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Effect of aflatoxin B1 on translation in isolated hepatocytes 
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Aflatoxin Bi (AFB1), a potent hepatocarcinogen, inhibits 
protein synthesis [l-4]. Investigators working with intact 
rats suggest that the inhibition of liver protein synthesis by 
the toxin is a consequence of blockage at elongation and 
termination [5, 61, while others working with cultured rat 
liver cells propose that the ribosomal site of AFB, inhibition 
is the initiation step [7]. Thus, there is still uncertainty as 
to the locus of AFB, inhibition of translation. We have 
approached the problem using isolated rat hepatocytes 
as an alternate to whole animal or cell culture studies, 
comparing cytoplasmic ribonucleoprotein complex (cRPC) 
content, proportion of polysome size classes, nascent poly- 
peptides released from polysomes, and formation of initia- 
tion complexes in untreated and AFB,-treated hepatocytes. 

Materials and methods 

Hepatocytes were prepared from male Wistar rats (250- 
300g) using the procedure of Berry and Friend [8] with 
minor modifications [9]. The cells (1 to 1.5 x 10h cells/ml) 
were preincubated without or with AFB, (5 or 50 PM) for 
15 min before [3H]leucine (5 &i/ml, Amersham Corp., 
Arlington Heights, IL) was added. At 60 min, hepatocytes 
were collected and subcellular fractions were obtained by 
differential centrifugation. The cRPC were isolated by the 
method of Palmiter [lo], and various size classes of poly- 
somes were separated [ll]. Incorporation of [3SS]meth- 
ionine (1345 &i/mmol, Amersham Corp.) into methionyl- 
tRNA was determined by preincubation of hepatocytes 
without or with AFBi (SO~&i) for 65 min before addition 
of 50 &i [35S]methionine. After lo-min labeling, 40s and 
80s initiation complexes were isolated from the cRPC, and 
(3sS]methionyl-tRNA was precipitated by cetyltrimethyl- 
ammonium bromide (Siema Chemical Co.. St. Louis. MO). 
Peptidylpuromycin was-prepared by incubation of 20-25 
A2M) u&s of &PC with puromycin (0.5 mM) at 37” for 
30 min. Peutidvluuromvcin of M. > 8000 was purified as 
described elsewhere [ill and separated on 10% poly- 
acrylamide gels containing 0.1% sodium dodecyl sulfate 
1121. Cell viability was checked by trypan blue exclusion 
(0.27%). Protein was assayed by the method of Lowry et 
al. [13]. Radioactivity of trichloroacetic acid or cetyl- 
trimethylammonium bromide insoluble material collected 
on glass fiber filters (Whatman GF/C) and gel slices was 
determined by counting in a Beckman liquid scintillation 
spectrometer. When counting [‘HI, cpm were converted to 
dpm, while [j5S] was counted under a wide [‘“Cl window, 
and cpm were recorded. Counting errors were +5%. 

Results and discussion 

Previous studies report that at 180min of incubation, 
inhibition of protein synthesis measured by [3H]leucine 

incorporation is dependent on the dose of AFB,. The 
lowest dose to show significant inhibition is 5 PM, and the 
most inhibition is obtained with 50nM AFB, [14]. Since 
50 nM AFB, causes significant decreases in cell viability at 
120 and 180min of incubation, experiments were ter- 
minated at 60 min. This time allows the toxin to enter and 
act on the cells but avoids changes due to alteration of the 
cellular membrane. As shown in Table 1, 50 nM AFB, 
significantly inhibited [3H]leucine incorporation into sub- 
cellular fractions. Specific radioactivities of cell lysate, 
nuclei, and cytosol were 10, 23 and 14% of the control 
respectively. The greater inhibition of [3H]leucine incor- 
poration into proteins of cell lysate (90%) and cytosol 
(84%) compared to cRPC (71%) may have been due to 
impairment of posttranslational processes. Since there was 
no change in the content of the cRPC, the decreased specific 
radioactivity in treated cells reflected a decrease in the rate 
of protein synthesis. 

To determine the ribosomal site or sites affected by 
AFB,, polysome size classes were examined (Table 2). In 
the presence of 5 nM AFB, there was a slight increase in 
the concentration of monomers accompanied by a decrease 
in the polysome/monomer ratio compared to the control. 
The changes were not significant. In the presence of 50 PM 
AFB ,, however, the increased concentration of monomers 
and decreased polysome/monomer ratio became signi- 
ficant. According to the scheme of Pestka [15], the accumu- 
lation of monomers suggested that the toxin blocked the 
initiation stage of the ribosomal cycle. Lack of complete 
polysome breakdown in treated cells indicated that initia- 
tion may have been only partially inhibited. To assess the 
extent of involvement of initiation, initiation complexes 
were examined (Table 3). [3SS]Methionine in untreated 
ceils was associated with both 40s and 80s initiation com- 
plexes. The 8OS/4OS ratio of 3.3 suggested that methionyl- 
tRNA was present in the 40s initiation complex, allowing 
subsequent formation of the 80s initiation complex. The 
content of the complexes was similar in untreated and 
treated cells, but there was a greater decline in radioactivity 
in the 80s initiation complex in AFB,-treated cells. The 
8OS/4OS ratio was decreased to 1.8, similar to the inhibition 
of the initiation step produced by actinomycin D in CHO 
cells [16]. The decreased 8OS/4OS (Table 3) and polysome/ 
monomer ratios (Table 2), although significant, were not 
sufficient to account for the 71% decrease in overall protein 
synthesis seen in the cRPC from AFB,-treated cells (Table 
1). The elongation stage of the ribosomal cycle was then 
considered as an additional target for AFB, action. 

Analysis of [3H]leucine incorporation into peptidyl- 
puromycin (Fig. 1) indicated that labeled polypeptides of 
various molecular weights (M, lO,OOO-160,000) were found 
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Fig. 1. Radioactivity profiles of nascent polypeptide chains 
separated by SDS-PAGE. In vitro puromycin-released 
~lypcptides from cRPC (23 A& were isolated, con- 
centrated, and dialyzed against 50 mM Tris-HCl (pH 8.9) 
containing 53 mM glycine, 0.89% 2-mercaptoethanol, and 
0.1 mM phenylmethylsulfonyl fluoride. Control, 20 pg pro- 
tein (-), and AFB,-treated, 26pg protein (----), 
samples were applied and electrophoresed at 2mA/gel 
for 9Omin in the anodal direction at room temperature. 
Molecular weight markers were: y-globulin (160,000), bov- 
ine serum albumin (67,000). ovalbumin (45,000) and cyto- 
chrome c (12,400). Gels were sliced into 1.25 -C 0.25 mm 
slices, each slice was solubilized in NCS solubilizer at 50” 
for 2 hr, and 10 ml of OCS was added before radioactivity 

counting. 

in both untreated and AFB,-treated cells, Radioactivity 
present in the peptidylpuromycin fraction of treated cells 
was 32% of the control (Table 1). In polypeptides of 
M, > 45,000, [3H]leucine incorporation was greatly 
inhibited by AFB,, exhibiting constant low levels of radio- 
activity whereas in polypeptides of M, < 45,000 the incor- 
poration was less inhibited. Polypeptides of M, < 8,000 
from treated cells contained slightly increased amounts of 
radioactivity when compared to controls (data not shown). 
This suggested a partial inhibition by the toxin at the 
elongation stage since [3H]leucine incorporation was higher 
in smaller polypeptides but declined as a greater extent of 
elongation was required, that is, with increasing poly- 
peptide size. If elongation was completely blocked by the 
toxin, [3H]leucine would not be present regardless of the 
size of polypeptide. 

Employing different but complementary approaches 
such as isotope labefling, polysome patterns, analysis of 
polypeptide chains, and formation of initiation complexes, 
the present study established that AFBI-evoked inhibition 
of cellular protein synthesis involved translational events 
to a greater extent (70%) than posttranslational processes 
(15-20%). Lack of accumulation of larger size polysomes 
and newly synthesized potypeptides eliminated the possi- 
bility that the termination step had been affected by AFB, 
for, if this were the case, polysome aggregation and greatly 
increased radioactivity in cRPC should be seen [S, 151. 
Polysome profiles exhibited moderately decreased 
polysome/monomer ratios, characteristic of partial inhi- 
bition of initiation and elongation. The extent of each step 
involved in the overall inhibition of protein synthesis was 
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Table 2. Effect of aflatoxin B, on polyribosome size classes 

Polyribosomes 
Aflatoxin B, 

Polyribosome 

cone Monomers Monomer 
(PM) (40s + 60s + 80s) 2 3 4 5+ ratio 

0 (8) 1.1 2 0.1 0.7 t 0.1 0.4 2 0.1 0.3 2 0.1 0.9 ? 0.2 2.1 2 0.4 
5 (2) 1.2 * 0.1 0.7 2 0.2 0.4 + 0.1 0.2 * 0.1 0.8 ? 0.2 1.7 ? 0.3 

50 (6) 1.5 -e 0.1* 0.6 ? 0.2 0.3 ? 0.1 0.2 + 0.1 0.7 t 0.3 1.2 t 0.2* 

Values for monomers and polyribosomes are expressed as mg/lO* cells. Data are means + S.D. with the number 
of experiments given in parentheses. 

* P < 0.05, compared to controls. 

Table 3. Effect of aflatoxin B, on the formation of initiation complexes 

Conditions 

Control 
(untreated) 
Aflatoxin B, 
treated (50 FM) 

40s Initiation complex 80s Initiation complex 8OS/4OS Ratio 

Content Radioactivity Content Radioactivity Content Radioactivity 

10 443 * I77 90 1445 * 517 9 3.3 + 0.1 

9 372 z!z 74 91 673 + 98* 10 1.8 ? O.h* 

Values of 40s and 80s initiation complexes are expressed as percent of total area under the peaks: values of 
radioactivity are expressed as cpm of acid-insoluble materials of the sucrose gradient fractions precipitated by 
cetyltrimethylammonium bromide. The data presented are means rt S.D. from two separate experiments. 

* P < 0.05, compared with control. 

resolved by the finding that AFBt inhibited 80s initiation 
complex formation to a greater extent than elongation. 
These results differ from findings reported by White and 
Rees [7] who, using cultured rat liver cells, suggest that 
initiation is the only ribosomal site affected. The difference 
may arise from the 4-fold higher AFBt concentration used 
in their study (192pM) compared to our study. Inves- 
tigations are in progress to assess the molecular sites of 
perturbation and the possible involvement of posttrans- 
lational processes. 
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