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The steps involved in the synthesis of a nlasma (surface) 

membrane are completely unknown. For the newlv-svnthesized protein 

constituents of the membrane, four possibilities have been 

considered, First, newly-formed proteins are added directly to 

the membrane; second, they mix with a soluble pool and are then 

incorporated into the membrane; third, they are assembled into 

complex units that are then built into the membrane; and fourth, 

they are incorporated into a precursor membrane that is later 

converted into a plasma membrane. 

The work presented here shows that proteins may be formed 

several hours before they are built into the liver plasma membrane. 

Thus ) a direct incorporation of all new protein can be ruled out. 

It is not yet possible, however, to distinEuish amona the 

remaining three possibilities. 

EXPERIMENTAL PROCEDURE 

Male albino rats, obtained locally, received food and water 

ad libitum and were used when they weiFhed 180 to 200 P. Plasma - 

membranes were isolated from liver by a modification of the 

procedures of Neville (1960) and Emmelot (1964). The purity of 

* This work was supported by Rrants CR-7111 from the National 
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each preparation was checked bv electron microsconic scannin? of 

thin sectionsl) and by the estimation of nucleoside trinhosnhate 

pyronhosphohydrolase (Lieberman et al., 1967) (minimum accentable 

activity, 60 unitsins of protein), plucose-6-phosphatase 

(maximum accentable activity, 1.0 unit/mq of nrotein), and RNA 

(maximum acceptable content, 0.02 mcr/m~ of urotein). qmooth and 

rough endoplasnic reticulum (Elucose-6-nhosnhatase, 15-17 and 

8-10 units/ms of urotein, respectivelv) were prenared. from liver 

by the method of Dallner et al. (1966). The ranrres of RNA -- 

(mP/rnE of protein) in smooth and rouoh endonlasmic reticulum and 

in total microsomes were 0.09-0.11, 0.58-0.65, and 0.25-0.30, 

respectively. To measure the incornoration of 3H-leucine 

(L-leucine-4,5-3H, 5 mC/pmole, New Ensland Nuclear) into nrotein, 

the samoles were washed extensivelv with trichloracetic acid, 

ethanol, and ether and counted in a Hvamine-phosnhor solution. 

Protein was estimated accordinn to Lowrv et al. (19511, RNA 

accordins to Meibaum (1939). 

RESULTS AND DISCUSSION 

The kinetics of incorporation of 3H-leucine into the 

protein of the plasma membranes of rat liver are shown in Rip. 1. 

As can be seen from the fiqure, the labeling of the nlasma membranes 

increased for about 4 h. For comnarison, the firrure also shows 

the more rauid labelinn obtained with total liver orotein (see 

Peters, 1962) and smooth endonlasmic reticulum. Not shown are 

the data obtained with rouch endoplasaic reticulum and the total 

microsome fraction. The results were identical to those with 

the smooth membranes. 

The authors gratefully acknowledee the technical assistance 
of Mr. James V. Apicella. 
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HOURS AFTER INJECTION OF ?I- LEUCINE 

Fiq. 1. The kinetics of the incorporation of 3H-leucine into 
plasma membranes, smooth endoplasmic reticulum, and 
total liver protein of rat liver. For the measurements 
with plasma membranes and smooth endoalasmic reticulum, 
each rat received 100 UC of 3H-leucine in the tail vein, 
and for total liver protein, 15 UC was injected. Liver 
samples were removed at the indicated times and the 
membranes were isolated and counted as described in 
"Experimental Procedure", Each point represents the 
averaqe of the individual results obtained with one to 
eight preparations as shown. 

The kinetic results sucsested that a lonr! period of time 

may intervene hetween the synthesis of a protein and its incor- 

poration into the plasma meahrane. To study this point further, 

animals were given 3H-leucine and, after 5 min, protein synthesis 

was stopped with cycloheximide. The appearance of radioactivitv 

in the plasma membranes was then followed for 4 h (Piq. 2). The 

dose of cycloheximide used (5 no/100 F of rat) reduced the rate 

of liver protein synthesis by 97% within 10 seconds of the 

iniection and a similar level of inhibition was found 4 h later. 
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Pi4. 2. The kinetics of the incornoration of 3H-leucine into 
the plasma membranes of rat liver after treatment of the 
animal with cyclohexinide. Each rat received 100 UC 
of 3H-leucine in the tail vein and cvcloheximide 
(5 mE/lOO g of rat, tail vein) was y!iven 5 min later. 
Liver samnles were removed at the times shown and the 
plasma membranes were isolated and counted as described 
in "Experimental Procedure". Each noint describes the 
result obtained with one membrane nrenaration. 

As the figure shows , in snite of the inhibition of orotein 

synthesis, the incornoration of labeled pr0tei.n into the plasma 

membranes continued for at least 3 h. 

The possibility was considered that the increase in radio- 

activity of the plasma membranes shown in cis. 2 resulted from 

adsorntion of non-membrane nrote?'_ns. This nossibi1i.W was 

considerably weakened by extractinq the isolated nlasma membranes 

with a strong salt solution (Table 1). As the table shows, 

the extracted protein (about one-half of the total) had a 

lower soecific activity than the residual membrane nrotein. 

These observations do not Cefine anv OF the intermediate 

57 



Vol. 31, No. 1, 1968 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

TABLE I 

EXTRACTABILIT" OF RADIOACTIVE PROTEIN FROM "L4FMA MEMBRANES 

Each rat received 'H-leucine (100 pC) and, after 5 min, 
cycloheximide (5 mq/lOO z of rat). Injections were made in the tail 
vein. At the times indicated, liver samples were removed and nlasma 
membranes were isolated, The membranes were extracted with 2 M 
NaCl - 0.05 M Tris buffer (nH 7.4) at 37O for 1 h with occasional 
shakinq. At the end of this time, the residual membranes were 
collected by centri.fuqation at 12,500 x p: for 20 min. The unbracketed 
values describe the snecific activities zf the fractions, the 
bracketed values, the protein contents. 

Time after 
cyclohexi- Plasma 

mide membranes Extract Residue 

h cpm/mp of nrotein 

0 370 (0.41) 305 (0.18) 400 (0.24) 
1 1200 (0.61) 760 (0.28) 1790 (0.30) 
2 1450 (1.19) 550 (0.52) 1780 (0.57) 
3 2220 (0.441 980 (0.20) 2450 (0.21) 
4 2800 (0.40) 1200 (0.20) 3870 (0.18) 

steps in Dlasma membrane synthesis. They do, however, provide 

a means for studving the stens involved in buildinn nroteins 

into the membrane. 
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