute amounts only (fig- 2a). 

The remainder of the incubation mixture was subjected to the membrane 

isolation procedure based on bicarbonate washings and density gradient 

centrifugation (13). Part of the pellet obtained after repeated bi- 

carbonate washing was run on a sodium dodecylsulfate polyacrylamide gel. 

The pattern is shown in fig. 2b. Obviously, most of the crystallins 

have been removed, However, the aA chain is still present, while MP34, 
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Fig. 2 Autoradiography as described by Bonner and Laskey (9) of the 
translation products obtained after incubation of calf lens 
polysomes in a reticulocyte lysate and separated on sodium 
dodecylsulfate polyacrylamide gels. The methodology of trans- 
lation has been reported previously (5,lO). 
a) Newly synthesized polypeptides after addition of lens 

polysomes. 
b) Pattern obtained from the pellet that remains after 

repeated bicarbonate extraction. Note that most of the 
soluble crystallins are removed. 

c) The pellet obtained in b) was subjected to sucrose 
density gradient centrifugation. The proteins shown are 
derived from the sediment. 

d) Proteins isolated at a density of 1.14-1.16 g/cm3 of the 
gradient mentioned under cf. 

MP45, and MP55 are enriched. The remaining portion of the pellet was 

then analyzed by density gradient centrifugation. In fig. 2c the 

protein pattern of the sediment is depicted, whereas fig. 2d shows 

that at density 1.14 - 1.16 g/cm', (which is specific for purified 

lens plasma membranes) MP34, MP45, and MP55 are found almost exclusively. 
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Fig. 3 Autoradiography of the sodium dodecylsulfate polyacrylamide 
gels of translation products after incubation of calf lens 
polysomes in a reticulocyte lysate. The methodology of trans- 
lation has been reported previously (5,lO). 
a) For comparison the translation products after addition 

of lens polysomes are shown. 
b) Pattern of the polypeptides from the water-insoluble lens 

fraction. 
c) Pattern of the polypeptides from the urea-insoluble lens 

fraction. 

In a control incubation without lens polyribosomes no radioactivity at 

all could be detected in this region. 

Our findings so far do not prove that MP34 and MP45 are actually 

incorporated into membrane fragments. If  the newly synthesized products 

were hydrophobic, it might be that they are attached by hydrophobic 

interaction to pre-existing membrane fragments of the reticulocyte 

lysate. In order to exclude this possibility, we washed the incubation 

mixture with water and subsequently with 6 M urea solutions. After the 

water washing all soluble crystallins, with exception of aA, were removed 

while MP55 appeared to be enriched (fig. 3b). The remaining aA chains 

and most of the MP55 disappeared after the urea washings, leaving behind 
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Fig. 4 Two-dimensional electrophoresis of newly synthesized poly- 
peptides in the water-insoluble lens fraction. 
A) Autoradiograph of the newly synthesized polypeptides. 
B) Stained pattern of the unlabeled water-insoluble fraction 

to which aA-chains have been added (for comparison). First 
dimension: urea-polyacrylamide gel electrophoresis, second 
dimension: dodecylsulfate polyacrylamide gel electrophoresis. 

MP34 and MP45 (fig. 3~). This strongly suggests the idea that both 

polypeptides interact in ~)itr~ with the core of the lipid bilayer. 

The previously described junctional polypeptide MP26 (14) is 

absent in the autoradiograph of the membrane fraction. This is in 

accordance with our earlier observations that this polypeptide 

is not found among the translation products of lens fiber polyribosomes 

after immunoprecipitation with an antiserum directed against total lens 

cortex membrane protein (12). Evidence has been provided that this com- 

ponent is synthesized on plasma membrane-bound polyribosomes (14,15). 
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Some a-crystallin synthesized de YZO~O also becomes part of the 

water-insoluble fraction. This is rather striking, since it was thought 

hitherto that only aged a-crystallin would be water-insoluble (16). 

Our experiments demonstrate that exclusively the aA chain is present 

in the water-insoluble fraction showing that transition into "AI, the 

deamidated form of this polypeptide (17), has not occurred yet (see fig. 

4). Therefore, aging of a-crystallin per se does not seem to be a pre- 

requisite for binding to the membranes. 

MP45 and MP55 have been shown to be major constituents of the lens 

cytoskeleton. MP45 is identical to actin (18) whereas MP55 has common 

features with a protein from other tissues designated desmin or skeletin. 

Moreover, it has been concluded that there is complex formation 

between lens plasma membranes and the cytoskeleton (19), as MP45 and 

MP55 are consistently found in membrane structures. Our experiments, 

therefore, also suggest that an onset of cytoskeleton assembly may 

take place in vitro and that membrane assembly is determined only by 

the structural features of the constituent polypeptides. 
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