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SUMMARY — The content of tRNA's accepting several amino acids was determined
for the non-hemoglobinized early precursors of rabbit red cells and was com-—
pared with the tRNA content of rabbit reticulocytes and liver. The speciali-
zation of the tRNA content for hemoglobin synthesis seen in reticulocytes was
not seen in the earlier precursors, suggesting that tRNA specialization does
not occur before the onset of hemoglobin synthesis. The results favor hypotheses
that the tRNA content develops in response to tRNA utilization in translation.

Wide variation of cellular tRNA content is associated with irreversible
processes like differentiation and neoplasia and with reversible responses
such as to hormonal stimulation and nutritional conditions (l1). 1In a few kinds
of cells in which the synthesis of a single kind of protein predominates, the
content of tRNA's for the different amino acids is proportional to the amino
acid composition of the product (2). We have described this relationship in
reticulocytes, the penultimate stage of red blood cell development, which syn-
thesize protein more than 90% of which is hemoglobin (3). DMoreover, the
adaptation of tRNA isoacceptor abundance to the frequency of codon occurrence
in the predominant mRNA being translated has been observed (4).

Histidine is abundant in hemoglobin compared to most proteins, and iso-
leucine is rare (absent in adult human hemoglobin), and these differences are
reflected in the tRNA content of reticulocytes, both relative to tRNA's for the
other amino acids, and compared to rabbit liver in which many kinds of proteins
are synthesized. We have introduced the concept that the tRNA content of reti-
culocytes is specialized for hemoglobin synthesis (3).

Red blood cell development begins in the bone marrow with a population of
rapidly dividing non-hemoglobinized precursors which, after three or four divi-
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sions and during a period of two to three days, are couverted to anucleate
red cells which circulate and contain hemoglobin as their predominant protein
(5). The reticulocytes of phenylhydrazine treated rabbits synthesize 25,000-
50,000 molecules of hemoglobin/min (6).

The present study considers whether the appearance of the specialized tRNA
content precedes its use in the synthesis of hemoglobin. The tRNA content of
reticulocytes was compared to that of non-hemoglobinized red cell precursors to
determine whether it has the characteristics of specialization. It does not,
thus providing evidence that the regulation of the tRNA content is on the basis

of tRNA utilization in hemoglobin synthesis.
MATERIALS AND METHODS

Preparation of non-hemoglobinized red cell precursors from rabbit bone
marrow. Rabbits were injected with phenylhydrazine for five days (6.25 mg/kg/
day) and were sacrificed on the eighth day. Femoral bone marrow was suspended,
filtered through gauze, and washed. Phenylhydrazine treatment results in a
considerable enrichment of red cell precursors. At the time of sacrifice the
myeloid:erythroid ratio was 0.1-0.2 in contrast to untreated rabbits in which
the ratio is greater than 1.0 (7). As a second step, suspensions of marrow
cells (50-80 x 106 cells/ml) were treated with equal volumes of goat antirabbit
red cell IgG (Cappel Laboratories, lot 5336, 17 mg protein/ml) diluted 1:8 and
guinea pig complement diluted 1:3 (8,9). Incubation was at 37° for 60 min,
following which the cells were collected and washed. After immune lysis a mix-
ture of cells remains which consists almost entirely of non-hemoglobinized red
cell precursors and granulocytes in various stages of development in a propor-
tion of about 2:3 respectively.

The final step was the resolution of these cells on linear gradients from
10-18% Metrizamide (Nyegard and Co., Oslo) in the Beckman SW 25.2 rotor. The
gradients were constructed over 2 ml cushions of 35% Metrizamide {(10), and 5-10
x 107 cells surviving the immune lysis step were layered on each gradient.
Centrifugation was for 60 min at 60,000 x g. Fractions were collected, and
small aliquots were sedimented onto microscope slides for identification.
Fractions enriched for non-hemoglobinized red cell precursors were pooled. The
cells were removed from Metrizamide, resuspended in physiological saline, and
frozen at -85° within eight hours after sacrifice. The cells of nine rabbits
were used for the study reported here.

Characterization of protein synthesis by the cells. Fresh cells resulting
from the above preparative procedures were incubated according to the method of
Lingrel and Borsook (6) except that amino acids were 0.8 mMeach including
[**cIhistidine (New England Nuclear). After 30 min incubation at 37° the cells
were washed and frozen, and the resulting lysate was centrifuged at 16,000 x g
for 20 min. Aliquots of the supernatant were taken for electrophoresis on 5%
polyacrylamide gels in 0.1% SDS by the method of Maizel (11). Carrier globin
was added to a total of 100-200 ug protein/gel. The gels were stained, cut intc
I cm segments, digested with 307 Hp0y, and counted to determine the percentage
of amino acid incorporated into globin subunits.

Preparation and assay of tRNA. tRNA was prepared from the pooled cells by
a method previously described (3). ¢tRNA was assayed on the basis of acceptance
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of labelled amino acids (3,12), with glutamic acid acceptance being assayed

at 3.75 mM MgCly, 5.0 mM ATP, and 0.25 mM EDTA. Results were calculated as pmoles
of tRNA for the amino acid/absorbance unit of the tRNA preparations assayed
(amino acid acceptance activity/A26O). For each value, 10-15 determinations of
acceptance were made using different amounts of tRNA. Results of the determina-
tions agreed within+t 10%. Acceptance was proportional to tRNA added over a range
to at least three times the label associated with blank (no tRNA) assays. The
activity of the reticulocyte aminoacyl-tRNA synthetase preparation used was not
inhibited by the tRNA preparation from the non-hemoglobinized red cell precursors.

RESULTS

Characteristics of the pooled cells. The upper fractions of the Metriza-

mide gradients were enriched for non-hemoglobinized red cell precursors. The
above procedures yielded a total of 49.6 x 100 cells of which 57% were non-hemo-
globinized red cell precursors morphologically recognizable as proerythroblasts
and basophilic erythroblasts. Although the cells actively synthesize protein,
little if any of it is hemoglobin. Less than 6% of the incorporated amino acid
migrated with globin subunits in SDS-polyzcrylamide gels.

tRNA of the pooled cells. 1.2 absorbance units (A260) of material with an

Aggo/Aggg ratio of 1.87 were prepared from the cells. The limited quantity of
the tRNA preparation necessitated some choice as to which tRNA's should be
assayed. The specialized tRNA's for histidine and isoleucine were assayed.
tRNA's for many amino acids in reticulocytes fall into a group described as
unspecialized because their abundance does mot differ much in reticulocytes and
liver (3). Hemoglobin is not unusual in its content of these amino acids com-
pared to other proteins. tRNA's for glutamic acid and lysine were selected from
this group of unspecialized tRNA's.

The results are shown in Table 1. Values are also included for the tRNA's
in liver and reticulocytes based on the means of many determinations of these
tRNA's in 10-15 preparations each from liver and reticulocytes. The values do
not differ from those we have published (3).

The sum of acceptance of the four amino acids studied per absorbance unit
(A260) of the tRNA from the non-hemoglobinized red cell precursor was 40% that
for the sum of the same four tRNA's in preparations from liver and reticulocytes.

The tRNA preparation from the pooled precursor cells contains material with
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Table 1. ¢tRNA content of non-hemoglobinized red cell precursors, reti-
culocytes, and liver. Assays of tRNA calculated as pmoles of amino acid
acceptance/absorbance unit (Aggo) are shown for four kinds of tRNA in three
kinds of cells and tissues. The percentage of each tRNA per total tRNA for
the four amino acids assayed is also shown.

tRNA Non-hemoglobinized Reticulocytes Liver

red cell precursors

pmoles/Ajgq % pmoles/Ageq % pmoles/A260 %
tRNADES 4.6 8 35 25 11 8
tRNALLE 14.5 27 14 10 31 23
tRNABTY 14.4 26 33 23 35 25
trNALYS 21.1 39 60 42 61 44

the spectral properties of nucleic acids which does not accept the amino acids
studied. Therefore, the results are also given in Table 1 as the percentage of
each of the tRNA's compared to the sum of all four tRNA's.

Several conclusions are apparent. The relative abundance of tRNAhis and
tRNalle of early red cell precursors is not at all like that of reticulocytes
but is like that of liver. 1In fact, the ratio of these two tRNA's in earlier
precursors is the reciprocal of the ratio in reticulocytes. The features of a
specialized tRNA content related to hemoglobin synthesis are not seen in the
early red cell precursors. In contrast, the relative abundance of the two non-
specialized tRNA's is the same in all three kinds of cells.

DISCUSSION

tRNA specialization for hemoglobin synthesis does not occur in red cell
development prior to the onset of hemoglobin synthesis. Our results indicate
that tRNA specialization is concurrent with or after the onset of hemoglobin
synthesis, and thus favor the hypothesis that tRNA specialization is a conse-
quence of tRNA utilization in translation. There is evidence from other lab-
oratories that conditions reducing the level of free tRNA or of free aminoacyl-
tRNA in the cytosol are associated with increases in the total amounts of those
tRNA's. It is suggested that tRNA species heavily used in translation would be

preferentially attached to ribosomes and depleted in the cytosol (13-17).
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The number of tRNA molecules of each kind per non-hemoglobinized red cell
precursor can be calculated from the data and has been compared with the tRNA
content per reticulocyte as previously published (18). If it is assumed that
the tRNA of the precursors is evenly distributed in the three cell divisions (5)
that occur between it and the reticulocyte, there must be a two-fold net in-
crease of tRNAPLS to achieve the level of this kind of tRNA found in reticulo-
ile

cytes. There is a 75% net decrease of the tRNA of the non-hemoglobinized

precursors. There is also a net loss of tRNA8LU and tRNALYS | but it is less
than of tRNAile. There are results from another laboratory which show the
preferential degradation of tRNA molecules not used in tramslation (17).

We suggest that the regulation of tRNA content may result from both specific
biosynthesis and specific degradation based on tRNA function.

Our cell preparation, enriched for early red cell precursors constitutes
the least certain aspect of our study. The desired cells outnumbered granu-
locyte precursors and mature granulocytes by less than 2:1, and thus many
undesired cells were extracted for the tRNA preparation. Were the results of
the comparison of early red cell precursors and reticulocytes not so strikingly
different with respect to the specialized tRNA's, we would be more hesitant
about attributing the differences to the red cell precursors present.

Our results may have implications for the hypothesis of tRNA limited trans-
lation of hemoglobin which we have presented in detail (19), and which seems
tenable in reticulocytes (20). Even if tRNA utilization and content are
coordinated at some point in red cell development, tRNA limited hemoglobin
synthesis could still occur if tRNA content is regulated at such a level that
tRNA is restricted in its availability. Alternatively, tRNA could be limiting
at some stage of red cell development if the regulation of the tRNA content
occurs at a different time than the synthesis of other elements required for
hemoglobin translation.

tRNA seems to have a role in regulating its own abundance based on feed-

back, although the mechanisms by which tRNA levels in the cytosol affect tRNA
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degradation (17) and the transcription of selected tRNA genes in the nucleus

remain unknown. In prokaryotic cells an effect of tRNA ontranscription is well

recognized, not as it regulates its own synthesis, but in the role of amino-

acyl-tRNA in repressing the synthesis of the biosynthetic enzymes of the respec-

tive amino acids (21-24). Whatever may be the mechanism of tRNA interaction

with the transcriptional apparatus in eukaryotic cells, evidence showing that

tRNA utilization and tRNA content are related indicates that the interaction

must occur.
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