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INTRODUCTION

A majority of organisms carry on thelr normal physiological
processes in a moderate rangs of temperatures (abent 20° s 45° C).
These organisms are termed mesophiles, Certain orgenisms, however,
grow at mach higher temperatures (about 55° to 80° C). These
oerganisms are called thermophiles.

Three main theories have been advanced to explain the
phonomenon of thermophily. Ome theory (1,2) considers thermophily
to be & speclal type of metsbolic state, involving high rates of
breakdown and synthesis of celi constituents, A second inter-
rretation relates thermsl stability to the protective action of
lipids and sttempts to correlate heat stability with the melting
point of the cell lipids (3). A third theory ascribes thermophily
to physical and chemical differences of meacromolecules as compared
to similar macromolecules from mesophiles,

Most of the evidence accunmlated so far supports the latter
theory. Such evidencs has come largely from studies of proteins
and mcleic acids, Koffler (4) showed that cytoplasmic proteins
from thermophilic bacteria are more heat stable than those from
mesophilic bacteria, Stenesh and Koffler (5) demonstrated a
striking difference in heat stability for flagella from those two
types of bacteria. Cumpbell (6,7) showed that erystalline
o —amylase isolated from cultures of Bacillus coagulans grown at
55°C wes more heat steble than the same enzyme isolated from
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culturses grewm at 37°C. Recently, Stenesh and Holazo (8) showed
that the ribosomal RNA from thermophllic strains of Bacillus was
more heat stable than the ribosamal RNA from mesophilic strains of
Bacillus, The RNA from the thormophiles melted out at & higher
temperature and had a higher guanine plus cytosine content than
that from the mesophiles, The DNA (9) and the soluble RNA (10,11)
from thermophilic strains of Bacillus showed no unusual heat
stability when compared to similar components of Escherichis coli,
On the other hand, ribosomes from thermophilic strains of Bseillus
were more heat stable than those of Escherichia seli (11,12).
However, such comparisons of thermophilic strains of Baecillus with
mosophilic strains of E. coll do not exclude the possibility of
intergeneric differences. For this reason we have been studying
in this laboratory mesophilic and thermophilic strains from one
genus, namely Bacillus. The present work deals with studles of the
stability and the physical parameters of ribosomss isolated fyrom
these strains,

Ribosomes are macromolecular particles of the cytoplasm of
all kinds of cells., They are attached to the endoplasmic reticulum
of cells of various animals and plants, while they oceur firee in
baeterial extracts, They are also called ribomucleoprotein
particles because they contain 40-65% RNA and 60-35% protein, with
1little or no lipid. These particles are fairly constant from cell
to cell in their size, shape, and chemical composition. They are
about 100-250 & in diameter and are roughly spherical.
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Ribosomes can dissociate into subundts., They can also
associate into dimers, trimers, ete., and aggregate into larger,
polydisperse masses, The degree of dissoclation or association of
the ribosomes is a function of the megnesium ion concentration.

One fascinating aspect of ribosames 1s the fact that the individual
particles have no protein synthesizing ability, but only clusters
of ribosomes are active in protein synthesis. These elusters have
been termed polyscmes, ergosomss, polyribosomes; or heavy ribosomes.
Of these, the most frequently encountered enzyme is a ribomiclease.
The funstion of this engyme is not known.

Isolation of ribosomes can be readily accomplished by
fractionsl centrifugation of & homogenate of bacterial cells and
the procedures will be deseribed in detail later.

The stability of the ribosomes was investigated by following
the ribosome breakdewn as a result of the digestion by the asso-
ciated ribomeclease, This enzyme can be activated by chelating
magnesium ions which normally inhibit the enzyme., 1iwo types of
experiments were carried out undsr these conditions ¢ (1) the
effect of temperature om ribosome stabdlity, (2) the effect of
various activators and inhibitors on the ribosamal ribomuclease.

The studles of the physical parameters of the riboscmes
involved determinations of sedimentation ccefficients, diffusion
coefficients, and molecular welghts.
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MATERTALS AND METHODS
Organisms and Growth Conditions

Three mesophilic and three thermophilic strains of the
gems Baeillus were used. The former included B. licheniformis
(MRS 243), B. pumilus (NRS 236), and B. gp. (X~1). The thermo-
philes were strains of B. stearothermophilus (FJW,10,2184),

The bacterial cultures were grown in slants and large petri
dishes on & medium contaiming 2% Bacto agar (Difco), 1% Trypticase
(BBL), and 0.2% Yeast extract (Difco). Slants which eonteined in
addition to the above 10 p.p.m. of manganese were used for growing
the stock cultures. Slants wers grown to the logarithmic phase
an& the growth was suspended in about 6 ml of sterile water., Two
ml of this suspension were used to inoculate one petri dish. The
petrl dishes were then incubated and the cells harvested in the
logarithmic phase (approximately 6 hr at 37°C for the mesophiles
and 5 hr at 55°-60°C for the thermophiles, for both slants and
potri dishes).

Reagents

Buffer A consisted of 0.0l M tris(hydroxymethyl)aminomethane
(Sigme) and 0,01 M magnesium acetate (Baker). Buffer B consisted
of 0,005 M tris and 0,005 M magnesium acetate. Both buffers were
adjusted to = 7.4 with 1 N hydrochloric acid. The alumina used
was a chromstographic grade preperation (Merck 71707). The

L
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deoxyribormuclease (Worthington Biochemical Corp., electrophoretically
purified) was stored frozen in buffer A at a concentration of
100 ug/ml.

Other reagents used were the following 3 0.05 M Na,HAsO,7 Ha0
(Baker), 0.05 M Na,HPO,* 7Hy0 (Baker), 0.05 M ethylene diamine
tetraacetic acid (EDTA; Matheson; adjusted to pH 7.4 with 2,5 N
NaOH) , and 5% psrchloric acid (v/v), prepared from 70% reagent
perchloric acid (Mallinckrodt).

Apparatus

All spectrophotometric measurements were made in a Zelss
model PMQ-II spectrophotometer.

A Sorvall model RC-2 refrigerated centrifuge was used for
low speed centrifugations (15,000 r.p.m. and below), and a Spinco
model L preparative ultracentrifuge was used for high speed
centrifugations (sbove 15,000 r.p.m.). All analyticel ultra-
centrifugation studies were made in a Spinco model E analytical
ultracentrifuge, equipped with rotor temperature indicator control
and with schlieren and ultraviolet optics. 41l runs were mads
between 4° and 10°C. Measurements of the photographic plates and
fIms were made with a Nikon (model 6C) microcomparator and a
Joyce=Loebl (chromoscan) densitometer.

A1l area measurements were made with a Gelman (model 39231)
planimeter.

Density and viscosity measurements were made with a Weld

pycnometer and an Ostwald viscometer, respectively.
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Isolation of the Ribosomes

The procedure is essentially as described previously (13).
Buffer A was used throughout the isolation. Cells in the
logarithmic phase of growth were harvested with buffer and were
collected by centrifugation for 25 mimutes at 12,000 x g in a
Sorvall (model RC-2) with the GSA rotor. The cells were then
ground with 3 parts by weight of alumine for 3-5 mimtes and
extracted with 10 volumes of buffer. Deoxyribomclease was added
to & final concentration of 1 ug/ml. This mexture was kept at 20°C
for 30 mimmtes., Cell dsbris and alumins wers then removed by
centrifugation for 20 mimutes at 12,000 x g in the Sorvall, the
supernatant was collected and was centrifuged in a Spinco (model L)
ultracentrifuge for 65 mimmtes at 105,000 x g or for 95 mimtes at
78,500 x g to sediment the ribosomes. Two cycles of low- and high-
speed centrifugation (20 mimmtes at 12,000 x g followed by 65
mimtes at 105,000 x g and gentle resuspension of the pellets with
a policeman) were performed to purify the ribosomes. Finally, a
low speed centrifugation (20 mimutes at 12,000 x g) was performed
to remove the sggregates and the supsrnatant provided the fimal
ribosomal preparation for the enzyme studies.

For the studies dealing with the rhysicel parameter of the
ribosomes, some modificatlions were made in the purification of the
ribosomes. After each high speed centrifugation, the ribosemal
pellets were suspended by means of gentle homogenization using a

teflon homogenizer, Buffer A was used throughout and the
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concentration of the ribosomes was kept as high as possible. The
final solution fram the low speed centrifugation was dialyzed
against 400 volumes of buffer B for 24 hours, with changes of
buffer solution every 6 hours. After dialysis, the solution
was centrifuged at 27,000 x g in the Sorvall for 5 mimites., The
residue was discarded and the supermatant thus obtained was the
finel ribosomel preparation.
Magsurements of the Effect of Tempsratwrs
on Ribosome Stability

The ineubation mixtures were set up in test tubes., The
basic incubation mixture consisted of 1.0 ml of ribosomal solution
(absorbance of 5 at 260 ma), 10 umoles of tris (pH 7.4), and
10 umoles of magnesium acetate. For these experiments each tube
contained in addition te the basie incubation mixture 30 umoles of
EDTA (pH 7.4), in a total volume of 2.5 ml. The tubes were tightly
covered with perafilm and were incubated for one hour at 55°, 60°,
65°, 70°, and 75°C, respectively. At the end of one hour, 2.5 ml
of 5% (v/v) perchloric acid was added to each tube to stop the
roaction. The tubes were kept in ice for half an hour. The
solution was then centrifuged at 12,000 x g for 10 mirmtes in the
Sorvall (SS 34 rotor). The supernatant fluid was collected and
its optical density (absorbance) was measured at 260 m versus
the blank which contained all the components except that 1,0 ml
of buffer A was used instead of the ribosomal solution. Since RNA
and RNA breakdown products absorb maximally at 260 m, optical
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density measurements at this wavelength rrovide a convenient way
of following the reaction.

Studies Involving Activators and Inhibitors
of the Ribosomal Ribormueclease

Four sets of reaction mixtures were set up in test tubes.
Each tube contained a total of 2,5 ml of solution. Ome .of the sets
contained a basic incubation mixture only, that is, 1,0 ml of ribo-
scmal solution (absorbance of 5 at 260 mu), 10 umoles of tris (pH 7.4),
and 10 umoles of megnesium acetats. The other sets contained in
addition to the above, either 30 umoles of EDTA (pH 7.4), or 30 umoles
of EDTA (pH 7.4) and 25 umecles of NapHAsO,, or 30 wmoles of EDTA
(pH 7.4) and 25 umoles of Na,HPO,. The tubes were tightly covered
and were incubated at 45°C for variocus lengths of time. At warious
time intervals, one tube from each set was removed from the water
bath and the reaction stopped by the addition of 2.5 ml (v/v) of
perchloric acid, The tubes were kept in ice for half an hour and
the solution was then centrifuged as deseribed in the previous
section., The supernatant fluld was collected and its absorbance
at 260 mn was read versus zero-time controls which conmtainsd the
same compononts as the incubation mixture except that perchloric acid
wes added immediately after the addition of the riboscmal solution.

Determination of the Sedimentation
Coefficients of the Ribosomes
The sedimentation coefficients were cbtained from

sedimentation velocity experiments using the Spince (model E)
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analytical ultracentrifuge. The AND rotor was used for solutions
at higher concentrations (0D,¢o=optical density at 260 mu- of 50
or above for schlieren optics, OD,4o of 0.5 or above for ultra-
violet optics), while the ANE rotor was used for the more dilute
solutions, The double: sector cell we.rs used with the AND rotor so
that a base line could be obtained. Most runs were made at
29,500 r.p.moy, but some were performed at 25,980 r.p.m. FPlctures
ware taksn sutomatically every four minutes. The schlieren plates
were developed for four minutes with Kodak D19 developer, washed
with 3.4% acetic acid and fixed for helf an hour with Kodak Fixer.
The plates were then thoroughly weshed with water and air dried.
Messuremonts of the plates were done with a Nikon microcomparator.
Ultraviolet films were developed with Kodsk D=1l developer for
eight mimtes, washed with 3.4% acetic acid, fixed with Kodak
Fixer and washed and dried like the schlieren plates. Measurements
of the films were made with a Joyce-Loebl densitometer. The
distances between boundaries and the center of rotation were
calculated and were expressed in centimeters. Logarithms of these
distances were plotted versus time (in mimites) at which the
particular picture was taken. The observed wvalues of the
sedimentation coefficients wore computed from the slope since the
sedimentation coefficlent is defined as s = df(-?;-:i-— where x is
the distance of the boundary from the center of rotation in
centimeters, t is the time of centrifugation in seconds and w is

the angular velocity in radians/sec.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10

The observed values of the sedimentation coefficients ( Sobs)
were corrected to 20°C for the viscosity of water and were
expressed as s;g in Svedberg units (S) as shown in the following

equation $
oF =5 (dt (7 solvent (LF20P280
20 S obs T) 20 " H0* 7) Hy0 any t l-vt p%olvent

where ’7] is the viscosity, 3 is the partial specific volume of the
solute (ribosomes), t is the temperature at which the centrifugation
was performed, and P is the density. However, the last term in the
squation amounts only to a correction of about 0.1% and has been
neglected.

Dstermination of the Diffusion

Coefficients of the Ribosomes

In order to obtain the diffusion coefficients, the speed of

the centrifugation was lowered to 4059 r.p.m. after each sediment-
ation velocity experiment. At this low speed the boundaries did not
migrate any further in the cell during the time interwval used for
diffusion studies (about 90 mimites)., Instead, the boundaries
spread out because of diffusion, From this spreading of the
boundaries, in the absence of appreciable sedimentation, an
apperent diffusion coefficlent can be calculated. Temperstures
were controlled and pletures were teken in the same mammer as in
the determination of the sedimentation coefficients. The height
of each peak above the base line was measured with a Nikon micro-
comparator and was converted into centimeters in the centrifugal
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cell, The reciprocal of the height squared was plotted versus
time in seeconds, Each area underneath the peak was measured with
& Gelman planimeter and was converted to square centimeters in the
cell, Observed values of theo apparent diffusion coefficients were
then computed from the slope and the areay since the diffusion
coefficient is defined as E_= -%’“m , and hence D = -(-‘—"-*’—a?%s;clﬂi?-,
where Hm is the height of the peak in centimeters, t is the time
of diffusion in seconds, and D is the apparent diffusion coefficient
in om?/sec.

The observed values of the diffusion coefficient (Dobs)
were then corrected te give Datg, the diffusion coefficient at
20°C in water, according to the following equation s

w _ 2 77 solvent 771:
Dao N DObS (273+t) (nHzo )am t ( 7)30 ) Hao

where 77 is the viscosity, and t is the temperatire ati which the
diffuslion was performed.

Determination of the Molecular

Welights of the Ribosomes
The moleculer weight, My; of a macromolecule can be computed
fron its sedimentation coefficient, s, and its diffusion coefficient,
_ _RTs

Dy according to the Svedberg equation, M = e where R is
the gas constant in erg/mole & degree, T is the absolute temperature
at which both s and D are calouleted, v is the partial specific

volume of the solute, and P is the density of the solvent used.
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RESULTS AND DISCUSSION

The Effeet of Temperature
on Ribosome Stability

A1l the ribosome preparations were shown previously (13) to
contain a ribomuclease activity similap to the ome found in
association with many other ribosemes (1#,15). This enzyme, in
the vresence of EDTA, led to a breakdown of the ribescmes as
judged by the incresse in acid-soluble mcleotides (13). The
ribosomes from the thermophiles were shown to be somewhat more
stable to such breakdown than those from the mesophiles, at both
37° and 60°C, With this in mind, the present experiment was
designed in order to determine whether thls difference in stability
might be more pronounced at temperatures exceeding the maximal
growth temperatures (abeut 55°C) of the mesophiles, Accordingly,
the reaction was measured over a range of temperatures from 55°
to 75°C., The results are given in Figure 1. It can be seen that
the ribosomes from the mesorhiles are, in fact, less stable at
temperatures above 60°C than those from the thermophiles, This
refers to both the relative breskdown as defined in Figure 1 and
to the absolute extent of degradation., These data, taken in
conjunction with the previous findings (13), support the theory
that thermophily is based upon chemical-physical differences on the
molecular level,

12
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Figure 1. Riboscme breakdown at various temperatures, Basic
incubation mixtures (see Methods) plus 30 umoles of
EDTA (pH 7.4) were incubated at warious temperatures
for 1 hr.

(2) Mesephilie strains: (A) B. pumiles; (O) B. gp. (X-1);
(®) B. licheniformis.
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Figure 1.

(b) Thermophilic strains: (&) B. s%othemo%‘ us FJW;
(O) B. stearothermophilus 10; (@) B. stearothermophilus 2184,
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Activators and Inhibitors of the
Ribosomal Ribommelease

To evaluate properly the relative stability of the ribosomes,
it was impcrtant to establish that the ribosome breakdown is due
to the same engzyme in all instances, For this purpose, the
ribosomes were incubated in buffer with the addition of EDTA,

EDTA and phosphatey, or EDTA and arsenate. The results are shown
in Figure 2, It can be seen that the shapes of the curves and the
magnitudes of the changes observed are very similar, The ribosome
degradation in the absence of EDTA is slow, in part because of the
inhibition of the enzyme by the magnesium in the buffer. This is
based on the assumption that magnesium inhibits ribomicleases
though admittedly there are conflicting data in the literature on
the éffect of magnesium on this enzyme (16,17). In common with
other ribosomsl ribomelease (18,19), the inhibition by magnesium
was removed by chelation of the magnesium with EDTA, The addition
of either phosphate or arsemate led to a pronounced activation of
the enzyme, with a resultant limnear rate of ribosome brealkdowm.
The activation by either phosphate or arsenate was essentially
identical, as reported also for rat liver ribosomes(20).

These data provide good evidence that the ribosame hreskdown
was due to the action of a ribormelease. This conslusion is based
on the fact that other enzymes invelved in RNA breakdown cammot
account for the results obtained here. Phosphodiesterases are
inhibited by arsenate and EDTA, but sre activated by phosphate
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Figure 2, Activators and inhibitors of the ribosomal ribomuclease.
Basic incubation mixtures (see Msthods) plus one of the
following ¢ (®) no additioms; (A) 30 umoles of EDTA
(pH 7.4)3 (@) 30 umoles of EDTA (pH 7.4) and 25 umoles
of Na,HAsO43; (A) 30 umoles of EDTA (pH 7.4) and 25 umoles
of NapHPO,. Incubetion at 45°C. The relative absorbance
is the absorbance of the sample divided by the absorbance
(after 5 hr) of the sclution contaiming EDTA aud Na,HPO,.

(2) B. pumilus

=
(R ]

I:.O

g

g N

* Relative absorhasce (260 mp)
P

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 2.
(b) B. sp. (X-1)
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Figure 2,
(¢) B. Lighemiformis
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Figure 2.
(d) B. stearothermophilus FJW
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Figure 2.
(e) B. stearothermophilus 10
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Figure 20
(f) B. sisarothermophilus 2184
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(20,21); the potassium-sctivated phosphodiesterass found in
association with E. coli ribosemes is inactivated by EDTA (21);
and polymucleotide phosphorylase requires magnesium for aetivity
(22,23), Ribomucleases, on the other hand, are inhibited by
magnesium, but are activated by EDTA, arsenate, and phosphate (20).
The Effect of Magnesium Ions on the Size
Distribution of the Ribosomes

In order to study the physical perameters of the ribosomes,
it is desirable to obtain a ribosomal solution containing mestly,
if not entirely, the fundamental ribosomal particles, that is the
70 S monomers. Since it is known that magnesium ion concentration
affects the size distribution of the ribosomes, we attempted to
search for a buffer solution which contained the proper con-
centration of magnesium and tris, so that the ribosomal solution
obtained contained a bulk of 70 S monomers. We found, in faet, that
tris concentration did not affect sigrmificantly the sige distri-
bution of the ribesomes as indicated by their ultracentrifuge
patterns. On the other hand, the sedimentirg components of the
ribosomes dissoclated and aggregated as a function of magnesium
ion concentration in a mammer that is typleal of ribosomes in
general., Tims, for example, the 70 S and 100 S ribosomes of
B. ]iohenifornﬁs and of B, stearothermophilus FJW, in 0,01 or

0.005 M tris (pH 7.4), were dissoclated into 30 S and 50 S particles
when the magnesium ion concentration was lowered from 0,005 to

0,001 M, These particles reassociated when the magnesium ion
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concentration was raised te 0.005 M, Some of these untra-
centrifuge patterns are shown in Figure 3.

Although the size distribution of the ribosomes was
changed by varying the magnesium ion concentration (Fig. 3),
we were not able to obtain a solution which contained only, or
mostly, the 70 S particles. These experiments were performed
with the ribosomes from a mesophile (B. licheniformis) and a

thermophile (B. stearothermophilus FJW). Hemogenization of the

ribosomalhpellets during the isolation decreased the times required
for the preparation of the ribosomes but did not alter the dis-
tribution patterns of the ribosomes. This pattern was also not
changed by varying the last centrifugation step in the isolation
of the ribosomes (see Methods).

From these experiments, it became apparent that other
techniques would be required to obtain preparations consisting
only of 70 S monomers. We decided, therefore, to perform the
physical measurements on the preparations at hand, using the best
set of conditions, so that the 70 S monomers would be the pre-
dominant, or at least a mejor, ribosomal perticle. This set of
conditions turned out to be the isolation of the ribosomes in
buffer A and dialysis of the final preparation versus buffer B
(see Methods).

Sedimentation Coefficients
of the Ribosomes

Since the sedimentation coefficlent depends on the
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Figure 3. Effect of magnesium ions on the size distributions of
the ribosomes. Sedimentation is from right to left.
A1l centrifugations were performed at 29,500 r.p.m. All
plctures were taken at a bar angle of 50°, (A) Standerd
isolation procedure using 0.01 M tris-magnesium acetate
(pH 7.8). (B) Isclation of the ribosomes as in (A) but
the final solution was dialyzed versus 0,01 M tris (pH 7.4)
and 0,005 M magnesium acetate (top row), or dialyszed versus
0,005 M tris.magnesium acetats (pH 7.4) (bottom row).
(C) Riboscmes prepered as in (A) but the final solution was
dialyzed versus 0,01 M tris (pH 7.4) and 0,001 M magnesium
acetate (top row), or dialyzed versus 0,005 M tris (pH 7.4)
and 0,001 M magnesium acetate (bottom row).

Top row: B. lichenif: s. Sedimentation coefficients's
(a)727, 63, 75, 97, 113; (B) 30, 47, 70, 93;
(c) 27’ 43, 68.

Bottom row 2 B. stea.rothermo?_xirlus FJW, Sedimentation
coefficlents ¢ 4 50, 68, 98’ 128; (B) 60,
67, 97, 119; (C) 32, 46, 63, 92.
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concentration, it 1s necessary to obtain the values at infinite
dilution by the extrapolation of a plot of 8 pg VOrsus con-
centration. Therefore, four runs ranging from OD,so of 125 to
O0D;60 of 25 were made with the schlieren optics,; while three runs
ranging from 0Dy, of 0.8 to 0D, Of 0.25 were made with ultra-
violet optics. Unfortunately, attempts to obtain the sedimentation
coefficients with ultraviolet optics were not successful because
the components were not well resolved and we had great difficulty
in making accurate measurcaents from the tracings obtained with
the Joyce-Loobl densitometer. Accordingly, we limited our
calculations to the schlieren rums.

It is known that in a mmlticeomponent system, the presence
of any one component may affect the sedimenting behavior of
another component., This is another reason why values of the
sedimentation coefficilent mst be obtained by extrapolation to
infinite dilutlon so that such effects are eliminated. Moreover,
changes in total ribosome concentration may affect reversible
interactions between various particles and lead to changes in their
relative amounts. In that case, an extrapolation based on total
concentration would have to be replaced by ome using the cone
centration of the individual components. In order to check on this
possibility, szTﬁ values at infinite dilution were obtained from
two different plots. In the one plot, sz‘g was plotted versus the
total ribosome concentration expressed as 0D,4, (the absorbance at

260 m is due principelly to the ribosomal RNA), In the other plot,
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s;;’ was plotted versus the concentration of each component ex-
pressed as the area undernsath the peak. These two sets of plots
are shown in Figure 4,

It can be seen that the two types of plots are essentially
identicel, This is a good indication that no significant changes
occur in the relative amounts of the various ribosomes as a result
of progressive dilution,

It has been widely accepted that the monomers of ribosomss
are of two types., Most bacterial ribosomes are of the 70 S
type, while in yeasty; higher plants, and animal cytoplasm, the
ribosomes are of the 80 S type. From the velues that we obtained
above, it is clear that the ribosomes from all the six stralins of
Bacillus, three mesophlles and three thermophiles, belong to the
70 S category. The preparations contained in additlon to the
monomers also other ribosomesy such as the 30 S and 50 S subunits,
or the 100 S dimer, which are similar to those reported for other
ribosomes from Bacillus (12,15,24). In all cases, the monomers
or larger ribosomes, were predominant.

Bacillus sp.(X-1) contained a component having a sedimenta-
tion coefficient of 84 S, It is possible that this compmnent is
an association product of two 50 S particles, rather than the
dimer of 70 S monome~s., Also, one of the components in B. pumilus,
59 S, might be the dimer of 30 S particles, rather than being the
50 S subunit. The value of 90 S for one of the ribosomes of

B. pumilus, is rather low for a dimer of 70 S ribosomes. Since
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Figure %4, Dependence of the sedimentation coefficients of the
ribosomes on concentratlon.
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Figure 4,
(b) B. sp. (X-1)
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Figure 4,
(e) B. lichemiformis
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Figure 4,

(a)
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Figure 4,

(e) B. stearothermophilus 10
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Figure 4,
(f) B. stearothermophilus 2184
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the ribosomes from this bacteria gave very poorly resolved
ultracentrifuge patterns, it is possible that the sedimenting
rate of the larger particles was appreciably slowed down in the
presence of the other lighter particles.

Outside of these considsrations there seem to be no major
differences betwcen the sedimentation coefficients of the
ribosomes from the mesophiles and the thermophiles. This refers
to both the dependence of s on the concentration and to the
extrapolated values of the sedimentation coefficients (see also
Taebles 1 and 2),

Diffusion Coefficients
of the Rlbosomes

Since the diffusion cosfficienty; like the sedimentation
coefficient, depends on the concentration, it is also necessary
to obtain its vealue at infinite dilmtion. For the same reason
as mentioned in the discussion of sedimentation coefficients, two
sets of plots were made in the same marmer as described in the
rrevious section. The results are shown in Tables 1 and 2, Again,
since the films from the ultravioclet optics (very dilute solutions)
did not lend themselves to accurate measurements, the data are
limited to computations using the schlieren runs,

Since the components were not well resolved, the deter-
mination of the diffusion coefficients was somewhat more difficult
as compared to the determination of the sedimentation coefficients,

mostly due to the difficulty involved in the tracing of the
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Table 1, Sedimentation coefficients, diffusion ccefficlents, and
molecular weights of the ribosomes from OD,so Plots,

Organism 825(S) 20 Mol. Wt.
(om?/sec x107) (gm/mole x 10~¢)
29.8 2.84 0,8
49,5 2.05 1.7
B. ldchemiformls 7640 2,24 2.4
100.,2 1.50 4.8
58,6 2,20 1.9
B. pamilus 73.2 2.15 2.4
89.8 1.36 4.7
%.o -
B. sp. (X-1) 65.4 2,15 2.2
82,8 1.50 4.0
52.2 2,12 1.8
B. stearothermophilus FJW 70.4 2,00 2.5
1034 1.58 L7
54.1 2.65 1.5
B. stearothermophilus 10 71.3 2.10 2.4
105.8 1.60 L7
53.0 2.25 1.7
B. stearothermophilus 2184  73.0 - 2.25 2.3
103.0 1,64 .5
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Table 2, Sedimentation coefficients, diffusion coefficients, and
molecular welghts of the ribosemes from area plots.

W

Qrganism Sag(S) DZO Mol., Wt,
(em?/sec x107) (gm/mole x10~¢)
29,8 2,65 8,0
494 1.95 1.9
B. licheniforrdis 76,0 2.25 2.4
100,1 1.55 4,6
58,6 2,05 2,0
B. pamilus 7347 2.11 2.5
90.2 1.30 5.0
46,6 - -
B. sp. (X-1) 65.2 2,19 2,1
84,0 1.54 3.9
52.8 2,26 1.7
B. stearothermophilus FJW 70.1 1.93 2,6
102.8 1.68 LN
54,7 2,66 1.5
B. stearothermophilns 10 1.4 2,10 2.4
105.1 1.50 5.0
53.1 2,33 1.6
B. stesrothermophilus 2184 4.0 2.25 2.4
102,0 1.70 4,3
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various areas.
As far as the diffusion coefflcient ls concerned, there
appears again to be no major difference between the ribosomes

from the mesophiles and those from the thermophiles.
Molecular weights of the Ribosomes

The molscular weight of a macromolscule can be calculated
from its sedimentation and diffuslion coeffieients, using the
Svedberg equation, as described before. The results are showm
in Tables 1 and 2., The density of the solvent was measured with
a Weld pyenometer at 30.0°C, and found to be 0,9963. The density
of water at that temperature is 0.9956, Hence the ratio of
P solvent//o H,0 at 30.0°C is 1,0007. Since the solvent is a
dilute aquecus solution, this ratio is essentially independent of
temperature over a narrow range of temperatures. Consequently,
the density of the solvent at 20.0°C can be calculated from this
ratio and the known density of water at 20,0°C, The value cal-
culated and used in the Svedberg equation is 0.9989.

The partial specific volume was calculated from the
composition of the ribosomes. Stenesh and Yang (13) have shown
that all of the ribosomsl preparations consist of about 45% KNA
and 55% protein., Since the various ribosomal particles are
generally aunite similar in their content of protein and RNA, the
partial specific volume (V) can be calculated from the above

composition data, Assuming a % value of 0.74 for protein and
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0.57 for RNA (25), the v for the ribosomes turns out to be
0,66 ml/gm.

The calculsated molecular weights are given in Tables 1 and 2,
It can be seen that the 70 S ribosome has a molescular weight of
about 2,5 million. This value, and the values for the other
ribosomes, are similar to those reported for the ribosomes of
E, coli (15). Again, there was no major difference between the
molecular weights of the ribosomes from the mesophiles and those
from the thermophiles.

The maximmm error in the molecular weight for the 70 S
particle is estimated as being I 3%, based on an estimated maximum
error of £0.3% for the sedimentation coefficient and an estimated
maximum error of £2.5% for the diffusion coefficient. The
maximal error for the other ribosomal particles are of a similar

mgnihlde .
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SUMMARY

Ribosomes were isolated from six strains of Bacillus. Three
of these were mesophilic strains ¢ B. licherifermis (NRS 243),

B. pumilus (NRS 236), and B, sp. (X-1l), and three were thermo-
philie strainss B. stesrothermophilus (FJW, 10, 2184).

A1)l the ribosome preparations were shown to contain a
ribomclease activity similar to the one found in assocliation with
many other ribosomss.

Studies on the ribosome breakdown showed that the ribosomes
from the mesophiles are less stable at temperatures above 60°C
than are those from the thormephiles.

The zedimentation coefficients of the ribosomes were
determined and the ribosomes were found to have components with
sedimentation coofficients of 30, 50, 70 and 100 S; which are
similar to those reported fer bther ribosomes from Bacillus,

Determinations of the diffusion coefficlents of the
ribosomes were also made.

The molecular weights for the various components of the
ribosomes were caloulatsd according to the Svedberg equation,
using the data obtained for the sedimentation and diffusion
coefficients, The monomers (about 70 S) had a molecular weight of
about 2, 5 million, which is clese to the molecular weight of E. coll
70 S ribosomes,

38
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The ribosomes from the mesophiles did not differ
significantly in their physical parameters as compared to the

ribosomes from the thermophiles.
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