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Protein synthesis in HL-60 cells treated with DMSO and hypoxanthine
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Short-term treatment of the HL-60 eolls with DMSO and hypoxanthine, inducers of grunuloeytie difTerentiation, wes reported to cause a rapid

incrense in protein synthesis. This effect was aseribed 10 the insertion of inosine in the wobble position of the IRNA untisedon and consequently

increusing codon recognition potential. In this study we have re-investigated the effects of DMSO and/or hypoxunthine on protein synthesis. In

contrast to their findings we were unable to demonsirate timulited protein synthesis in either shart- or long-term teeatment with these agents.

Polysome unulysis under these conditions reveuled that polysomes were disaggregated. Finally, the astivity of tRINA-hypoxanthing ribosyltrans-

feruse, an enzyme responsible for the insertion of inosine in the anticodon, was also relatively low. Under these cireumstances, we propose that
tRNA medification is not essential in the regulation of protein synthesis.

Protein synthesis; t(RNA; DMSO; Hypoxanthine

. INTRODUCTION

The sequence of events in prolein synthesis is now
well established for both prokaryotes and eukuaryotes.
The protein synthesis pathway is commonly differenti-
ated into three major steps, namely initiation. elonga-
tion and termination. The basic componsnts nesded in
the complex process of protein synthesis include, ribo-
somes, MRNA, tRNA, GTP. ATP, protein factors and
various enzymes [1].

Proteins are a mujor constituent of the cells and there-
fore their synthesis is controlled under a variety of phys-
iological and pathological conditions. These are growth
(2], differentiation [3], starvation (4], stress [5], nutrient,
amino acid and serum deprivation [4,6,7], presence of
hormones (8] and diabetes [4]. Despite the intense re-
search interest in protein synthesis, the mechanism of
regulation of this process is not yet fully understood.
The modulation of the level of specific mRINAs, altera.
tion in the number of ribosomes and the raie of pol-
ypeptide chain initiation appear to be some of the key
regulatory steps [8].

A number of studies have shown that in most of the
cases where regulation occurs at the polypeptide chain
initiation stage, elF-2 is central in the process (6,7,9].
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Phosphorylation of the a-subun:t of ¢lF-2 results in the
inhibition of translation as the catalytic recycling of
¢IF-2, normally accomplished tarough the dissociation
of the elF-2 : ¢]F-2B complex, cannot be achieved with
the phosphorylated elF-2 [10,11]. Another point of reg-
ulation of the polypeptide chain initiation is at the step
of binding of mRNA to the rinosome. Recent findings
show that eIF-4E also undergoes phosphorylation, and
in this instance, however, the degree of phosphorylation
correlates with translation rates [12]). It has been sug-
gested that this might be a pathway by which growth
factors, mitogzens and viral oncogenes (12] transmit ex-
tracellular signals to the intracellular milieu.

Of particular interest is the fact that tRNA has also
been implicated in the regulation of tramslation.
Changes in the profiles of the different isoacceptor
tRNAs have been reported in different tissues and cell
lines [13-15] and this has given ground for considera-
tion of tRNA as performing a regulatory role. Whilst
this observation supported the hypothesis of modula-
tion based largely on codon-anticodon interaction,
later evidence showed that base modification far off
from the anticodon of tRNA could also affect transla-
tion [16]. Recently interest in the role of posttranscrip-
tional modification of tRNA in protein synthesis was
aroused by the report of Trewyn et al. [17], who found
that short-term treatment of HL-60 cells with DMSO
and hypoxanthine simultancously caused a rapid in-
crease in protein synthesis. The latter effect was thought
to be mediated by tRNA medification. In this paper we
have re-examined the effects of DMSQO and hypoxan-
thine on protein synthesis in HL-60 cells and report that
we were, however, unable to demonstrate the enhanced
rate of protein synthesis.
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2. MATERIALS AND METHODS

RPMIL-1640, hypoxunthine und £ coli tIRNA were from Sigma (St
Louis), FBS was from Delta Bioproducts (Johunnesburg), DMSO
from Reidel-deMuen AG (Seelze-Hunnover) und alt rudiochemiculs
were from Amersham Internationul (UK). The HL-60 eell line was a
gencrous gilt fromn Praf. B. Mendelow (Univenity of Witwaitersrund,
Johsnnexburg).

33, Coll culture

H L-60 cells were grown in RPMI-1640 zuspension culture supple-
mented with 10% FBS and antibiotics (100 gg/ml streptomyein and
100 Usml penicillin) at 37°C in 3% CO¥93% air. Cell counts were
performed using a Couller caunter (Coulter Electronics) to establish
the growth puttern. Vinbility was estimated using the Trypan blue dye
exclusion method. Periodicully. HL-60 cells were tested for myeoplas-
mal ¢contumination using the Huechisl DNA dye,

Experimental cultures were initiated with cells in the exponential
groweh phase (2-5 x 10* cells/mi) und seeded in 25 om® fasks at a cell
densizy of | x 10° cella/ml, Cultures were treated with 210mM BMSO,
| ! hypoxanthine und a combination of the twa drugs,

2.2, Preparation af cusyme extracls

Following ineubation of the HL-60 cells (10") xuspended in Mank's
solution for | h in the presence of different inducers, the eetls were
harvested in ice-cold phosphute-buffered suline by centrifuginion at
300 = g vor 10 min. The pellet was resuspended in two voh mes of
extraction butter: 10 mM Tris-HCl buffer (pH 7.4) containing 10 mM
MyCi.. ! mM EDTA, 0.5 mM dithiothreitol, und 10% glycerol, Lysis
of the ¢ells was achieved by using u conbination of the frecze-thaw
technigue in liquid nitrogen and ultimatety pushing the suspension
three (mes through a 28-guuge reedle, Finally the extract was centri
fuged ut 30,000 x g at 4°C for 10 min aad the supsrputant was kept
for the cnzyme assuy.

2.3, Prepusution of polysomes

The method used for preparing polysomes was similur to the above
for preparation of the enzyme extruct excepl that the lysis bulfer
contained 30 mM Tris (pH 7.5). 110 osM KCL 1.5 mM magnesium
aectate. 6 mM mersiptocthanol und 0.1% Tritan X-100.

2.4, Measurement of pratein synthesis

The rate of protein synthesis was ussiyed by measuring the incorpos
rution of ["H]leucine into TCA-insoluble material,

Briefly, cells were hurvested by centrifugation ut 300 x g for 10 min
and washed twice with Hank's solution, Thereufter 200 ui cell suspen-
sion were incubated in the presence of | #Ci {*Hileusineg (140 Cirmmol)
for dilTerent periods of time, The reaction wits lerminated with icescold
7.56 TCA (10 mM leucine and 10 mM sodium pyrophosphate) and
the precipitute was collected onto microglass fiber filiers and radiouc-
tivity was counted an 4 Beckman LS 6000IC Scintillation Counter.
Protein synthesis was expressed as cpm/10* cells,

2.5, Enzyme assayy

The enzyme ussuys were carried oul according to the methad of
Elliott und Trewyn [18]. The reaction mixture for tRNA-hypoxanthine
ribosyltrunsferase contained 10 mM Tris-HCI (pH 7.4), 90 mM KCl,
3 mM MgCl,, 0.3 mM 2-merciptocthinal. 0.01 mM allopurinel. 1.0
A unit of £. coli tRNA, 1 uCi [G-"H]hypoxanthine (3.6 Cirmmol),
and enzyme extract in u total volume of 0.6 ml. The reiction mixture
was incubaied at 37°C for | h und the renction was terminated by the
uddition of ice-cold TCA (7.5%). The precipitate was collected onto
microglass fiber fillers for scintillation counting. A similur assay was
carried out for tRNA-guunine ribosyliransferase activity in which
[G-*H]hypoxanthine was replaced with [8-"H]guanine (6.0 Cimmal).

2.6. Aualysis of polysates by sucrose densiry centrifigation

The postmitochondrinl supernatants (100-300 i) obtuined from
polysome preparation were layered on 10-4Q% lincar sucrose density
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gradients prepared in a buffer that contuined 25 mM Tris (pH 7.6),
100 mM KCl and 2 mM mugnesium acetate. The grudients were
ccutrifuged ut 100,000 x g (Beckman LR-70M) with 4 Beckmun SW
58 ratar ut 4*°C. The gradicnts were unulysed from (op (o boltom using
A UV detector a1 254 nm (LK B 2238 Unicord S11) and 4 chart recorder
(LKB).

3. RESULTS AND DISCUSSION

It is well established that both DMSO and hypoxan-
thine. individually, are capable of inducing HL-60 cell
differentiation into mauture functional cells [19]. How-
ever, in this study DMSO together with a suboptimal
concentration of hypoxanthine were evaluated for their
effects on the growth and translational activity of HL-
60 cells. Fig. | illustrates the growth pattern of HEL-60
cells in the presence of 210 mM DMSQO, | mM hypoxan-
thine and a combination of the two inducers. It is evi-
dent that cell growth is :nhibited in the presence of the
inducers (40 and 18% of control for DMSO and hy-
poxanthine by day 4, respectively), with a more pro-
nounced inhibition (52% of control by day 4) occurring
with the combined treatment. Interestingly. the inhibi-
tion af growth was not largely due to the cytotoxicity
of the agents as the viability of the cells (unpublished
results) under all conditions remained above 96% by
day 3. however in the case of DMSOQ plus hypoxanthine
viability declined to about 86% by day 4. It should be
noted that the growth patierns obtained with both
agents were similar to those reported by Trewyn et al.
(17]. They also found that the enhanced inhibition of
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Fig. 1. The growth of MJ.-G0 cells treated with DMSO and/or hy-

poxunthine, Cells were cultured for u period of up to 4 days in RPMI-

1640 plus 10% FBS ulone (0). or plus | mM hypoxanthine (@), or plus

210 mM DMSO(v), or plus 21U mM DMSO and 1 mM hypoxanthine
(Y). Resulls represent an average of 3 experiments,
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Tuble [
Leucine incorporution of HL-60 celis in the presence of hypoxunihine and/or DMSO

Time (min) Conditions
Control Hpx' DMSO DMSO + Hpx
[*H]Leucine incorporution (cpm/10* cells)

0 47 * 6 7+ 6 A7 £ [} 47+ 7
A0 23,769 = 276 20,541 = |71 20,745 % 1.618 17981 = 514
60 2,118 % 1,317 30.077 = 826 29811 = 1,199 25,859 £ 3%
90 45,096 x 1,20} 41,117 £ 442 WBIN: 46 35491 = 329

120 39810+ 740 41,186 £ 996 41,731 & 992 39,893 = 340

Cells were incubisted in Hank's medium plus the different indusers (concentrations us in Fig. 1), and protein synthesis measured as in section 2,
Results are meauns of 3 separate experiments, “Hpx, hypoxanthine.

growth seen in the presence of DMSO plus hypoxan-
thine was associated with potentiated induction of dif-
ferentiation of HL-60 cells. Recently, a number of stud-
ies have focussed on the ability of different inducers to
promote differentiation synergistically [20.21].

The process of growth and differentiation of cells is
normally accompanied by changes in the rates of mac-
romoleculur synthesis, We studied the effects of short-
term treatment of HL-60 cells with agents inducing dif-
ferentiation on protein synthesis (Table I), With incuba-
tion periods of up to 120 min, protein synthesis in-
creased in a linear fashion. However, more important
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Fig. 2. The efTucts of DMSQO and/or hypoxanthine on the distribution

of polysomes. The cells were incubated for 1 hin Hank's solulion only

(a), or plus | mM hypoxanthine (b), or plus 210 mM DMSO (c), or

plus 210 mM DMSO and | mM hypoxanthiae (d). The preparation

of polysomes and their analysis was carried out as described in section
el

was that under all conditions used there was no signifi-
cant difference in the rates of protein synthesis, In ex-
periments carried out (unpublished results) where the
cells were incubated in either Hank's plus 10% FBS or
RPMI-1640 or RPMI-1640 plus 10% FBS similar re-
sults were obtained, except that the counts were lower
because RPMI-1640 and FBS contained appreciable
amounts of leucine, These results are in contrast to the
findings of Trewyn et al. [17) who found that simultane-
ous treatment of cells with DMSO and hypoxanthine
increased protein synthesis by 100% (above control)
after 60 min. The reason for this apparent discrepancy
is not clear. One possibility is that, despite similar
growth patterns in the two HL-60 sublines, there might
be subtle intrinsic differences in their biochemical reper-
toire.

In order to confirm the above observations we deter-
mined polysome distribution by sucrose density gradi-
ent under the same conditions (Fig. 2). The polysome
profiles were all similar, that is they were characterized
by a large proportion of monosomes to polysomes.
Morgan et al. [22] demonstrated the dependency of the
rate of protein synthesis on the levels of amino acids in
perfused hearts, whereas van Venrooij et al. [23], in
Ehrlich ascites tumor cells, found that amino acid dep-

Table 11

Enzyme activities in HL-60 cells treated with DMSO and/or hypoxan-

thine
Conditions Enzyme aclivity

(cpm/10* cellsmour)

THRT" TGRT™*
Control 47+ 17 139 £ 23
Hpx® 428 125213
DMSO a6+ 9 128 = 37
DMSQ + Hpx BxY 122+ 5

Cells were incubated in Mank's medium plus the different induecrs

(concentrations as in Fig. 1), and the enzyme aclivities determined as

in section 2. Results represent a mcan of 3 separate experiments. "Hpx,

hypoxanihing: “THRT. iRNA-hypoxanthine ribosyltransforase:
**TGRT. tRNA-guanine ribosyltransferase,
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Fig. 3. Pratein synthesix in HL-60 cells treated with hypoxanthine
and/or DMSO. Conditions were the same us in Fig. 1.

rivation resuited in an immediate decreuse in protein
synthiesis. The latter effect was accenupanied by a
marked disaggregation of polysomes. It is therefore not
surprising that the polysomes obtained are disaggre-
gated since the cells were incubated in Hank's medium,
which contains only glucose besides basal salts,
Trewyn et al. [17] postulated that the observed induc-
tion of protein synthesis following charging cells with
DMSO and hypoxanthine was a result of insertion of
inosine, derived from hypoxanthine. into the anticodon
of tRNA catalyzed by the enzyme tRNA-hypoxanthine
ribosyltransferase. In accordance with the wobble hy-
pothesis such an insertion would seemingly increase the
anticodon reading potential and consequently acceler-
ate peptide chain elongation. This led us to measure the
activities of both tRNA-hypoxanthine and tRNA-gua-
nine ribosyltransferases in cells exposed to DMSO and
hypoxanthine (Table II). In general the activity of
tRNA-hypoxanthine ribosyltransferase was almost un-
detectable (240 cpm/10° celle/h), whereas that of tRNA-
guanine ribosyltransferase was also relatively low, Of
significance was the fact that there were no differences
in activities of the enzymes in the presence of the differ-~
ent agents. The occurrence of low levels of these en-
zymes might explain failure to demonstrate enhanced
protein synthesis in this study. Furthermore, this may
be one of the biochemical features that is different in the
HL-60 sublines used in the two studies. One cannot
exclude the other possibility that the low levels of the
enzymes might indicate that they are not critical to the
process of protein synthesis. In a recent study Kretz et
al. [24] found that both thioguanine and queuine partic-
ipated in the modification of tRNA anticodon, and
queuine also reversed differentiation induced by
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thioguunine. Of particular interest was that in our sys-
tem upon incubating cells in cither Hank’s or RPMI-
1640 plus FBS (the latter contains queuine) there was
still no increase in the capacity of the cells to synthesize
protein (resulls not given). This observation seems to
underscore the need for evaluating the precise role of
hypomodification and/or medification of tRNA on pro-
tein synthesis,

Since short-term treatment of cells with DMSO and
hypoxanthine did not stimulate protein synthesis, we
therefore monitored protein synthesis in cells cultured
in RPMI-1¢40 plus 10% FBS over a period of 4 days
(Fig. 3). In all cases protein synthesis increased to a
peak between day | and 2 and thereafter declined. Con-
sistent with growth patterns substantially high rates of
protein synthesis were observed in controls and cells
treated witk: 1 mM hypoxanthine whilst that for DMSO
and DMS( plus hypoxanthine were relatively low
throughout The latter observation suggests that even
the long-ter:n exposure of cells to DMSO and hypoxan-
thine does not appear to support the notion that modi-
fication of tRNA is important in protein synthesis.

In conclusion, we have shown that short-term treat-
ment of HL-60 cells with DMSO and hypoxanthine
does not enhance protein synthesis in HL-60 cells.
Whilst changes in protein synthesis occurred during
long-term treatment, these also do not lend support to
the view that modification of tRNA regulates protein
synthesis.
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