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BIKE\'S JouR\AL 5.21.28 (1962)

Structure of Meningopneumonifis Virus Parficles

YAsuHiRO HDSAKA AND YosHiMi NisHi

The 511'ucturc of purlhccl exti'acclliilai' liteningopi, "uruoniiis \, iius pal ticlcs libcrat"tl in a on"
step gro\\. Ih cycle was studiccl in clcctron in ICio*copy, by shadowcastiiig. 11cgaiivc staining techniquc
anti tillrathin 51 CLIons. 'Fit, virus pariiclc prcpai'alloit 11as two Illsiinct it, Diphologica1 101'ms. uric
a sritall clcns"-centcrcd I, atticlc ancl Ihc o11, ci' a jargc. ICiiculat, .cl pailiclc. 'Lhc 101 mrr lookctllikc
a "wiinklecl pea willt Drill nailciiccl skic" by, shatlo\\. intr. antl nan an tiniisual appcai. ancc I^. 111c
ncgaiivc slaining techniqiic

Ultraihin scctioil* or Ilcgati\'c staining techitiquc sho\\. cc1 11Tc flitc 11/11ci 511 tictLii'c or boih Ibi'ms
or Ih, 11, uningo!)ncLimoniiis \'ITiis. 'Thc ticnsc-ccntci "cl liariiclc it as a nuclcoitlal apparatus. \\'hiclt. in
some I, at 11cles, colttains a n timbcr or ninelcoltis -Iik" 1.0, U. S. sill'I otintlcc! 11y a chinsc Tclictilai' ICgioil
atTcl Drillt also by a pal'anticlcoiclalitgionjusidc Ihc lullculai rcgion. ,\inorig 111CSc par[IClcs. 11]crc
ai c obscr\, cc1 11.01 piiological \'ariaiions of \ip\' I, ai'11clcs 10 bc coilsidt'r!'t1 10 I'Dr"scnt cliffcrcncc\
in 11, c slagc of tic\ clopmi, ni

'Titc Iai'gc, Tcliculatccl j, at11clc consisis or a r, 11cular sysicm, a 511'ant1 o1 \\inIch 15 appi'oximai*Iy
30 - 40 A thickitcss, stirroun, 1111g a 1111clcoid. lit a riiptiiit:I I)arIiclc hclical SII ncitircs 80-I 10 A $1dc,
can I, c sccn, willt a DCTio, ICiiy of 40-Go ,\. Boilt liariiclc* 11av, aiT oui:I CIOublt; 140-300 .-\ \\Idih,
carh lay" I, cing 30-60 A 1111ck

Depn)!menl qf Pr, zeniite Aledit!}Ie, Th, Refe"Jch 111J!11/11e
Joy ,If^^! o6^^! DiJen"J, Of aka L;, lirerJib. . 05"An

(Ref, i, ,1.1b! 1111b/, tall'on, FF, Jimu, 17, 1962)

SU\. I\. IARY

Meningopneumonitis virus (\, ip\I) Is a typical ritemlJcr of the PSIttacosis-
Iyinphograntiloma group ranking between virus and rickettsia. Mary \\'orkei's
have found fronT electroiT micrographs that this group of viruses develop from
the initial I)ody to the elemcntary nody in Ihc Intracellular glowih cycle through
interITTediate stages (Gayloi'd, 1954; TaiiitTa 81 a/., 1957; Mitsui ,! n1. , 1958;
Higashi, 1959 ; Higashi at n/., 1959; Let\\. in, 1959; Let\\, in at a!., 1961) and
exist in I\\'o different forms, I>OSsibly repi'esenting mature and immature, e\'eiT in
the preparations of the elementary I)ody (Rake 81 a/., 1946; Rake, 1947; 1<urot-
chkiiT e/ a!., 1947; Heinmets and Golu1}, 1948; A{oulder, 1954; CTocl<er, 1954;

Sharp, 1960). However these elementary bodies \\, ere not o1)lained under one step
growth cycle in a tissue culture.

We examined the structure of virus particles in an elementary body I>repara-
tion of MP\; on tained tinder one step orowth in L cells and confirmed the existence
of different forms of MPV particles and studied their fine structure.
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This paper describes these observations.

I. 1'1/11$

\Tuningopneumonitis \'irus (A{P\'), California 10 strain, adaptecl to L cells, kindly gi\. cn by.
Drs. Higashi and Tamui'a (Inst. for' \'irus Rcsearch, Kyoto Unit. I was usecl Ihioughout

The \'irus titer was measurecl as 11Te Tcl050 in L cclls

2. Cell$

Strain L cells \\erc used. 70 n, I or suspcitsion coniainin0 5 x 106 cells was inDCulatcd into a
1.51 borncs and culti\, ated for + days as a monola\. CT (1.5 x 107 cells). Thc grown, ritediun, \\, as
Y. L. H. (0. l'b yeast extract, 0.5 '6 IactoalbLiinin hydrol}. sale in Hanks' solution), containing 5%
bo\. ine serum, free from I, enicillin

3. Pii, "ration of I\IPP

L cell Ittonolaycrs \\. crc inDCulatcd \\. jilt A{P\; by a ntuliiplicity or appioximaLely 10, adsoihcd
for 21tours, then washed 3 times with PBS and addccl b\. 70 inI of n, aintenancc medium. The
mainicnance it, cditin, was YLH containing 2'1 bo\. ine serum, ITcc 11'0nT PCnicillin

r\Tier 60 it ours incubation at 37'C, Ihc infected rinkls werc Ilatvestcc1 (10n Tcl050Iboiile),
clarifiecl by centrifugation at 2,500 rpn, for' 10 In inutes and then rcc"nirifLigcd at 10,000 TDItT for 20

Differential centrifugation was repealed and the resLiliing pellets were rcstispcnclccl liefoicminutes

clectroit microscop}

+. Elf, !ron illicrosco/!I'

A Hitachi HU 90 Iype electron inicioscope \\. as Liscd
I) Shadorui"g
TITe ptirified A{P\' suspension in 0,859, \aCl \\as placed on a carbon-collodion gritl and

obser\'ecl after shadowing witlt Liranium

2) rVnga!i"e $1"millg
Tlle purinecl A{P\' suspension in distilled \\'ater was IT. ited willl an equal \, o111me of 2q phDs-

phDtungstic acid (PTA) adjusted to pH 70 \\. ith \-KOH, and placecl on a carbon-colloclioit giid
(Hosaka e! ,I. , 1961) for observation

co U/!,"!A1n $, ciio"s
A pail or the final SLispension \\'as centrifuged at 10,000 IPm for' 30 Ininutcs. The PCIleis were

fixed for 601ninuiesin a I% OSmiun, telroxide (\. eronal-acetate buffei'I)H 7.4), clellydraiedin graded
ethanol and embeddeci in EPOn 812 resin (Gibbons, 1958). Seciions were cut willl Porter-Blum
Intramicrotome, stained for. 30 minutes with l'b uranium acetate ill 759 ethanol and examiited
in the electron microscope

HOSAKA AND NISHl

A, IATERIALS I\\D itIETHODS

I. ,\{P P o638?'aed by $finchttii?Ig

Fig. I shows particles of MPV seen by shadowing. Two distinct in orpho-
logical forms can be seen: one a particle of 400 - 550 inn with a central mass
surrounded by a peripheral rim and another a Iarrrer flat particle of 500 - 900 Inn
of relatively homogeneous appearance'

The former has a heldht of about 200 roll and the latter less than 100 in/,
as judged from the shadow length. The former looks like a "wrinkled pea with
one flattened side" as described by Rake at a1. (1946).

RESULTS



Both types of particle have an uneven surface, respecti*., ely.

2. ,\/P F PRI'/ic/, J obr, ;'u, d by Jiggrr/jar r/nil!illg leth!!iq!!e

Fig. 2 shows particles seeit by ITcgative staining. In this case also, t\\. o forms
of particles can lie seen, one small t\'pe of particle of 300 - +50 inn ITaving an
irreoular shaped dark PTA area and showing no visilJle inner structure ancl another
larger type of particle of 500 - 800 inn often will} a crevice-like PTA area and an
inner relicular structure. Some of' the former particles showed a peripheral rim,
in thc photograph (Fig. 3-I). Possilily PTA penetrated easily' over the IJei'IPheral
rim, \\ hicl) \\ as o1, served clearly under shadowing. This idca Is SLIPporiccl I, \' the
fact that the size of this tvpe of liarticle under PTA approximately corresponded
to that 11}e central mass of the first type of particle under shado\\, ing.

11 is improl)ajilc Iha. I the irregular shapes of PTA dark arcas repi. escnt spaccs
corresponding SITapes with 11\ the particlcs, I, ccausc tiltrathin sections of the \. IP\
particles (Fig. +) did not sho\\, such spaces. Possil, Iy the irregular shapes of the
PTA aleas within the particles indicatcd PTA in uricveiT depressions formed on
the surface of the Nip\/ nanicles, \vhilc they, \\, CTC drying on the grid

The appearance of thc particlcs tinder I'TA was compared \\, ItIL that seen by,
shadowing, and IJaii. s of SImila^ appeara. rice could lie selected, as shown in Fig.
(left : !Tcgative staining ; riglt. I: shado\\'Ing). The Tcloi'e 11 seems certain I lat
thc ill Gaulai' shape of Ihc PT',\ areas \\ ithin the NIPV particles reflects Line\, criesscs
in the surface of the pal ticlcs. Tht!s the I\\, o types of I, article seen tinder PTA
could COTi'CSponcl to the two t\, PCS of the 13ai'ticlc seei} tincler shado\ving.

Fullhcr, a. s sho, .\, Il iil Fi, . 3-8, from Ihc P'TA IicnctratioiT ovci' thc pel'iphcial
rims o1' the I, articl. s, MPV IJa. rLicl. s usually, exist sepLrately, although the parti-
cles often appear to I, e connected it, bon secil tindcr shadowing

3. U!/lull^^! J, c/!'rillJ of ,Vl'F

Fi, 's. + and 5 Rho\\, tillI at bin scctions of NIPV. Two forms of particle call lie
seen; o1}e is a dense-centereclforin or 350 -, 180 inn diamctcr ancl the other a large,
rcticulatcd forI}T of 40() - 800 Inn diamcter willl or without a inuclcoicl of varying
SIzc (the 13ciipherally, scctioncd I>articles were excluded). Thc dense-centercd
particle It as a 111niting Inclnl)rane In a 10\\, contrast \vhiclT is possilily a sac or
cnvclope and contains a difftisc Inaterial. The dulluse Inateiial surrounds an
ITreuular shaped inner Incmbrane, 140 - 200 A thick, \\. hiclt is shown in Fig. 7 to
consist o1' I\\. 0lavers, 30 - 50 A thick. The area, enclosecl I^, the Inner meinlirane,
is 280 - 420 A across. The Iargc, rcticulatecl particle also has a membrane, 150 -
300 A thick composecl of two layers.

As CICScribed alJovc, two types of particles diffcring in size and structure can
lie seen by, all3 techniques. The two types of particles secil I)y the 3 techniques
seems to corresponcl one another, one 15 a small particle with a ccntral mass seen
by shado\\'ing, a small particle showiiT^ no visible inncr SITUcturc under PTA and

STRUCTURE OF \. IE\I\GOP\EU\10 XITIS \, JRUS P. -\RTICLE 23
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a small dense-centered particle in section. The other type of particle is a Iaroe Hat
particle \\, hen seen IJy shadowing and a large reticulated particle \\, hen studied IJy
negative staining or in section. Front electronmicroscopical studies on the intra-
cellular growth of the I'Sittacosis group viruses, the large reticulated particles seem
to develop Into the dense-centered particles (Gaylord, 1954; TailnTa at n/., 1957;
Mitsui at a1. , 1958; Higashi, 1959; Hidashi at a/., Lit\\, in at a/., 1961). There
fore it seems no doul)t that the former particles on servecl in the present experiments
are a ITTature form and the latter particles, an immature from. 111 the purified
MP\I I, reparations used, the ratio of the Iartre reticulated to the dense-centered
particles was 4 - 8 to 50

4. Fille filliei 3/11/'11{I'e of Ihe denr, -"111eied/dinc/, r
Since PTA did not penetrate to the Inside of the smaller compact particles

their Inner strudture could only IJe seen in ultrathin sections.
At a higlt magnification a nucleoidal apparatus could IJe seen in sections of the

dense-centered particles (particles I and 2 in Figs. 6 and 7). The rincleoidal a , a-
Talus, approximately 1,000 A \\, Ide, contains a numlicr of Ilucleolus-11kc I'Ddies

of 200 - 300 A diameter (particle I), and is surrounded with a dense Teticular SUIi-
stance (viroplasm). In other particles (particle 2), the nucleoidal apparatus ITas
not so fine a structure IJut instead Is surrounded I)y a I, aranuclear realon of a
10\\, density. In the larger particles (particle 3), the paranuclea^ region is the
clearer and the nucleoidal apparatus and the vii. oplasin the more diffuse. These
inorphological variations in the A{P\; I)articles (3-I) seem to indicate the develo -
merit of the particles, judging from the size of the particles and the compactness
and s\, sternaticity of their structure. The Teticular strand in the viro Iasm is
obsei ved of thickness of 80- I 00 A

5. Fijie 11/11ei' $1i'!{'11/1'e of Ihe linge it/ici!/d/, d Id}'/it/eJ

Fig. 8 shows the fine structure of a jarue, reticulated IJarticle seen IJy neoative
staining. A transverse CTevis in the itTiddlc of the particle can IJc seeiT which is con-
sidered I^, comparison \-\, Ith the shadowed particles shown in Flu. 3 to indicate
a depression on the surface. The double membrane 150 - 200 A thick, coin OSed
of two layers 40 -70 A thick, surrounding the crevis is possilil the membrane
which covers the surface of the particles. with111 the particles is seen a Teticular
system of strands, 30 - 40 A thick. A nucleoid of 1,000 - 1,500 A \\, Idth is resent
near the surface.

In a ruptured particle, strands, approximately 15 A thick, are coiled Teticu-
Ian^Iy (Fig. 9). Often th, st"and, anp, ar , h. lionl an, ay 80 -110 A, id, , with ^
periodicity of 40 - 60 A. In the middle of the particle, a nucleoid a ears to IJe
ruptured. It also consists of Teticularly coiled strands. In some laces re uelarl
segmented strands of approximately 50 A width can be seen, which in a be of helical
array, in the nucleoid.

HOSAKA ..\ND AllsHl



STRUCTURE OF ME\I\GOP\EUMO\ITIS VIRUS PARTICLE

DISCUSSION

Purified MPV 111>Grated extracellularly under one step oro\vth condition \\, as
showi\ to consist of two distinct in DTPhological forms of particles. This is con-
SIStent \\, ith the results of Hiuashi and Taroura (1962) and other data not obtained
under one step gro\\. th conditions (Rake ,/ a/., 1946; Kurotchkiil at a!., 1947;
Hemmets and Golou1), 1948; Moulder, 1954; Ci. ocker, 1954; Sharp, 1960).

Our opinion of ITo\\, the "\\, rinkled pea with one flattened side" or "Derby
hat" appearance (Rake d a/., 1946) of the dense-centered IJarticle seen by shadow-
intr could lie produced, is illustiaied in Fiu. 10.

::::rane----_,(^-:^^----pargnucleor
peripheral rim

jin

""" J
\ ^^/
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Fig. 10 sho\\, s I}0\\, a dense-centered particlc can I)roduce a I>Gripheral rim
and a central mass or, drying on a grid and thus a little Increase titc total \\, idth

of the particle \-\, heIT scen I)\, shadowing. SImilai. Iy a large, rcticulaterl particle
could IJeconTC SIIglttly jargcr when dried on a grid. This explanatioil is 11T Iirinci-
PIG similar to that of Rake e/ d!. (1946). Thus it seeiTls reasonalilc to consider tl}at
there is a Jelly - like sunstancc net\veen the envelope ancl Ihc inner membrane

Fig. 10. The Allerofion of the Two Forms of MPV during Drying on the Grid

leii^ Ihe dense -cente red pariicle
righi: the large, reliculoied particle

o nveIo pe ,

..^ ^

far

, "V*^ ^ ~Z,\\

Table I. Comparison of the Size of MPV Particles Observed by 3 Techniques

Form of particle Shadow Seclio nNegative staining

d ense -ce rite red

parlicle

^^^

large, reliculoled
purlicle

^
^^

400 - 550 in"
central moss
300 - 450

500 - 900

300 - 450 in"

450 - 800

350.480 inn
inner me inbrone-area

280 - 420

400 - 700
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and the \vrinklino' of the surface reflects Irre. 'ularities in the inner membrane,
rather than only an artifact caused IJy drying. This Is consistent with an earlier
11Tferential interpretation of He in mets and Golou1) (1948)

The apparent size of the NipV IJarticles varied a little with the technique
employed, as shown in Table I. This size variation can I, c explained I^, Ih,
norphological alterations, as illustrated in Flu. 10 occurrino while the particles are
drying on the grids. TITe size of the particles in the sections which \\, ere not dried
on a grid is 13robalJle the neatest to the size of the particle in ITature, I)ecause it
corresponds approximately to the true size expected from the Illustratior! in Fig
10. Distortion of the structure of viral Inaterial (Epstein, 1962) and of cellular
material is inucl} less \vheil the ItTaterial is Gini, edded in GPon 812 than in ITTetha-
crylate. In the present work, material was embedded in epon. An inner. In eru-
IJrane within the envelope and a series of NIP\I particles differIna in appearance
of the nucleoidal apparatus could clearly be seen. The latter seem to represent
the development of the nucleoidal apparatus

The size (80,100A) of the Teticular finer in the dense-centered I>article in
sectioiT (Fig. 6.7) was different from that (30-+0 A) in the large, reliculatecl particle
under PTA (Fig. 8). At present the significance of this difference is not certain.

It is Interesting that a large AJP\/ virus contains a reaular I}elical structure
within the particle, as shown in Fig. 9. It is ITot yet known whether this structure
is of DNA or RNA-line. Possibly the helical structure constitutes the viroplasin of
NTPv

The nucleoidal apparatus seen in the present experiments corresponds to the
"central star" of Trachoma virus described I)y knitsuie/ d/. (1958).
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Fig. I. Nip\I particles under shadow
A. small particle with a centi al mass sui IOUndetl by a periphei'al rim
B. large nat pal ticles or relatively homogeneous appearance

Fig. 2. NIP\; particles by negative staining
A. small compact particle showing no \, isible inner sirLictLire
B. large, retictilatecl particle

Fig. 3. Comparison of kip\, particles seen by negative staining \viih those seeiT by shadowing
(left : negative staining Tight : shadowing)
Shadowed particles were photographed clirectly front the negative platcs. 10 SI, 0\\, it, ore
clearly a fine uneveness on the SLITFacc or the pal ticles
I - 6, dense-centered particlcs
7, large, reticulated particle
8, by itegativc staining A{P\' I, atticles arc seeil to be relatively separate (left) nut are

rusecl with each o1her when seen by shadowing (Iiuht)
Fig. .1.5. NipV particles in tiltrathin section

A. dense-centeretl particle
B. large, reliculaiecl particle \\, jilt or \viihout a ITUcleoid
In Lippcr left in Fig. +. a double mein braite (I\I) of a large, reliculatccl particlc calt I, c reeli
Long airo\vs indicate the inner itTernbranc and short arrows, lite cn\, clopc

Fig. 6.7. Nip\! particles in section at higher Inagnification
Pailiclcs 3 to I, sho\\, the change iil the nucleoidal apparatus (N) from a difftisc for in to
a Crimpaci 101'in
Tl, e compact nucleoidal appal'at us (particle I) colttains a it tilllher of nticlcolus-like bodies
\\!ithin tite envelope. a donblc membrane can be seen

Fig. 8. A large. leticulatecl particle of A{P\; secn by negative staining
The TeticLilar system consists of strands, approximaicly 30 A Ihicl<
The n, iddle trans\, erse ci'evis seems tlue to a depiession on the stirface of the particle. Thc
double surface membrane are cleai Iy shown

Fig. 9. ,\ ruptured kip\J particle
\\!ithin the particle, helical struciLircs (H) can bc seen. The ITclix 11as a \vidil, or
80 - I 10 A anti a periodicity of 40 - 60 A. Fui ther in the ruptured Ilucleoicl (\), a Tclictilai
svstein can be seen and in some places, segmented strands (S)

EXPLANATION OF PHOTOGRAPHS
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