UNCLASSIFIED

AD NUMBER

AD481044

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; Feb 1966.
Other requests shall be referred to U.S.
Army Biological Labs., Fort Detrick, MD.

AUTHORITY

BORL D/A 1ltr, 28 Sep 1971

THIS PAGE IS UNCLASSIFIED



AD

" TECHNICAL' MANUSCRIPT 268

ELECTRON MICROSCOPIC
AND IMMUNOFLUORESCENT STUDY
OF CHIKUNGUNYA VIRUS INFECTION
IN TISSUE CULTURE

481044

John D. White

" Lazarus L. Kupferberg

FEBRUARY 1966

Yo
e
L T . ®

[ P )
‘ Vot R -
Vb Ya

3 ST
[ . }

UNITED STATES ARMY ' =

BIOLOGICAL LABORATCRIES V'~
FORT DETRICK




Reproduction of this publication _in whole or part
is prohibited except with permission of Commanding
Officer, U.S. Army Biological Laboratories, ATTN:
Technical Releases Branch, Technical Information
Division, Port Detrick, Frederick, Maryland, 21701,
However, DDC is authorized to reproduce the publi-
cation for United States Government purposes.

DDC_AVAILABILITY NOTICES

Qualified requestors may obtain -coples of this
publication from DDC.

Foreign announcement“ and dissemination of this
publication by DDC is not authorized.

Release or announcemeni to the public 48 not
authorized.

DISPOSITION INSTRUCTIONS

Destroy this publication when 1it 18 no longer
needed. Do not return it to the originator.

The findings 1in this publication are not to be
construed as an officfal Department of the Army

position, unless so designated by other authorized
documents.




U.S. ARMY BIOLOGICAL LABORATORIES

Fort Detrick, Frederick, Maryland

TECHNICAL MANUSCRIPT 268

ELECTRON MICROSCOPIC AND IMMUNOF LUORESCENT STUDY
OF CHIKUNGUNYA VIRUS INFECTION IN TISSUgZ CULTURE

John D. White

Lazarus L, Kupferberg

G 0 b 2o i it e e

Pathology Division
DIRECTORATE OF MEDICAL RESEARCH

Project 1C014501B71401 February jJ66




[N

In conducting the research reported here, the investigators
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ABSTRACT

The development of chikungunya virus was investigated by immurno-
fluorescent staining and electron microscopic observations. The virus
was propagated in hamster kidney cells and viral antigen was first
detected by immunofluorescence at 8 hours. The first alteration in
subcellular structure, however, was observed at 12 hours. At that
time electron-dernse particles were scen surrounding cytoplasmic
vacuoles. Mature virus particles werc seen only within cytoplasmic
vacuoles or in juxtaposition to the external surface of the «ytoplasmic
membrane. These particles were similar morphologically to particles
seen in partially purified brain suspension from infected suckling
mice. The results are compared with those reported in the literature
for other arboviruses.
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ELECTRON MICROUSCOPIC AND IMMUNOFLUORESCENT STUDY
OF CHIKUNGUNYA VIRUS INFECTION IN TISSUE CULTURE

Recent reports in the literature have described the intracellular
development of various arboviruses. These viruses have been studied in
gltrathin sections of tissue cultures and certain similarities have
been noted. 1In the ccurse cf our examination of ultrathin sections it
was noted that chikungunya virus also resembled the merphologic
descriptions repcrted in the literature for certain of the arboviruses,
namely Mayaro virus,- VEE? and WEE,® These viruses, related serclogically,
are classified as group A arboviruses, More recently, Ota®* described
the ultrastructure of Tapanese B encephalitis virus (group B) in tissue
culture and noted the similarity tc the 2forementioned viruses.

This report describes the ultrastructural changes in hamster kidney

celle infected with chikungunya virus, These changes are interpreted in
comparison with other arboviruses.

A line of hamster kidney cells (HKL¥ was grown in medium 199 supplemented
with 107 calf serum, vitamins, and glutamine at 35.5 C. Cultures of cells
in Leighton tubes were washed twice with phosphate-buffered saline
(PBS) and covered with 1.0 ml of heart infusion broth (HIB; containing
10° MICLD..of virus, After absorption the cultures were washed twice
with PBS znd fresh medium was added. Cultures were harvested at various

times after infection and processed for immunofluorescent staining and
electron microscopy.

The fmmunofluorescent reagent was prepared from sera collected from
monkeys two weeks after the injection of 109 MICLD,, of chikungunya virus.
The direct staining procedure was used throughour., Preimmunization sera
were not reactive in fmmunofluorescent tests.

Material for electron microscopy was f{ixed in 17 osmium tetroxide
in Millonig's buffer, dehydrated, embedded in Epon 812, sectioned on a
Servall MI2 ultra-microtome, stained with uranyl acetate, and viewed
in 8 RCA EMJ-3G micr scope.

At 2, 4, 6, 8, 10, 12, 15, 18, and 24 houvrs after infection, cells
were stained with the fluorescein-labeled antibedy solution and examined.
Viral antigen was first seen i{n cells harvested at 8 hours. Infected
cells were few in numoer at this time. The appearance of these cells
indicated that viral antigen was concentrated at one locus in the
perinuclear region of the cytoplasm (Figure 1}. Subsequently there was no
apparent increase in numbers of infected cells. No attempt was made to
quantitate this observation, which was based oa visual comparison of
stained material, The appearance of infected cells seen after 8 hours was
quite similar. The fluorescence was limited to a thin peripheral band

* It has been subsequently learned thnat this line of HKL cells is in fact
mouse L cells. Personal communicairion, Dr. J.E. (fficer, Virus and
Rickettsia Division.
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{Tigerle 2) whon the cells were studied in median optical section. A surface
vicw confilteed the peripheral location in that fluorescence was vniform
throughott the cell, 1o a few cells (Figuve 3) a perinuclear inclusion was
st1ll apparent,  Fluorcstent viral antigen was never seen in the nucleus.

felle for clectron microscopy were obtainea at 6, 9, 12, 15, and 18
houre after infection. HkL cells from noninfected cultures were also
observed throughout the experiment. During this time no degenerative
thanges wore noted in the ultrastructure of noninrected cells., The nucleus
wad ro.nd with prominent nucleoli. The cytoplasmic organelles appeared
norwal (Yigure 4).

“he earliest change seen in cells from infected cultures was a
¢ilatation of the rough membraned vesicles (endoplasmic reticulum). This
imparted a vecizular appearance to the cytoplasm (Figure 5). At higher
magniiicazion (Figure €) electron-dense particles larger than the ribosomes
w. r% seen in the cytoplesm near vesicies. Figure 7 shows cytoplasm of a cell
15 hours afcer infection. 7The perivacuolar location of these electron-dense
particles was prominent. The particles, approximately 30 mi in diameter,
were fairly uniform 1in demsity and size, and did not have a limiting
membrane. Some particles were free in the cytoplasm and not associated with
ce¢llular membranes., In some cells these latter particles were arranged
i loosely packed aggregates. One cf the largest aggregates, shown in
rigure 8 was 700 mp in diameter, The individual particles in the aggregates
were 30 me in diameter. All cytoplasmic particles were devoid of a limiting
tembrane. Particles with a limiting membrane were seen only in vacuoles
{rigurs 9) or external tc the cytoplasmic membrane (Figure 10). Figure 11
illustrazes a group cof viral particles apparently emerging from the cell.
Note that at leasc one of the particiles wifhin the bounds of the cell does
not pusce:s a membrane, Membrane-limited particles consisted of a dense
core, 39 m. in diameter, surrounded by anfelectron-transparent area of
10 to 15 mp. The diameter of the virus is approximately 60 mu., Similar
savei l¢e were seen in grids prepared with partially purified suspensions
infcoted suckling mouse brain.
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An attractiv: hypothesis for the intracellular development of chikungunya
viru: weuld vropcse that viral nucleic acid is first formed in association
with the ribosomes of the rough endoplasmic reticulum. A dense particle,
the virus precursor  is tormed around cytoplasmic vacuoles, These particles
a-qulitre a peripheral coat either after crossing a membrane into a vacuole
or after migration through the cytoplasm ard emergence from the ceil. In
cither 1as-tanve vival coav is formed atter a cellular membrane is crossed,
The 1mnenof luoreszent dava in conjunction with electron micrcscopy tend
to suppert this hypothesis, Viral fluorescience, vhen first seen, was
perinuclear ard the dilatatior of endoplasmic reticulum seen in the electron
wivrescope tended to be polar. At subsequent stages fmmunofluorescence
was puriphciral., A great
seen by elocuron wmicrosc
¢yloplasmic cowpartments

- 5 £ . Izt 11 . 1
pciticn of mature virus-like particles were

opy at the periphery of cells rather than within
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The ultrastructural changes seen in HXL cells infected with
chikungunya vitus are remarkably similar to those reported by Morgan,
Howe, and Rose for WEE infecrion of tissue cultures® and of Mussgay
and Weibel for VEE.®* Mayaro virus descri .ed by Saturno® and Japanese
B encephalitis virus (JBE) described by (Uta® are also morphologically
simi.ar. In the developmental cycle of these viruses, dense parrticles
entev vacuoles and acquire a limiting membrane rather than emerging
from the cells tc mature. Yellow fever virus, a group B arbovirus,
is similar morphologically to these viruses. In our laboratories we
have seen mature yellow fever virus only in vacuoles.®

In conclusion, arboviruses can be classified into various groups
on the basis of their serological relationships and dissimilarities.
it is not surprising, therefore, that the relationships and dissimi-
larities of certain arboviruses are also reflected in their wnrphology
and stages of development,
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Flgute b,

Elcctron Mlicropraph of Hamster Kidoey Cedlun. Two vacuolos

fut roanued Ly dense partfclen. Thero {1 oo connectlon between
portfcles nor attachpent Lo the vacunle mesbrane,  Jome dennse
particles are suen in the cytorlasvm at the right, X 146,000,
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Figurcs 9 and JO. Elcctron Micrograph of Hamstcr Kidrey Cclls. These

i figures 11lustrate that the matvere wirus particle {s found
external to the cell and probably is formed from the
electron-dense particles found in the cvtoplasm. The
mature vitus conslsts of a dense cove (25 me in diameter)
survounded by a zone of lesser deasity and a membranc

5 50 to 60 m: {n Jdlamcter,
t Figure 9. (Lefu) At the Upper Portion «f the Micrograph Mature Virus and

i Electron-bense Particles are Located on Opposite Sides of
rthe Cyvtanlaamic Memhrane, X S0 060,

Figure 10. (Righl) A Clump of Virus (*) Extrudes from the Cell and Three
Dense-Particles are Immediately Adjacent in the Cytoplasm,
X 75,000,
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