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SUMMARY. The addition of isonicotinic acid hydre7ade (INH)
oo ang TR dhetod aningacide tate’ chobin S0-*u hemin s
ded to the incubation mixture removes the inhibition of glo-
bin synthesis caused by INH but is without effect on the syn-
thesis of globin inhibited by cycloheximide,

In recent years evidences have been collected that the
synthesis of specifie¢ proteins in animal tissues is quantita-
tively regulated not only at the transcriptional but also at
the translational level (1). The addition of hemin to rabbit
reticulocytes in which no new BNA is synthesized, stimulates
the rate of globin synthesis (2, 3). This finding which sup-
ports the idea of quantitative regulation of globin synthesis
in reticulocytes at the level of translation was confirmed by
many authors (4, 5, 6).

In the previous paper we have reported that isonicotiniec
acid hydrazide (INH) is a potent inhibitor of heme asyntheais
in rabbit reticulocytes (7). In this work the effect of heme
on the rate of globin synthesis in reticulocytes incubated
with INH or eycloheximide was studied. INH is a primary inhi-
bitor of heme synthesis and it inhibits the synthesis of glo-

bin component of hemoglobin secondarily and reveraibly. Reti-
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culocytes with inhibited heme synthesis serve as a model for
the studies of the regulation of globin synthesis in intact
cells which may be different from regulation of globin synthe-
sis in a cell-free cystem.

MATERIALS AND METHODS

Reticulocyte rich blood was obtained from bled rabbits.
The incubation mixture was prepared as described in previous
paper (7, 8). The incubation conditions, termination of incu-
bation and the separation of cells were the same as described
previously (7, 8).

T55e-methionine (specific activity 5 mC/1 mg) was obtain-
ed from the Rediochemical Centre, Amersham, and added in a-
mount of 1-3/uC per 30 ml of the total incubation mixture.

The amount of 2-14C-glycine used and its specific activity
was the same as in previous experiments (8). l°50/uc of 140-
leucine (spec. activity 35 mC/mM) per 50 ml of total incuba=-
tion mixture were added.

14¢_heme and 14C-globin were isolated from reticulocytes
and their specific activities measured using methods descri-
bed in previous paper (8). The procedure with 7589-globin was
the same as with 14C--globin up to the drying of globin (8).
The dried globin was weighed and its radicactivity measured
in the scintillation counter (Tesla NRQ 612).

The times of preincubation of cells with inhibitors and
of their incubations with the label are presented in appro-
priate tables and figures.

RESULTS
Table 1 shows that INH inhibits the incorporation of

glycine-2-14c into heme in the period of two-hour incubation

and this inhibition is dependent on the concentration. At the
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TABLE 1

The effect of varigga concentrations of INH on the incorpoix-
tion of glycine-2-""C into heme and globin and of leucine-""C
into globin. Results are expressed as percentages of incorpo-
ration into corresponding controla. The reticulocytes were pre-
incubated 30 minutes before addition of the label.

Incorporation of

(expressed as % of control)

Concentration Time of glycine-2-""C into leucine-""C into

of INH incubation heme globin globin
i5 75.7 104.4 86,7
_3 30 8204 - 10606

2 x 10 °M
60 63.5 99.6 T8.3
120 41,6 83.8 81,0
15 24 .4 59.0 56.9
-3 30 2603 43.0 57.2

4 x 10 "M
60 21.6 42,6 44.3
120 21.5 33.1 35.6
15 10.1 32.5 35.6
-3 30 9.5 26.1 33.0

8 x 10 "M
60 6.1 24,0 20,6

120 5.4 21,2 20.7

same time the incorporation of glycine and leucine into glo-
bin decreases. We do not know whether greater suppresion of
incorporation of labeled precursors into heme than that of
globin during incubation with INH is due to the more pronoun-
ced suppresion of heme synthesis. The difference between the
incorporation into globin and heme may be also caused by an-
other factor since in the present experiments the specific ac-
tivity of only partially purified globin (8) was measured. It
is known that the purification of globin under certain condi-

tions may decreamse its specific activity (9). The solving of
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these questions is beyond the scope of the present communica-
tion and is under investigation.

From Fig., 1 it is evident that 1074M hemin added to reti-
culocytes from bled rabbits exerts a small stimulation of glo-
bin synthesis of globin synthesis measured by the incorpora-
tion of 7583-mathionine. Synthesis of globin in the presence
of INH decreases similarly as in the previous experiment. The

addition of hemin to reticulocytes incubated with INH pre-

MUGACTIVITY OF GLOBMW (cpm /fmg)
[

[] 2 © [
TIME OF INCURATION (IN'MINUTES)

Figure 1. The effect of hemin on the incorporation of 755e-
methionine into globin of control reticulocytes and
of reticulocytes incubated with an inhibitor of he-
me synthesis. Cells were 10 min. incubated with or
without INH and hemin was added (in final conec.

10 "M) to the ?Bcubationvmixture.lo min., after addi-
tion of hemin ‘/Se-methionine was added to cells of
all groups.
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vents the inhibition of globin synthesis; the incorporation
of 758e—methionine into globin was in the group with INH and
heme even higher than in the control group.

In the further experiment we studied whether exogenous
hemin abolishes the inhibition of globin synthesis caused by
cycloheximide which primarily inhibits the synthesis of glo-

bin, Table 2 shows that hemin has no effect on the inhibition

TABLE 2

The effect of hemin on 60-minute 1ncorporat10n of 75Se-meth:.o-

nine into globin of reticulocytes incubated with the inhibitor

of globin synthesis. Cells were preincubated 30 minutea before

addition of hemin and then 15 minutes before addition of the

label., Each value represents the mean of results from three in-
cubation flasks

% of incorporation into
cpm/mg of globin appropriate control

Control 70.3 100.0
Hemin (107%w) 1.5 101.8
Gycloheximid (2x10™4N) 13,7 1000
cyclobexinid_(2x10” ) 12.1 88.5

+ hemin (10~

of incorporation of 7589-methionine into globin caused by
cycloheximide,

75Se-methionine incorporates into hemoglobin of erythro-
blasts and reticulocytes (10) and was used in these experi-
ments because of the uncomplicated experimental procedure.
This amino acid is, however, not the natural component of
proteins and the kinetics of its incorporation into proteins
need not be the actual measure of proteosynthesis. In an ex-~
periment recorded in Table 3 evidences are provided that the

results with both 2-14C-g1ycine end 14c-1eucine are similar
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as with /°Se-methionine. From Table 3 it is also evident that
107%M hemin stimulates globin synthesis inhibited by INH
beyond control values regardless if hemin is added to reticu-
locytes in the same time as INH or after 3O-minute preincuba-
tion of cells with the inhibitor of heme synthesia. Differen-
ces in the percentage of stimulation of leucine and glycine
incorporation by heme may be related to different membrane
transport of both substrates. Thias possibility is currently
studied.
DISCUSSION

The present experiments lead to the conclusion that INH
primarily inhibits the synthesis of heme and secondarily re-
duces globin synthesis. Exogenous hemin added to reticulocy-
tes incubated with INH enters these cells (7) and probably
replaces insufficiently formed endogenous hemin which is es-
sential for the normal synthesis of globin (3, 11).

In some reticulocytes the synthesis of endogenous heme

may be maximal (Table 2) and added hemin is without effect

on the synthesis of globin. The various degree of responase
of control cells to the stimulatory effect of hemin may be
related to different availability of iron either during the
maturation of erythroid cells (12) or in the incubation mix-
ture (3, 6).

It is difficult to explain why both hemin and INH incu-
bated reticulocytes incorporate more labeled precursors into
globin than only hemin treated reticulocytes (Fig. 1, Table 3).
It was recently described that the amount of iron taken up
by reticulocytes incubated with INH and heme is greater than
that taken up by cells incubated with heme (7). The question

of some direct functional importance of iron for the regula-

823



Vol. 38,No. 4, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

tion of globin synthesis has therefore arisen. Irom incorpo-
rates into polysomes (13) but it is believed that it-does not
effect directly the stabilization of polysomes (14).

Recent finding of Maxwell and Rabinowitz (15) that only
fresh reticulocyte cell-free system responses to the influen-
ce of heme and that during short incubation of such aystem an
inhibitor is formed which prevents the stimulatory effect of
heme stimulated us to the experiment depicted in Table 3, It
follows from this table that integrated reticulocytes incuba-
ted 30 minutes in the absence of heme synthesis did not lose
their response to the effect of hemin. Further experiments
will elucidate whether preserved response of preincubated who-
le e¢ells is due to the lack of formation or due to the des-
truction of such inhibitor. In each case it is evident that
regulatory mechaniams of globin synthesis are different in

cell-free system and in integrated reticulocytes.
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