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Rate of Serine Transfer Ribonucleic Acid Synthesis During

Estrogen-Induced Phosphoprotein Synthesis in Chick Liverf

Barry J. Klyde and Merton R. Bernfield*

ABSTRACT: The estrogen-induced hepatic synthesis of the yolk
phosphoprotein, phosvitin, in roosters is accompanied by a
259 increase in the serine acceptance of hepatic tRNA which
is limited to two serine isoacceptors and not dependent on
AA-tRNA synthetase (P. H. Mdenpdd and M. R. Bernfield,
Biochemistry 8, 4926 (1969). In chicks, estrogen is now shown
to cause a similar increase in the concentration of hepatic
Ser-tRNA as well as changes in the acylation of other tRNA
species during phosvitin induction. To determine whether the
change in Ser-tRNA level is due to a specific increase in syn-
thesis, the rate of tRNA®er synthesis relative to the rate of total
tRNA synthesis in hormone-treated chicks was compared to
that in control chicks. The relative synthetic rate was deter-
mined by a double-label method in which nonspecific effects

Estrogen-induced increases in different classes of RNA
have often been assumed to be the result of increased gene
transcription. Evidence that such increases in RNA reflect
augmented synthetic rate include the estrogen-evoked in-
creased incorporation of precursors into rRNA and tRNA of

of the hormone were avoided. The incorporation of [*H]- and
[**Clorotic acid, over a brief period in vivo or in liver slices,
into purified tRNASer from estrogen-treated and control birds
was compared to the incorporation into unfractionated tRNA
from these birds. No appreciable change in the relative rate of
tRNASer synthesis was found during a period when the level
of Ser-tRNA continued to increase. Kinetic analysis of the
data suggests that mechanisms other than increased syn-
thesis are responsible for the increased serine acceptance of
hepatic tRNA during estrogen-induced phosvitin synthesis.
Several possibilities are discussed, including a decrease in deg-
radation rate or an estrogen-evoked specific tRNA modifica-
tion.

rat uteri (Billing ez a/., 1969) and into all rooster liver RNA
fractions (Coolsma and Gruber, 1968). Inhibition studies with
actinomycin D (Greengard et al., 1964) and DNA-RNA hy-
bridization experiments (Hahn et al., 1969) have suggested
that the estrogen-induced phosphoprotein synthesis in rooster
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liver is mediated by selective increases in RNA synthesis.
However, Tomkins and Martin (1970) have cautioned that
such experiments are not concrete evidence for a hormone-
induced increase in the rate of specific gene transcription, but
may reflect an alteration in precursor pool size, transport,
degradation, or nonspecific synthesis of RNA.

Administration of estrogen to roosters induces the hepatic
synthesis of phosvitin, a phosphoprotein containing more
than 509 serine residues (Heald and McLachlan, 1965;
Allerton and Perlmann, 1965) and causes more than a 259,
increase in the serine-accepting activity of hepatic tRNA
(Maenpéé and Bernfield, 1969). This increase is limited to two
of the four serine isoacceptors and is independent of the source
or concentration of AA-tRNA synthetase, concentration of
tRNA, duration of acylation incubation or isotope in serine.
Similar estrogen-induced changes in serine acceptance are seen
when hepatic tRNA from laying hens and immature birds is
compared (Beck et /. 1970). However Busby and Hele (1970)
found increased tRNA acceptance of additional amino acids
after estrogen treatment,

The estrogen-induced increase in Ser-tRNA presents an
opportunity to determine whether a hormone-evoked quanti-
tative change in a direct transcriptional product is caused by
(a) increased synthesis, (b) decreased degradation, (c¢) activa-
tion, alteration or release of preexisting molecules, or (d)
some combination of these processes. In the work reported
in this paper we have investigated whether the rate of tRNASer
synthesis relative to the rate of total tRNA synthesis is altered
during estrogen-induced phosvitin synthesis in chicks. The
data do not reveal an appreciable change in the relative rate of
tRNA"er synthesis, and kinetic analysis suggests that alterna-
tive mechanisms are responsible for the increase in Ser-tRNA
concentration.

Materials and Methods

Radioisotopes. Labeled amino acids were obtained from the
usual commercial sources. [5-14C]Orotic acid (61 Ci/mol)
and [3-*H]orotic acid (18,000 and 23,000 Ci per mol) were
obtained from Amersham-Searle.

Animals. Eight-day-old white Leghorn male chicks were
used for irn vivo incorporation of label rather than adult birds
because less radioactive RNA precursor was needed and
more animals could be used, thus reducing the effect of in-
dividual variations. Liver slices were prepared from 8-day-old
male chicks for in vitro labeling. Chicks were injected intra-
muscularly with 40 mg/kg of 1783-estradiol benzoate (Nutri-
tional Biochemicals Corp.) in sesame oil; control birds were
injected with sesame oil only. Blood samples obtained after de-
capitation of the chicks were analyzed for phosvitin as de-
scribed previously (Méenp4d and Bernfield, 1969).

tRNA Labeling. For in vivo labeling, two chicks were in-
jected with hormone, and two with sesame oil. After 41 hr,
each hormone-treated chick received 2.5 mCi of [*H]orotic
acid intraperitoneally in several injection sites and each con-
trol chick received 0.50 mCi of [t*Clorotic acid in the same
way. Livers were removed and tRNA was isolated 3 hr after
precursor administration.

For in citro labeling, liver slices about 0.5 mm thick were
prepared from groups of four to seven chicks injected with
either hormone or sesame oil 40 to 41 hr previously. Slices
from estrogen-treated and control birds were incubated
separately under conditions described by Heald and Mc-
Lachlan (1965), except that penicillin (800 units/ml) and
streptomycin (200 ug/ml) were added. Medium for the slices
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from hormone-treated birds contained 10 uCi/ml of [1C]-
orotic acid and medium for control slices contained 50 uC/mJ
of [*HJorotic acid with 50 ml of medium for each group.
After 3-hr incubation, the slices were chilled on ice and tRNA
was isolated.

The 3-hr-labeling period is short relative to the half-life of
tRNA, 80 hr (Quincey arid Wilson, 1969) to 5 days (Hanoune
and Agarwal, 1970) in rat liver, and long relative to the half-
life of pre-tRNA, 5-10 min in HeLa cells (Bernhardt and Dar-
nell, 1969), thus minimizing the effects of tRNA degradation
and pre-tRNA maturation.

Preparation of tRNA. Labeled tissues from control and hor-
mone-treated birds were pooled, and mixed double-labeled
tRNA was isolated as described (Klyde and Bernfield, 1973).
Pooling of livers reduces the contribution of isolation artifacts,
such as differences in activity of nucleases or CCA pyrophos-
phorylase. Unlabeled tRNA was prepared from 5 hormone-
treated chicks and 5 control chicks 44 hr after hormone ad-
ministration, and from 13 hormone-treated and 14 control
chicks 65 hr after estrogen administration.

Acylation of tRNA. Mixed double-labeled tRNA, consist-
ing of tRNA from control birds labeled with one isotope and
tRNA from estrogen-treated birds labeled with another iso-
tope, was acylated with [*H]serine as described (Klyde and
Bernfield, 1973). The amino acid acceptance of unlabeled
tRNA was determined as previously described (Médenpid and
Bernfield, 1969). Synthetase from control birds was used for
all acylations because of the previous demonstration that the
source of synthetase does not influence the extent of amino
acid acceptance (Méaenpa4 and Bernfield, 1969).

Purification of tRNASY" and Determination of Purity. The
method of purification and determination of purity of tRNASer
from double-labeled tRNA acylated with [*H]serine is de-
scribed in the accompanying paper (Klyde and Bernfield,
1973).

Comparison of Rates of tRNAS®" Synthesis. The ratio of iso-
topes (isotope in estrogen-treated birds per isotope in control
birds) in purified tRNA®er was divided by that in unfrac-
tionated tRNA. Comparison of the isotope ratios eliminates
the effect of differences in precursor dose or uptake and ob-
viates the need to correct for variation in pool size, assuming
that all tRNA species are synthesized from the same precur-
sor pool. This method does not allow an estimate of absolute
synthetic rate, but instead is used to evaluate the hormone-
induced change in synthetic rate of tRNA®er, The expression
used was

) D)
C dpm/in trx 4%/ \C dpm/in total +RNA

where E refers to tRNA from estrogen-treated chicks and C
to tRNA from control chicks. This ratio is equivalent to

tRNASe dpm tRNASe dpm 2

total tRNA dpm/g total tRNA dpm /¢ -

which describes the estrogen-induced change in synthetic rate
of tRNASer, In this way the synthetic rate of tRNA% rela-
tive to total tRNA in hormone-treated birds can be compared
with that in control birds. Use of the ratio of tRNAFer radio-
activity to total tRNA radioactivity for both hormone-treated
and control chicks cancels out the contribution of a possible
hormone-induced general increase in tRNA synthetic rate,

and permits comparison of the estrogen-influenced tRNANer
synthetic rate with that of controls.
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An estrogen-induced change in the extent of modification
of pyrimidine bases at the 5 position, such as methylation and
pseudo uracil formation, would alter the amount of label in
bases derived from [5-3H]orotic acid. This is a potential source
of error, since a hormone-induced increase in tRNA modifica-
tion would cause loss of *H label and result in underestimation
of synthetic rate. This source of error was bypassed by: (a)
using [5-1“Clorotic acid for estrogen-treated chicks, and [5-3H]-
orotic acid for control chicks in the two experiments utiliz-
ing in vitro labeling of tRNA. A hormone-induced change in
extent of tRNA modification would thus not alter tRNA
labeling since '*C would not be expected to be lost. Differ-
ences in extent of modification between tRNA species in the
control chicks receiving [*HJorotic acid are irrelevant, since
labeling in control tRNA was the base line with which labeling
in hormone-influenced tRNA was compared; (b) reversing
labels in the in vivo incorporation experiment, so that hormone-
treated chicks received [5-*HJorotic acid and control chicks
[5-14Clorotic acid. In this way it could be determined if the in
vivo and in vitro experiments were comparable, and if an
isotope effect was present.

Isotope ratios in tRNA were determined on aliquots con-
taining 300-700 pmol of purified [*H]Ser-tRNA, as a ter-
nary complex with EF-Tu-GTP, and on aliquots of unfrac-
tionated tRNA from the starting material used to purify the
[*H]Ser-tRNA. Unlabeled serine (20 umol) and 0.5 mg of
carrier RNA (yeast RNA type XI, Sigma) were added to
each sample, and the solutions were adjusted to pH 13 with
1 N KOH and incubated for 40 min at 0°. These deacylation
conditions were designed to quantitatively deacylate the [*H]-
serine without causing any loss of trichloroacetic acid pre-
cipitable label in tRNA, and were shown to completely de-
acylate Ser-tRNA and to remove 99.8% of the label from
[*H]Val-tRNA, the AA-tRNA most resistant to alkali de-
acylation (Sarin and Zamecnik, 1964). The deacylated tRNA
was precipitated (109 trichloroacetic acid, 20 min at 0°),
collected by centrifugation (15 min, 30,000g) and dissolved in
3 ml of ice-cold 0.1 N KOH containing 6.7 mmM unlabeled
serine. Following precipitation, collection and solubilization
as before, the tRNA was precipitated with trichloroacetic acid
onto glass-fiber filters. The filters were dried, placed in scintil-
lation vials, and incubated for 3-4 hr at 50° with 150 ul of
water and 1 ml of 0.6 N NCS (Amersham Searle) to solubilize
the tRNA and eliminate any distortion of the isotope ratio
caused by self-absorption of *H § particles. After the vials had
cooled, 10 ml of toluene-based scintillation fluid was added to
each. Samples were counted in a Beckman LS-233 scintilla-
tion counter, with less than 0.19 ®H counted in the '‘C
window, for 50 min or until 2.5 X 105 counts were recorded.
Efficiencies obtained were 39 % for *H and 62 % for 1C.

Results

Estrogen Responsiveness of Chicks. PLASMA PHOSPHOPRO-
TEIN. Chicks were found to require four times the estrogen
dose previously used in roosters (Mienpdd and Bernfield,
1969) to produce a plasma phosphoprotein response compara-
ble in duration to that produced in adult birds. The induction
of phosphoprotein in chicks was qualitatively similar to that
seen in roosters, but the magnitude of the response was
substantially less (Figure 1).

EXTENT OF ACYLATION. Aminoacylation of hepatic tRNA
from control and estrogen-treated chicks (44 hr after hormone
administration) was performed with 19 amino acids under
conditions where acylation was linearly proportional to tRNA
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FIGURE 1: Plasma phosphoprotein levels in chicks after estrogen
treatment. Alkali-labile phosphate in lipid-free plasma protein
was measured at various times after injection of 40 mg/kg of
178-estradiol benzoate into 8-day-old male chicks. Control birds re-
ceived an equal volume of sesame oil, the hormone solvent. Val-
ues are means == SEM for six observations.

concentration. Amino acid acceptance was determined rela-
tive to the total amount of tRNA, so that differences in ac-
ceptance reflect changes in concentration. Significant differ-
ences in extent of acylation were found for five amino acids
{Table I). Estrogen treatment brought about an increase in
tRNA acceptance of arginine (119%), leucine (2797), and
serine (17%), and a decrease in acceptance of histidine
(—4.5%) and tyrosine (—13%). tRNA prepared from chicks
injected 65 hr previously with estrogen accepted significantly
more leucine (329) and serine (169%;) than tRNA prepared
from control chicks. Thus, chicks resemble roosters and
hens in displaying increased serine acceptance by hepatic
tRNA during estrogen-induced hepatic synthesis of phosvitin.

TABLE 1: Amino Acid Acceptance of Hepatic tRNA from
Estrogen-Treated and Control Chicks.*

Acylation of
Control tRNA
umole of AA/
Amino umole of tRNA

% Change in
Acylation 44 hr

Acid X 100 after Estrogen? P Value
Arg 6.8 +11 <0.05
Leu 3.73.1) +27 (+32) <0.01
Ser 3.133.1) +17 (+16) <0.001
His 4.7 —4.5 <0.02
Tyr 0.51 —13 <0.02

® Acceptance of 14 other amino acids was not significantly
different for tRNA from estrogen-treated and control chicks:
Ala, Asp, Cys, Gln, Glu, Gly, Ile, Lys, Met, Phe, Pro, Thr,
Trp, Val. ?Per cent difference determined from slopes of
curves of amino acid acceptance vs. tRNA concentration.
Slopes were calculated by the method of least squares and com-
pared by regression analysis, and differences between slopes
tested for significance with Student’s “t> test. There were 10
degrees of freedom (df) (N + N’ — 4) in all cases but Arg, Cys,
and Tyr (8 df) and Met (2 df). © Values in parentheses obtained
for tRNA from chicks injected 65 hr previously with estrogen.
P values were identical with those obtained after 44 hr.
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TABLE 11: Estrogen Responsiveness of Chicks.

Time after Adminis-
tration of Estrogen or
Sesame Qil®

44 hr 65 hr
Parameter % Increase over Control
Liver weight 58 72
tRNA per liver 32 103
Ser-tRNA per total tRNA? 17 16

?5 and 13 control, and 5 and 14 estrogen-treated birds at
44 and 65 hr, respectively. > From Table I.

LivER WEIGHT AND APPEARANCE. Hormone-treated chicks
used to prepare unlabeled tRNA showed a 58 increase in
liver weight relative to control chicks 44 hr after estrogen ad-
ministration, and a 729 increase 65 hr after hormone ad-
ministration (Table II). Livers of estrogen-treated birds varied
from tan to yellow in color, while livers of control birds were
dark brown or red-brown. Livers from the three groups of
hormone-treated chicks used in the precursor incorporation
experiments showed the expected color change and weighed
46-81% more than livers of control chicks at 40-41 hr after
estrogen treatment. In comparison, liver weight of hormone-
treated roosters is more than twice that of control roosters
64 hr after estrogen administration (B. J. Klyde, unpublished
result).

ToraL tRNA. Hormone-treated chicks used to prepare
unlabeled tRNA showed a 3277 increase in amount of tRNA
per liver compared to control chicks 44 hr after estrogen
administration, and more than twice as much tRNA per liver
at 65 hr (Table II).

These assessments of estrogen responsiveness (plasma
phosphoprotein, tRNA acylation, alteration in liver weight,
appearance, and tRNA content) suggest that estrogen-treated
chicks show similar, but not as extensive, changes as hormone-
treated roosters. The data also indicate that the chicks used
for evaluation of the synthetic rate of tRNASer responded to
estrogen to the same extent as the birds which demonstrated
a 17 9 increase in serine acceptance of hepatic tRNA.

Comparison of Synthetic Rates of tRNAS". Mixed double-
labeled hepatic tRNA was prepared from (a) estrogen-treated
and control chicks injected 44 hr previously with hormone or
hormone vehicle and 3 hr previously with labeled orotic acid
(in vivo incorporation), and from (b) liver slices of control
and estrogen-treated chicks injected 40-41 hr previously with
hormone or vehicle and then incubated for 3 hr with precur-
sors in vitro. The mixed, double-labeled tRNA preparations
were acylated with [*H]serine, the seryl-tRNA-EF-Tu-GTP
complex was purified and the isotope ratios of the purified
tRNASer were compared with that of unfractionated tRNA
from the same preparation (Table III).

Assessment of the relative synthetic rate of tRNAS is de-
pendent upon the purity of the tRNA®® preparation. Assum-
ing that the tRNA contaminating the purified tRNA®e" has
the same isotope ratio as the unfractionated tRNA, the rela-
tive synthetic rate of absolutely pure tRNASer (assumed to be
1600 pmol/A4s¢0) can be derived from the isotope ratios and
the experimentally determined purity (Table III). In the cal-
culations, the isotope ratio in tRNASer was divided by that
in unfractionated tRNA, yielding the proportionate change
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in synthetic rate of tRNAS®e due to estrogen, as outlined in
Materials and Methods. The hormone-influenced synthetic
rate of tRNASe" compared to that in control chicks (repre-
sented as 1.000) for the three precursor incorporation experi-
ments was 1.041 £ 0.046 (mean == SD), indicating that the
synthetic rate of tRNAS® relative to total tRNA in estrogen-
treated chicks is not substantially different from that in control
chicks.

The purity of the isolated tRNASeT in expt 1 was 1717
pmol/Ass, or 107 % if 1600 pmol/Asg is assumed to be 1007
pure. If it is assumed that the error in purity determination is
=109%, it can be calculated that the resultant error in deter-
mination of the relative rate of tRNASeT synthesis (Table
IIT) is of the order of +0.01.

Discussion

In the work presented in this report, hepatic tRNA from
estrogen-stimulated chicks displayed a 17 % increase in serine
acceptance at a time when the rate of tRNASer synthesis rela-
tive to total tRNA in hormone-treated chicks was determined
to be not appreciably different from that in control chicks. A
mechanism other than increased synthesis is thus probably re-
sponsible for producing the increase in Ser-tRNA concen-
tration in estrogen-treated chicks.

The rate of synthesis of a molecular species derived from a
single precursor is generally zero order, and the rate of de-
gradation is usually first order. The assumed kinetic changes
which could produce the observed increase in tRNA®" are
(1) a switch from a basal, zero-order rate of synthesis to a
different, increased zero-order rate; (2) a switch from a basal,
first-order rate of degradation to a different, reduced first-
order rate; (3) change in the rate constants for both synthesis
and degradation; and (4) change in neither rate constant,
with the increase in tRNA®er caused by alterations in matura-
tion, tRNA modification, or some other process not acting
through changes in the rates of synthesis or degradation.

Degradation of tRNA in mammalian liver has been shown
to follow first-order kinetics (Quincey and Wilson, 1969;
several workers cited by Hanoune and Agarwal, 1970), and it
is likely that the same is true for avian tRNA in this experi-
ment. In this work the concentration of hepatic tRNASer in
hormone-treated chicks showed the same increase relative to
controls at both 44 and 65 hr after hormone administration.
The constancy of the increased concentration of tRNA¥er
during a time period when total tRNA per liver is increasing
(Table II) indicates that synthesis follows zero order kinetics,
if it is assumed that the first-order rate constant for degrada-
tion does not change during the same time period.

The experiments reported in this paper were designed to
detect a hormone-induced change in the rate of synthesis of
tRNA® A hormone-evoked change in the rate of tRNA%r
degradation, with no effect on synthesis, would not be de-
tected directly and would result in only an unaltered rate of
synthesis in the present work. Similarly, if the tRNA®®" in-
crease was caused by a process such as tRNA modification
which did not involve changes in either the rate of synthesis
or degradation, it would also be detected in these experi-
ments as only an unaltered rate of synthesis. However, if both
degradation and synthesis were stimulated by estrogen, this
would have been detected as an increase in the rate of tRNA‘,ier
synthesis. No appreciable increase in the rate of tRNA®er
synthesis was seen, indicating that either the rate of tRNARer
degradation is increased by estrogen, or that the hormone
does not cause a change in the rate constant for synthesis or
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TABLE 11I: Synthesis Rate of tRNASer in Hormone-Treated Chicks Relative to That in Control Chicks.

s
tRNA Radioactivity tRN.A * .
dpm Purity Rel Synthetic
Isotope (pmole/ Rate of Pure
Expt tRNA SH 14C Ratio® Rel Ratio® Aseo) tRNA Ser ¢
(1) Chick, in vivo tRNA Ser 6,808 795.0 8.564
E = *H¢ Unfractionated 31,280 3747 8.348 1.026 1717 1.026
(2) Chick, liver slices tRNA Ser 3,567 568.9 0.1595
E = 1C Unfractionated 8,223 1237 0.1504 1.060 923 1.104
(3) Chick, liver slices tRNA Ser 5,510 1077 0.1955
E = 1“C Unfractionated 12,260 2408 0.1964 0.9952 1270 0.9938

®E = isotope in tRNA from hormone-treated chicks. ® Disintegrations per minute in tRNA from estrogen-treated birds
divided by disintegrations per minute in tRNA from control birds. ¢ Isotope ratio of tRNASer divided by isotope ratio of un-
fractionated tRNA. ¢ Pure tRNA assumed to be 1600 pmol/d,¢ unit. Computed for expt 2, for example, using the formula
(923/1600)(x) + [(1600 — 923)/1600] = 1.060, where x = relative synthetic rate of the pure tRNASer,

degradation but instead alters a process such as tRNA modifi-
cation or maturation.

What relative synthetic rate for tRNA®e would be required
to produce the observed 179 increase in serine acceptance,
assuming that synthetic rate was the only parameter altered?
The new relative synthetic rate of tRNASer after estrogen ad-
ministration can be approximated by using the equations of
Schimke and Doyle (1970), which describe the approach of
an enzyme level to a new steady state following changes in
rates of synthesis and degradation. From Schimke and Doyle
(1970), K, and K4 are the steady state rate constants of syn-
thesis and degradation, and in the present study are the rate
constants for tRNA in the control chicks. K’ and K;' are
the constants achieved after hormone stimulation and corre-
spond to the constants in the estrogen-treated chicks. Assume
that the rate constants of tRNASe" synthesis in hormone-
treated and control chicks, K’ and K, have already been
corrected by division with the rate constants of total tRNA
synthesis in hormone-treated and control chicks, to eliminate
any hormone effect on the synthetic rate of all species and
permit evaluation of the specific hormone effect on tRNASer,

If tRNAS is the basal concentration of tRNASer and
tRNA.®" is the hormonally induced concentration at time ¢,
and assuming for purposes of calculation that the degradation
rate is unchanged (K4’ = Kj), then the relative increase in
tRNA®er at time ¢ is described by

tRNA,Ser K.’
tRNAS"/  \ Kq'tRNAgSer /)

K’
K4tRNA S

_ 1>e—Kd’t (3)

substituting Kq' = (Ks/tRNAy%) in eq 3 yields

0 5 5

The expression K ’/K, describes the proportionate increase
in tRNASer synthetic rate or the tRNASer synthetic rate in
hormone-treated chicks relative to that in control chicks, and
can be calculated using data from rat liver on the turnover of
tRNA (11,000 molecules min~?! cell-!) and the number of

tRN A molecules per cell (7.5 X 107) from Quincey and Wil-
son (1969). Then, K, = 4 X 11,000 molecules of tRNA
min—?, and tRNAS" = 4 X 7.5 X 107, where 4 is the pro-
portion of the total tRNA that is tRNA®er, It can be seen that
A cancels out in the equation, and need not be considered.

If it is assumed that an elevated tRNASe" synthetic rate pre-
vails from the time of hormone administration until about 40
hr, when a 17 % increase in serine acceptance was measured,
then it can be calculated that K.'/Ks = 1.57. If it is assumed
that there is a 20-hr lag, similar to the lag seen for the phospho-
protein response (Figure 1), before the tRNASe synthetic
rate is increased, then the 179 increase in Ser-tRNA seen at
about 40 hr would have to be achieved after only 20 hr at the
increased synthetic rate. K;'/K; can then be calculated to be
2.06. From these approximate calculations 1t can be seen that
the increase in synthetic rate would have to be between 57 and
106 to reasonably account for the 179 increase in Ser-
tRNA.

Failure to observe an increased rate of tRNASer synthesis at
about 40 hr after estrogen treatment, at a time when tRNASer
concentration is increased by 179, might be explained by
postulating a brief increase in tRNAS® synthetic rate which
has subsided and is therefore undetectable by 40 hr. However,
the data of Table II show that the concentration of tRNASer
remains elevated even at 65 hr, despite a4 continuing increase
in the total amount of tRNA per liver, indicating that the
mechanisms responsible are still operative beyond the time
when tRNASe synthetic rate was studied.

The quantitative increase in seryl-tRNA during phosvitin
synthesis is seen regardless of acylation conditions, enzyme
source, and age or sex of bird (Méenpéa and Bernfield, 1969;
Beck et al., 1970). The selective change in two of four isoaccep-
tors has been demonstrated by chromatography (Méenpai
and Bernfield, 1969; Beck et al., 1970) and confirmed by ribo-
somal binding (Mé&enpaa, 1972), procedures dependent on
prior serine acylation. The method of tRNASer purification
in this study is similarly dependent on prior serine acylation.
Although it seems clear that the concentration of physiologi-
cally available Ser-tRNA is increased during phosvitin syn-
thesis, failure to find a corresponding increase in tRNA
synthesis might mean that the concentration of tRNASe is
unchanged. To examine the possibility that serine acceptance
may not accurately reflect tRNASer concentration, the level of
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tRNA®eT must be measured by a procedure not dependent
upon serine acylation.

Determination of the rate of tRNA® synthesis following
purification with EF-Tu assumes that all tRNA%e species
are complexed. If some tRNAS species were not com-
plexed, the determined synthetic rate would be in-
accurate. Complex formation does occur with all tRNASer
species because the chromatographic profile of purified Ser-
tRNA on BD-cellulose resembles that of unpurified Ser-tRNA
(Klyde and Bernfield, 1973). Recovery, in the purified com-
plex, of more than 759 of the Ser-tRNA in unfractionated
tRNA indicates that it is unlikely that a major tRNASer
species 1s unreactive with EF-Tu (Klyde and Bernfield,
1973).

The increase in Ser-tRNA may be due to alteration in pre-
cursor processing, transport, or storage, or in tRNA modifica-
tion, degradation or other steps. Precursors of tRNA, pre-
tRNA, have a half-life of 5-15 min in mammalian cells (Bern-
hardt and Darnell, 1969; Choe and Taylor, 1972), appear in
the cytoplasm within 3-5 min after manufacture and ap-
parently do not accumulate in the nucleus (Burdon, 1971).
Change in the rate of transport of specific pre-tRNA species
from the nucleus is therefore unlikely to be a regulatory step
which is altered by estrogen. Precursor storage is probably not
involved because pre-tRNA does not seem to be associated
with cytoplasmic organelles or bound to protein (Burdon and
Clason. 1969). although it is difficult to completely exclude the
possibility of intracellular compartmentalization of pre-tRNA
or mature tRNA. Eukaryote pre-tRNA does not possess the
modifications present in mature tRNA (Burdon et /., 1967).
Methylation or other modifications may regulate tRNA
maturation; methionine starvation of HeLa cells slows the
conversion of pre-tRNA to tRNA, but pre-tRNA does not
accumulate and the methyl accepting capacity of tRNA in-
creases (Bernhardt and Darnell, 1969).

Estrogen administration increases tRNA methylase ac-
tivity in chick oviduct (Hacker, 1969) and in rat liver (Sheid
et al., 1970). In rooster liver, the activity of certain specific
tRNA methylases is increased by estrogen treatment and
others are decreased, although total tRNA methylase activity
is decreased (Mays and Borek, 1971). These assessments of
methylase activity were performed with a heterologous sub-
strate, E. coli tRNA, and therefore do not necessarily indicate
that tRNA methylated in vivo possesses more methyl groups
as a result of estrogen treatment. Methylation of previously
undermethylated tRNA has been shown to increase its amino
acid accepting activity {Shugart er af., 1968). Degradation of
rRNA is thought to be prevented by methyl groups which are
introduced during posttranscriptional maturation (Vaughan
et al., 1967), but unlike methyl-deficient rRNA precursors,
methyl-deficient tRNA is apparently quite stable (Burdon,
1971). Methylation of tRNA has been shown to be altered by
estrogen administration and possesses the specificity required
for a process affecting only a few of the many tRNA species.
It is conceivable that an estrogen-evoked specific methylation
of certain tRNA®e species might cause this population of
tRNA™ to be more efficiently acylated, or less susceptible
to degradation,

An addituonal possible explanation is that as a result of a
direct interaction of Ser-tRNA with estrogen, similar to the
binding of estradiol to yeast Ser-tRNA observed by Chin and
Kidson (1971), a greater proportion of Ser-tRNA is extracted
during tRNA isolation. Such binding might also impede deg-
radation. However, cstradiol binds more firmly to yeast
Phe-tRNA and no increase in Phe-tRNA is seen during phos-
3762 No. 19, 1973

BIOCHEMISTRY, VOL. 12,

KLYDE AND BERNFIELD

vitin induction, and rooster liver Ser-tRNA does not bind
estradiol (P. Méenp#44, personal communication).

Changes in the levels of specific AA-tRNAs have been found
during developmental and oncologic processes and have been
correlated with the synthesis of specific proteins. Garel
et al. (1970) found that coincident with the increased syn-
thesis of silkworm fibroin, a protein containing a large amount
of just a few amino acids, the acylation of tRNA species ac-
cepting those amino acids increased. The increased collagen
synthesis in rat granulation tissue is accompanied by an in-
crease in proline accepting activity (Lanks and Weinstein,
1970). In the work presented in this paper, demonstration
that there is no increase in the synthesis of specific tRNA spe-
cies at a time when these species are increasing in amount sug-
gests that mechanisms other than synthesis may be important
in regulating specific tRNA levels,
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Amino Acid Sequence of a « Bence Jones Protein

from a Case of Primary Amyloidosist

Frank W. Putnam,* E. J. Whitley, Jr.,; C. Paul,§ and J. N. Davidson

ABSTRACT: Amino acid sequence analysis has been done on a
« Bence Jones protein (Tew) from a case of primary amy-
loidosis with the objective of determining the sequence of the
variable region. Twenty-two tryptic peptides accounting for
182 residues were isolated and were completely or partially
sequenced. Chymotryptic digestion yielded 32 peptides which
supplied many overlaps. Sequenator analysis was performed
for the first 42 residues of the amino terminus. From the
combined data the sequence of the variable region (residues
1-108) was deduced. The composition, partial sequence
data, and alignment of the peptides of the constant region
(residues 109-214) correspond exactly to the sequence es-
tablished for human « light chains of the same allotype. The V
region includes five extra residues (30a-30e) and is character-

Since our report of the first complete amino acid sequence
of a human « Bence Jones protein (Putnam et al., 1966), al-
most 5000 residue positions have been reported for other
human light chains; yet, no two human light chains have yet
proved to be identical in sequence. Each of the two types of
light chains, « and A, has been shown to be divided almost
precisely in half into a variable (V) region comprising the
NH,-terminal half and a constant (C) region comprising the
COOH-terminal half (Putnam, 1969). The C region containing
residues 109-214 is identical in sequence for all human «
light chains except for an inherited variation at position 191,
where either valine or leucine may be present according to the
allotype. In contrast, the V regions of any two human «
chains differ by a minimum of about ten and a maximum of
about 60 residues. Human X light chains conform to a similar
principle of structure, as do the light chains of most other
species. Nonetheless, some human « chains are more related
in amino acid sequence in their V regions than are others.

1 From the Department of Zoology, Indiana University, Blooming-
ton, Indiana 47401. Received April 24, 1973. This work was supported
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University of

istic of the «II subgroup. A computer analysis of the sequence
of the Tew Bence Jones protein in comparison with other
human « light chains was undertaken to establish quantitative
criteria for subgroup classification. In terms of minimum
nucleotide mutations the Tew protein differs from other sub-
group «II proteins by an average of only 0.2 base/amino acid
residue position, whereas other human « chains differ from
Tew by an average of 0.4-0.6 base/position. The Bence Jones
protein and the tissue amyloid protein from this patient ap-
pear to be identical in primary structure as indicated by
identity in the amino-terminal sequence for 27 residues and
similarity in peptide maps, amino acid composition, and
other properties.

Such structurally related light chains are said to belong to the
same subgroup. Three such subgroups have been proposed
for human kappa light chains, i.e., «I, «II, and «III (Putnam,
1969; Milstein, 1969; Hilschmann, 1969).! However, the
subgroups have been defined arbitrarily and are based largely
on short NH.-terminal sequences rather than on complete
sequences of the V region. Since the existence of subgroups is a
fundamental postulate of several theories of antibody di-
versity, a more exacting analysis is needed of the subgroup
classification of a series of light chains that have been com-
pletely or nearly completely sequenced. This article presents
the proof for the amino acid sequence of a human Bence
Jones protein (Tew) which belongs to the «II subgroup, and
discusses the sequence relationship of this light chain to other
« light chains. This Bence Jones protein was isolated from the
urine of a patient who died of primary amyloidosis (Case 14
of Osserman et al., 1964), and the sequence of the Bence
Jones protein and of the amyloid protein isolated from his
tissues is identical as far as the latter could be determined
(Terry et al., 1973).

Experimental Procedure

Bence Jones protein Tew was precipitated from the urine of
the patient by adjustment to 60 % ammonium sulfate and was
purified by use of a DEAE-Sephadex A-50 column (Bernier

1 For nomenclature of human & chain subgroups see the Discussion
and also statements in Bull. W. H. O. [(1969), 41, 975] and in Bio-
chemistry [(1972), 11,3311},
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