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Sulfhydryl compounds have been found to be important for peptide synthesis 

in cell-free systems derived from several sources (Simpson, 1962). The need 

for reduced glutathione (GSH) in the reticulocyte transfer system was demonstra- 

ted by Bishop et al. (1960); it was found to protect or activate one or more 

transfer enzymes (Bishop and Schweet, 1961a). In a subsequent report Arling- 

haus et al. (1964) indicated that the enzyme, "peptide synthetase", required 

for peptide bond formation (related to Fraction II below) was subject to inacti- 

vation in the absence of GSH, but that their "binding enzyme" (related to Frac- 

tion I below) was not sensitive to the omission of GSH, as measured by the poly 

U-directed, GTP-dependent enzymatic binding of phenylalanyl-sRNA to ribosomes, 

Sutter and Moldave (1966) have reported a similar requirement for sulfhydryl 

compounds in the activation of "transferase II" from rat liver. 

In the present investigation, the sulfhydryl alkylating reagent, N-ethyl- 

maleimide (NEM), was found to inactivate one or more of the reticulocyte trans- 

fer factors of Fraction II required for the synthesis of polyphenylalanine. NBM 

was found to have little or no effect on GTP-dependent enzymatic binding under 

the conditions used. NEM-inactivated Fraction II was not reactivated by excess 

GSH. It is suggested that NEM may be used to study GTP-dependent enzymatic bind- 

ing without peptide formation in relatively crude systems of the type described 

below. 

Materials and Methods: N-ethylmaleimide was obtained from the Sigma Chemical 

co. Methods and other materials, including rabbit liver phenylalanyl-sRNA, 

ribosomes and the soluble enzyme fraction, were similar to those previously 

described (Ravel et al., 1966). The soluble transfer factors were separated 

into two synergystic fractions required for peptide bond formation by elution 

* This work was supported in part by a grant (AM-09143) from the National In- 
stitutes of Health, United States Public Health Service. One of the authors 
(Raymond Mosteller) is a predoctoral fellow of the National Institutes of 
Health. 

714 



Vol. 24, No. 5, 1966 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

from calcium phosphate gel using a modified form of the procedure developed by 

Bishop and Schweet (1961b). Eluate 2 will be referred to below as Fraction II 

and contains one or more factors related to the "peptide synthetase" reaction 

(Arlinghaus et al., 1964). Eluate 4 will be referred to below as Fraction I and 

contains one or more factors related to the "binding enzyme" reaction reported 
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Figure 1: Polymerization of phenylalanine after treatment of enzymes and 
ribosomes with varying concentrations of NEM. The indicated 
amounts of NEM were added to 1 mg of ribosomes and 180 ug of 
protein of Fraction I + II in 0.25 ml of 0.01 M Tris, pH 7.5. 
After 10 minutes at O', the remaining components of the reac- 
tion mixture were added to give the following final concentra- 
tion in a total volume of 0.5 ml: 0.08 M Tris, pH 7.5, 0.07 M 
KCl, 0.008 M MgC12, 0.2 mM GTP, 100 pg of poly U, and 210 ng of 
charged rabbit liver s-RNA containing 70 ppmoles of Cl4-phenyl- 
alanine. The reaction mixture was incubated at 37’ for 5 minutes, 
then the reaction was stopped by the addition of 5% TCA and the 
amount of labeled phenylalanine polymerized into hot TCA insoluble 
material was determined as previously described. 

by the workers mentioned above. Eluate 3 contains appreciable amounts of the 

active components of Fractions I and II and will be referred to as Fraction I + II 

below. The assay systems used to measure enzymatic binding and hot TCA insoluble 

polyphenylalanine are as previously described (Ravel et al., 1966). The specific 

components of the systems used are listed in the legends of the figures and 

Table I. Deoxycholate-washed, NaF treated ribosomes that have very low capacity 

to support the polymerization of phenylalanine in the absence of poly U were 
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used in all experiments reported here. Enzymatic binding was measured by a 

slightly modified form of the membrane filter technique developed by Nirenberg 

and Leder (1964). The values given for enzymatic binding include enzymatically 

bound phenylalanyl-sRNA, any polyphenylalanine bound to the ribosomes, and a 

small amount of phenylalanyl-sRNA that is non-enzymatically bound at the concen- 

tration of MgC12 used. 

Results-and Discussion: Preincubation of ribosomes and soluble enzyme frac- 

tions with NEM blocks the poly U-directed synthesis of polyphenylalanine, as 

indicated in Figure 1. Ribosomes and Fraction I + II were preincubated in an 

ice bath for 10 minutes with the indicated amounts of NEM. The remaining com- 

ponents of the poly U-directed transfer system were then added and the mixture 

was incubated for 5 minutes at 37O. NEM, in amounts greater than about 0.7 

umole per assay tube, caused nearly complete inhibition of polymerization; however 

the exact amount of NEM required to block polymerization is dependent on the 

amount of GSH present in the relatively crude enzyme fractions used. In the 

experiments described below, inactivation was carried out using 2.0 umoles of 

NEM per assay tube. 
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Figure 2: The effects of GSH on the NEM treated and untreated polymerizing 
system. Ribosomes or ribosomes and Fraction I + II were treated 
with 2.0 umoles of NHM as indicated in the legend of Figure 1. 
After NEM treatment, GSH and then the other components of the 
system, and Fraction I + II when indicated, were added. Poly- 
merization was then determined as described above. 

0 0 3, no NRM added to the system 
A c 8, NEM treated ribosomes and untreated Fraction I + II 

a NEM treated ribosomes and NEM treated Fraction I + II 
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NEM-inactivated soluble fraction was not reactivated by GSH under the con- 

ditions described here, as shown by the data presented in Figure 2 for the case 

in which both ribosomes and soluble fraction were treated with NEM. These data 

are not in agreement with the earlier conclusions of Bishop and Schweet (1961a) 

who reported that NEM-inactivated enzyme could be reactivated by GSH. We are 

acquainted with the difficulties of removing one or more components of transfer 

Fraction II from preparations of ribosomes and have frequently observed an 

apparent reactivation by GSH in cases in which ribosomes were not treated with 

NEM. In light of these results and in consideration of the stability of alkylated 

products generally formed by the reaction of NEM with biological materials, it 

seems likely that the results reported by Bishop and Schweet may not have been 

due to reactivation of an NEM-inactivated enzyme, but rather to the protection 

or activation by GSH of the polymerizing enzymes present in their ribosome pre- 

parations. In experiments reported below, we have added 5.0 pmoles of GSH to 

remove excess NEM and to protect sensitive soluble components. 

The amount of polymerization obtained with NEM treated ribosomes and un- 

treated enzyme fraction was approximately 80% of that obtained when neither 

ribosomes nor enzymes were treated. This result indicated that the capacity 

of the ribosomes to support the poly U-directed synthesis of polyphenylalanine 

was not greatly altered by NEM, at least as measured under the conditions 

used here for the transfer system. This is an interesting and somewhat sur- 

prising result, in that reticulocyte ribosomal protein has been found to con- 

tain about 1.1% half cystine plus cysteine (Ts'o et al., 1958). 

Arlinghaus et al. (1964) reported that GSH was required for the "peptide 

synthetase reaction" but that the "binding enzyme" could be prepared without 

GSH and that enzymatic binding was not dependent on this compound. The data 

presented in Table I support these earlier findings, in that one or more com- 

ponents of Fraction II that are required for polymerization are sensitive to 

inactivation by NEM, but that this reagent does not inactivate the components 

of Fraction I required for the GTP-dependent enzymatic binding of phenyl- 

alanyl-sRNA to ribosomes. 

Fraction I contained the soluble components required for poly U-directed, 

GTP-dependent enzymatic binding of phenylalanyl-sRNA to ribosomes (Arlinghaus 

et al., 1964; Ravel et al., 1966), but it was contaminated by components of 

Fraction II required for peptide bond formation so that 12.0 pnmoles of phenyl- 

alanine were incorporated into hot TCA insoluble polyphenylalanine when only 

untreated Fraction I was added to the system as a source of transfer factors. 

Fraction II used alone as a source of soluble enzyme produces little enzymatically 

bound phenylalanyl-sRNA or polyphenylalanine, but is synergystic with Fraction 
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Table I 

The Effect of NEM Treatment of Fraction I and Fraction II 

on Enzymatic Binding and on Polymerization 

Fractions Added 
NEM treated Untreated 

I 

I* 

II 

I and II 

II 

I 

I* 

I 

II 

I and II 

11* 

pnmoles of Phenylalanine 
Bound Polymerized 

0.9 0.4 

28.1 12.0 

4.4 5.3 

36.2 38.9 

13.1 0.2 

2.4 0.3 

2.0 0.2 

10.1 0.4 

18.6 12.4 

24.6 28.3 

2.7 0.7 

GTP omitted from the assay 

Ribosomes (1 mg) and 40 ng of Fraction I protein and/or 340 pg 
of Fraction II protein were treated with 2.0 moles of NEM 
where indicated. GSH (5 nmoles) and the other components of 
the system (Figure 1) including untreated Fraction I or II, 
as indicated, were then added. Polymerization or binding 
was measured after a 5-minute incubation at 37'. 

I so that 38.9 npmoles of phenylalanine were polymerized when both fractions 

were used. NEM treatment of Fraction I reduced its capacity for peptide syn- 

thesis to a very low level, as reflected by the decrease in hot TCA insoluble 

material formed, but ability to carry out GTP-dependent enzymatic binding was 

retained. Phenylalanine, with no more than trace amounts of diphenylalanine 

and longer phenylalanine peptides, was recovered and identified from the enzy- 

matically bound product obtained with NEM treated Fraction I. Fraction II had 

activity for polymerization when it was combined with NEM treated or untreated 

Fraction I, however the activity of Fraction II for peptide synthesis was de- 

stroyed by treatment with NEM. These results are interpreted as indicating a 

NEM-sensitive soluble component present in Fraction II that is required for 

peptide synthesis. We have reached a similar conclusion from data obtained 

using purified preparations from chromatography of Fractions I and II on DEAE- 

cellulose. 
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Nishizuka and Lipmann (1966) have found that the GTPase activity as well 

as polymerization observed in the g. - coli transfer system is sensitive to the 

sulfhydryl reactive compounds, p-chloromercuribenzosulfonate and iodosobenzoate. 

The GTPase studied by these workers is thought to be related to the requirement 

for GTP in peptide synthesis when it is properly coupled to the ribosomal 

system. Preliminary studies with the reticulocyte system indicate that much of 

the GTPase activity of Fraction I, measured in the absence of ribosomes, 

phenylalanyl-sRNA and poly U, can be inactivated by NEM but that the enhanced 

GTPase activity found under conditions that lead to enzymatic binding - in other 

words, in the presence of ribosomes, poly U and phenylalanyl-sRNA - does not 

appear to be destroyed by treatment with NEM. The GTP-dependent enzymatic bind- 

ing observed in the reticulocyte system is thought to be the first enzymatic 

step in protein synthesis (Schweet and Heintz, 1966). 

In work with a relatively crude transfer system derived from s. coli, we 

find that NEM will inhibit polymerization with little or no effect on non- 

enzymatic binding. We have been unable to demonstrate GTP-dependent enzymatic 

binding in the NEM treated E. coli system. Sutter and Moldave (1966) report the 

activation of rat liver "transferase II" by sulfhydryl compounds, but find that 

GTP is involved in an interaction between ribosomes and transferase II that does 

not require transferase I or aminoacyl-sRNA. 

These seemingly contradictory reports on the transfer enzymes and the role 

of GTP in systems from different organisms and laboratories emphasize the need 

for further investigation of the mechanism of peptide bond formation. 
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