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VIRAL CRYSTALLINE ARRAYS 11.1 FL CELLS INFECTED WITH

HERPES SIMPLEX VIRUSi-z

SHIRO NTT and NOBUMI ONO

DepartmeiTt of Pathology, Rcsearch Institute for \'11crobial Diseascs, Osaka Lni\. CTSit\',
Yamada-kami, Suit", OSal<a

(Received November 9,1970)

uMMARY FL cclls infected \\, itIT t\\'o laboratory strains (HF and -GCr Allyama)
and three freshly isolated strains (Ko, I\\. a and watanabe) of herpes simplex \, irus

at an adsorbed multiplicity of approximate 10 \VCrc fixed at Iatc stagcs of infection.
(i. e. 40-6311r after infoction) and ultra-111in sections \\. ere prepared from them.
The appearances and arrangement of viral crystals \\ erc the IT cxamincd witlT an
elcctron microscope and the following obscrvations \\'CTC madc. (1) Viral ci'ystals
\\'CTe seei\ in FL cclls infected with all strains but they \\. CTC not sccn very oftcn
They \\, erc seen most easily in cells infoctcd \\. it 11 the HF strain \\. hiclt caused sync ^^iai
formatioiT in the cell monolayers. (2) All the crystals found \\. it I\ the five strains \\ ere
located In the ITUclcus, except for onc \\, hicll \\ as in the cytoplasm of a cell infected \\. ith
the 1<0 strain. (3) Some of the crystals observed \\'CTe hexagonal in shape anti ITo
pel\tagonal crystal-like structure \\, as detected
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INTRODUCTION

Inti'anuclear crystals of ITcrpcs simplex virus
observed witl\ ai, clcctron n}ICroscope \\'erc

first reported by I\{o1'gal\ at a1. (1958). These
\Torl<ers suggested that crystallization \\. as a
property of a particular strain of \, irus, rather
than a state imposed by thc host cell, and this
idea seems to be supported by some other
investigators (Shipk^, ct a1. , 1967 ; Asayama,
1967 ; Cook and Stevcns, 1968)

I 'This invest hatioii \\'as partl\ aided b\. a grnnt from
the lane Coinn Child \lemonal Fund for A{cdical
Research

2 This \\ork was presented at rite 16tl\ Annual
\'Jeeting of tlTe Society. of Japanese \'ITologists in
FLil<uoka, on October 9,1968

Time seqtiential studies on the ticvclopmcnt
of the XIIyama strain of lierpcs simplcx \, ill!s
in FL cells infected \\'ill, a 111glT multiplicit}.
of the \, Irus re\'calc<I that crystallization oc-
currcd only at jarc stages of infectioi\ (\11 ct al. ,
1968). \\'it11 BHl< cells anti Earle's L cells
Infected \\'it IT approxlmatcly thc same dosc of
virus, crystals \\'CTC jarely dctected and the 11'
presence seemed to dcpcnd upon the duration
of infectioit before deatlt of the cells (\11 ct al. ,
1966)

Some crystals obser\. ed by A10rgaii ct al
(1958 and 1959) \\ei'c I\cxagonal ill shape
\'lore recently, ITo\\'e\'er, a pentagonal dim, -
ramidal crystal-like SITUctui'c \\ as found by
A, leinick at a1. (1968) in the nucleus of a 11\ CT
cell of a mouse \\. ith hcpatitis caused by lierpes
simplex virus
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This study was on crystallization and the
morphology of crystals in FL cells infected
with two laboratory strains and three freshly
isolated strains of herpes simplex virus.

:\IATERIALS AND iVIETHODS

I. FIJI, s @11d cells

Two laboratory. strains of herpes simplex virus,
the -GCr Miyama and HF strains, \\, ere used
The former strain was isolated in this laboratory and

causes a proliferative type of cytopathic change in
FL cell monolayers (Nii and Kamahora, 1961)
The latter strain was obtained from Dr. Yoshino

(Institute for Medical Sciences, Tokyo University).
He ITas adapted this strain to gro\\, well In HeLa
cells and it induces sync}. tial formation in FL cell
monolayers

Three freshly isolated strains, the Ko, I\va and
\\, at ariabe strains, all isolated in this laboratory

from patients \\, ith lieijpes lab, airs, were also used
FL cells \\, etc used for Isolation and subsequent

passages of these strains. A proliferative type of
cytopathic change \\, as induced by the 1<0 and
\\Iatanabe strains in the cell monolayers and this

^. as predominantlv observed on infection \\. Ith the
I\^a strain (results to be published). For electron

microscopic examinations cell cultures \\ ere infected
with these three strains at early levels of passage

(i. e. the 2nd and 3rd passage levels)

amount of MEM. The cells \\, ere scraped in the
medium and centrifuged at low speed. The
resulting pellet \\, as fixed for I hr in I % glutaral-
dehyde, \\. ashed \\. ell, fixed for 30 min in I % osmium
tetroxide, dehydrated and embedded in epoxy resin
Sections \\, ere made \\. ith a glass knife in an LKB
microtome and stained \\. Itit Litanyl acetate and lead

A Hitachi 11 B electron microscope \\. ascitrate

used

2. lifeci!'ON

All five strains produced liters of 10'-lo' FFUj
in I in the extracellular culture fluid at advanced

stages of infection, so after a low speed centrifugation
the super natant fluid of infected cultures \\. as used
as \, irus material for inoculation. FL cell mono-

Ia\ ers prepared in Leighton tLibes or occasionally In
200 in I square glass bottles \\. ere infected \\. itit one of
these strains at an adsorbed multiplicit}. of rip-
proximate 10. After adsorption for I hr the
inocLil\Im \\'as replaced b}' maintenance medium :

Eagle's A, jinimum Essential Aledium (MEA, I)
supplemented \\. inl 596 calf serum. The infected
cultures \\ere removed from the incubator 40-

631)r after infection for fixation

RESULTS

Fig. I and 2 show crystals found in the nuclei
of FL cells 40 hr after infection with the

-GCr Miyama strain of herpes simplex virus.
The one shown in Fig. I is hexagonal. it
consists of especially well-shaped arrays and
many capsids in the crystal are each seen
to be closely surrounded by six neighbouring
capsids

The cores of viral particles in Fig. I and 2
are mostly small and only the few particles
shown by arrows in Fig. 2 have large ring-
shaped cores.

The finding of viral crystallization with the
Miyama strain confirms the previous report
that this strain can form crystals (Nil at al. ,
1968)

Fig. 3-6 illustrate the nuclei of FL cells 43 hr
after infection with the HF strain. Crystalline
arrays are clearly observed in Fig. 3.4 and 5,
while crystal formation is not clear in Fig. 6
where aggregates of viral particles are seen.
The virus cores have various in DTPhological
forms in these figures. Some particles have
cores of 10\\, electron density most of which
have a translucent center, as seen with particle
b"in Fig. 5. Some particles seem to be empty.
Electron dense cores are ring-shaped, ribbon-
like, or ovoid.

In Fig. 3 some hexagonal particles are ar-
ranged in rows fitting angle to angle next To
each other as seen with the two neighbouring
particles, A and B.

In the nucleus shown in Fig. 4 three or more
crystals are seen in contact with one another,

3. PI epni at, o11 of Jimtei'Jul 101' electi o11 nil'c, OScopy
The maintenance medium \\, as discarded from the

infected cultures and replaced by an appropriate
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suggesting that crystallization occurs in inul-
tiple foci. At the upper right-hand corner
there Is one particle \\, Ith an envelope just
outside the nucleus.

In the crystal sho\^n in Fig. 5 distinct par-
ticles \\, ITich are at, or near the plane of section
are seen to have a periodic arrangement, (I. e.
particles a, b, a', b', a", b" and a"', b"')

In some nuclei aggregates of viral particles
\^ithout aiTy definite crystalline arrays \\ ere
observed. Fig. 6 shows numerous scattered
particles in the nucleus. 11 is unknown
\\'he ther these aggregation of viral particles
leads to crystal formation

Fig. 7.8,9 and 10 illustrate crystals in FL
cells 62 hr after infection \\. ith the 1<0 strain.

The viral particles in both Fig. 7 and 8 are ar-
ranged in beautiful crystalline arrays. Namely,
the capsids are arranged in such a \\, ay that
eacli Ilexagon in the crystals may be surrounded
by, six neighbouring ones by side to side con-

At thc upper left-hand end of the crystaltact

in Fig. 7 there are aberrant shaped particles
shown by an arro\^ (\ii et a1. , 1968) and at the
bottom of the picturc one particle is almost
completely enveloped. Proliferative changes
of the nuclear meinbi'anes are seen in Fig. 8
and nTore clearly in Fig. 7.

One crystal found in the cytoplasm is sho\\ n
in Fig. 9. Fig. 10 illustrates the same crystal
at IlIgher ITtagiiification. Similar granules to
those \\. hicl\ were \\, Idely distributed in the
cytoplasm and \\ hich are thought to be ribo-
somal particles are also interspersed among the

particles of the crystal. Therefore,TITUS

piesumably crystallization occurrcd at the site
\\'here tliis CT\, stal \\'as found. In other \\, ords

this crystal \\. as not extruded from the nucleus
and have lieeiT formed in an infectedmay

initotic cell as an extreme rarity.
Fig. 11 sho\\'s one crystal in thc ITUcleus of

ail FL cell62.5lit after infection \\. it IT the Iwa

strain, \\. hile Fig. 12 illustrates that found in
the nucleus of an FL cell63 hr after infection
\\'Ith the watanabe strain. A of thepart
crystal in Fig. 11 is delineated and the rows
are lettered. In eaclT To\\. inside the line one

distinct and t\\'o indistinct particles are seen
arranged alter nately. The three particles
shown by arro\\. s are incomplete, suggesting
that they, are in the process of formation.

DISCLSSIO\

Xiorgan at al. (1958) first suggested that
crystallization of viral capsids of herpes simplex
\\'as a property of some particular strains of the
agent. This idea seems to be supported by

other investigators (Shipkq, et al. ,
1967 ; Asayama, 1967 ; Cool< and Stevens,
1968). However, it does not seem easy to
conclude definitely from electron microscopic
observations whether any, given \, Irus strain has
the property of inducing crystals after infection
Moreover, especial caution Is required before
concluding that some straiiT does not produce
crystals. \\'it it the MP \, ariant crystals \\'ere
not found by Cool< and Stevens (1968) but
\\'ere found by Sch\^arz and Roizman (1969)
although infrequently. Therefore, disci. cpant
results o1T the occurrence of crystallization of
herpes simplex mainly due
to limitation in the extent of electron micro-

SCOPic observations.
Time sequential electron microscopic studies

o1\ FL cells infected witlt a high multiplicity of
the NIIyama strain of herpes simplex virus
revealed that viral crystals appeared at late
stages of infoction (XII at c1. , 1968) but they

some

,

virus seems to

I"",~' I
," ' ** \/~\:'

,! I. , I, ,

I

FIGURE 13. Plaini' wetc of a Inrel' o1/11tteii sphei','cal
prri'/Ic/es 111 a Ilexo. golfn/ closejb"CAIiig aii allge, ,lei!!. Tile
ShadOtCed died Jani'eSeiils a seci!'o11 Ihi'011g/I ihe Cell!ei'S
Of ihiee pm 11c/es alld pel 11hei o1 pulls o11,111' pal tic/es
Tills ci DSS sectio11 exp/o1/13 file pel'10drc appeal'allCeS Of
o11e drsii, ICt nild IECO I, IdJt!!'11ct pail, c/, s 111 lot. $ of ti'1'01
pail!'c/es in p"I I of Ihe cys!a/ shotci, 111 F1'". I I

Nil, S. and \'. Ono Ciystall^^, e ai','ays of lieipes '17/1p/ex ",'1'113

I
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were rarely seen \\, ith BHK cells and Earle's
L cells under similar experimental conditions
(Xii er a1. , 1966). Cell destruction after in-
fection occurred earlier in the latter two cell

lines than in FL cells and the appearance of
viral crystals seems to depend upon the dura-
tion of infection bcfore death of the cells.
In other \\, ords a sufficient duration of infection

seems to be necessary for retention of enough
virus particles or their precursor materials in
the nucleus to induce crystallization. Thus
the kind of ITost cell seems to be another factor

determining the appearance of crystals.
Based on the above considerations \\, e

tested the abilities of five strains to induce

formation of crystals in infected FL cells and
\^e also studied the in orphological appearance
of these crystals. Four of the five strains were
isolated in this laboratory from patients \\, ith
helpes labial^^. The Miyama strain \\, as
isolated in 1958. During its in vitro passage

obtained (Xii andthree substrains ^, ere

Kamahora, 1961), and one of these, the -GCr
strain, \\, as examined in this study. The other
laboratory strain, HF was obtained from
Dr. Yoshino. It had been adapted to HaLa
cells and was the only strain used \\, hich in-
duced syncytial formation in FL cell mono-
layers. The three freshly isolated strains \\, ere
each used w^thin three in vitro passages.
Crystal formatioi\ \\, as seen with all five strains,
but crystals \\, ere I\ot very numerous. They
were most easily detected \\, ith the HF strain.
This finding is compatible with the fact that the
+GC variant of the Miyama strain, \\. hich also
induces syncytial formation in cell monolayers,
caused formation of crystals more frequently
than the -GCr variant causing a proliferative
type of cytopathic change (Nil, unpublished
data). This might be explained as follows.
In large syncytia \\here many nuclei are ag-
gregated close together egress of intranuclear
viral particles into the cytoplasm may be
somewhat inhibited and this restriction may
result in a more frequent appearance of
crystals.

In contrast to our results, Shipkey at al.

(1967) did n, t find .ryst^I^ in HEp-2 colts
infected with the HF strain. It is unknown

whether this discrepancy was due to a dif-
histories of the HFference in the passage

strains used by Shipkey at al. and by us.
S. hire"" and Roi"man (1968) report, d that

viral crystals were observed in all nuclei of cells
infected with the F strain, a freshly isolated
type I herpes simplex virus, but \\, ere rarely
seen in cells infected with laboratory strains.
They interpreted this as follows : numerous
passages of virus in HEp-2 cells result in
selection of virus variants with an increased

ability to multiply in these cells \\, hile freshly
isolated strains are partially restricted in HEp-
2 cells. However, \\, e did not find viral crystals
very frequently \\, Ith three freshly isolated
strains.

Crystallization itself dose not seem to be
dependent upon the genetic properties of
certain strains of herpes simplex virus and all
strains of the virus seem to have the ability to
induce crystallization. Namely it a number of

particles of capsids are produced and
concentrated in one locus of an infected cell,
they will consequently become arranged in
crystalline arrays. If this is so, only the fre-
quency of appearance of crystals seems to
depend upon the properties of the strain.

The capsid of herpes simplex virus is an ICO-
sahedron consisting of 162 capsomers (\\'11dy
at a1. , 1960). In Fig. 13 particles of capsids
are drawn diagrammatically as spheres, \\, ith a
closely packed hexagonal arrangement. The
shadowed area Indicates a section \\, ith a

thickness of approximate 200 A and three
single particles are cut through their centers
while four particles are cut through peripheral
parts. This sectioned plane explains the
alternate arrangement of distinct and indistinct
particles seen in rows of viral particles in a
crystal, such as that seen in Fig. 11.

Morgan at a1. (1956) using electron micros-
copy observed intranuclear viral crystals in
HeLa cells infected with adenovirus types 3,4
and 5 and suggested that viral particles were
packed in crystals in a cubic-body centered Iat-

virus
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that each particle was surrounded by eight
equidistant particles. This arrangement was
supported by Low and Pinnock (1956). Mor-
gan at a1. (1960) also observed a hexagonal viral
crystal in the nucleus of a cell infected with
type 5 adenovirus. A hexagonal crystalline
arrangement is the best incthod of packing a
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FIGURES I and 2. Viral crystals fowld 111 the 711, c!ei of FL cells 40 117 after
17:1ect, 'o11 wit/, the -Go, Miyom@ strain of herpes si", PIe" o1,113. The c, yst@/ 111
F1:g'. I 13 herdgo, ICJ.

Fig. I x 64,000 Fig. 2 60,000

FIGURES 3 and 4. Viral cryst@/slot, ,Idi, , the 711, c/ei of FL cells 43 h, ' 4/1e, ' 1'111e-
ctio, , colth the HF strain of herpes simpler' '17/4s. 171 F1:g' 3 taro 71ei'"hb0"1'111g
part, 'c/es, a @11d B, @, e see, , ady@cent to each othe, ., @71ti/e to angle

Nil, S. and N. Ono Crystalfine all ays of helpes $1'", PIex o11'"s



Fill. 4 shows oita! crystalsi" the nucleus and o"e emuelopedp@, tic!ej'"st outside t't.
Fig. 3 x 93,000 Fig. 4 x 67,000

FIGURE 5. Viral cryst@!s in the nanie"s of @, z FL cell 43 h, ofte, infection tufth
the HF st, @in qf herpes simplex of, "s. Distinct particles h@"e @ periodic @77@"ge-
merit as seen with portt'cles a, b, @', b' , @", b" and a"', b"'. Virus cores of
DC, tows shapes are @!so seen. Some PC, titles h@"e cores of 1000 electron density,
and usually a translucent center, as seen in particle b". Some PC, tides appear
elmpty. The other particles h@00 elect, 0" dense cores whath are 71'71g-shaped,

x 60,000ribbo"-I^^e or o00id.

FIGURE 6. Viral aggregates in the nucleus of an FL cell 43 h, byte, jinectio"
cotth the HF strain of herpes simplex virus. No definite an^"I crystal to@s detected.

43,000
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FIGURES 7 and 8. Viral crystals ill the nuclei of FL cells 62 hr byte, infectio"
tufth the Ko strain of herpes simplex an^"s. Red"PI^^@tio, z of the nuclear mein-
67@"e is also seem. At the bottom of Fig. 7 one particle has @71 @briost complete
errt, elope. An arrow shows aberrant shaped particles
Fig. 7 x 85,000 Fig. 8 x 97,000

FIGURE 9. a an^@I crystal found in the cytoplasm of on FL cell 62 h, ofter in-
Iectio" at ith the Ko strain of herpes simplex rut, "s.
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FIGURE 10. A uria! c, ysto!low"of lit the cytoplasm of an FL cell 62 fry after ip!feetio, a arith the Ko sty@i, r of herpes
$1'inpiex urns. x 58,000

FIGURE 11. A at, .o1 crystal fowld in the 71"clews of @71 FL cell62.5 fry ofte, 1741ect, '0, , arith the lang sty@,',, of herpes
$1, ,, PIex 2:1, '"s. Port of the crysi"I is define@ted, a, ,d o71e d, it incl @71d 1200 indrsti, ,ct particles are see, , o1ter, ,ate/y ,'"
each leiie, ed, .ofu. x 60,000

FIGURE 12. A o11 al c, yst@I in the MIC/e, ,s of @11 FL cell 63 fry byte, i, !Iecti'o11 torth the TPOt@,,@be strain of herpes
SIMp/ex DJ','I'S. x 88,000
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