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SUMMARY

The 61-5 and 42-S ribosomal subunits of the cellular slime mold, D.discoideum, were
transformed to slower sedimenting particles under the influence of high concentrations of
KCl, NaCl and LiCl. When the ribosomal subunits were treated with various concentrat-
ions of KCI under the different conditions, they were converted to a series of particles
having the sedimentation coefficients of 50, 46, 38 and 36 S (from the 61-S subunit), and
of 38, 29, 25 and 23 S (from the 42-S subunit). The KCl-induced conversion was depe-
ndent on the concentration of potassium ion and was partially reversible on addition of
magnesium. On treatment of the ribosomal subunit with 0.5 M NaCl or LiCl, the 61-S
subunits were converted to 42-S particles and the 42-S subunits to 25-S particles. The
KCl-treated ribosomes were more sensitive to the degradation by pancreatic RNase than
normal ribosomes. The salt-induced conversion of ribosomes occurred without loss of ap-

preciable ribosomal protein or degradation of ribosomal RNA.

INTRODUCTION

The cellular slime mold,Dictyostelium discoideuwm,has 83-Smonomeric ribosomes which
are dissociazted into 61-5 and 42—8, ribosomal subunits containing 26-S and 17-S rRNA,
r'espectivefy‘. Previously we repc)rted5 that the sedimentation coefficients of ribosomal subu-
nits of this organism were greatly decreased under the influence of 0.5 M KCI, NaCl or
LiCl in the presence 0.1 mM Mg+ *_acetate.

The present paper is concerned with some observations of the ribonucleoprotein parti-
cles derived from ribosomal subunits by treatment with KCIL NaCl and LiCL It will be sh-
own that the ribosomal subunits are converted to particles with lower sedimentation
coefficients under the influence of these salts without the dissociation of protein and RNA,

and that the KCl-induced conversion is partially reversible on addition of magnesium.

MATERIALS AND METHODS
Culture of organisms and isotope labeling

Amoeba cells of Dictyostelivm discoideum,strain NC-4 (haploid), were grown in liquid
medium containing dead Escherichia coli cells as previously des‘.cribed:5

For labeling RNA or protein of ribosomes, exponentially growing cells were exposed to
[HC]uracil (3 #Ci/ml of culture),*H)uridine (30 #Ci/ml of cultur'e)or[“(','}lysine (3.5 ,Ci/ml
of culture) for 24 h (about four generations). Labeled cells were harvested in a late log-
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phase of growth, washed four times by centrifugation with cold standard Tris-K -Mg



buffer(10mM Tris-HCI(pH 7.6}, 25 mM KCI and 0.1 mM Mg" —acetate) to remove dead
bacterial cells and stored at -300C until use. E.coli B cells exponentially grown in minimal
Tris-glucose medium6 were labeled with (*H)uridine 5 uCi/ml of culture) 'or[szp]m'thuph—
osphate ( 3 uCi/ml of culture) for three generations and then harvested with the above
buffer.

Preparation of ribosomal subunits and RNA

For preparation of the 61 S and 42-S ribosomal subunits, thu crudg extract which had
been prepared, as desc‘ubed muwoubly with standard Tris- 3 Mg buffel from cells la-
beled with radioactive compounds was centrifuged on a sucrose gradient using an SW25.1
rotor of Spinco L2 ultracentrifuge. After centrifugation, the gradient was fractionated into
the appropriate numher of tubes and 0.05 ml portion in each tube was taken to determine
the radioactive profile. Fractions corresponding to 61-5 and 42-S ribosomal subunits were
pooled and used as ribosome samples. The same procedure was applied for the prepara-
tion of E.coli ribosomal subunits.

RNA was extracted by the sodium dodecyl sulfate-phenol method from the pooled fra-
ctions of ribouncleoprotein particles isolated by sucrose gradient centrifugation. All opera-

tions were done at 2-4°C.

Salt itreatment of ribosomes

Ribosomal subunits were incubated with various concentrations of salts in the presence
of 0.1 mM Mg "-acetate and 10 mM Tris-HCI (pH 7.6) for 1 h at 0°C. At the end of in-
cubation, the reaction mixture was dialvzed twice against 1000 volumes of standard Tris-
Kti\llg++ buffer in the cold for 3 h to remove excess salts and then analyzed by sucrose

gradient centrifugation.

Sucrose densily-gradient centrifugation

Sucrose density-gradient centrifugation was conducted with an SW 25.1 or SW 50L ro-
tor of a Spinco L2 preparative ultracentrifuge. Appropriate volume of the sample was la-
vered onto the top of a 27 ml (SW 25.1) or 4.7 ml (SW 50L.) linear sucrose gradient
and centrifuged under the conditions indicated in the legends of the respective Figures.
After centrifugation, the tube content was fractionated into 30 to 35 fractions using the
apparatus devised by Oumi and Osawa’ For the determination of the absorbance profile
two ml of water were added to each fraction and the absorbance of each at 260 my was

measured.

Measurement of radioaclivity
Ribosomal particles or RNA were precipitated in cold 10% trichloroacetic acid-5% acetone.

YVeast RNA was added to each fraction as a carrier at the final concentration of about
SOigg/ml hefore the addition of trichloroacetic acid. The precipitated material was collec-
ted on a glass fiber filter (Whatman GI'/C) and washed with cold 5% trichloroacetic acid.,

The filter was dried and then placed into a vial containing toluen based scintillation fluid



for measurement of radioactivity in a Beckman liquid-scintillation spectrometer. The radio-
. .)a 14, .
activity in the sample doubly labeled with "H- and C-compounds was counted with an

. . . : 14 . .
aid of the double setting of "H and =~ C as described previously.®

Radioactive compounds
[SH]UI'IC“HC (20 Ci/mmole), [l'IC]ura(:il (59 mCi/mmole) and L—[HC]lysine (165 mCi/
mmole) were obtained from Schwartz BioResearch, Inc.,Orangeburg, N.Y.. and f32p]m‘t|mp_

hosphate from the Radiochemical Center, Amersham, England.

RESULTS
Sedimentation properties of ribosomal subunits treated with KCI

To examine the KCl-induced modification of the sedimentation properties of ribosomes,
61-S or 42-S ribosomal subunits which had been prepared from cells labeled with fHC]
uracil were incubated with various concentrations of KCl in 10mM Tris-HCI(pH 7.6) and
0.1 mM M,c;f'jicetate for 1 h at 0°C. The incubation mixture was then dialyzed against sta-
ndard Tris-K +—Mg‘r7buffer' and centrifuged on sucrose gradients with [3H]uridine—1abe}ed
L.coli ribosomes as a marker so that the sedimentation coefficients of KCl-treated ribosom-
es could be estimated. The sedimentation profiles of 61-S and 42-S ribosomal subunits
treated with KCI are shown in Fig.l. When 61-S subunits were treated with 0.15 M KClI
(Fig. 1b), they were mostly converted to particles sedimenting at about 46-S¥0n treatment
with 0.5 M KCI (Fig. 1c¢), homogeneous particles of approx. 38-S were obtained. When the
concentration of KCl was raised to 2 M (Fig. 1d), 61-S subunits were quantitatively con-
verted to particles with the sedimentation coefficient of 36-S. With the 42-S subunit, three
discrete particles having the sedimentation coelficients of about 29 S, 25 S and 23 S were
produced by treatment of the subunit with 0.15,0.5 and 2 M KCI respectively (Fig. 1f-1h).
However, no change in the sedimentation coefficient of ribosomal subunits was observed
when the concentration of Mg was 10 to 50 mM on treatment of ribosomes with 0.5 M
KGL

There are at least three possible explanations for decreasing sedimentation coefficients
of \ibosomal subunits treated with KCL One is the breakdown of ribosomes due to part-
ial degradation of rRNA. The second is the release of ribosomal proteins from ribosomes
sufficiently to account for the“cjlec_rea:;-f.4 :])f sedimentation values, as found in E.coli ribo-
somes after treatment with CsCl :r LECi.BTbo ’third is the unfolding of ribosomes, as ob-
served with E.coli ribosomes by many urorklg;s%z In order to examine these possibilities, the
following two experiments were performed.

RNA was extracted from a series of KCl-treated particles derived from [HC]uracilvlav
beled ribosomal subunits and analyzed by sucrose gradient centrifugation with unlabeled
26-S and 17-S rRNA as a marker. Fig.2 shows the sedimentation profiles of RNA com-
ponents of the 38-S and 25-S particles obtained respectively from 61-S and 42-S subunits
by teatment with 0.5 M KCL It can be seen that no breakdown of rRNA occurred during
the incubation of ribosomes with KClL The same result was obtained with RNA's from

other KCl-treated particles. These results indicate that all KCl-treated particles contain in-



tact TRNA molecules.
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Fig. 1. Sucrose density-gradient centrifugation of 61-5 ribosomal subunits (a-d) and 42-S subunits (e-h)
after treatment with various concentrations of KCL []4(3]u1'ac[1-lal)ele(l 61-S or 42-S ribosomal subunits
were prepared from exponentially growing cells and incubated with various concentrations of KCI in the
presence of 0.1 mM M;;r —acetate and 10 mM Tris-HCl (pH 7.6),as described in Materials and Methods.

e
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After incubation for 1 h at 0°, the reaction mixture was dialyzed against Tris-K -Mg buffer for 3h,

. . T . - . . B W%
mixed with [* H)uridine-labeled E. coli ribosomes as a marker and centrifuged in a 10-25%(w/v) linear
sucrose gradient (27 ml) made with the above buffer using an SW 25.1 rotor. Centrifugation was at 24
500 rev./min for 9.5 h at 4°. The concentrations of KCI in the incubation mixture were : (a) and (e)

0.025 M. (control), (b) and (D 0.15 M, (¢) and (g) 0.5 M, (d} and (h) 2 M.@—@ , “C:O--Q, *H.



In another series of experiments, 61-5 or 42-5 ribosomal subunits which had been pr-
epared from cells doubly labeled with[MC]Iysine and[BH]uridine were treated with KCI
according to the procedure described in the above and then run on sucrose gradients.
As shown in Fig.3, the radioactive peaks of "¢ and *H coincided well with each other.
The ¥ C/*H ratio of a series of KCl-treated particles was nearly equal to that of normal
ribosomes (see Table 1). These results suggested that no ribosomal protein was released
from the original ribosomes during the KCl-treatment. Thus the above findings demonstr-
ate conclusively that the decrease of the sedimentation coefficient of ribosomal subunits by

KCl treatment is mainly due to the unfolding of ribosomes.

Fig. 2.
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Fig. 2. Sucrose density-gradient centrifugation of RNA prepared from 38-S particles (a) and 25-S par-
ticles (b) derived respectively from 61-S and 42-S subunits by KCI treatment. (a)(*CJuracil-labeled RNA
from 38-S particles; (b) [MC]uracil—labeIed RNA from 25-S particles. RNA sample was mixed with unla-
beled 26-5 and 17-S rRNA’s and then centrifuged on a 5-20% (w/v) linear sucrose gradient (4.7 ml)in
10 mM Tris-HCl (pH 7.2) containing 50 mM NaCl and 10 gg/ml polyvinyl sulfate. Centrifugation was
at 39 000 rev./min for 5 h at 6° using an 50L rotor. @—@ , "C; O---0O , AZ60 mp

Sensitivity of KCl-treated ribosomes to RNase
The sensitivity of KCl-treated ribosomes to pancreatic RNase(IZC 2.7.7.16) was compar-
ed with that of normal ribosomes. In this experiment, normal and KCl-treated ribosomal

. . oyl . ; . P
subunits which were labeled with(" CJuracil were incubated with RNase at 23°C. As shown



in Fig.4, the KCl-treated ribosomes were more susceptible to the degradation by RNase
than normal ribosomes. The difference in RNase sensitivity among these ribosomal part-
icles is probably ascribed to the conformational change of ribosomes.

Fig. 3.

T _—
o e
, ©
< X
£ =
E <
K £
g u
[=] c
] 3
I [8]
) Q
- ? {2

|

| 4

i ' X

13 .

| ; LR

'I' 1

i {

P !

P o

| ]
o) 0 20 300 0 20 300 |0 20 30

Fraction No.
Fig. 3. Sucrose density-gradient centrifugation of normal and KCl-treated ribosemal subunits doubly la-
beled with [MCllysine and (®H)uridine. (a) 61-8 ribosomal subunits, (b) 46-S particles from 61-5 subu-
nits, {e) 38-S particles from 61-S subunits, (d) 42-5 ribosomal subunits, (e) 29-5 particles from 42-5

subunits, () 25-S particles from 42-S subunits. The preparation of each particle and the condition for
sucrose gradient centrifugation were as for Fig. 1. @—® . (“Clprotein: O--O, [*HIRNA.
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Table 1. Properties of ribonucleoprotein particles derived from ribosomal subunits of /.

discoideum after treatment with KCI, NaCl and LiClL

Kind and S-value™ of RNA components Relative valué ® of the

concen.(M) particles of particles ratio of (MClprotein/

of salts obtained [:{H] RNA in the pa-
ricles

61-S subunit series

KCl  0.025 61 26-8 rRNA, 4-5-S RNA" 1.00
0.025 504 26 S
0.15 46b 26 S 1.04
0.50 38 26 S 0.97
2.00 36 26 S

NaCl 0.50 42 26 S 1.04

LiCl 050 42 26 S 1.06

42-5 subunit series

KCl  0.025 42 17-S rRNA 1.00
0.025 38b 17 8
0.15 29 17 S 1.02
0.50 25 17 S 1.03
2.00 23 17 §
NaCl 0.50 25 17 S 0.98
LiCl  0.50 25 17 S 0.96
LS Only s-value of the particle which was predominantly produced is indicated.

# % Calculated by the ratio of Mo /Y of radioactive peaks shown in Figs. 3 and 7.

a Produced by treatment with 0.025 M KCl in the presence of 0.5 or 1.5 mM M;z;H for 80 h at 0"
b Produced by treatment with 0.025 M KCI in the presence of 0.1 mM Mg++ for 80 h at 0"
c See Fig. 4 in the paper of Iwabuchi et al®

Reversibility of unfolded particles by magnesium

The partial or complete re]x;)ehm]?’nmozi unfolded E.coli ribosomes to the refolding state has
been reported by several workers. Attempts were then made to examine whether or
not unfolded ribosomes produced by KCI treatment can be reversed to folded particles by
the addition of magnesium. Unfolded ribosomes were isolated from(**Cluracil-labeled sub-
units treated with KCl by sucrose gradient centrifugation. The KCl-treated particles so oh-
tained were dialyzed against various concentrations of M§+in 10 mM Tris-HCI (pH 7.6)
and 25 mM KCI for 16 h and the centrifuged on sucrose gradients in the same buffer as
used for dialysis with[aH]uridine—labeled 61-5 or 42-S subunits as a marker. When the

38-5 and 46-S particles derived from 61-S subunits were dialyzed against 1.5 mM (or 5



mM) MgH (Figs. 5a and 5h), they were reversed respectively to 46-S and 50-S particles,
but not to 61-S particles. The 25-5 particles from 41-5S subunits were reversed to 29-S8
particles on dialysis against 0.5 mM (or 1.5 mM) Mng P(Fig.Sc), but the 29-S particle was
unchanged with its sedimentation coefficient even by dialysis against 5 mM Mng‘f. The
above results indicate that the unfolding of ribosomes by KCl is partially reversible on

addition of magnesium.

Fig. 4.
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Fig. 4. Effect of RNase on KCl-treated ribosomal subunits. Normal or KCl-treated ribosomal subunits
were incubated with pancreatic RNase at 23°. The incubation mixture contained, in 5 ml, 50 pmole Tris-
HCIl (pH 7.6), 0.5 wmole Mé+ —acetate, 125 pmole KCI, 1.1 mg of normal or KCl-treated ribosomes la-
beled with [MCluracil, and 1.5 sug of pancreatic RNase (3 x crystallized, from Worthington Biochem.).
At indicated times after the addition of the enzyme 0.5 ml samples (with duplicates)were taken and pr-
ecipitated in cold 10%trichloroacetic acid-5%acetone. Percentage degradation of ribosomal particies was
1

calculated by the amount of C-radioactivity of the acid soluble fraction. (a) 61-S subunit series.

O—0 ., Normal ribosomes; ¥—-23x . ribosomes treated with 0.15 M KCl; @—@ .ribosomes tre-
ated with 0.5 M KCL

Unfolding during the storage of ribosomes

In many cases, the 61-S subunits purified by sucrose gradient centrifugation were in



part converted to 50-5 particles during recentrifugation on a sucrose gradient in standard
Tris-K' ~Mg: ' huffer(e.g.Fig. la). Then examined whether the sedimentation coefficient dec-
reases during the storage of ribosomes. (**C)Uracil-labeled 61-S or 42-S ribosomal sub-
units were placed in 10 mM Tris-HClHpH 7.6)-25 mM KCIl containing 1.5, 0.5 or 0.1 mM
Mg " _acetate for 80 h at 0°C and then run on sucrose gradients in the same buffer with
61-5 or 42-5 subunits freshly prepared from cells labeled with (*Hluridine. At 1.5 and
0.5 mM I\/[g,+ F, 61-S subunits were partially transformed to 50-S particles(Fig.6a and 6b)
while at 0.1 mM Mg“r they were converted to 46-8 paticles (Fig. 6¢). The 42-S subunits
were converted to 38-S particles when the concentration of M§ " was 0.1 or 0.5 mM(Fig.
6d), whereas at 1.5 mM l\'1g++rhe sedimentation coefficient of the subunit was not changed.
The sucrose gradient analysis of RNA’s  prepared from these particles indicated that no
fragmentation of rRNA occurred during the storage of ribosomes(data not shown). Thus
the unfloding of ribosomal subunits seems to occur during the preservation of ribosomes

at low concentrations of magnesium.

Fig. 5.
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Fig. 5. Sucrose density-gradient centrifugation of ribonucleoprotein particles obtained from KCl-treated
ribosomes by dialysis against various concentrations of Mg " . The 38-S and 46-S particles (derived
from 61-S subunits) and 25-S particles (from 41-S subunits)were isalated from [ '“Cluracil-labeled ribo-
somes treated with KCI by sucrose gradient centrifugation. These particles were dialyzed against 0.5,
15 or 5 mM Mg -acetate in 10 mM Tris-HC! (pH 7.6)-25 mM KCl. After dialysis for 16 h at 2-3°,
the diffusate was mixed with [ *HJuridine-labeled 61-S or 42-S subunits as a marker and centrifuged on
a 10-25%(w/v) sucrose gradient in the above buffer using an SW 25.1 rotor. Centrifugation was at 24
500 rev./min for 9.5 h at 4°. (a) Reconversion of 38-5 particles to 46-S particles by dialysis against
1.5 mM (or 5 mM) Mg ', (b) reconversion of 46-S particles to 50-S particles by dialysis against 1.5
mM (or 5 mM) Mg, (¢} reconversion of 25-S particles to 29-5 particles by dialysis against 0.5 mM
(or 1.5 mM) Mg'* . @—@ | "“c, OO . *H.



Fig. 6. Changes of the sedimentation coefficients during the storage of ribosomal subunits. [MC] Ura-
“in 10 mM Tris-HCI

cil-labeled

Fig. 6.
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ribosomal subunits were stored for 80 h at 0

s = = U

3H counts/min (X 1073)

(pH 7.6)-25 mM

KCl

containing _-\'lg1 —acetate of 1.5 mM (a), 0.5 mM (b) and 0.1 mM (¢ and d). Samples were then cen-

trifuged on 10-25% (w/v) sucrose gradients in the same buffer with [*HJuridine-labeled 61-S or 42-S

subunits as a marker. Centrifugation was at 24 500 rev./min for 9.5 h at 4° using an SW 25.1 rotor.

(a)-(¢) 50-S and 46-S particles derived from 61-S subunits, (d) 38-5 particles derived from 42-5 sub-

units. @—@
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Unfloding of ribosomes by NaCl and LiCl

To exemine the effect of NaCl or LiCl on the structure of

10 —

ribosomal

subunits ,

the



mixture of 61-S and 42-5 subunits doubly

incubated with 0.5 M NaCl or LICI containing 10 mM Tris-HCl (pH 7.6) and 0.1 mM

. 14 . P T
labeled with [ "C) lysine and [ "H] uridine was

Mg * _acetate. After incubation for 1 h at 0°C, the incubation mixture was dialyzed ag-
ainst standard Tris-K *I—TVI}.',T "buffer and then centrifuged on a sucrose gradient  with
[:gzljj—labele(l E.coli ribosomes as a refernce. As shown in Fig.7, the mixture of 61-5
and 42-S subunits after treatment with NaCl or LiCl was converted to particles sedi-
menting at approx. 42-S and 25-S. Examination of RNA's extracted from NaCl-treated
particles revealed that the 42-S and 25-S particles have 26-5 and 17-S rRNA, respe-
ctively (Fig.8). The same result was obtained with RNA's from LiCl-treated particles.
Therefore, the 61-S subunits would be converted to 42-5 particles and the 42-S sub-
units to 25-S particles. As shown in Fig7 and Table 1, the ratio of “C/3H in the 42-S
or 25-S particles was almost the some to that in the original ribosomal subunits.  The

above results indicate that the unfolding of ribosomes is induced by NaCl and LIiCL

Fig. 7.
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Fig. 7. Sucrose density-gradient centrifugation of ribosomal subunits after treatment with 0.5 M NaCl
{a) and 0.5 M LiCl (b). The mixture of 61-S and 42-S subunits of which protein and RNA moities
had been labeled respectively with [14(']{_\'5irw and [ *Hluridine was incubated with 0.5 M NaCl in the
presence of 0.1 mM MgH —acetate and 10 mM Tris-HCI (pH 7.6). After incubation for 1 h at 0°,
it was dialyzed against standard Tris-K -Mg ' buffer and then centrifuged on a sucrose gradient with

32 1 ; ) . . . . . .
P-labeled f.coli ribosomes as a reference. The conditions for centrifugation was as for Fig. 1.
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Fig. 8. Sucrose density-gradient centrifugation of RNA prepared from 42-8 particles (a) and 25-3
particles (b} obtained from the mixture of 61-S and 42-S ribosomal subunits by NaCl treatment. (a)
[®*H)Uridine-labeled RNA from 42-S particles, (b) [ *HJuridine-labeled RNA from 25-S particles. RNA
sample was mixed with [“CJuracil-labeled 26-S and 17-S rRNA's and centrifuged on a 5-20% (w/v]
sucrose gradient in 10 mM Tris-HCI (pH 7.2) containing 50 mM NaCl and 10 wg/ml polyvinyl sul-
fate. Centrifugation was at 24 000 rev./min for 14 h at 6 using an SW 25.1 rotor. @—4@ . *H;
O=D M

DISCUSSION o

It has been demonstrl‘?i]é?i that the conformation of E.coli ribosomes changes when they
were placed in magnesium free buffer or treated with EDTA or with some inorganic salts.
The present experiments showed that the 61-S and 42-S ribosomal subunits of D.discoi-
deum were converted to particles having lower sedimentatation coefficients under the in-
fluence of high concentrations of KCl, NaCl or LiCl.  When subunits were treated with
various concentrations of KCIl., they were converted four discrete particles. The KCl-in-
duced conversion was dependent on the concentration of potassium ion. Since examination
of RNA's from salt-treated particles revealed the presence of 26-S or 17-S rRNA of
normal size, and since the experiments of double labeling with ( *H)uridine and(**C)lysine
showed that there was no significant loss of ribosomal protein from these particles, it is
reasonable to conclude that the decrease of the sedimentation coefficient of ribosomal sub-

410_



units is due to the conformational change of ribosomes, which has heen termed “unfolding”,

However, the possibility remains obscure that minor ribosomal proteins which were not
detected by double labeling technique were released from ribosomes, and that the remo-
val of small amount of proteins (filél?;?(i]q %%g;kecl changes in the sedimentation coefficient.

Several investigators have 1‘6‘;)()1‘]&‘(} that the unfolding of ribosomes in E.coli was co-
mpletely or partially reversed on addition of magnesium. In this experiments, a partial
reversibility of the unfolding process was observed when unfolded ribosomes produced hy
KCl treatment were dialyzed against high concentrations of magnesium. Thus the KCl-in-
duced conversion of ribosomal subunits of [.discoideum may occur as follows:

61-S subunit series: 61S — 505 2= 46S =2 38S — 365

42-5 subunit series: 425 — 388 — 295 2 258 — 235

The experiments also showed that NaCl or LiCl induce the unfolding of ribosomes.
However,it is not clear why KCI,NaCl and LiCl change the conformation of ribosomes.
One possibility is that K, Na or Li'can displace magnesium in ribosomes, thus result-
ing in the depletion of magnesium in ribosomes which induce the conformational changes.
This assumption may be supported by the experimental results obtained in the previous
and present studies;(1) D.discoideum ribosomal subunits after treatment with EDTA were
transformed to 35-S and 18-S par“cicles,2 (2) the KCl-induced conversion of ribosomal sub-
units to slower sedimenting particles did not occur in the presence of high concentrations
of magnesium, and (3) the unfolding of ribosomes induced by KCl treatment was rever-

sible, although partially, on the addition of magnesium.
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Footnotes
B: 5:
[n this paper, the sedimentation coefficients of ribonucleprotein particles were only app-

. . . . . 9
roximations estimated from sucrose gradients according to Martin and Ames,
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