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1. Introduciion

The reconstitution of functional E. ¢ofi 30 S ribo-
sornal subunits from their separated components, ie.,
16 8 RNA and purified 30 8 proieins, demonsirated
by Nommwpra et al. [1], showed that assembly depends
solely wpon molecular components ard that it isa
poweriul tool for sindying the structure and function
of this subunit {see ref. {2]). Reconstitution of func-
tional E. cofi 50 S subunits has proven more difficnlt,
possibly because the components of this subunit or
assembled intermediates might be unstable at higher
temperatures which may be necessary for successful
reconstitution. Nomura et al. reconstituted 50 S sub-
units of Bacillus stearothermopl.ilus “hat were active
in polypeptide synthesis, from dissociated RNA and
protein fractions {3]. Presumably, success was depen-

dent, in part, upon heat stability of these componenis.

The report that functional £. coli 30 3 subunits
could be reconstmicted from 50 S prateins, 5 and
23 8 RNA’s [4] could not be verified in his or other
laboratories [2, 5]. We have reported, hewever, the
sequential bindin;g of 30 S proteins to B. coli 23 8
RNA by temperature-dependent steps to form 28, 32,
43 and 48 8 particles [5]. In this paper, proteins as-
sociated with these particles ave cha acterized by 2-
dimensional polyacrylamide gel elevirophoresis and
the effect of Mg®* on the sedimentation of particles
is examined.

2 Mafemals r::md methods

Growth of E. coli MRE 600 (RNAase 17) and prep-
“aration of ; nbosomes, their subunits and mole;ular

: Nprz‘h;ﬂoliénd I’yb‘]i&hing Compzny — Apmisterdam

components have bzen described previously [5]. Radio-
active ribosomes were prepared from cells grown in

¥ Caabelled amino acids (10 pCifml) <asamino acid
concentration in the medium being reduczd from
B2—0.02%.

Buffer containing 0.03M Tris-HCL pH 74,002 M
Mg acetate, 0.3 M KC1 and 6.0 mM S-mercapiosthanol
131 was used as binding buffer. Ribosomal RNA and
50 8 proieins were mixed in binding buffer such that
1.2 eguivalents of protein were added to szch equiva-
lent of 23 8§ RNA. The final concentration of ribo-
somal RMA was 3.5—-4.0 Agp units/mi. After appro-
priate incubation, the alcohol-precipitated material
was collecied by centrifugation. Reconsiituied par-
ticles were separated from 16 8 RNA by 5-20%
sucrose gradient centrifugation in 0.01 M TrisHCl,
pH 7.8, 0.05M KCl and 1.0 M or 10.0 mM magne-
sium acetate in a Spinco 25.2 rotor. S-values of par-
ticles were estimated in the same buffer by analytical
sucrose gradient centrifugation with **C-labelled ribo-
somal subuniis as internal markers using the method
of O°Brien [6].

Proteins bound to isolated garticics were exiracted
as described previously {5] and anslyzed by 2-dimen-
sional electrophoreszis as deseribed by Kaltschmidt and
Wittrnann [7]. In the first dimension, electrophoresis
was conducted at 100V for 20 hr and in the second
dimension, ai 235 V for 20 hr with a Model 490 ver-
tical gel electrophoresis cell (E-L Apparatus Corp).

3. Resulis and rﬁi;cussioh 7 :
Binding of 50 S proteins 1o 23 S RNA was carried .
out by sequential incubation at 8,37 and 55°C and
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Fig. 1. Sedimentation anakysis of 23 8 RNA—50 8 protein complexes. 12 Aazp units of ribosomal RNA and 9 Azgp equivalenis
of 50 8 proteins were incubsated in 3.5 ml binding buffer sequentially at 0°C for 15 min, 37°C for 15 min, 2nd 35°C for 20 min.
The alcohol-precipitated materizl was disselved in 0.01 M Tris, pH 7.8, 0.053 M KCi, and 1.0 mM or 10.0 mM MgAc, then centri-
foged in 5—20% sucrose gradients in the same buffer containing 1.0 mM MgAc {(A) or 10.0 mM Mgac (B) in a Spinco 8W 50.1
roter for 2.5 hr at 40 000 rpm, with ¥ C-labelled ribosomal subunits and RNA as internal suarkers. Fractions (0.2 ml) were col-
lected, assayed for absorbance at 260 nm. and counted by lignid scintillation method. The arrows indicate the positions of sedi-

mentation of internal markers.

the alcohol-precipiiated material was analyzed by
sucrose gradient centrifugation in low {1.0 mM) and
high {10.0 mM) Mg®* buffer. The resulis {fig. 1) show
that the largest particles formed sedimented at 48 8
in the 10.0 mM Mg?* gradient but only at 43 S in the
low Mg?” gradient. The variability in formation of 48
B particles previously noted [5] may be due to low
Mg?* concentrations used in the analysis system. To
determine if all complexes were similariy affected,
23 S RNA-50 S protein coraplexes were prepared at
various temperahires, then isolated and analyzed in
1.0 mM or 10.0 mM Mg®* buffers (Materials and
methods and legend to fig. 2). The results {(fig. 2)
show that particles isolated ana analyzed in 10.0 mM
Mg** sedimented faster than those in 1.0 mM Mg**.
S-values of particles produced at 0,37 and 55°C in-

creased from 2833 S, 32—37 S, and 43—48 S, re- =

‘spectively, in high magnesimm concentration. .~
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Proteins associated with each of the particles iso-
lated in low and high Mg?* buffers were analyzed by
2-dimensional electrophoresis. The results for the 23,
32,43 and 48 S particles are shown in fig. 3. The pro-
tein patterns and staining intensity of individual pro-
teins of the 28 and 23 8 complexes formed at 0°C
were identical to each other, as were those of the 32
and 37 S particles formed at 37°C, and 43 and 48 8
particles formed at 55°C. Only the protein patiemns
of the 43 and 48 S particles are compared in fig. 3.
‘The resolts indicate that increases in S-values of par-

“ticles in 10.0 mM Mg were probably due to changes

in hydrodynamic properties of particles resulting from-
‘magnssium induced con:fmma*iionaﬂ changes, rather -
than 10 increased binding of protein. This point is im-

* portant since in the binding of 30 S proteins 1o 16 S -

RNA, use of low Mg?* concentrations, under similar

- conditions, leads to nonsp‘éciﬁ;: binding of proteins
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Fig. 2. Sedimentation analysis of the largest isolated particles formed: A) after 15 min at 0°C, 15 min at 37°C and 28 min at 55°C;
B) after 15 min at 0°C and 15 min a1 37°C and C) after 15 min at " C. Thice Angp units of the isclated particles were centrifuged

in 5—20% sucrose gradients in 0.01 M Tris, pH 7.8, 0.05 M XCi, and 1.6 mM MsAc {~---- ) or 10.0 mM MgAc {

) in a Spinco

SW 50.1 rotor for 105 min at 50000 rpm, analysis as described in legend o fig. 1.

{21. Such nonspecific binding was, therefore, not im-
plicatéd in this sysiem.

More importani was the fact that definitive identi-
fication of proteins associated with each particle was
possible. Since the particles formed in differens Mg®
concentrations at a given temnperature appeared to dif-
fer only in conformation, they were identified by S-
values determined in 1.0 mM Mg™, i.e., 28,32 and
43 8 in keeping with previously published data [5].
The results summarized in table 1 identify the pro-
teins associated with each complex according to the
nomenclatnre of Kaltschmidt and Wittmann [9]. The
relative amounts of proteins were estimated by com-
paring the staining intensity of proieins spois with
-that of proteins exiracted from an eguivalent amount

- of 50 S subunits and were scored as described in foot-
note to tabie 1. The proteins could be divided into
3 major groups according i their 2bsence or presence,
and to the relative amounts present in the 3 species
of pa:rtxcles compared to that in 50 S subunits.
The resulis show that biading took place seqnen—

. tially so that more proteins were bound to mmp]e:;es '

with greater Swa]nes, and t2at proteins binding at

higher temperatures apparenily did not dispiace
previously bound proteins. A'large number of pro-
teins were bound to 23 S RNA at 0°C in forming the
28 8 particles of these proteins, 15 (group ia) were
bound in equivalent amounis, 4 {group 2a) appeared
in reduced amounts in the 28 S complex, and &
{group 1b) in reduced amounts in the 238 8, as well
as 32 and 43 S complexes. The formation of 32 8
particles was associated with binding of proteins that
were absent in the 28 8 species, and with increased
binding of proteins already present in the 28 S par-
ticle. The formation of 43 S particles was related to
the 32 5 comple>es in a similar manner by the group
3 proteins.

- The largest reconstituted particles had a protein
complement very close to that of 50 8 subunits except
3 proteins {group 1c) were missing and & proieins

A{gronp -1b) were present in reduced amounis. It is

interesting to note that L7 and L12 which are related

‘to each other by reversible acetylation [10}, and which'

~ have been implicated in translccation [11], are both

missing from the 43 8 particles. The significance of

their absence is unknown, but this may be one reason
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an. 3. Two-dxmansmmﬂ electrophemgram [+%3 pthms of reconstituted particles: {A) 2 pamr-le; {B)32 S pariitles, {438
particles and {D) 48 S particles. Proteins were exiracied from 40 Ay p units of the pamc;es in67% acetic acid in 80 mM magne-
“siom acetate | 14]. Proteins were lyophilized and dissolved in the sample ge} and. analyzed by- ﬁvo—dunensmnal polyacrylmmtie gel
‘elettrophoresxsusmg pH 8 7 in ﬁw ﬁrst dlmensmn and pH 4 '6 in the se:ond f!?] Dotted cuu:?es Tepxesem ;posmom of mm:mg ‘ED"
';-szotems ; T . § . B . ; . S L. ; . L
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- Table 1
Classxﬁcmmn of proteins in 28, 32 and 43 3 pan]cles

'beug 1. Same appeartance in all particles,

{2) Eqmyalem” ~11,12,1.3,14,19,L13, 113, L16 L1B,
L19, 121,122, 123,124,132 -
{b) Reducea™™> —L5,16, 1.8, L10,1.11,125
{c) Absent —17, L12 1,34 .
G‘mnp_ Initial o’ :egnzva;em appearance in 32 Spaxltjcles.
{a) Reduced i in 28 8, equivalent in 32 ] panmles
—L17,L.27, 131,133
{b) Absent in.28 8, pIBsem in 32 8 particles
—L30,1.20%, L.29”

Gmng 3 Initial o1 *equivalent” aappeamnce in43 8 pan:cles, '

{a) Reduced 1 m 328, 'r:qu;rm}eni n 43 B particles.
~L114, L20% 129%

{b) Absent in 325, equlva]z niin 43 8 paxt:c]es
—~L.26,1.28 -

* Proteins are placed in group 2b and 3a.
=x Equnivalent, i.e., in amounts comparable o that in 5608
subumnits. ,
*23 Reduced in comparison to that in 50 8 subunits.

for inactivity of these particles in polypeptide syn-
thesis.

Stoffler et al. [12] showed that 8 p:roiems 12,16,
L16,1.17,1L19,1.20, 123, L29) could bind indepen-
dently to 23 S RNA, and-that eguivalent amounis

“were bound except in the case of L6 and L17 which
were present in reduced amcunts. Not surprisingly, .
with the exception of L20 which binds to the 328
species, ali these were in the 238 S particles. L6 and
L7 were found in reduced amounts in the 28 S com-
plexes but, whereas 117 was found in equivalent
amounnts in the 32 8 partizles, the amount of L6 did
not increase in the larger particles. In analogy with -
-30 S subunit reassembly 113], the data suggests that
most of the proteins in the 28 S particles bind cooper-
atively, i.e., in'the presenre of prewous]y bound pro-
tems

5 groups according to their in ¥ivo order of addition
‘during biogenesis of ribosomes. Of the 17 proteins

that add early mbmgenens (groups 1.and 2 of Pichen
et al [14]1); 13 weze bound in equivalent amounts and
2 inreduced amounts to ihe 28 S particles, and 2 were
‘bound'in equivalent amotints o the 32 § complexes.

STWwWo! excpehons are L1 and L9 ‘which were. pre sent-in.
i quvalem. amountsin: th(* 28 S partxcles but Vwe S RS
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Pichon et a] 114] classified the 508 proteins mm -

: mg:ﬁ:sz 3-9?3 ,

- clasmﬁed as Jate addmons m bmgenems, P:ctems of

group 2 and 3 that were bound in equ;valem amoanis
1o only 32 ot 43 8 species were laté additions or mis-
sing in the Pichon analysis. The general correlation
suggests that the in vitro binding of proteins to 23 §
RNA parallels to a certain extem the in'viro acqms:-
tion of proteins. :
"Ihe argaments Supporiing | ihe lconiennon tham
in virro formation of 23 8 RNA—350 8 proiein com-

" plexes represents a specific binding process have been

presented before [5]. One disturbing feature observed.
however, was the existence of a class of 6 proteins .-
{group 1b) which were bornd in reduced amounits io
all species of particles. This indicated that the particles
may be heterogeneous and that some nonspecific
binding of proteins may occur which could, in part,
contribute to failure in complete reconstitniion. It is

- hoped that a more guaniitative analysis presently be-

ing : conducied will rclanfy the status of this group of
pmiems
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