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The presence or absence of certain amino acids has different effects on the
ability ofBacillus subtilis to sporulate, and the intracellular pool size of amino
acids has been reported to vary during sporulation. The idea that these varia-
tions might exert a regulatory effect through aminoacylation of transfer ribonu-
cleic acid (tRNA) was investigated by studying the levels of aminoacylation in
vivo in the logarithmic or stationary phase of growth. Both the periodate
oxidation method and the amino acid analyzer were used to evaluate in vivo
aminoacylation. The results indicated that in general the level of aminoacyla-
tion of tRNA's remained constant through stage m of sporulation, although
there were detectable variations for specific amino acid groups. Our studies also
showed that periodate oxidation damaged certain tRNA's; therefore, the results
obtained by such a method should be interpreted with caution. Because the
damage can affect certain isoaccepting species specifically, the periodate oxida-
tion method cannot be used to establish which isoaccepting species are acylated
in vivo. We also investigated the possibility of preferential use of particular
tRNA species by polyribosomes. These results demonstrated a preferential use of
lysyl-tRNA's at different growth stages. Control mechanisms operating during
the early stages of sporulation, therefore, do not affect the overall level of
aminoacylation. However, there is an effect on the levels of aminoacylation of
specific amino acids and on which isoaccepting species are utilized by the
polyribosome system.

Amino acid requirements for sporulation
were shown by Doering and Bott to have differ-
ential effects on the ability of Bacillus subtilis
168 to sporulate (2). Large variations in the
intracellular pool of amino acids have been re-
ported in B. licheniformis (1), including a rapid
decrease after the end of growth. Since certain
regulatory effects of amino acids have been
shown to be mediated by transfer ribonucleic
acid (tRNA), we set out to examine the state of
aminoacylation oftRNA's ofB. subtilis 168 dur-
ing logarithmic growth and the stationary
phase. We were also interested in ascertaining
whether particular isoaccepting tRNA species
were preferentially aminoacylated, or preferen-
tially utilized by polyribosomes, at particular
stages of growth. Precedence for the idea of
preferential utilization of isoaccepting species
come from the work of Sueoka and Kano-
Sueoka, who reported changes in the pattern of
binding of leucine tRNA isoaccepting species to

1 Present address: The Salk Institute for Biological
Studies, San Diego, CA 92112.

2Present address: Biomedical Science, Stanford Re-
search Institute, Menlo Park, CA 94025.

polyribosomes after T2 bacteriophage infection
ofEscherichia coli (16), and from Holmes et al.,
who noted differential utilization of leucyl-
tRNA's in E. coli (W. M. Holmes, E. Goldman,
T. A. Miner, and G. W. Hatfield, unpublished
data).
Our experimental results indicate that in B.

subtilis, as in E. coli (19), major changes in the
levels of intracellular aminoacylation do not
occur as cells progress from logarithmic to sta-
tionary growth. This parameter was measured
by the periodate method, by the amino acid
analyzer, and by chromatography on dihydroxy-
bory (DBAE)-cellulose. However, we did ob-
serve a difference in which tRNA species were
utilized by polyribosomes. We present evidence
that one of the three species of lysyl-tRNA is
preferentially bound to polyribosomes in sta-
tionary-phase cells, whereas utilization of an-
other species is depressed. A slight tendency
toward preferential binding of the former spe-
cies also occurs in logarithmic cells; however,
utilization of the latter species is not depressed
at that stage.

Our experimental results also suggest that
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measurement of in vivo aminoacylation of
tRNA by determining the capacity ofthe tRNA
to be reesterified after periodate oxidation and
deacylation may be inaccurate because of dam-
age caused to some tRNA's. Reverse-phase col-
umn chromatography of periodate-oxidized
tRNA revealed that oxidation affected the chro-
matographic behavior of certain tRNA species.
Also, the amino acid acceptor activities of cer-
tain species were lowered by periodate oxida-
tion below the values obtained by the amino
acid analyzer, implying that the periodate
method can give spuriously low values for
amounts of intracellular aminoacylation in
specific cases. Analysis of amino acids removed
from tRNA on an amino acid analyzer proved
to a much better method of determining the
state of acylation in vivo.

MATERIALS AND METHODS
Bacterial strain and growth conditions. The tryp-

tophan-requiring auxotroph, B. subtilis 168 trpC2,
was grown in tryptone-yeast broth in 2.8-liter Fern-
bach flasks (7). One liter ofthe broth was inoculated
with approximately 5 x 1010 spores, suspended in
sterile water, and heat-shocked for 10 min at 80°C.
Growth of the culture was monitored by measuring
absorbance at 660 nm (Am60) in a Zeiss spectropho-
tometer. Logarithmically growing cells were har-
vested after 3 h of growth (Amw, 1.15), and station-
ary-phase cells were harvested at approximately
stage Ill of the sporulation cycle (Am0, 5.70).

Preparation of tRNA for determination of intra-
cellular aminoacylation. Cultures were made 10
mM in NaN3 10 min before harvesting and were
quick-chilled in a dry ice-methanol bath at the time
of harvesting. Cells were collected by centrifugation
and washed with 100 mM sodium acetate (pH 4.5),
0.15 M NaCl, 1 mM ethylenediaminetetraacetic
acid, 10 mM NaN3, and 20% sucrose. Cells were then
suspended in 100 mM sodium acetate (pH 4.5), 0.15
M NaCl, 1 mM ethylenediaminetetraacetic acid, 10
mM NaN3, 20 mM 2-mercaptoethanol, and 1.5 mg of
bentonite per ml and disrupted sonically. Deoxyri-
bonuclease (DNase) was added to the sonic extract
at 10 ,ug/ml. The sonic extract was then extracted
with an equal volume of water-saturated phenol.
After ethanol precipitation, the ribonucleic acid
(RNA) from the aqueous phase of the phenol extract
was fractionated on a Sephadex G-100 column equil-
ibrated at 9C with 100 mM sodium acetate (pH 4.5),
0.15 M NaCl, 10 mM MgCl2, and 4 mM 2-mercapto-
ethanol. tRNA fractions were combined, precipi-
tated with ethanol, and collected by centrifugation
or filtration on a Millipore filter (type HA, 0.45 /Am).

Determination of levels of in vivo aminoacyla-
tion of tRNA by periodate method. Periodate treat-
ment was patterned after the method of Yegian et
al. (19). tRNA precipitated from the Sephadex G-100
fraction was dissolved in 100 mM sodium acetate
(pH 4.5) and divided into two equal portions. One
portion was made 2.5 mM in NaIO4. Periodate-
treated and untreated samples were incubated in

the dark at 37°C for 30 min. To destroy excess perio-
date, samples were made 0.1 mM in ethylene glycol
and incubated in darkness for an additional 10 min
at 37°C. The samples were then dialyzed overnight
against 10mM MgCl2 and 50mM 2-mercaptoethanol
to free them from IO-3, a reduction product of perio-
date that can inhibit acylation of tRNA (11). After
dialysis, the oxidized and untreated tRNA were pre-
cipitated with ethanol and recovered by filtration on
Millipore filters. The tRNA samples were deacyl-
ated by incubation in 1.8 M tris(hydroxymethyl)-
aminomethane (Tris) (pH 8.0) for 1 h, at 37°C. The
nucleic acid was then reprecipitated in ethanol, col-
lected by filtration, and stored in 10 mM MgCl2 and
10 mM 2-mercaptoethanol. Amino acid acceptor
activities of periodate-oxidized and untreated tRNA
were determined as described previously (18).

Reverse-phase column chromatography. Isoac-
cepting tRNA species were resolved on reverse-
phase columns as described previously (14).
Amino acid analysis. For analysis of amino acids

esterified to tRNA by the amino acid analyzer, the
tRNA extracted from logarithmic- and stationary-
phase cells was deacylated by incubation at 37°C for
90 min in 20 mM ammonium carbonate (pH 10).
Amino acids were separated from nucleic acids on a
column of Sephadex G-25 equilibrated with 20 mM
ammonium carbonate. The amino acids were lyophi-
lized three times and analyzed in a Beckman 121-M
amino acid analyzer.
DBAE-cellulose chromatography. Logarithmic

or stationary tRNA from the G-100 column was fur-
ther treated to remove all deoxyribonucleic acid
(DNA) fragments because the chromatographic be-
havior of DNA on DBAE-cellulose is like that of
esterified tRNA. After incubation with electropho-
retically purified DNase, the tRNA was dialyzed
overnight against two 1-liter changes of 10 mM
MgCl2 and 10 mM 2-mercaptoethanol. The tRNA
was then precipitated with 95% ethanol, recovered
by centrifugation, and chromatographed on a col-
umn of DBAE-cellulose (10). The buffer used for
elution of esterified material was 0.6 M KCl-50 mM
morpholine (pH 7.7)-20% (vol/vol) ethanol. The
buffer for elution of unacylated tRNA was 0.2 M
NaCl-50 mM sodium acetate (pH 4.5).

Isolation of polyribosomes and ribosome-bound
tRNA. To inhibit degradation of polyribosomes and
tRNA, cultures were made 10 mM in NaN3 and 1
mM in phenylmethylsulfonylfluoride (PMSF) 10 min
before harvesting. At the time of harvesting, cul-
tures were rapidly chilled in a dry ice-methanol
bath. Cells were collected by centrifugation and
washed with 10% sucrose, 10mM MgCl2, 10 mM Tris
(pH 7.5), 60 mM KCl, 10 mM NaN3, and 1 mM
PMSF. Cells were then resuspended in this washing
solution, to which was added 10 ,ug of DNase and 1
mg of lysozyme per ml, and which was made 20 mM
in 2-mercaptoethanol. The cell suspension was incu-
bated for 30 min at 3rC. The lysate was then made
0.5% in sodium deoxycholate, clarified by centrifu-
gation at 10,000 rpm for 10 min and layered onto
cushions of 42% sucrose, 10 mM MgCl2, 10 mM Tris
(pH 7.5), 60 mM KCl, 10 mM NaN3, and 1 mM
PMSF. Lysates were centrifuged at 40,000 rpm for 3
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h in a Beckman type 65 rotor to pellet polyribo-
somes. To obtain nonribosome-bound tRNA, high-
speed supernatants were phenol extracted and frac-
tionated on a Sephadex G-100 column, as described
above. To obtain polyribosome-bound tRNA, ribo-
some pellets were resuspended in cell washing solu-
tion containing 20 mM 2-mercaptoethanol and were
phenol extracted and fractionated on a Sephadex G-
100 column.

RESULTS
The levels of in vivo aminoacylation for

tRNA species from logarithmically growing
and stationary-phase cells at approximately
stage III of sporulation, determined by the per-
iodate method, are shown in Table 1. These
levels are given by the ratios of amino acid
acceptor activity of periodate-oxidized tRNA to
that of untreated tRNA. The more closely the
acceptor activity of periodate-treated tRNA ap-
proached that of untreated tRNA, the greater
was the degree to which tRNA was esterified in
vivo and protected from the action of periodate,
which renders unacylated tRNA incapable of
accepting an amino acid. Experiments in which
tRNA, esterified with a 14C-labeled amino acid
mixture, was added to preparations of logarith-

TABLE 1. Levels of aminoacylation oftRNA species
in vivo determined by the periodate oxidation method

Acceptor activitya

After
Amino acid Growth stage Un perio- PercentU- date aminoa-treated treat- cylation;

ment

Lysine Logarithmic 95 58 61
Stationary 79 74 93

Glutamic Logarithmic 95 39 44
acid Stationary 87 42 49

Proline Logarithmic 54 8 14
Stationary 36 8 23

Leucine Logarithmic 137 79 58
Stationary 152 94 62

Tyrosine Logarithmic 51 20 39
Stationary 42 32 75

Phenylala- Logarithmic 75 34 96
nine Stationary 55 35 63

Methionine Logarithmic 99 75 76
Stationary 70 65 92

Tryptophan Logarithmic 20 10 50
Stationary [ 13 15 111

Acceptor activity is expressed as picomoles of amino
acid accepted per A, unit of tRNA.
bThe percent aminoacylation was obtained by dividing

the amino acid acceptor activity of the periodate-treated
tRNA by the activity of untreated RNA.

mic and stationary cells during sonic treat-
ment and phenol extraction showed that at
least 10% of the tRNA extracted from the cells
was deacylated in the course of isolation. The
Sephadex chromatography, during which addi-
tional deacylation occurred, was desirable in
our studies to remove polysaccharides, which
were extracted along with tRNA and which in-
terfered with effective periodate oxidation.
Sephadex chromatography also removed ribo-
somal RNA and DNA, which interfered with
the RPC-5 and DBAE-cellulose columns. This
additional deacylation was responsible for our
values of in vivo aminoacylation being about
10% lower than the values given by other in-
vestigators who did not use the Sephadex pro-

cedure (3, 8, 12, 19). Folk and Berg (4) used
another method to stabilize aminoacyl-tRNA in
vivo (by adding trichloroacetic acid to the cul-
tures). Since our values for aminoacylation in
vivo were not unusually low, there is no reason

to doubt that our method was not a satisfactory
one for our purposes, especially since we are

primarily concerned with relative values com-

paring cultures from two growth stages.
We also estimated levels of intracellular ami-

noacylation of tRNA by hydrolyzing amino
acids from logarithmic and stationary tRNA
and subjecting these amino acids to amino acid
analysis. Acceptor activities for tRNA species
as determined by this method, which are indic-
ative of the extent of aminoacylation in vivo,
are shown in Table 2.
With the exception of proline and glutamic

acid, acceptor activities as measured by perio-
date oxidation were significantly greater than
those determined by amino acid analysis. Simi-
lar results were reported by Yegian et al. for
tRNA of E. coli (19). Yegian et al. attributed

TABLE 2. Levels of aminoacylation oftRNA species
in vivo determined by amino acid analysis

pmol of amino acid re-

Amino acid leased/Am unit of tRNA

Logarithmic Stationary

Lysine 19 29
Arginine 20 13
Aspartic acid 33 35
Threonine 20 25
Serine 35 38
Glutamic acid 35 31
Proline 14 13
Glycine 69 56
Valine 24 30
Isoleucine 17 24
Leucine 22 46
Tyrosine 16 10
Phenylalanine 13 16
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their results to the esterification oftRNA, with
substances other than amino acids protecting
the tRNA from periodate oxidation and not re-
moved by alkaline hydrolysis.
To test for the possibility that significant

amounts of tRNA of B. subtilis may be pro-
tected from periodate oxidation by alkali-stable
bonds to other substances, we chromato-
graphed alkali-treated logarithmic and station-
ary tRNA on a column of DBAE-cellulose. The
diol groups of terminal adenosine residues of
unesterified tRNA formed hydrogen bonds to
diol groups attached to the cellulose. Thus,
tRNA that has an amino acid or other group
on the 3'-terminus does not bind to the DBAE-
cellulose and is eluted from the column at
high ionic strength and pH, whereas tRNA
with a free 3'-terminus is eluted at relatively
low ionic strength and pH. Most of the alkali-
treated tRNA from logarithmic and stationary
cells showed the elution behavior of unacylated
material. Of the logarithmic tRNA, 79% was
eluted at low ionic strength, whereas 77% ofthe
stationary tRNA was eluted at low ionic
strength. The amount of material eluting at
high ionic strength was insufficient to account
for the difference in amino acid acceptor activ-
ity measured by periodate oxidation and by
amino acid analysis. Therefore, it is more likely
that the difference in acceptor activities as
measured by the two methods is accounted for
by loss of amino acids before the amino acid
analysis because the additional steps necessary
to prepare the stripped amino acid for the ana-
lyzer include three sequential lyophilizations.

It is possible that there are alkali-labile
groups attached to tRNA that are not amino
acids and do not show up in the amino acid
analyzer analysis, but there does not seem to be
any precedence to support such a contention.
Table 3 shows the difference in the relative

amount of tRNA aminoacylation for logarith-
mic and stationary tRNA, as determined by
both amino acid analysis and periodate oxida-
tion. With the exceptions of leucine and tyro-
sine, there is good agreement between the
amounts of change in aminoacylation from log-
arithmic to stationary growth, as determined
by the two methods. These results show that in
general there is no overall change in the degree
of aminoacylation of tRNA in B. subtilis cells
progressing from the logarithmic to the station-
ary phase of growth. Confirming evidence was

provided by chromatographing undeacylated
logarithmic and stationary tRNA on DBAE-
cellulose. In these experiments, 79% ofthe loga-
rithmic tRNA and 75% of the stationary tRNA
were eluted from the DBAE-cellulose column at
high ionic strength and accordingly consisted of

TABLE 3. Relative amount of aminoacylation in vivo
of logarithmic tRNA compared with stationary

tRNA a

Result from Result from
Amino acid amino acid periodate ox-

analysis idation

Lysine 1.5 1.3
Arginine 0.7
Aspartic acid 1.1
Threonine 1.3
Serine 1.1
Glutamic acid 0.9 1.1
Proline 0.9 1.0
Glycine 0.9
Valine 1.3
Isoleucine 1.4
Leucine 2.1 1.2
Tyrosine 0.6 1.6
Phenylalanine 1.2 1.0
Methionine 0.9
Tryptophan 1.5

a Ratios express the amount of aminoacylated
tRNA determined for the stationary-phase tRNA
sample divided by the amount of aminoacylated
tRNA determined in the logarithmic-phase tRNA
sample.

esterified material. However, increases in ami-
noacylation of stationary-phase lysyl- and tryp-
tophanyl-tRNA were seen and may reflect reg-
ulatory changes accompanying the beginning
of sporulation. Increases in the amount of ami-
noacylation of tyrosyl-tRNA and leucyl-tRNA
were also seen by one method, but were not
detected by both methods. To establish the sig-
nificance of these small changes, however, was
not the point of our investigation. Rather, we
were looking for a major decrease in aminoacyl-
ation which might have a regulatory role.
Because we were interested in identifying

particular isoaccepting tRNA species that
might be preferentially aminoacylated at dif-
ferent stages of growth, we co-chromato-
graphed periodate-oxidized and unoxidized
tRNA on a reverse-phase-5 column. When re-
acylated with a labeled amino acid, the perio-
date-treated tRNA represented those isoaccept-
ing species that were esterified in the cell, pro-
tected from oxidation, and capable of reacyla-
tion. These chromatography experiments gave
the unexpected finding that certain tRNA spe-
cies are damaged by periodate oxidation.
The cognate tRNA species of phenylalanine,

methionine, glutamic acid, leucine, and proline
showed normal chromatographic behavior after
periodate oxidation since oxidized and unoxi-
dized material gave the same elution profile. As
an example, the profile for methionyl-tRNA's is
shown in Fig. 1. Other tRNA profiles, however,
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were greatly affected by the periodate treat-
ment. For instance, unoxidized tyrosyl-tRNA
eluted in the manner described previously by
Vold (14). However, both the major and minor
isoaccepting species of tyrosyl-tRNA from loga-
rithmically growing and stationary-phase cells
were damaged by periodate oxidation to the
extent that they no longer eluted at their nor-
mal positions in the NaCl gradient (Fig. 2).
Susceptibility of certain bases in tyrosyl-tRNA
to oxidation by the periodate could be responsi-
ble for the nearly complete abolition of the nor-
mal elution profile after periodate treatment (6,
9).
The chromatographic mobility of lysyl-tRNA

was also altered by periodate treatment (Fig. 3)
in that the species designated as 3 on the figure
was not present in the periodate-treated sam-
ple. Either the lysyl-tRNA, which chromato-
graphed in this position, was not acylated in
vivo, or the tRNA eluted at an earlier position
after periodate treatment. For a more precise
determination of the fate of lysyl-tRNA isoac-
cepting species after periodate, tRNA from
early-exponential-phase cells was aminoacyl-
ated with [3H]lysine and chromatographed on a
reverse-phase-5 column. Species 1, 2, and 3

._E
E

0

I

O
r-

0

IV

FIG. 1. Chromatography of methionyl-tRNA's
with or without periodate treatment on a reverse-
phase-5 column. The tRNA was prepared from sta-
tionary-phase cells.
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were isolated, oxidized with sodium periodate,
as described above, and co-chromatographed on
the reverse-phase-5 column with unoxidized
tRNA aminoacylated with [14CIlysine. The elu-
tion profiles indicated that the chromato-
graphic behaviors of the tRNA species desig-
nated as 1 and 2 were mainly unaffected by
periodate treatment. However, the tRNA spe-
cies represented as tRNALYS was shifted to the
positions in which tRNALys and tRNA2vS nor-
mally elute (Fig. 4).
Another interesting effect of periodate treat-

ment occurred with tryptophanyl-tRNA. Al-
though periodate oxidation did not alter the
chromatographic behavior of tryptophanyl-
tRNA from logarithmically growing cells, an
extra species was seen in the elution profile of
periodate-oxidized tRNA from stationary-phase
cells (Fig. 5). This species, noted in the figure
by an asterisk, may have resulted from oxida-
tive activation of a previously inactive isoac-
cepting species or from oxidative conversion of
the specificity of a tRNA species from some
other amino acid to tryptophan. Periodate acti-
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FIG. 3. Chromatography of lysyl-tRNA's, with or
without periodate treatment, on a reverse-phase-5
column. The tRNA was prepared from stationary-
phase cells.
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FIG. 2. Chromatograph of tyrosyl-tRNA's, with
or without periodate treatment, on a reverse-phase-5
column. The tRNA was prepared from stationary-
phase cells.
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FIG. 4. Co-chromatography of untreated, total
lysyl-tRNA's with a sample of tRNAivk after perio-
date treatment.
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FIG. 5. Chromatography of tryptophanyl-tRNA's,
with or without periodate treatment, on a reverse-
phase-5 column. The tRNA was prepared from sta-
tionary-phase cells.

vation of a leucyl-tRNAj species has been re-

ported by Yegian and Stent (19). Such an effect
of periodate could account for the apparent in-
crease in in vivo aminoacylation of trypto-
phanyl-tRNA from logarithmic to stationary
phase (Table 1).

In addition to identifying isoaccepting species
that might have been preferentially aminoacyl-
ated, we were interested in identifying species
that might be preferentially bound to polyribo-
somes during protein synthesis. Of particular
interest were the isoaccepting species of lysyl-
tRNA, since it was shown previously that the
pattern of isoaccepting species in this tRNA
group changes as cells progress from the loga-
rithmic to the stationary phase (16). Accord-
ingly, we obtained polyribosomes by high-speed
centrifugation of lysates of logarithmic and sta-
tionary cells and extracted polyribosome-bound
tRNA from the resulting pellets and unbound
tRNA from the supernatant. Polyribosome-
bound tRNA was aminoacylated with
[3H]lysine and co-chromatographed on a re-
verse-phase-5 column with unbound tRNA am-
inoacylated with [14C]lysine. Table 4 indicates
that stationary polyribosomes showed preferen-
tial utilization and logarithmic polyribosomes
showed a slight preference for one of the isoac-
cepting species, tRNALyS. The relatively con-
stant amounts of tRNAI-S in all the prepara-
tions attest to the validity of the other differ-
ences. The effect is not due to lack of availabil-
ity or mass action because a majority of the
tRNA's remain in the supernatant, and a ma-
jority of the tRNA's are aminoacylated. It is
also interesting to note that tRNALS is found
on polyribosomes at a level disproportionate to
its availability in stationary-phase cells but is
utilized in proportion to its concentration in
logarithmically growing cells.

TABLE 4. Differential utilization of lysyl-tRNA's by
ribosomes in ViVoa

Lysyl-tRNA
Ribosome

tRNAI-- tRNAI-8 tRNAe'
Logarithmic tRNA
Nonpolyribosome- 38 26 36
bound

Polyribosome-bound 42 24 34

Stationary tRNA
Nonpolyribosome- 61 25 14
bound

Polyribosome-bound 70 25 5

a Numbers represent the percentage each isoac-
cepting species of lysyl-tRNA represents of the total
lysyl-tRNA eluted from a reverse-phase-5 column.
The amounts of each species were determined by
integrating the radioactivity under each chromato-
graphic peak.

DISCUSSION

During cell differentiation, the intracellular
condition of tRNA may change in response to
the operation of control mechanisms. In this
paper, we have questioned whether the level
of aminoacylation of tRNA changes between
exponential and stationary phase reflect a
point of regulatory control. It has been esti-
mated that dormant spores contain tRNA
which is 93% deacylated (12) with the exception
of the tRNA's for arginine, histidine, isoleu-
cine, and valine, which show 21 to 72% amino-
acylation. Also, in B. megaterium, about one-
third of the spore tRNA's lack the terminal
adenosine residue (13) and thus cannot be acyl-
ated. In B. subtilis 168, we have shown that the
loss of the terminal adenosine commences at
about stage III in sporulation (15). Since we
were concerned with events of possible regula-
tory significance rather than terminal events,
our comparisons of levels of aminoacylation
were taken at or before stage III. Also, we
observed levels of aminoacylation in a rich me-
dium where pool sizes would not be limiting.
Although pool sizes can affect the levels of ami-
noacylation, we were interested in changes that
might have regulatory significance in normal
sporulation media in contrast to a mass action
effect which might be noted under conditions of
amino acid limitations in the medium.
We have shown that, for most of the tRNA

species we examined, overall levels of intracel-
lular aminoacylation are not greatly affected as

B. subtilis progresses from the logarithmic to
the stationary phase ofgrowth up to stage III in
sporulation. Therefore, it seems that the mech-
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anisms of control, which are at work as B.
subtilis cells begin to prepare for sporulation in
a rich medium, are not regulated by the overall
level of aminoacylation oftRNA. An important
point brought out in these studies is that perio-
date oxidation has an adverse effect on certain
tRNA's. Since periodate oxidation damages
some species of tRNA and may affect their ca-
pacity for reacylation, the use of periodate may
not provide an accurate estimation of the
amount of intracellular aminoacylation in vivo.
For this reason, the use of amino acid analysis
of amino acids removed from the tRNA ex-
tracted from cells is desirable to supplement
data obtained through the use of periodate.

Control mechanisms operating at the onset of
sporulation may affect the use of a particular
isoaccepting species oftRNA by polyribosomes.
Our data suggest that tRNAi-yS is preferentially
bound to polyribosomes. The lysyl-tRNA bound
to polyribosomes is enriched for tRNAi-vs be-
yond what would be expected by simple mass
action. It has been reported that tRNAI4vS and
tRNAkI5 show a difference in codon preference
in vitro (16). Since the utilization of tRNAk8s is
greatly diminished in stationary phase, this
may reflect a difference in messenger RNA pop-
ulation. Additional experiments with other
tRNA groups will be necessary to determine
whether particular isoaccepting species for
other amino acids might be preferentially
bound to polyribosomes at different stages of
growth. In addition, significant changes in
overall levels of intracellular aminoacylation of
tRNA may occur later in the course of sporula-
tion than at the point in time we have studied.
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