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ABSTRACT

Ribonucleoprotein particles from the extracts of the dry yeast granules analysed in a
Spinco Model-E Ultracentrifuge showed the presence of six compenents, 6S, 208, 408, 608,
805 and 1008 respectively.  Of these 80S component was the most prominent. The
dimensions of the particles were measured from the unshadowed and shadowed electron
micrographs. The waight average dimensions were 197 X 197 X 183 A.U.,, corresponding to &
molecular weight of 3-36 X 106 with p = 1-5 g/em3. This was in reasonable agreement with
the value of 412 X 108 deduced from sedimentation-diffusion studies,

INTRODUCTION

Considerable evidence has now been accumulated that the ribosomes
present within any cell are the sites of active protein synthesis (McQuillen,
Roberts and Britten 1959; Zalokar 1960). These particles of various size
groups have been observed in the ribosomes isolated from exponentially
growing micro-organisms (Ashikawa 1958; Palade 1958). In the case of
proliferating yeast cells, evidence of the presence of several size groups of
ribonucleoprotein particles has already been obtained (Wolfe 1956; Ashikawa
1958). It was intended to study the relative number of the different size
grotips of ribosomes in the same cells when in dry condition and also to find
the distribution in sizes amongst the most prominent group. With this aim
in view, a detailed ultracentrifugal and electron microscopic analysis has been
done on the ribosomes present in the crude extract from the dry yeast granules.
The present communication reports the results of these investigations.

MATERIAL ANXD METHODS
(@) Preparation of Extract

The yeast used in this work was a selected strain of Saccharomyces cere-
visige in dry granular form manufactured by the Distillers Co., Ltd., Edin-
burgh. About 96%, of the cells were single and the rest in budding condition
as determined by direct haemacytometer counting. ' '

The yeast cells were diérupted by shaking the cells at 0° C with the solvent
(0-0025 M KH,PO,—K,HPO4 (1:4)40-001 M MgSO,+7-5x10"* M CaCl,)
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and 2 mm-sized glass beads. This solvent was used by Chao and Schachman
(1956) in their work on pressed baker’s yeast. Extraction was also done in
another solvent (0-00125 M KH,PO,—K,HPO4 (3:7)40-001 M MgCl,+
0:01 M KCl) used by Wolfe (1956) and Ashikawa (1958) and led to identical
results.

The crude extract of the cells was obtained after centrifugation at 11,650
X g for about 30 min. in a Servall Preparative Centrifuge at 0° C which elimi-
nated the residual unbroken cells, cell debris, large particles, etc. Rough
estimates of the relative concentrations of the extracts were made with the
help of an Abbe refractometer.

() Ultracentrifugal Examinations

The extracts were analysed immediately after preparation, in a Spinco
Model-E Ultracentrifuge using schlieren optics generally at 1-1x105xg at
room temperature (24°-32° C).

(c) Electron Microscopy

For electron microscopic studies, the crude extract diluted to 0-5-1-0
mg/ml with buffer was allowed to settle on the carbon-coated microscope
grids for 10-15 min. An aqueous suspension of polystyrene latex spheres of
average diameter 880 A supplied by Dow Chemical Co., Michigan, U.S. A
was previously added to the RNP solution to aid in focusing, to provide an
internal standard for the calibration of shadow length to height ratio and
also for the estimation of the amount of the deposited metal cap due to shadow-
ing. The grids were then washed in the glass distilled water and dried at
room temperature. Some of the specimens were shadowed with Pt (2:2 cm
of 0-08 mm wire) at a shadow length to height ratio of 5:1. The unshadowed
and shadowed specimens were micrographed with a Siemens Elmiskop I at
60 kV at an electronic magnification of 20,000 X in a through-focus series.

(i) Estimation of dimensions from unshadowed micrographs.—Two measure-
ments were made on the particles from unshadowed electron micrographs.
The particle diameters (d) were first obtained directly from the negative with
a travelling microscope reading up to 0-01 mm. Since the negatives were
made at an electronic magnification of 20,000 X this ensured an accuracy of
about 10A. The mass thickness (px) of the particles was then deduced
from a quantitative measurement of the contrasts in the unshadowed electron
microscopic image (Sobin, Bloom and Zeitler 1959; Burge and Silvester 1960;
Sadhukhan and De 1960). The following relation was used for this purpose :

1 = 1 11
Py = (—)—4-%- Z—V— Wj}l—) ﬁ ;/( O_Dt)‘ .o .. . (1)

where Dy and D, are the photographic densities in the background and the
imaged region of the specimen, (Z*3/4) is the ratio of the atomic number to
3B
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the atomic weight of the specimen and its value is known for most biological
specimens to be 0-95 (Zeitler and Bahr 1957), A is the wavelength of the
incident electron beam in cm and y is the slope of the density-exposure curve
of the photographic plate used.

For 60 kV electron beam and with the measured value of y = 2-8 (Ilferd
Special Lantern contrasty plate), the above relation simplified to

pr = (Dy—Dy)x 191 x103g. em™3. 8, .. .. .. (2

The measurements of blackening densities of the background and the
particles were done from the microphotometric traces across the particles
taken with a Hilger X-ray Recording Microphotometer.

(ii) Hstimation of dimensions from shadowed micrographs.—The particle
heights and widths, both in parallel and perpendicular directions to the shadow,
were deduced from the shadowed electron micrographs in the way shown in
Fig. 1. Polystyrene latex spheres, shadowed simultaneously and in the same

SHADOW
DIRECTION

Fic. 1. Deformation due to metal shadowing and estimation of three dimensions of a particle
(not in scale).

field as the ribonucleoprotein particles, were used for calibration purposes.
The apparent shadow lengths L cast by these latex particles were measured
from the edge of the particles (towards the shadow) up to the apex of the
_shadow. These apparent shadow lengths L® were plotted in a histogram
from which the number average apparent shadow length L was deduced.
To this was added half the mean diameter D/2 of the latex particles obtained
from another histogram based on their unshadowed electron micrographs.
The mean true length of the shadow (L*+-D/2) thus obtained, divided by the
mean diameter D of the particles, gave the corrected shadow length to height
ratio

cot § = (L*+D/2)/D .. .. .. .. 3

as 2:03 : 1 in the place of the estimated ratio of 5: 1.
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The following three measurements were made on the shadowed electron
micrographs of the ribonucleoprotein particles:

(@) apparent dimension parallel to the shadow direction, «f;,
(b) apparent dimension perpendicular to the shadow direction, «f, and

(¢) apparent shadow length [°.

The mean apparent shadow length I* was estimated and the mean height
of the particles deduced from the relation
le+dJ2
e @

b=
where c}/2 was obtained from unshadowed micrographs as stated before. 1, d
and A refer to the ribosomes while L and D refer to the latex spheres.

ExpEriMENTAL RESULTS
(@) Sedimentation Analysis

At low concentration of the extract, the ultracentrifugal pattern showed
the presence of the two well-known 6S and 80S components (Pl. XLIII, a)
(Chao and Schachman 1956; Wolfe 1956). However, when the concentration
of the extract was high, the presence, in traces, of additional components was
also revealed. As the concentration increased, these intermediate com-
ponents became more prominent in the ultracentrifugal pattern (P1. XLIII, 6-f).
Similar intermediate components were observed only in proliferating yeast
cells by Wolfe (1956) and Ashikawa (1958).

The sedimentation rates were calculated from the slope of log = versus
time curves in the usual manner. The uncorrected sedimentation coefficients
of all the components were found to vary between 5S and 8S, 16S and 248, 358
and 498, 528 and 718, and 61S and 868 respectively. In very concentrated
extracts, minute trace of another heavier component was found to migrate
ahead of the 80S boundary (Pl. XLIII, b and ¢). Its apparent sedimentation
coefficient was found to be about 100S. Thus there were altogether six
components in the ultracentrifugal pattern of the extract of dry yeast granules.
These were termed as 6S, 208, 40S, 60S, 80S and 100S components. The 68
and 80S components were the most prominent while the others were present
in traces.

As the 80S component was present in the crude extract to a much greater
concentration compared to others, when the sedimentation rates of 80S
component in crude extract (corrected to water at 20° C) was plotted against
the differences in the refractive indices of the solution and solvent (Fig. 2), a
linear relation was obtained given by

820, w = 79-5 —2641(n,—ny).
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The minimum value of (n—ne)"at which ultracentrifugal analysis was
done was 0-3x107% It was observed that when (n,—no) > 5x107% 80S
component gave rise to a band. Whenever the band width of 80S component
was large, 408 and 60S components were also prominent. With an assumed
specific refractive increment of 0-00188, dSy, ./dc was approximately 5 where
concentration was expressed in (g/100 cm?3). This was slightly less than that
derived from the results of Chao and Schachman (1956).
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Frc. 2. Sedimentation rate (Sgg, «) of 805 component in the crude extract as a funetion of the
differences in refractive indices (ns—ng) of solution and solvent.

The diffusion coefficient was estimated from the measurement of the
second moment of the boundary gradient curve of the 80S component. This
yielded a value of Dy, , = 143X 1077 cm2/s. These values of S and D led to a
molecular weight of 4:12x105 with ¥ = 0-67, which was in satisfactory
agreement with the molecular weight of 80S component found by Chao and
Schachman (1956) from sedimentation and viscosity analysis.

(b) Electron Microscopic Analysis

(i) Dimensions from‘ unshadowed micrographs.—A representative electron
micrograph of the individual ribonucleoprotein particles from the extract is
reproduced in Plate XLIV(a). The population consisted of very small particles
approximately spherical but of variable sizes. Some big clusters were also
noticeable. The dimensions of about 800 particles (taken from different
fields) were measured from such unshadowed electron micrographs. Fig. 3
shows the distribution of the measured diameters with a number average
diameter d = 187446 A. Tt was found that the distribution could be repre-
sented by a Poisson curve.

The mass thicknesses of the particles (px) were also deduced from the
differences in the blackening density between the images of the particles and
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their background. TFig. 4 shows the distribution in mass thicknesses of about
270 particles, from which the number average value of mass thickness was
found to be 276496 (g/ocm3 A). With an assumed density p = 1-5, the cal-
culated number average thickness of the particles was # = 184464 A. Thus
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Fie. 3. Histogram showing the distribution in particle diameters (d) as obtained from the
unshadowed electron micrographs. The continuous curve represents the Poisson’s
distribution.

on the basis of these two measurements, the particles seemed to have about
the same thickness as their maximum diameter, i.e. they were nearly spherical.
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Fic. 4. Histogram showing the distribution in particle mass thickness (pr) as obtained from -
the unshadowed electron micrographs.
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(ii) Dimensions from shadowed electron micrographs.—Plate XLIV(b) shows
a typical electron micrograph of the shadowed individual ribonucleoprotein
particles from the extract. Fig. 5 gives the distribution in the apparent
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Fic. 5. Histogram showing the distribution in apparent particle shadow lengths (%) as obtained
from the shadowed electron micrographs.

shadow lengths I* as measured from about 200 particles, the number average
being I* = 263442 4. The true number average height obtained from
equation (4) was h=175421A.
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Fig. 6, Histogram showing the distribution in apparent particle widths (“’:1) along the shadow
direction.
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The distributions in the measured values of the apparent dimensions
parallel and perpendicular to shadow direction are shown in Figs. 6 and 7
respectively with the number average values

o’ = 2394514 and o} = 2504574
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Fra. 7. Histogram showing the distribution in apparent particle widths (w:) perpendicuiar
to the shadow direction.

It can be seen that the values of the average apparent particle widths
are 70-80 A larger than the corrected average particle height k. This ex-
aggeration in the width was certainly due to the accumulation of the shadow-
ing metal on the particle surface. From control experiments with 880 A
latex spheres, it was found that the thickness of the build up, both parallel
and perpendicular to the shadow direction, amounted to about 65 A under
the shadowing geometry and conditions adopted in the present work. If
this thickness was deducted from the measured average values, then the
corrected dimensions of @;; and @, came out to be @;; = 174437 A and
@, = 194443 A respectively. The corrected dimensions were, therefore, in
good agreement with that obtained from the unshadowed micrographs. This
exaggeration in the particle width in shadowed electron micrographs was in
reagonable agreement with that reported earlier by Hall and Slayter (1959)
and Hall (1960).

Discussion

In columns 1 and 2 of Table I are given the number-average and weight-
average values of d, &, @1, @; and h as obtained from the present work. d
and % were obtained from the unshadowed micrographs and &;,, @; and &
from shadowed electron micrographs after corrections. -
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The electron microscope, therefore, provides three independent measure-
ments of the dimensions of the particles perpendicular to the electron beam
(i.e. d, @11 and @;) as given in rows (1), (3) and (4) of Table I. These values

TasrLe [

Size and molecular weight of the ribonucleoprotein particles

Size Molecular weight
Number Weight Electron Physico-chemical
Average A Average microscopic data data -
1 2 3 4
Dimensions d 187 198
from
unshadowed
micrograph z 184 211 3:36 X 108 412 X 108
Dimensions wyy 174 185
from
shadowed Wy 194 206
micrograph 2 175 183

are very close to each other. The weight average mean dimension may be
taken as 197 A. Regarding the dimension along the beam, there were two
independent measurements z and k. These values differ appreciably from
each other. However, the measurement of z is based on the theoretical
estimate of scattering cross-sections and also of an assumed density p =15
for dry specimens. On account of these reasons the estimate of height &
from shadowed micrographs is believed to be more reliable. Combining the
values of 197 A as diameter and 183 A as height the average molecular weight
was found to be 3-36 x 108.

The measured molecular weight of 4-1x10% obtained from the physico-
chemical methods was, therefore, slightly higher than that obtained from
electron microscopic results.

This difference is caused by the presence, in traces, of the low molecular
weight components in the electron microscopic data and due to some shrink-
age during preparation of specimens for electron microscopy.

Chao and Schachman (1956) and Wolfe (1956) reported only 6S and
808 components in the extracts of pressed baker’s yeast and non-proliferating
yeast respectively. In this work the extraction was done in the same solvents
as used by these workers which had been found to be very suitable for the
stability of the 80S component. However, in spite of using the same solvents
this work shows definitely that in addition to 68 and 808 components other
components are also present in the extract from dry yeast granules,
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The traces of 40S and 60S components can be seen even in Chao and
Schachman’s paper on minute observation and 20S peak is present in Fig. 1
of Wolfe’s work. Hence it is certain that dry yeast contains several other
components besides 6S and 80S. The presence of a high molecular weight
component 1008 in the crude extract also proves the stability of the 808
component.
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ExprLaNATION OF Prate XLIII

(#) Sedimentation pattern at low concentration of crude extract from dry yeast granules
showing 65 and 80S components after 6 min. at 31,410 revjmin. Schlieren bar
angle is 40°.

(b)—(f) Sedimentation patterns at high concentration of crude extract from dry yeast
granules showing six components. Photographs taken at 39,460 rev/min., (b)
after 7 min., 45°; (¢) after 11 min., 35°; (d) after 15 min., 60°; (e) after 27 min.,
30° and (f) after 46 min., 50°.
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Electron micrographs showing the individual ribonucleoprotein purticles from the extract of dry yeast
granules. Magnification 60.000 X .
{e) Unshadowed RNP particles,
(b} Shadowed RNP particles.



