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Anatomy of Venezuelan Equine Encephalomyelitis Virus

A.F. Bykovsky, V.M. Zhdanov, L.V. Uryvaev, F.1. Ershov/ Ivanov Inst., 12/21/70

Virions of Venezuelan equine encephalomyelitis viris pruified by
gradient centrifugation procedure were disrupted with Iwcen ana ether and
then centrifuged in equillibrium cesium chloride density gradient. Fine
structures of the resulting fractions of hemagglutinin (HA) and ribonuce
leoprotein (RNP) were examined in the electron microscope. The HA had
a shape of a hollow cylinder 55 « 60 % long and LS - 50 &

in diametere.
RNP looked like a strand 15 - 17 i thick.

It is assumed that RNP is packed within the virion in such a way
that loops of the external part of the nucleoid interact with each other

like capsomerss in the cubic type of symmetry thereby determining the
guasi-icogahedral form of nucleoids.

The morphogenisis of the virus of Venezuelan encephalomyelitis (equine)
- the VEE virus = (2), and several physical properties of separate components
of the virus (1) were described earlier. The method of balanced centrifug-
ing in a density gradient of cesium chloride (CsCl), used in the last work
turned out to be convenient for the receipt of fractions of highly purified
virus and separation of the subviral structure, the building of which can
be studied by using the electron microscope.’

In this work we introduce information zbout the relatively fine

structure of hemaglutinin (HA) and ribonucleoproteins (RNP) of the VEE
virus and we discuss the architecture of virions,

Methods and Materials

Virus and cells. All the experiments were conducted with the SPF
strain of the VEE virus which was grown in & primary culture of chick fibro-

blasts. The biolngical properties of the virus and the cultivation methods
were described earlier (5).

Purification and fracticnalization of the virus in a balanced density
gradient of cesium chloride

The virus yleld was gathered in 18 to 20 hours after the cells were
infectede The culture liquid underwent preliminary centrifuring at
5000 g for 20 minutes, and the virus was separated out in a carbon rotor
8 X 50 centrifuge MSE superspeed=-50 at 80,000 g for 2 hours and then
purified (1) The virus was resuspended in C,01 M of tris-HCl buffer
oH 7,h with 0,332 of crystalline bovine serum albumin. The material
in a volume of 0,5 ml. was superposed on a_linear pradient CsCl (4,5 ml)
with a thickness of from 1,15 to 1,50 g/cm3 and was centrifuged in a tuckete
rotor 3X5 centrifuge Spinco 12 at ﬁS,OOO revs/min for 3 hours. The
virus formed a clear and visible stripe, clear to the naked eye. The laysr
of gradient over the strip was carefully drawn off with a pasteur pipet
after which we carefully gathered the virus-containing layer.

For receiving the HA and the RNP, the virus suspension was mixed with
three volumes of ether and 5 mg/ml of tween-80, shaken intensely for 20
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minutes, and then centrifuped at 2000 g for 10 minutes., The upper layer
was removed, the water phase of the material gathered and freed frem the
ether by blowing through with nitropen. This material was superposed on

a density pradient of cesium chloride and centrifugnd as described above.
The material which had HA activity was distributed diffusedly in the upper
part of the gradient, and the RNP - formed a clear stripe in the middle
part of the gradient. The refraction indictor of the fractions of the

density gradient was determined.on the refractometer and then the density
calculated,

Electron microscope

The fractions of the gradient were immediately put on a formvar
backing, stained with 1 - 3% water solution of Uranyl acetate or 2%
of Phosphoro-tungstenic acid and were studied in an electron microscope
JEM=7 with an instrumentai enlargement of X50,000, X70,000 and X120,000,
In several experiments we used ultrafine cuts of the infected cells.
The methods of cultivation of the virus and the preparation of ultra
fine cuts were described earlier (2).

Results

Virions. The VEE virions after balanced centrifuging in a density
gradient of cesium chloride were distributed in a zone with a thick=-
ness of 1,25 g/em3. In the electron microscope, the negatively contrast
stained material in this zone could be seen to contain virions of spherical
or polygonal form with an outer diameter of 35 - 50 mmc (sketch 1, a).
In several cases it was possible to see the inner structure of the virions:
a casing of a thickness of 8 = 10 mmc and a nucleoid with a diameter of
25 - 30 mmc (sketch 1, a; see dketch r, a, b, c). Sometimes we met
polygenomic virions which contained two and more nucleoids under one
general casing (sketch L, d).

Hemagplutinins (HA)s After the destruction of the virus with tween and
ether and the separating out of the separate components of the virus
by the method of balanced centrifuging, the HA occupied a diffuse zone
with a density of from 1,15 to 1,18 g/em3, In sketch 1,b is shown a
high step of purification of an HA preparation in a density gradient of
cesium chloride. Under great magnification it is possible to distinguish
the supramolecular structure HA particles {sketch 2}, 1Its outer appearance
reminds one of a cylinder with a length of 55 ~ 60 & and a diameter of
LS - 50 &, From the side (projection parallel to axis of the cylinder)
the particles have the appearance of hollow tubes, the walls of which are
built of two (cketch 2d) or three (skeich 2, a, b) granules. From the
end (projection. perpendicular axis of the cylinder) they look like a
hollow multifacet (sketch 2, f, g). On the basis of the clectron
microphotography (sketch 2, a, b, d, £, h) the proffered model was built
of the HA {sketch 2, c,d,hs. An analysis of the microphotngraphy nartisl-
ly (sketch 2, i, j) and in full (sketch 2, m) of the "uncontorted" structures
of HA allows the proposition that they are formed from rods 35CG = LOO
A in length and about 20 A in thickness, as is indicated on the proposed
models (sketches 2, c, e, h, k, m). The cylindrical and partially
contortea structures of HA are clearer on the surface of the virion in
peripheral (sketch 2,fi) and central (sketch 2, o q) areas. About 1/3
of the HA particles are "sunken" in the lipid part of the casing of the
virions (see sketch 2,n) az is shown in the model (sketch 2, r, 8).




N o

e

The free HA in concentrated preparations apprepates in structures
upon end to end contact (see sketch 2,d), side to side contact (sketch
3, a,b) and end to side (sketch 3,c), the models of which are shown in
sketch 3, e, f« Such aggregates and paracrystalline forms of HA are
clear:  as well on the surfaces of virions (sketch 3, d).

The architecture of the mucleoide The nucleoids inside the virions
(sketch a,c) or in the cytoplasm of the infected cells before inclusion
in the virions have penta= or hexagonal shapes which is characteristic
for the icosahedron.

A more detailed study of the surface and inner structure of the
nucleoids reveals in the central part of the nucleoid a cavity of a
4O - 80 A. Eight threaded strands of a thickness of 15 A, appearing
in the nucleoid, form a spiraleshaped structure (sketch L, h-m), the
outer part of whose loops touch the surface of the nucleoid (sketch L,
i, 1), (sketch 5, a = ¢). .

The spindle-like (or filament-like) componant of the nucleoid can
be freed {from the virion which spontaneously breaks down during storage,
during treatment of the virus with a weakly alkaline solution (pH 8,5;,
or as a result of osmotic shock. In sketch 6, is shown a picture of the

breakdown of the virion and the separation of the filamentose inner
component.,

Ribonucleoproteids The RNP of the virus, rgceived as described
above, had a buoyant density of 1,ii2 = 1,13 g/em’, I n the electron
microphotographs of material from this zone, it is possible to see
an accumulation of spindle-shaped structures, During dilution of the
material or in that case when for the receipt of fractions we used a

small quantity of virus, there appeared separate strands (sketch 7, a, b)e

These strands had a diameter of a bout 15 =« 17 A and a maximum length of
6000 A, although this last is not an absolute limit. The strands, as
shown in sketch 7, are made up of very fine granules, distributed in a
bead~like way on the thread. The RNP strands separated out of the
broken-down virions with tween ether, are morphologically identical te
those freed from the virions (see sketch 6) by other actions and they

remind one of the eight-stranded structures in the nucleoids of the
virious,

Discussion

The figures allow a definition of several peculiarities of the
structure of subviral componeats and tc list several considerations
relative to the anatomy of the VEE virions,

Centrifuging the virions and the subvirus components in density
gradient of cesium chloride insures a high degree of purification of
the virus and the division of the broken down virus into two components:
HA and RNP which differ from the buoyant density (1): it is possible to
made a detailed study of the structure of purified and concentrated
subvirus components using the methods of the electron microscope.

It was shown that the inner component of the viriona = RNP « had the
appearance of a strand with a ppriodic structure. Inside the virion,
the RNP strand, apparently, has a spiral packing. An analysis of electron
microscope data permits proposing a model of the RNP packing inside the
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virion. It is supposed that the tops of bthe loops of the deformedRNP
spirals interact one with another similar to capsomers in a cubic type

of symmetry (sketch 8). In such a case, the upper parts of the loops

form a three-cornered facet on the surface of the virion (sketch 8,

b, d), bording the quasi-icosahedral structure (see sketch 5, sketch 9).
The most probable type of packing of the RNP strands is presented in
sketch 8, although it is possible that there is another way of packing
(sketch 8, a, b). Such an interpretation of the data received corresponds
more to the propositions of Simpson and Hauser (li) than to the recently
proposed model of Horzinek and Mussgay (3).

The proposed model of the RNP packing in the nucleoid has the
purpose of explaining by what manner the KNP spirals can insure the icosa=-
hedral form of the nucleoid. According to this hypothesis, the free
parts of the RNP loops which appear on the surface of the nucleoid,
interact as separate capsomers. However they differ from capsomers
in that in the first place, RNP, not protein is represented, and 'in the
second place, they are not separate structuresa, but parts of the strand,
The tops of the nucleold in this case is formed by 5 loops, and the side

facets by 6 loops. The general quantity of quasi-capsomers on the nucleoid
surface is 130.

HA is represented by spindle=like formations which can have the
appearance of a cylinder with a héight of 55 - 60A, or a structure of
120 - 1kO A in length, One third of the HA is sunk in basal membrane
surrounding the nucleoid and consisting of lipids and proteins.

The virion model, constructed on the basis of the data introduced
and on the basis of discussions, is shown in sketch 9.

Iiterature

1, Uryvaev L.V., Zdanov V.M., Ershov F.I, and others; Quest. Vir., 1970,
Noe 3, pe 336,

2, Bykovsky A.F., Ershov F.I., Zhdanov V.M.; J. Virol., 1969, v. L.
Pe h960

3. Horzinek M., Mussgay M.; Ibid., p. Slk.
L. Simpson R.W., Hauser R.E.; Virology, 1968, v. 3L, p. 358.
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VEE virions from the zone of cesium chloride pradient with
a density of 1,25 g/cl\g (a) and material havin hemagglutine
izing activity with a density of 1,18 g/cm’ (b).

Negative staining.
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Sketch 2. Building of VEE hemagplutinin '

Negative contrast staining a - e; HA particles (side view - abd) and
proposed model (b,e); (the separate granules are indicated

with arrows); £ = h: frontal depiction of HA (f, h) and model (h);
contorted structura of HA, side view (i) and at the end (3), model ‘
(side view = k); 1, m: untwisted structures (1) and model (m); J
n - perpheral zone of virion casing with HA on surface; side view; -
- arrow indicated untwisted structure of HA; q-s: central zone

E of the virion, particles of HA in the frontal projection; o,s:
3 model of the untwisted (o) and contracted (s) HA structure,

T TR
dinaiacs i

v /




|

1 I | NOT REPRODUCIBLE ,
i ’
1 S

;]
7 A

8 -
b

Mimi, devmmeisamaiom teetr s ae - . .

% e @bl wwsnm e S i imeran

A ey a ey o

A dana e ot T R R T I I P
A s 7
" B v

5

4
i i
i {
r ; . . ‘ j
! b o R S S TS g ™ s - . CeTa
! e Raere V701 7ot e vt mmyriinrn o e e L T RS A e i
; p® s ) ’i\ ) ¥ . ‘w
i ; . 10004 3
i § Py ., C st

LI M

side, end to end, end to side; d - paracrystalline aggregation
of HA particles on the virion surface; e,f - model of the
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Sketch L. Nucleoid structure

3, b, ¢ ~ virions with icosahedral nucleoids, negatively stained (a),
positively contrasted (b) and an ultra fine cutting (c); d =

virion with two nucleoids, negatively contrasted; e, f, g = intra=-
cell nucleoids with hexagonal (6) and pentagonal forms, ultra-

fine cutting; hem = eipht-stranded spiral - like thireads with

a thickicss of 15 K, in the whole virion (h, i, j) and separate

parts (1, 1); h - k = ultrafine cutting perpendicular to the

surface of the virion; 1 « m = ultrafine cutting, tsngential

to the surface of the virion. The arrows show the loops of

the eight stranded threads.
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Sketch 50

Surface of the nucleoid.

Negative colori
5.

tungsten acid (

loops have a diameter of 15 - 17

face of the virions (shown by the arrows).
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Liberation of the inner component of the VEE virions after
treatment with a weak alkaline solution (pH 8,5).

Negative contrasting; a, b - separation of KNP from the

virions; below = partially untwisted (a) and contorted (b)
RNP (shown by arrows); ¢ - area of the untwisted RNP
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Sketch 7. Ribomucleoprotein of the VEE virus,

Negative contrast. a - uncontorted thread
R
b ~ fragment of untwisted RNP, of RN¥ (arrous);

e . S o i o At - —— —— . - =

. — —— ———

/-5

L
Aliew
oMUieY
A
py
MOKE
poHi«

BUHDHC
puoL:
THK
Hyio
CcKOMm
KITh
puoa:
fnerc.
833
“HO K:
MeTp:
yacr
HH HS
orpai
CTpyH
Bepo;
npex
ApYrc
Kasn
6oab:
HO TI;
i

o6pa:
sapw
ot !
monc
Kanci
BO-BT
Bepu

skl

a s feaiaiad oo o o ale o il 0 sl



O

G Ty ALl St AL L e e S e o i e i i e el i o e i B e Sl e = o e e ane sl orp T b T e S s T Rt
-
1

13-5
Sketch 8+ Proposed model of the RNP packing of the inside of the virion. . ;
View from the sida (a, ¢) and in a frontal projection (b, d);- ‘
a, b - sinusoidal type of packing; c, d = spiral type of packing
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Sketch 9. Model of VEE virion.
Ultrafine cutting (left) and negative contrast (right).
1 = HA; 2 - basal membrane; 3 - nucleoid; L - strip of the

inside of the mucleoid; 5 = top of the loops emerging on the ;
su-sace of the micleoid,.




