
(CANCER RESEARCH 46, 3128-3137, June 1986J

ABSTRACF

Detailed ultrastructure ofa newtype ofretrovirus(Sm-MTV) released
by cultured cells (Sm-Mi) of a spontaneousmammary tumor from a
housemusk shrew Ssrncsismurinus, Insectivora, is described.The virus
particles were revealedas three forms: intracellular, budding and extra
cellular. The intracellular type A particles weresimilar in profile to those
associatedwith mousemammary tumor cells and tendedto form a small
cluster of several particles in the cytoplasm. In addition, horseshoe
shapedparticles as well as smaller particles in clusters, with doughnut
shapedmorphology similar in structure to type A particles, were identi
fled near the clusters of type A particles, although in smaller numbers.
The budding particles contained a doughnut-shapednucleoid, although
the nucleoldsdecreasedIn size as comparedwith intracytoplasmic type
A particles. The extracellular vinous consisted of an envelope and a

centrally located nucleoid. In routinely fixed specimens,the former was
coveredwith irregularly distributed fuzzy materials in its surface, and
the latter wasfurther composedofa small electrondensecoresurrounded
by an intermediate layer. Tannic acid treatment of cells resulted in the
visualization of surface projections on the envelopeof virious. Similar
projectionswerealsodetectedexclusivelyonthe plasmamembranewhere
virus budding took place,and not on the normal plasma membrane.The
presenceof surface projectious on the viral envelopewas further con
firmed by the whole-cell-mountingtechnique.Together with our previous
results of biochemical and immunological investigations, we concluded
that Sm-MTV seemed to have closer phylogenetic relatedness with type

D viruses of primates than with murine mammary tumor virus.

INTRODUCFION

RNA tumor viruses, belonging to the family of Retroviridae,
were first classified according to morphological criteria as type
C, type B, and type A particles (1). Later, the presence of RT'
in virions was added to the criteria (2). Type C viruses were
found in almost all vertebrates in association with leukemia and
sarcoma (3). MMTV (4) is a unique RNA tumor virus with
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type B morphology. Type D particles, M-PMV, were found in
association with a mammary carcinoma in Rhesus monkey (5)
and added to the family of Retroviridae (6). Both type B and
type D particles were characterized by the presence of intracel
lular precursor particles (intracytoplasmic type A particles) (23)
as well as the presence of RT with magnesium ion preference
(7, 8). Following the discovery of type D virus in monkey,
possibilities of common participation of retroviruses in mam
mary tumorigenesis in different animals including humans have
been attracting attention among many scientists. In search for
putative viruses in mammary tumorigenesis, Chopra et a!. (9)
found type C virus in the R-35 cell line from the rat mammary
tumor, and McGrath et a!. (10) found 734 B virus in the MCF
7 cell line from human breast cancer. Recently, we established
a cell line from a spontaneous mammary tumor of a house
musk shrew, Suncus murinus (1 1). This cell line (designated
Sm-MT) was found to produce a number of retrovirus particles
(designated Sm-MTV) morphologically different from known
retroviruses. The biochemical and biophysical characterization
of the particles purified from the tissue culture fluid revealed
that the virus banded at 1.169 g/cm3 in isopyknic centrifugation
and contained constitutive RT with Mg2@preference. The viral
RNA had molecular sizes ranging from 50 to 705 in its native
form and 30 to 40S in its denatured form by a glycerol gradient
ultracentrifugation. Molecular weights of major viral peptides
were 72,000, 69,000, 47,000, 44,000 to 43,000, 20,500 and
I 5,000. The discovery of Sm-MTV seems to be of transcenden
tal importance in the phylogeny of retroviruses, because the
host ofthe virus, S. murinus belonging to Insectivora, is believed
to be one of the most primitive placental mammals and much
closer to the early primates than rodents (12).

This paper describes the ultrastructural details of the Sm
MTV particles associated with the Sm-MT cell line as revealed
by transmission electron microscopy.

MATERIALS AND METHODS

Cell Cultures. Sm-MT cell line was established from a spontaneous
mammary tumor ofa housemusk shrew(11).The cell line wasepithelial
in nature and showed no contact inhibition in its growth. The mode of
chromosome numbers was40. The karyotype ofcells was fundamentally
identical with that of normal bone marrow cells (13), except for the
constant appearanceof a marker chromosome with a submetacentric
profile. The MMT/Dm cell line, establishedfrom a spontaneousmain
mary tumor of C3H/HeJ, was provided by Dr. L. Dmochowski, M. D.

Anderson Hospital and Tumor Institute, Houston, TX, in 1973, and it
hasbeenmaintained in our laboratory. This cell line hasbeenaconstant
producer of MMTV including intracytoplasmic type A particles. The
CMMT cell line, established from Rhesus monkey embryonic cells

cocultured with Rhesus monkey mammary tumor cells, was also pro
vided by Dr. L. Dmochowski in 1977.This cell line hasbeena constant
producer of M-PMV. The above mentioned cell lines were grown in
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Table1 Meandimensionsofstructuralcomponentsin ultrathinsectionsof Sm
MTV, MMTV, andM-PMVparticles at different stages ofmaturationSm-MTV

(nm) MMTV (nm) M-PMV(nm)(100)â€•
(100)(80)Type

Aparticle?Outer
diameter 94.7Â±l2.6c 80.5Â±5.7 71.7Â±10.5Inner
diameter 60.8Â±9.0 53.0Â±5.9 47.2Â±5.2Widthofshell

17.0Â±5.2 13.3Â±1.912.3Â±3.5Budding

particles
Enveloped 128.1Â±I 1.8 118.4Â±7.8 121.3Â±3.1Nucleoide

(A parti
cle)@Outer

diameter 77.7Â±6.8 78.2Â±4.5 68.5Â±11.2Inner
diameter 50.3Â±6.5 51.2Â±3.8 46.1Â±7.5Width
ofshell 13.4 Â±2.4 13.5 Â±2.7 10.8 Â±1.7VirionEnveloped

142.2Â±15.5 130.6Â±10.4 124.8Â±9.6NucleoidIntermediate

layer 75.6 Â±7.6 76.8 Â±6.5 73.4 Â±6.4
Cores 40.7Â±4.9 48.5Â±5.2 38.4Â±4.9

ULTRASTRUCTURE OF Sm-MT RETROVIRUS

Dulbecco's modified Eagle's medium supplemented with 10% fetal
bovine serum.

Preparation of Cells for Electron Microscopy. Monolayers of the
above cells grown in 75-cm2 plastic bottles (Corning Glass Works,
Corning, NY) were fixed and embedded in situ by a method adapted
from Heine (14) and Gioanni et a!. (15). In brief, after a primary
washing with a 2.5% glutaraldehyde-2% paraformaldehyde solution in
0.1 M phosphate buffer, the cells were coveredwith the samesolution
for 30 mm at 4C and postfixed in a 1% osmium tetroxide solution in
the same buffer for 15 mm. A portion of thesecells was washedwith
distilled water 3 times for 2 h, stained en bloc with a 2% aqueous
solution of uranium acetate, dehydrated in ethanol, and embeddedin
Epoxy resin (Epon 812) (16) or Quetol (17). Ultrathin sections were
cut using an LKB ultramicrotome, stained with uranium and lead (18),
and observed in a Hitachi H-600 transmission electron microscope at
80 kV. Balance of the G-PO-fixed cells was also treated with various
concentrations ofaqueous solution oflow-molecular-weight tannic acid
(C14-11009.H20) (Katayama Chemical Co., Ltd., Osaka, Japan) for 30
mmat roomtemperature(19).Thebestresultswereobtainedwith
0.35% tannic acid solution. After the treatment, in order to eliminate
excessivetannic acid, the cells were extensively washedwith distilled
water until no visible precipitation in supernatant by the addition of
uranium acetate was observed. Then, the cells were stained en bloc with
a 2% aqueous solution ofuranium acetate for a further 10 mm. Finally,
the cells were subjected to the routine embedding procedures as de
scribed above.

For the whole-cell-mounting preparations (20), the cells were grown
on carbon-coatedgold grids. After extension on the grids, the cells were
fixed with G-PO and stained with uranium. Then the cells were dehy
drated with graded acetone, which was finally replaced by isoamyl
acetate,and subjectedto critical point drying. After coating with carbon,
the cells were examined in the transmission electron microscopeat 100
kV.

Measurements of Sizes ofSm-MTV, MMTV, and M-PMV. Electron
microscopic films showing images ofSm-MTV particles from ultrathin
sectionswere projected onto a microfilm reader plate at a final magni
fication of xl5O,000. The dimensions of virus particles including type
A particles, budding particles, and extracellular virions were measured
separately with a Vernier ruler. For type A particles both in the
cytoplasm and in the budding processes,the inner and outer diameters
as well as the thickness of shell were measured.For budding particles,
outer diameters of envelope parallel to the plasma membrane were
measured.For extracellular virions, the diameters of the envelopeand
nucleoid were measuredseparately. For comparison, sizesof MMTV
aswell asM-PMV from the electron microscopic films of tissueculture
cells producing respectiveviruseswere similarly measured.To estimate
the average diameters, minimum and maximum dimensions of the
profiles seen in sections of 80 to 100 particles for each type of virus
were measured.The geometrical averagesof the measuredtwo dimen
sions were calculated. The mean values, the estimate of variance, and
the standad deviations were calculated by the usual method (21).

The test ofsignificance ofdifferences in dimensionsbetweenparticles
from different viruses or between particles from different maturing
stages of the same virus was made according to Fisher (22). The
agreementbetweenexpectedand actual frequenciesof dimensions was
testedwith the x2 method (21). Data are summarized in Table 1.

RESULTS

Fig. 1 is an electron micrograph at low magnification showing
a general view of Sm-MT cells. Intracytoplasmic type A parti
des in small clusters (A) and clusters of extracellular virions
(V) are observed. In addition to the virus particles, a well
developed endoplasmic reticulum and a few mitochondria are
seen in the cytoplasm.

Type A Particles. Type A particles in the cytoplasm were
characterized by doughnut-shaped structures of electron dense
shell (Figs. 1 to 3) and were often observed in small clusters
both near and far from the plasma membrane (Fig. 1). At higher

a Numbers in parentheses, number ofmeasured virus particles.

b The differences in outer, inner diameters and width of shells between either
two of intracellularSm-MW-A, MMTV-A, and M-PMV-A are statistically
significant (P < 0.001, P = probability ofequality in dimensions).

C Mean Â± SD.

d The differences in average diameters of the envelope of both budding and
matureparticlesbetweeneither two of Sm-MTV, MMTV, and M-PMV are
significant(P< 0.001).

VDifferences in outer, inner diameters and widths of shell between budding
and intracellular type A particles in Sm-MTV are significant (P < 0.001), and
thosein MMTV andM-PMV arenot significant.

1The coresof the MMTV are the largestin averagediameter(P < 0.001)
amongthree;no significantdifferencein diameterof coreswasfoundbetween
Sm-MTVandM-PMV.

magnification the shell was observed to consist of outer and
inner electron dense layers (Figs. 2 and 3). As summarized in
Table 1, the type A particles localized in the cytoplasm far from
the plasma membrane had an average diameter of 94.7 Â±12.6
nm, an average inner diameter of6O.8 Â±9.0 nm, and an average
width of shells of 17.0 Â±5.2 nm, respectively. They were
significantly larger in size than those localized closely to the
plasma membrane as well as those within budding cell processes
(the average outer diameter of77.7 Â±6.8 nm, the average inner
diameter of 50.3 Â±6.5 nm, and the average width of 13.4 Â±2.4
nm, respectively). Those particles localized in clusters far from
the plasma membrane were interspersed with a material of
intermediate electron density (ma, Fig. 1, inset), and the cluster
was surrounded by membranous material (me, Fig. 1, inset).
Horseshoe-shaped particles with the shell similar in electron
density and thickness to type A particles were often identified
in the clusters or near the clusters of type A particles (hs, Fig.
2). The break in continuity in their shell was confirmed by
tilting the grids in the electron microscope. The ratio of horse
shoe-shaped particles to type A particles was estimated to be
1:5 on an average. In addition, a few groups ofsmaller particles,
similar in profile to type A particles, were observed near the
clusters of type A particles (I, Fig. 1 and the inset). The
diameter of these smaller particles was about one-half of that
of the type A particles.

Budding Particles. Typical budding processes were visualized
at the plasma membrane ofSm-MT cells (Figs. 3 to 5). Regular
spike-structures, as seen in type B particles, were not observed
at the surface of the budding envelope, but a fuzzy material was
seen covering the external surface of the budding processes
(arrows, Figs. 4 and 5). An electron lucent space, 30 nm in
average width, was constantly found between the inner surface
of the envelope and the underlying type A particles (Figs. 3 to
5), and faint spoke-like structures connecting the envelope and
outer surface of underlying A particles were observable in the

3129

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2427180/cr0460063128.pdf by guest on 19 M

ay 2023



ULTRASTRUCFURE OF Sm-MT RETROVIRUS

Fig. I. Low-powerviewofan ultrathinsectionofa Sm-MTcell.A, aclusterofintracytoplasmictypeA particles,V.extracellularvirions,X, aclusterof doughnut
shapedparticlessmallerin diameterthantypeA particles.x 25,000(scale,I tim).Inset,enlargementofthe enclosedareain Fig. 1.Materialofintermediateelectron
density(ma)canbeobservedbetweenthedoughnut-shapedtypeA particles(A) whicharealsosurroundedby membranousmaterial(me).A clusterof doughnut
shapedparticles(I), smallerin diameterthantypeA particles,is seennearthetypeA particles.G-POfixation,x 40,000(scale,0.5Mm).

Fig. 2. A cluster of doughnut-shaped type A particles in the
cytoplasmof a Sm-MT cell.hs,horseshoe-shapedparticle.G
P0 fixation, x 100,000. Bar, 0.1 aim.
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space. At advanced stages of budding, as judged by analogy
with the other enveloped viruses, type A particles were found
at the distal end of extended cell processes, although one or
more type A particles were sometimes found in one process
(Fig. 5). As shown in Fig. 6, some budding particles contained

an intermediate layer (23) and condensed cores. The distribu
tion and architecture of the budding particles were especially
evident in the whole-cell-mounting preparations as shown in
Fig. 7 and its inset@a number of budding particles (bu), contain
ing nucleoids with type A morphology, can be seen at the
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ULTRASTRUCTURE OF Sm-MT RETROVIRUS
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Fig. 5. Two type A particles included within the samebudding processfrom
a Sm-MT cell. An arrow indicates fuzzy material on the viral envelope. G-PO
fixation,x 100,000.Bar,0.1Mm.

@r:.@

Fig. 3. Doughnut-shaped type A particles located in the subplasmalemmal
area,suggestinganearly stageofbudding processin a Sm-MT cell. G-PO fixation,
x 100,000. Bar, 0.1 Mm.

â€˜:
Fig.6. A buddingparticlewithanucleoidconsistingofintermediatelayerand

condensedcores,similarin shapeto thoseoffreeextracellularvirusparticles.Cy,
cytoplasmofthe Sm-MTcell.G-POfixation,x 100,000.Bar,0.1Mm.

(sp, Fig. 9). In whole-cell-mounting preparations, big clusters
of extracellular virions (V, Fig. 7) were also seen adhering to
the surface of the plasma membrane.

Surface Ultrastructure of the Viral Envelope as Revealed by
Tannic Acid Treatment. Tannic acid-treated Sm-MT cells pre
sented defined projections only at the plasma membrane in
volved in budding processes (arrowhead, Fig. 11; Fig. 12) and
not at the ordinary plasma membrane (pm, Fig. 11). These
projections were also observed at the external surface of the
viral envelope (Figs. 11 and 13 to 15). Two types of projections
were identified: corn-kernel shaped (ck, Figs. 11 to 13) and
spine-like (5, Figs. 11 and 14). The former ones consisted of a
distal head (25 nm in average diameter) connected by a stalk
(7.5 nm in average length) to the viral envelope (Fig. 15). The
total length of the projection averaged 30 nm. The presence of
corn-kernel-like projections similar in localization, shape, and
size to those visualized in ultrathin sections of tannic acid
treated Sm-MT cells was further confirmed in the whole-cell
mounting preparation (Fig. 7, inset). The spine-like ones were
observed as straight projections (8.5 nm in average length) or
as fuzzy protrusions of an electron dense material (Figs. 11 and
14), similar to that covering the envelope of conventionally
fixed virions. Most virions as well as budding particles had
numerous spine-like projections together with irregularly dis
tributed corn-kernel-like projections on the surface of the en
velope, although few virions were found to be covered entirely
with the latter type of projections on their envelope. The
trilaminar structure of the viral envelope was specially evident,
and the outer leaflet was more densely stained than the inner
one. Fine bridge-like structures were seen across the envelope
of viruses (br, Figs. 11 and 15).

L@Ã§@@, @S@

Fig. 4. Type A particles budding from the plasma membrane of a Sm-MT
cell. Spoke-like structures are observablebetweenthe envelopeand nucleoid. An
arrow indicates fuzzy material on the virus envelope.G-PO fixation, X 100,000.
Bar, 0.1 Mm.

plasma membrane and within extremely elongated cell proc
esses. At higher magnification, the spoke-like structures, seem
ingly corresponding to those observed in ultrathin sections,
were observed (sp, Fig. 7, inset).

Extracellular Particles. The extracellular particles were nearly
round in shape and variable in size (Figs. 1, 8, and 9). They
were composed of two elements: envelope and nucleoid. A high
electron dense core was localized at the center of the viral
particles. As can be seen in Fig. 8, the core (c) was surrounded
by the intermediate layer (ii) which was of one layered mem
branous sac clearly separated from the core by an electron
lucent space. The intermediate layer was seen as a dotted circle
in some extracellular virions (Fig. 10). The core together with
the intermediate layer formed the nucleoid of the virion. As
shown in Table 1, the envelope ofvirions was 142.2 Â±15.5 nm
in average diameter, the intermediate layer of the nucleoid was
75.6 Â±7.6 nm in average diameter, and the core was 40.7 Â±
4.9 nm in average diameter. Generally, only one nucleoid was
observed within the virion, although gaint particles containing
more than two nucleoids were found (Figs. 8, 11, and 14). The
viral nucleoid was further enclosed by an envelope. The enve
lope of conventionally fixed virions (Figs. 8 to 10) was a closed
sac of a unit membrane structure. Some virions were found
covered with irregularly distributed fuzzy materials, as seen in
the case of budding envelopes. Round projections of low elec
tron density, although small in number, were often observed on
the outer surface of the viral envelope (arrows, Fig. 8). The
spoke-like structures were often noted between the intermediate
layer of the nucleoid and the envelope of Sm-MTV particles
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Fig. 7. Low magnificationof a Sm-MT cell preparedby a whole-cell-mountingtechniquecombinedwith Criticalpoint drying.A, an intracytoplasmicdoughnut
shapedtypeA particle;bu,buddingparticles,V,clusterofextracellularvirionsadheringto thesurfaceofthe plasmamembrane.An arrowheadindicatesavirionwith
a well-definednucleoid.x 20,000(scale,I Mm).Inset,enlargementof theenclosedareain Fig 7, showingSm-MTVbuddingparticles.On theoutersurfaceof the
viralenvelope,definedcorn-kernel-likeprojections(ck)canbeobserved.sp,spoke-likestructurebetweentheviralnucleoidandtheenvelope.G-POfixation,x 300,000.
Bar, 0.1 Mm.

Comparison of Sizes among Sm-MTV, MMTV, and M-PMV
Particles. Since the Sm-MW particles had some resemblance
in their morphology either with MMTV or M-PMV particles,
we compared the sizes of those virus particles. The dimensions
ofSm-MTV, MMTV, and M-PMV particles are listed in Table
1. Sm-MTV-A particles were the largest in outer diameter
among those of the three viruses: 94.7 Â±12.6 nm; 80.5 Â±5.7

nm; and 71.7 Â± 10.5 nm, respectively. The differences in
diameter among a given pair of A particles were statistically
significant. The envelopes of both the budding virions and
extracellular mature particles in Sm-MTV were the largest,
although MMTV particles presented the largest cores. As de
scribed above, Sm-MTV-A particles localized in the cytoplasm
were significantly larger in size than those included within the
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Fig. 9. Higher magnification electron micrograph ofconventionally fixed Sm
MTV extracellularparticles.Sp,spoke-likestructurebetweenthe nucleoidand
the envelope.G-PO fixation, x 170,000. Bar, 0.1 @m.

budding cell projections. On the other hand, MMTV-A and M
PMV-A particles showed no significant variation in size from
intracytoplasmic to budding stages.

DISCUSSION

Transmission electron microscopy of Sm-MT cells revealed
three types ofvirus particles: intracytoplasmic type A particles;

Fig. 10. Extracellular Sm-MTV particles. dl, intermediate layer with dotted
line.G-POfixation,x 100,000.Bar,0.1Mm.

budding particles at the plasma membrane; and extracellular
mature particles. Different from type C particles, Sm-MTV,
type D and type B, particles seem to have a common morpho
logical characteristic in having intracytoplasmic type A parti
des. Evidence available suggests that MMTV-A particles are
precursors of type B particles (24, 25). Morphologically, the
transformation from MMTV-A particles to type B particles is
believed to involve changes in the former which result in the
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Fig. 11. Electronmicrographof thin sectionof a clusterof Sm-MTVparticlesin the intercellularspaceof Sm-MTcells.ck.,corn-kernel-likeprojectionon the
outersurfaceof theenvelopeof avirion;anvwhead,clusterof headsofcorn-kernel-likeprojectionsat thetopof acellprocess,probablyrepresentingthoselocatedat
the top of a tangentially cut budding process,5, spine-like projections, br, bridge-like structures across the viral envelope;pm, plasma membrane free of defined
projectionsbutwith slightlyfuzzymaterialon its outerSUrface.G-POTAfixaton,x 100,000.Bar,0.1Mm.
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formation of a dense core surrounded by an intermediate layer
(26), although the processes were differently interpreted by
many authors as either virus maturation (6) or degeneration
(23). Later, these processes were interpreted by Tanakg (27)
from biochemical comparison of polypeptides between type A
and type B particles as the virus maturation; the major internal
components oftype B particles were derived through enzymatic
cleavage from a common precursor polypeptide included in
type A particles. By analogy with type B particles, we speculate
that the above three types of particles observed represent dif
ferent stages of virus maturation from type A particles to
extracellular virions through budding at the plasma membrane.

On the Morphology of Type A Particles and Their PrOCeSSof
Maturation. Sm-MW-A particles were observed as double-shell
structures with a doughnut-like shape, similar in profile to
MMTV-A particles (24, 28, 29), differing from M-PMV-A or
SMRV-A particles by the presence of regularly distributed fine
projections on the perimeter of the latter two (5, 25, 28). Sm
MTV-A particles seem to be very similar in profile to that
found in a tissue culture cell line derived from the marsupial
Sminthopsis crassicaudata (fat-tailed Dunnart), although no
mature extracellular particles except enveloped A particles were
detected in the latter (30). Sm-MTV-A particles were frequently
observed groups in clusters, showing an arrangement very sim

ilar to those reported for MMTV-A particles, although the
clusters of the latter were more numerous in viral particles (24).
The characteristics of Sm-MTV-A particles were further sub
stantiated by measurement of sizes in that they were signifi
cantly larger in diameter than either MMTV-A or M-PMV-A
particles. The relative comparison ofdiameters among the three
types of A particles seems to be reliable, because the average
diameters obtained in this investigation from thin sections of
MMTV-A and M-PMV-A particles closely agree with those
reported previously (5, 24, 29), except for the intracellular
precursor type A particles of M432 and M832 type B viruses
derived from Asian wild mice, M. cervicolor as well as M. caroli
(31).

Besides the typical type A particles, we found, in the cyto
plasm of Sm-MT cells, horseshoe-shaped as well as smaller
doughnut-shaped particles seemingly related to Sm-MTV-A
particles. As proposed by Imai et a!. (29) and by Gay et a!. (24)
in mouse mammary tumor cells, or by Hamilton et a!. (30) in
marsupial cells, we presume that the former represent prema
ture Sm-MTV-A particles in the process of formation, because
the shell structures are almost identical with the others. It is
hard to interpret the nature of the smaller doughnut-shaped
particles from the present observation, since they appeared less
frequently in the cytoplasm as compared with ordinary Sm
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ck

Fig. 12. Electron micrograph of thin section of a type A particle at an early
stageof budding,showingcorn-kernel-likeprojections(ck) at the top of the
budding process.Cy, cytoplasm. G-POTA fixation, x 100,000.Bar, 0.1 Mm.

Fig. 13. Electron micrograph of thin section of an extracellular Sm-MTV
particlewithadoughnut-shapednucleoid,havingtheenvelopestuddedwithcorn
kernel (ck)-like projection on half side of the Surface.G-POTA fixation,
x 120,000. Bar, 0.1 Mm.

MTV-A particles. We assume that the smaller particles are not
derived from cellular components, such as coated vesicles,
because they were found grouped in clusters.

Most early papers concerning the morphogenesis of MMTV
suggested that the internal components matured soon after
release, but not before release, because enveloped A particles
were often present in the purified preparation oftype B particles
(32). No transitional structures between MMTV-A particles
and the nucleoids of extracellular virions, however, have been
reported except for the rare occurrence of â€œunenvelopedparti
desâ€•undergoing maturation in the cytoplasm (24). The phe
nomenon, the decrease in size of the Sm-MW-A particles
localized near the plasma membrane and within the budding
processes as compared with SM-MTV-A particles localized in
the cytoplasm far from the plasma membrane, has been re
ported in neither MMTV-A nor M-PMV-A particles. Com
bined with the presence of some budding particles with an
electron dense core surrounded by an intermediate layer, it may
be interpreted in the case of Sm-MTV as the nucleoids starting
to mature before release.

Fig. 14. Electron micrograph of thin section of a giant virion having the
envelopestuddedwith spine-likeprojections(5). G-POTAfixation,x 200,000.
Bar, 0.1 Mm.

Fig. 15. Electronmicrographof thin sectionof a virion havingtheenvelope
studdedwith corn-kernel-likeprojectionson half sideof the surface.h, distal
headof a corn-kernel-likeprojection at,stalkof the projection;br, bridge-like
structuresacrosstheviralenvelope.G-POTAfixation,x 200,000.Bar,0.1Mm.

On the Morphology of Extracellular Virions. Sm-MTV was
observed extracellularly as enveloped particles with a centrally
located nucleoid. Sm-MTV could be distinguished morpholog
ically from type B particles, in that the latter had a spiked
envelope and eccentrically located nucleoid (24), and from M
PMV (type D) which had a condensed bar-shaped nucleoid
together with differences in the profile of type A particles (5,
28). In addition, the extracellular particles of Sm-MTV seem
to have some similarities with those of the other species of type
D particle, SMRV, in that the latter has a centrally located
nucleoid and an average diameter of 140 nm (33). One can
point out, however, minor differences in the nucleoid morphol
ogy between both virus particles; cores of the latter are tightly
covered with a double-layered membrane. As a matter of course,
Sm-MTV virions completely differ morphologically from type
C particles by the nucleoid architecture (3, 25, 28). Further
more, the mature virions of Sm-MW presented the largest
averaged diameters and were much more variable in size as
compared with those of the other retroviruses examined. Van
ability in virion size was previously reported in the case of
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tured in different districts in Asia, different species of Insecti
vora stocks, and various species of primates.
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