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Duck erythroblasts prosomes were analysed by small angle neutton scattering (SANS), dyhiamic light scatiering and (cryo-)eleciron microscopy.

A molecular weight of ~ 720,000 £ $0,000, a radius of gyration of 64 £ 2 A und n hydrodynamic radius of ~ 86 A were oblained. Electron micrographs

show a hollow cylinder-lke particle with o diumeter of 120 A, o helght of 170 A and a dinmeter of 40 A Tor the cavity. built of four discy, the two

onter ones belng more pronounced than thoxe in the center, Resulis from SANS indicate lexs then 5% of RNA in the purified prosomes. but nuclease
protection nusays conllrm ils presenve.

Prosome; Multicutalytic proteinise: Proteasome: Neutron scattering: Light scattering: Election microscopy

1. INTRODUCTION

Prosomes, 4 cluss of small cytoplusmic RNP com-
plexes first observed in HeLa cells [S] were chavacterized
in duck and mouse erythroblasts as n subcomplex of
repressed mRNPs [1,6). As found lnter, these particles
arc identical to the multicatalytic protease complex
(MCP), churacterized by others [4,7]. The particles are
ubiquitous from archaebacteria to the human species
and are tocalized in cukaryotic cells both in the nucleus
and the cytoplasm (for review, sce [8.9)). In the latter,
they are associated with the Intermediate Filaments of
the cytoskeleton [10]. Their most outstanding physical
property is their high molecular weight. The individual
particle is a multisubunit complex consisting of a vari-
able set of 15-30 polypeptides with molecular masses of
19-36 kDa [6.11-13]. Although the presence of a small
RNA with a length of 80-120 nucleotides is welt docu-
mented tor prosomes [1.6.7.14]. controversy still exists
over its quantity. The original (over-) estimation of 15%
was based on a density of 131 giem' and Spirin's

*We use here the term “Prosome’ introduced by our laboratory
(Schmid et al., 1984) for the then unknown particle and. speaking of
its proteasc activity, the term “Multicatatytic Proteinase or MCP
according to the recommendation of the group of cnzymologists
{Dahlman et al., 1988; and Orlowski and Wilk, 1988), in preference
to the term “Proteasome’ suggested by Arrigo et al. (1938) [1-4).
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formula of RNA content versus density of RNP com-
plexes [15).

The cellular function(s) of prosomes remains, how-
cver, speculative. Several specific propertics and en-
zymatic activities have been claimed to be associated
with prosomes (for review see [B.9]). Among them, their
multicatalytic proteinase activity is actually the best
characterized. Recently it was also shown that
prosomes are a constituent part of a 26S proteolytic
complex, involved in the ATP dependent selective ubi-
quitin-conjugated protein breakdown [16.17].

Since the size and shape of the particles as well as
some of their protein subunits show a very high con-
servation in ovolution [6.18). the morphological strue-
ture of the complex scems 1o he of importar. ¢, and its
clucidation might offer a potential key for a better un-
derstanding of the function(s) of ~roso=wes. Althourh a
large body of data concerning the physir .’ apd chomical
characteristics of the particle accumulated in the last
vears there is still disagreement on the precise dimen-
sions and its shape [5.6,18-22). Therefore to obtain ad-
ditional information on the structural featurcs, and to
compare data based on dilferent methods we examined
the size. shape and other physical characteristics as weli
as the genuine RNP character of this particle by EM.
dynamic light scattering, and small angle ncutron
scattering. The latter method was also chosen, as it
allows to distinguish, in contrast to small angle X-ray
scattering for example, between nucleic acids and
proteins: therefore it might be a tool to determine the
volative position of the RNA and protcin moities and.
in addition, some estimation of the RNA content of
prosomes. ) !
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2. MATERIALS AND METHODS

2.1, Isolation and purification of prosomes

The isolution and purificution of duck erythoblasts, the subsequent
preparation ol the post-ribosomal supernatant by cell fractionation
pid the purliication of the untrunslated 208 globin-frec mRNPs were
s deseribed [23,24). The isolntion and purifieation of the prosomes
nts in the prevence of'0.5 M KCI

dditionnlly subjected to u inal
purification stop conslsting Ia n gel Altration using o FPLC Suporose
& column: (Phurmacin:LKB). - Protein ‘concviitration of the puritied
purticle preparation wia determined by the method of Bradiord {25}
using BSA us u standaed,

2,2, Nuclease digestion assay o

The samples (1049 prosomes), either dissocited or not by Zn®*
were exposed 4 Gnat volume of 5041 (o ribonncionse V1 digestion
in n buiter contalning 0,02 M TEA-HCI (pH 7.4), 0.2 M NaCl, 10 mM
MCl; wt A7°C, The renction wus stopped by adding 200 41 phenol.
The RNA wus labeled ‘alter phenol extraction mt the ' end with
(“PIpCp in o reaction cutnlyzed by T4 RNA liguse {26], The RNA
(ragments were anatysed by 10% ncrylamice/8 M urea gel electropho-
resis followad by autoradiography.

2.3 Smll angle newtron seasiering ( SANS)

Sumples for neutron seattering weee prepated from o stock solution
of prosomes ut £.3 mp/ml in u but¥er contuining 10% (w/v) glyeerol,
10mM TrissHCL (pH 7.4), 50 mM KCland S mM f-mercaptoctinnol
in elther. H;0 or D,0. Solutions containing varlous proportions of
NO/M.0 were then prepared by mixing the DO wnd HiO prosome
solutions. Buller solutions of the swve. isotople composition were
prepared fn the same manner, Solutions were thus prepated in which
the water contained 0, 15, 58, 70, 85 and 100% D,0 corresponding to
volume fractions of 0.9 timey the value of the total solution (the other
10% wus glycerol). DO contents of sample and butler were verified
by neutron transmission measurements (see below),

SANS meusurements were cirried out on the small angle seattering
instrument DI [27] ot the High Flux Reactor ol the nstitut Luue-
Langevin, Grenoble, Samples, prepared as above, were put into quartz
cuvettes (Hellma, France) of 1+ or J-mm pathlength presenting a
cross-sectional area ol ~70 mm® to the incident ucutron beam, Experi-
ments were carried out using neutrons of wavelength (4) 10 A with o
wavelength spread (442) of 0.09 (FWHM). The two-dimensional
nulti-detector (64 X% 64 em) was placed at 10 meters from the swple
allowing seattering to be revorder! in the momenium teanster range 3
x 107023 x 1077 AYO=dasing/i, 2=sulering anglel Daa
collection times varied (fom 0.5 h for samples in 100% DO tw ~3 h for
samples at low contrast (55% DO). The dat were circalardy averaged
aboud the ongin ol e ditftaction pattern, and cornected for bufier
sentteting and detector response using a standand suite of programs
(28], This process yiclded a curve of scattered intensity as a tunction
of' momentum transfer, {Q) vs, Q. or cach DO butter and henee each
CORtrast,

Curves were plotted as Guinier plots (Inl(Q) vs. (%) from which two
modelindependent purameters may be derived, Lo, the radins of gyrea-
tion (R,) and the intensity at 2ero angle (K0) [29).

24, Dynamic fight scettering (DLS)

Dynamic light scattering was used to determine the hydrodynmnic
ridius R, of the prosonie partictes under various Hy0/D,0 ratios and
slycerol contents. The apparatus used for the DLS cxperiments con-
sisted of a BI 2030 AT 4'N-bit autocorrelator with 128 real-time
channels (Brookhaven Instruments, Ronkonkoma, USA), a stepping-
motor goniometer (Amtee, Nice), and a Spectra-Physics 2025 SW
argon ion laser, The laser was running at a power of 500 m¥ on the
488 nn tine. The sample was contained in a 1-em diameter eylindrical
quartz cuvette imimersed in an 8~cm diameter index niatching bath
filled with 0.2 um-filtered distilled water. The sample was ivsioduced
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into the cuvette through a 0.1 um nuclcopore potycarbonate
membrane flter, through which the cuvetic had also been rinsed
before with sample butler. All measurements were done with the
measuring cell thermostated to (20 1 0.2)°C.

A total of 7 sumples were measursd: one cach with the sample in
pure H;0 und H,O + 10% glycerol, three samples in pure D,0, und
two in DyO + 10% glyeerol, one of which had been centriluged in a
Beekman_alrtuge at 180,000xg for 18 min 10 remove eventual g

“In cach DLS run, nutocorretation Munctions G3(r) were collected
18 different scutiering anpglos between 252 and 140°% The data were -
then analyzed simultuncously for sl seatiering angles using  throe:
component model. Each independently diffusing component in the
solution contributes 1o an independent exponential decay in a squared
sum of exponentiais:

Gr) = 1+ Jagky GOy ke oy ke ‘“‘“‘“]’ n

The three components of G(2) correspond 1o the diffusion of the
principal conponent a,, to photomultiplier alterpulsing and difusion
ol small components such as the glycerol ay, and diffusion of larger
aggregates and minor dust contaminations a,, respectively. 8, Dam
D, are their dilMusion coolticients, which are assumed 10 be indepens
dent of the seattering vector K, while the amplitudes are allowed to
vury with A, K is delined as

A’ﬁ"—:ﬁnin (‘-’}) o)

where & {s the wavelongth of the seattered light, # the refractive indes
ol the solution and @ the scattering angle.

2.8, Bleciron sricrovcopy

A stock solution of puritied prosomes, containing 1.4 mg'ml protein
in 10 mM TEASHCI (pH 7.4), 30 mM KCland §% S-amercaptocthanol
was diluiext 10 dmes in SO mM ammoniunt acetate. Aliquots of $ ut
were applicd (o poshively charged formvar-carbon coated grids amd
stuinad with 2% (wiv) sodium phosphotungstate (pH 7.5). Spocimens
were analyzed in a JEOL 1200EX ot a Philips CM12Y microscope.

Cryoselectron microscopy win exsentially as deseribed by Adrian et
ul., (1984) and Dubochet ot al, (1988) [30.31). Aliquots of prosomes
(0.3 mg/ml in SO mM ammonium acetate) were applied (o perforated
curbon [ilms, Most ol the solution was ranoved by pressing o piece
of tiker paper directly against the entire grid surfsce before rapid
plunging into liquid cthane, cooled by liguid nitrogen, using a KESD
cryosunit rom Reichert, Specimens were transferrosd 1o liguid ni-
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Fig. 1. Small angle neutron scattering curves plotted as Guinier plots,

in #(Q) vs. {°. The DO percentage in the bulfer is shown against each

curve, The ordirate values, however, have been arbitrarily shifted for
case of viewing.
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0.3 (1T e composition at which the particle has zero contrast, the
JTioVE W il so~called contrast match point, and is dependent on the
(©¥e 0.2 chemical composition of the scattering particle. The ob-
0.1 F . scrved match point is at a bufler composition of 39.2%
D,O corrcsponding to a solvent scaticring length
0.0 dcnuty of 2.046 % 10-"cm-A-*. Assuming that the gly-
0.4 F cgr_o]_ is dlstnbuled,_“ homnogencously throughout the
0.2 |
0.3 [-
'0. 4 PV SO T T S i % i " I Y : : . = : ]
0 20 40 80 80 100 5 69% D,O we therefore conclude that lhe

%DaO
Fig. 2. Plot of vI{0Ve v, bufter D0 content, The X0) values, oblained

from the scattering curves shown in Fig. 1, have boon normalized to
unit concentration, thickness and transmission,

trogen and introduced fnto & cryo=specimen holdee (Gutan Ine. Wars
vendile, PA type 626) und analyzed In n JEOL 1200 EX microscope
equipped with o Gatan anticontuminator, Specimens were observed
at temperatures of atout = 178°C and ut 80 kV. Micrographs of the
trozenshydrated samples were recorded at nominal magniications off
50,000 or 60,000 on Kodak SO-163 tim it an underfocus of 2.4 4,
Exposed micrographs were developed for 12 min in fullsstrength D-19
developer.

3. RESULTS

3., Small angle newtron scattering

The scattering curves obtained at 6 different DO
contents urc shown in Fig. 1 displayed as Guinier plots.
The quality of these plots is rather poor and strongly
limits the amount of information we can derive from the
data. The limitations are duc mainly to very poor signal-
to-noise ratio in the lowest contrasts (15 and 55% D.O).
and to the presence of high molecular weight aggregates
in some samples. The former problem cannot be
resolved without n very signifieant increase in sample
concentration which at piasent is not possible. The data
in 0% and 100% D.O are. however, of good quality, and
the following analysis is based primari'y on these 1wo
curves.

Fig. 2 shows Y(#0)/c (¢ = concentration) as a function
of D,O buffer content. The point at which the fitted
straight linc crosses the abscissa indicates the buffer

particles contain little if any RNA, cerainly less. uum -
15% and possibly Icss then 5% or onc. RNA molmﬂe '
per pamcle. e

From the value of 1(0) obtained Tor |he pamde in 0%:
D,O (where the data quality is good) we can cstimate
the molecular weight of the particle [32], For this we
requite the concentration of the sample and a
knowledge of the RNA/protein stoichiometry. The con-
centration was determined by the method of Bradford
using BSA as the standard: a value of 1.3 mg/ml was
obtpined. The particle stoichiometry is in principle
derivable from the plot of V{&KO)V¢ va. DO content; ab
though, in our case this is rather imprecise, as explained
above. We can however place limits on the stoi
chiometry and calculate that the molecular weight is.
between 686,000 + 50,000 and 671.000 50,000 corre-
sponding to an RNA content of 0% and 5%, respec-
tively. The estimated error of S0,000 in the molecular
weight determination stems from the statistical error of
the A0) measurcaent only and assumes that errors in
the concentration measurcment are less than 5%.

The radius of gyration obtained from the Guinier
plots arc 64 + 7A in 0% DO and 64 + 2 in 100% D-O.
This value is rather large compared with that expected
for a compact particle of & similar moler:lar weight. It
is, for cxample, very close to that measured iuvr the
icosahedral enzyme complex beavy riboflavin svnthase
[33} which has a molecular weight 62 - 16" We therefose
conclude from the SANS result that the prosome must
bc an clongated particle or have its subunits rather
loosely packed.

1t is not possible to derive any information about the

Table t
Comparison off EM, SANS and DLS measurctients on prosome narticles
Method Dimensions R, (calv) R, (obs) Ry, (cak) Ry, (obs) M
TEM 120 x 170 (A) 64.9 (A) 81 (&) -
Cryo-TEM 110 % 160 (A) - - - 720.000

SANS - - 64 + 2 (A) “680,00050.000
*671.900+50.000
DLS - - - 867 (A) 763.00062.000

“Estimzuted with 0% RNA, "Estimated with 5% RM A,
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relative locution of any RNA associated with the
particle due to the lnrge errors in the radii of gyration
ut intermediate D,O contents.

3.2, Dyvnamic light scattering

The mensurements from the seven mmplu. ufter
cotrection for:D:0-und: glycerol viscosity using values
from stundard ‘tables 00k ol Chemistry
and Physics, S6th edn.), avc he same value for |he

diffusion coefficient ¢ me particle, D = (2.
 0.2) 2071 i), “This corresponds 10 n hydmdy-
namic radius Ry: 86 & 7. A, The relutive smplitude of the

component of' the senttered llshl from larger nggrogotes
was pprox, 25-40% depending on the seattering nngle,
with larger values at low scmtermg -angles. No signifi-
cant change could be seen in the sumple which had been
centrifuged in the Airfuge. The nggregates nre churac-
terized by n hydrodynumie mdlus which iy at least 10
times larger than that of . main particle; for spherical
particles this would’ Lorrespand to u molecular weight
~= thus 1 telative seattering power - 10" times higher,
This is un upper estimute, since we do not know the
shupe of eventunl uggregntes: even so. the weight
proportion ol lm‘ge nggregates must be below 1% of the
total sample.

The woleculur weight of the purticles can also be
estimated: Trom the sedimentation coelficient s = 195 [1]
and the mensured ditfusion coeficient, and nssuming a
partial specific volume of 0.76 em™g~'. a wmolcenlur
weight of M = 763,000 £ 62,000 is obmincd\ m the
upper limit of Ms obtained by other techniques (see
Tuble 1.

3.3, Electron microscopy

Neguatively stained prosomes show a typical staining
behaviour depending on the type of stain used. Uranyl
acctate staining results in almost 100% ving-like profiles
with o hea\nl) stained contral region, and outer diam-
cters ranging from 110 A to 150 A, Other negative

Fig. 3. Electron’ micrograph of: tively stained with
sodium phospholungstalc. showing ring: rofilcs with a stained
central region and rectangular profiles. Bar represents 500 A
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staing, such as ammonium molybdate, sodium phos-
photungstate and sodium silicotungstate result in 70%,
60% and 30% ring-like profiles, respectively. The other
profiles observed in these specitnens are rectangular. An
examiple of prosomes stained with sodium phospho-
tungstate is shown in Fig. 3. A mixture of ring-likc and
tectangular profiles observed in.a specimen. prepamd-
from n monodisperse protein complex solution is char-:
nctetistic for a cylmder-hkc structure. A -projection
along the long nxis reveals a ring-like: pmﬂle witha
stained central region. In less than 2% (but up to 50%
in *aged’ or EDTA treated pn:purahons) of the ring-like
profiles the contral cavity is not visible; these profiles

probubly mprcscm ‘damaged . particles, The central
heuvily stained ‘region indicates that the cylinderlike

particle is hollow. Rectangulur profiles represent cyl-

inderlike molecules laying on their side on the support

Alm, From measurements of the diamete: of ring-like

profilex and the length of rectongular profiles it was

found thut the particles cortespond (o a cylindendike

molecule with a dinmeter of 120 A and a height of 170

. The central hole varies in size and shape, especially

in uranyl acetute-stained specimens, but we estimated

the dinmeter of the hele 1o be about 40 A,

In the ring-like profiles little or no subsiructure can
be observed. However, the rectangular profiles are in
accordance with u structure being build up of four discs.
These discs are not identical because the two outer ones
ure more pronounced than the two central ones in the
images.

Prosome particles were also prepared in the {rozen
hyduted state and visualized with eryo-clectron micro-
scopy (Fig. 4). With this method. bio-macromolecules
can be analyzed in an unstained and hydrated state.
Prosomoes were imaged over holes in a perforated
carbon film thereby avoiding eventual flattening or
deformation of” the particles due to adsorption to a
support film. Ring-like and rectangular proiiles were
observed which strongly suggests that the prosomes

Fig. 4. Cryo-clectron micrograph of unstained, hydrated prosome
particles. The micrograph has recorded at 2.4 um under focus. Bar
represents S00 A:.
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exist as cylinder-like molecules in solution. The frozen
hydrated prosomes had a diameter of 110 A and a
height of about 160 A und a central cavity of about 40
A. We calculated the volume of these particles assuming
that the central hole observed in the ring-like profiles
represents n water-filled channel through the purticle.
‘Based on the caleulated volume and.a hydration of 30%
for the protein, we find that the prosomes purticles have
a molecular weight of* approximately 720 kDn.

3.4, Nucleave protection assay :

Small angle neutron scattering studics indicuted only
u low content of prosomal RNA in the purticle, o result
which was confirmed by opticul density measurements
(not shown). Thus raised the question whether ot not the
RNA found in the particle was dug 10 a contumination
in the preputntion of prosomes from duck crythro-
blusts, To check this hypothesis, prosomes purified by
ultracentrifugation in 0.5 M KCl sucrose gradients, fol-
lowed by 0.1% Sarkosyl sucrose gradicnts were sub-
mitted 1o o further puriiication step by gel tiltvation on
FPLC Superose 6 columns (Pharmacin). An aliquot of
these prosomes were then phenol-extracted and ana-
lysed for the RNA content in the aqueous phase by
3-end labeling. As shown in Fig. 5, an RNA about 80
nucleotides in length still purilied with prosomes,

To prove unmmbiguously that this RNA is un in-
trinsic part of the prosomes from duck erythroblusts, we
vesorted to u stronger critevion. Recently we had ob-
served that prosomes from both Hela cells and duck
crythroblusts can be dissociated in the presence of as
little as 1071 M Zn** without alteration of its constituent
protein and RNA subunits, and that this dissocintion is
conditional for nuclease digestion of the RNA of HeLa
cell prosomes (Nothwang et al,, submitted). To prove
that the same is atso true for the prosomes from duck
crvthroblasts, studied by SANS, DLS and EM. aliquots
of purified prosomes were incubated in the presence or
absence of excess Zn™ (1071 M), prior to nuclease diges-
tion. Breakdown of the purticles in the presence of Zn™*
wais menitored by the loss of their protoing.e activivy.
As scen in Fig. 3, intact prosome particles apparently
protected the full length of their RNA, whercas after
disruption of prosomes, the RNA was readily digested
by the V1 nuclease.

4, DISCUSSION AND CONCLUSION

A compurison of the various parameters derived for
the prosome particle from the three techniques used is
given in Table 1. Electron microscopy of the negatively
stained prosome particles reveal ring-like and rectan-
gular profiles, the relative proportions of each depend-
ing on the conditions of staining used. Mecasurements
of these profiles suggest a cylindrical particic with a
height of 170 A and a diameter of 120 A having an axial
hole of = 40 A in diameter. Assuming thz. solvent
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Fig. § Polyacrylamiderurca gel clectrophoresis of pRNA after
nuckive protection assay in presence or absenoe of 2n™. 10 gg of
puritied prosomes were incubated at 37°C in the atsence or presence
of 1 mM 207 in a Goal volume of 0 41 Alter | h, | mM EDTA was
adided prier 1o nuckase digestion by the V1 nuclease. AQter the reac-
tion, the sumples were phenol extracted. the RNA subsequently Y end
labeted. separated on a 10% polacrvlamide8 M Urea gel, amd visuak
jzed by autoradiography {12h). Lanes (1) and €3), prosemes incubated
in the absence of 20 prios 10 tibonuclease digestion with 28 Uml
V1 for 20 or H0min., respectively: Tanes (O3 snd (33, prosomes incubated
in the presence of' 1 M 2" privt to ribonuclease digeston with 28
Ul V1 nuclease Tor 20 or 40 nin, respectively: lanes (5) and (61,
prosomes incubated in the absenes or prose e of ~ M Zo™ resras
tively. without ribonuclese dieesu @

contuined in this cylindrical bore is dragged with the
particle upon diffusion, we can approximate the hydro-
dynamic radius of the prosome as scen in EM by that.
of a solid eylinder of these dimensions. The friction
factor of such a cyvlinder of an axial ratio close to 1 is
practically identical to that of a sphere of equa! volume
[34]). This means that the particle as scen as in the EM
would have a hydrodynamic radius of R, = 8l A.
Within experimental error. this value is equal to that
{ound by DLS. The corresponding radius of gyration of
such a rod-like particle is given by:

b:
+ —

3

'2
- 4
R = 3

N
L¥3 ]
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where « is the half’ length and & the radius. This leads
to & value R, = 64,9 A which is in good agreement with
the SANS mensurcmcnts.
1t would therefore appear that the particle in solution
has a shape rather close to that observed in negative
stain, T his is nlso confirmed by the electron microscope
: icles which are some 5m

sted .by uverugmg ull
50,000, qune similar to
thlytic proteinase com-
plex Trotn rut skelotal muscle [19,20), but somewhat
highet than the 600 kDa found previously [35).

The shupe and dimensions found are remurkably sim-
ilar 10 those reported for a number of 198 cylinder-like
particles isolated from various eucaryotic cells [6,11.19},
Furthermote, a 198 particle with similar function and
almost identical vize and shupe us the eucaryotic purti-
cles hus been isolated from un acchucbucterium {21,36),

Although several groups have clearly established duv-
ing the last few veurs the presence of RNA in the par-
ticle [1.6.7,14], the stoichiometric relationship between
RNA and protein is still a matter of controversy. Early
datan by Schmid ct al. suggcsted for ¢cytoplasmic pro-
somes an RNA content ‘up to 15% [1], bused on the
formula of Spirin correlating RNA/protein content in
RNP complexes [18), Klcinschmidt and collogues.
working with nuclenr particles from oocytes, caleulnted
from the absorbance ratio less than 0.1 RNA molecules
per particle [37]. Our experiments presented here do not
allow any precise positioning in the particle nor quan-
titicution of this RNA. This was in part due to their low
amount, which is certainly less than 15% and probably
less then 5% or one RNA per particle, and due to the
large uncertainty in the radii of gyration in the analysis.

Thus, we can not conclude whether all prosomes or
only a subpopulation of them contain RNA. It has to
be taken into account that at least part of the RNA
miight be lost during extensive purification procedures
like differential ultracentrifugation, using high ionic
streagth or especially by isolavion methods which make
usc of several chromatographic steps. Indeed, data pre-
sented by Rivett and co-workers and our own group
revealed, that using immunoprecipitation as a fast and
gentle purification procedure, a. higher amount and a
more heterogenous population of pRNA was detected
compared to isolution by alternative methods [14] (and
Nothwang ct al., submitted).

However, the nuclease digestion assay in the presence
or absence of Zn**, as shown here for prosomes of duck
crythroblasts and previously for prosomes from HeLa
cells (Nothwang et al.. submitted), scems clearly to dem-
onstrate that the RNA found to copurify with prosomes
is an intrinsic part of at least a traction of these particles.
However, the precise function(s) of the prosomes and
their RMA, possibly in protein synthesis and metabo-
lism, needs further elucidation.
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