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Ethanol (0.21-0.84 M) added to rabbit  reticulocyte 
lysates results in  a 42-896 decrease  of  polypeptide 
synthesis following  a  60-min  incubation  at 30 “C. The 
onset of  inhibition is preceded by a  5-15-min  Iag. Eu- 
karyotic  initiation  factor 2 (eIF-2) (85% pure, 0.42-4.2 
pg added/30-pl assay) or high  concentrations of CAMP, 
MgGTP,  and glucose  6-phosphate (0.55-5.0 mM) par- 
tially  reverse  the  inhibition  by 0.32 M ethanol.  Complete 
reversal of inhibition  was  observed  with  fructose 6- 
phosphate (0.55 m~). Ethanol  was also shown to di- 
rectly  inhibit  ternary  complex  formation  between  eIF- 
2, GTP, and  initiator  Met-tRNA (50% inhibition  with 0.5 
M ethanol). The inhibitory  effect of ethanol  on  poly- 
peptide  synthesis,  however,  appears to be  independent 
of its effect  on  ternary  complex  formation, and  may  be 
related  to  the  activation of a  translational  inhibitor. 
T h i s  tentative  conclusion is based  on  the  following 
results.  First,  when  the  postribosomal  supernatant or 
unfractionated  lysate is incubated  with  ethanol,  the 
supernatant  or  lysate  becomes  inhibitory to poly- 
peptide  synthesis  following  a  60-min  incubation  with 
ethanol at 30 “C. Second,  when  ethanol-treated  postri- 
bosomal  supernatant is chromatographed  on  DEAE- 
cellulose,  an  inhibitory  activity is observed, The  peak 
of inhibition  coincides  with  the  elution  position of a 
translational  inhibitor  termed  heme-controlled  repres- 
sor.  Third,  pro-heme-controlled  repressor  becomes 
more  inhibitory to protein  synthesis  when  incubated 
with  ethanol.  These  findings  suggest  that  ethanol  may 
activate  a  translational  inhibitor  by  affecting  the 
proper  conformational  change  of  a  dormant  inhibitor. 

Excessive and prolonged ethanol ingestion has been amply 
documented as a causative factor leading eventually to func- 
tional and morphological blood abnormalities (1, 2). One of 
the earliest hematological changes that occur with alcohol 
ingestion appears to be the vacuolization of primitive bone 
marrow cells, especially of proerythroblasts (3, 4). For exam- 
ple, infusion of small amounts of alcohol in mothers  to delay 
labor  results in vacuolization of red cell precursors in newborn 
infants (5). White et al. have shown that in vitro synthesis of 
globin chains were reduced in reticulocytes of patients with 
congenital and acquired sideroblastic anemia (6). Subse- 
quently, Ali and Brain  demonstrated that  the inhibition of 
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globin synthesis by ethanol in human reticulocytes and bone 
marrow cells can be reversed by addition of exogenous heme 
(7 ) .  These results suggest that  the effect of ethanol  on protein 
synthesis may be coordinated with its effect on heme  synthe- 
sis. 

The interrelationship between ethanol,  heme, and protein 
synthesis has been studied extensively by Freedman et al. (8). 
Using the rabbit reticulocytes and  their cell-free extracts as a 
model system, they have shown that: ( a )  ethanol  inhibits 
protein synthesis in rabbit reticulocytes subsequent to  the 
inhibition of heme  synthesis (€9, (b )  ethanol inhibits the  rate- 
limiting enzyme, 6-aminolevulinic acid synthetase, of heme 
biosynthesis (9), and ( c )  ethanol results  in the conversion of 
polysomes to monosomes in rabbit reticulocytes suggesting 
that initiation of polypeptides is blocked (8). Because it  has 
been shown that in  rabbit reticulocyte lysates, a lack of hemin 
causes the activation of a preformed translational inhibitor 
termed heme-controlled repressor (10-12), Freedman  and 
Rosman propose that  the primary inhibition of heme  synthesis 
by ethanol results in a  secondary  activation of HCR,’ thereby 
blocking polypeptide initiation (13). Since they also show that 
hemin  addition (50 p ~ )  can only reverse inhibition of poly- 
peptide synthesis by 0.05-0.1 M ethanol,  and  not inhibition by 
0.8 M ethanol, it seems possible that  there  are  at least two 
different effects of ethanol on polypeptide synthesis. 

In this communication, we  show that ethanol, at  concentra- 
tions which are beyond those which are physiologicaliy 
achievable, directly inhibits the formation of a  ternary com- 
plex between eTF-2, GTP, and Met-tRNA. Our data also 
suggest that  at  these high concentrations, the inhibitory ef- 
fects of ethanol on  protein  synthesis may be related to  the 
activation of a translational inhibitor. 

MATERIALS AND METHODS 

Rabbit reticulocyte lysates were purchased from Clinical Conven- 
ience Products (Madison, WI).  methionine and [U-’4C]leucine 
were obtained from New England Nuclear. Other materials were  from 
sources described previously (14-16). Met-tRNA,, crude initiation 
factors, and partially purified eIF-2 were prepared as described (14, 
15). Highly purified eIF-2 (85% pure) was a generous gift from Dr. 
William Merrick (Department of Biochemistry, Case Western Re- 
serve University). Cell-free protein synthesis were done in 30-$ 
aliquots and 5pl  aliquots were removed at, the indicated times to 
determine the incorporation of radioactive leucine into polypeptides 
(14). Met-tRNA,.eIF-2.GTP ternary complex  was measured by the 
retention of the complex on Millipore filters (15). Pro-HCR was 
obtained according to  the procedure of Gross by chromatography of 
the postribosomal supernatant on CM-Sephadex (17). 

Chromatography of N-Ethylmaleimide or Ethanol-treated  Postri- 
bosomal Supernatant-Postribosomal supernatant (4.5 ml) was made 
5 mM in N-ethylmaleimide and incubated for 15 min, 37 “C.  The 
incubated mixture was made 7.5 mM in dithiothreitol  and incubated 
for an additional 15 min, 4 ”C. Alternatively, postribosomal superna- 
tant (supplemented with 50 p~ hemin) was incubated with 0.84 M 
ethanol for 60 min, 30 “C.  Treated postribosomal supernatant was 
applied separately to identical DEAE-cellulose columns (1.5 X 12 cm) 
previously equilibrated with Buffer A (20 mM Tris-HCI, 100 mM KCl. 
1 mM dithiothreitol, 0.1 mM EDTA, and 10% glycerol, pH 7.5) and 
eluted with Buffer A. Fractions (4.5 ml) were collected until no more 
protein was eluted (as monitored by absorbance at 280 nm). The 
column was further  eluted with Buffer A supplemented with 250 mM 
KC1 and 4.5-ml fractions were collected. Ahquots of each fraction was 

’ The abbreviations used are: HCR, heme-controlled repressor; 
Met-tRNA,, initiator tRNA; eIF-2, eukaryotic initiation factor 2. 
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assayed for inhibitory activity using fresh reticulocyte lysates (2 pl /  
30-pl assay). 

Treatment of pro- HCR with Ethanol-Pro-HCR ( 1.8 mg/mk) was 
incubated with or without 0.84 M ethanol for 60 min, 30 "C (tot,al 
volume 0.5 ml). Following incubation, the mixture was  dialyzed 
against 2 changes of  500 ml of Buffer A for 90 min, 4 "C.  Aliquots of 
the dialyzed pro-HCR was tested for inhibitory activity in a fresh 
reticulocyte lysate. 

RESULTS AND DISCUSSION 

Fig. 1A shows the effect of varying  concentrations of ethanol 
on the kinetics of leucine  incorporation  into  polypeptides. 
Ethanol (at  all  concentrations  tested) has minimal  effect  on 
the initial rate of polypeptide  synthesis (0-5 min),  but  greatly 
reduces  the rate after 5-15 min. A 50% inhibition  is  observed 
with 0.21 M ethanol following a 60-min incubation. The two- 
phase  kinetics has been  typically  observed in rabbit  reticulo- 
cyte  lysates  which  lack  hemin,  or in lysates to which GSSG or 
double-stranded  RNA has been  added (18-20). 

Because  it  is  generally  believed that a key step in the 
regulation of eukaryotic  peptide  chain  initiation  is the for- 
mation of a ternary  complex  between  eIF-2,  GTP,  and Met- 
tRNA, (21-23), we  investigate  the  possibility that ethanol 
directly  interferes  with  ternary  complex  formation.  Results  in 
Table 1 show that ethanol  reduces  ternary  complex  formation, 

n- I mln 1 

FIG. 1. Effects of ethanol on kinetics of leucine incorpora- 
tion in reticulocyte lysates. Incubations were at 30 "C and 5-pl 
aliquots were removed at times indicated. A: M, control; 
o"--o, plus 0.21 M EtOH; A-A, plus 0.42 M EtOH; A-A, plus 
0.84 M EtOH. B: M, control; A, control plus cAMP (5 mM); 0, 
control plus fructose-6-P (27623 (0.5 mM); c+", plus 0.32 M EtOH; 
A-A, EtOH plus cAMP (5 mM); M, EtOH plus fructose-6-P 
(0.5 mM). C: M, control; ., control plus 4.2 p g  of eIF-2; 
M, plus 0.32 M EtOH; A-A, EtOH plus eIF-2 (0.42 pg); 
A-A, EtOH plus eIF-2 (1.4 pg); KF-U. EtOH plus eIF-2 (4.2 p g ) .  

TABLE I 
Effect of ethanol  and  methanol on ternary complex formation by 

eIF-2 from rabbit reticulocyte lysates 
Addition %]Met-rRNA, bound" 

-__- ___ 
pmol 

Plus  eIF-2 (1.2 pg) 0.23 
Plus eIF-2  and  ethanol 

0.34 M 0.13 
1.36 M 0.07 
3.40 M 0.03 

Plus  eIF-2  and methanol 
0.5 M 0.21 
2.0 M 0.13 
5.0 M 0.13 

I' GTP-dependent binding of  [?%']Met-tRNA, (1.2 pmol, 25,000 cpm, 
95% 5% trichloroacetic acid-precipitable) was assayed in a 50-pl re- 
action. Background without eIF-2 (0.01 pmol) has been subtracted. 

l_l______ 

TABLE I1 
Effects of nucleotides and phosphorylated sugars on inhibition of 

polypeptide synthesis by ethanol in rabbit reticulocyte lysates 
Polypeptide syn- 

thesis" 
Addition 

-Etha-  +Etha- 
nol nolh 

cpm 
None 17,480  10,560 

+ CAMP/ (5 mM) 18,560  13,700 
+ MgGTP (1.67  mM) 19,370  15,810 
+ 2-Aminopurine (2.5 mM) 17,510  8,100 
+ Glucose 6-phosphate (0.55 mM) 22,170  15,860 
+ Fructose 6-phosphate (0.55 mM) 20,060  18,830 
+ Fructose 1,6-d1phosphate (0.55 mM) 19,720 8,750 

Incubations were at 30 "C,  60 min. Ten aliquots were removed 
and processed for leucine incorporation into polypeptides. 
' Ethanol was added to a final concentration of 0.32 M. 

T8me imm) 

FIG. 2. Effects of ethanol-treated lysate or postribosomal 
supernatant on polypeptide synthesis in fresh reticulocyte 
lysates. W, fresh lysate plus aliquot of lysate or postribosomal 
supernatant (PRS) not treated with EtOH; o"--o, fresh lysate plus 
EtOH-treated lysate or postribosomal supernatant. 

A 504 inhibition  was  observed  with the addition of 0.5 M 
ethanol.  At the same  concentration,  methanol  has no apparent 
effect  on  ternary  complex  formation  (Table I). 

If  polypeptide  synthesis  inhibition  by  ethanol  is  totally  due 
to  its effect  on  ternary  complex  formation,  addition of eIF-2 
should  reverse the inhibition.  Consequently, a number of 
experiments were designed  to test this  possibility.  Results in 
Fig. IC show  that  highly  purified  eIF-2 (85% pure)  gives a 
significant  reversal of inhibition  by 0.32 M ethanol.  High 
concentrations of CAMP, MgGTP,  and  glucose  6-phosphate 
were  equally as effective  (Table 11). Complete  reversal of 
inhibition  was  observed  with  fructose  6-phosphate  (Fig. lB ,  
Table 11). In  contrast,  fructose  1,6-diphosphate or 2-amino- 
purine  were  without  effect  (Table 11). Measurement of ethanol 
at 0 or 60 min  shows that its  concentration  remains  constant 
throughout  the  incubation  period.2  Since  ternary  complex 

The concentrations of ethanol in samples without CAMP or  with 
CAMP (5 mM) or with fructose-6-P (0.55 mM) at 0 or 60 min  were 
0.316 M, 0.32 M, 0.34 M, 0.33 M ,  0.33 M, 0.337 M, respectively. 
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inhibition by ethanol was not reversed by these compounds 
(data not shown), this suggests that ethanol  must exert an- 
other effect  in translational inhibition which  is independent 
of ternary complex inhibition. 

We next consider the possibility that ethanol activates a 
translational inhibitor. This was tested by incubating lysates 
or postribosomal supernatant  (both supplemented with 50 
PM hemin to suppress HCR activation) with 0.84 M ethanol 
for 0 or 60 min at 30 “C. An aliquot of the diluted incubated 
lysate or postribosomal supernatant  (ethanol concentration 
was 0.09 M after dilution and was not inhibitory to protein 
synthesis) was then added to fresh reticulocyte lysate to test 
for inhibitory activity (Fig. 2). No inhibition was evident in 
the samples incubated with ethanol for 0 min (Fig. 2 A )  or 
without ethanol for 60 min (Fig. 2C). However, following a 60- 
min incubation, lysates or postribosomal supernatant  treated 
with ethanol becomes inhibitory (Fig. 2, B and D). The 
inhibition was characterized by an interesting pattern of leu- 
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FIG. 3. Chromatography of N-ethylmaleimide- or EtOH- 
treated postribosomal supernatant on DEAE-cellulose. For de- 
tails, see “Materials  and Methods.” Inhibition by ethanol was meas- 
ured following a 20-30-min incubation at 30 “C whereas inhibition by 
N-ethylmaleimide (NEM)-treated samples was measured following a 
60-min incubation at 30 “C. 
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FIG. 4. Effects of ethanol-treated pro-HCR  on polypeptide 
synthesis in fresh reticulocyte lysates. The protein concentration 
of pro-HCR after dialysis was 1.6 mg/ml. A: H, control; 
A-A, plus pro-HCR incubated for 60 min at 30 “C without  EtOH 
and  then dialyzed (4 p1/30-p1 assay); A-A, plus ethanol-treated, 
dialyzed pro-HCR (4 p1/30-p1 assay). B: varying amounts of non- 
EtOH-treated, dialyzed pro-HCR were tested for inhibition of protein 
synthesis in fresh reticulocyte lysates. Incubations were for 60 min, 
30 “C. 

cine incorporation into polypeptides. There was no inhibition 
for the  fist 5-10 min. This was  followed by a period of 10-15 
min when leucine incorporation was reduced by 80%. Subse- 
quently, at 20-30 m i n ,  the  rate increased to  the control rate. 
Previously, Balkow et al. have reported on the same type of 
kinetics of protein synthesis (24) and have suggested that  the 
transient inhibition may involve the activation of the “heme- 
reversible form” HCR (24). Since the conversion of pro-HCR 
to HCR has been suggested to involve a conformational 
change (25,26), it seems possible that a similar conformational 
change may result from the addition of ethanol. We have 
further examined whether ethanol can activate a HCR-like 
translational inhibitor by  two different types of experiments. 
First, when ethanol-treated postribosomal supernatant was 
chromatographed on DEAE-cellulose, a peak of inhibitory 
activity was  observed  which  coincided with the elution posi- 
tion of HCR (Fig. 3). Second, to  test directly whether ethanol 
can activate  a translational inhibitor, pro-HCR (isolated by 
CM-Sephadex chromatography) was incubated with ethanol 
at 30 “C for 60 min. Ethanol was subsequently removed by 
dialysis (see “Materials and Methods”). Results in  Fig. 4 
clearly show that without treatment with ethanol, some inhi- 
bition was  observed  in the pro-HCR preparation following 
dialysis.  However, the inhibitory activity was greatly increased 
by prior treatment of pro-HCR with ethanol. These observa- 
tions strongly suggest that ethanol, at concentrations which 
are unlikely to be  physiologically achievable, can directly 
activate  a translational inhibitor in the lysate. Although these 
results may not be related to  the physiological  effects of 
ethanol, they  are of significance in that ethanol may  be  used 
to investigate the various conformational aspects associated 
with the activation of a translational inhibitor in the lysate. 
Experiments are presently in  progress to further purify this 
inhibitor and  to  study the mechanism whereby it inhibits 
protein synthesis in rabbit reticulocyte lysates. 
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