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A pew purification procedure sas adopted for eastern equine
encephalitis virus that does not subject the virus to pzlieling
at any stage. Three- to four-liter volumes are passed through
a DEAE cellulose column, The virus~contalning fractions are
banded on a sucrose cushion and finally handed isopycnally in
a lineay sucrose gradient. This method reduces the volume
160G-~foid with a concomirant increase in viral titer., numercus
criteris were uscd to establish that this viral prepavation is
essentially free from cellular debris and nonviral material.
Phygsical studies on this purified viral product were initiated,.
The sedimentation coefficient by the band sedimentation technique
was 240 S. The calculated buoyant density in sucrose was 1.18
g/cc. The diameter of the virus was 54 mi. From the diameter
and the buoyant density it {s possible to calculate the molecular
weight of a spherica% particle: for eastern equine encephalitis
virus, it is 58 x 10” daltons.
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1. _INTRODUCTION*

When determining the physical and biochemical ~~~rorries of a virus
particle, two prerequieiiis must be fulfilled. First, the virus prepara-
tier =in. be as free as 18 practicable of contaminating cellular and orgarnic .
material; second, the purification and concentration steps should be as
mild as possible to avoid procedurally induced damage to the virus particles.
Another characteristic of the concentration and purification techniques
suvLid Ve Lo rteintive ease in handline large amounts of fluids containing

virue,.

We have founi that pelleting the virus from tissue culture fluid does
not meet at least two of these criteria. Either the pelleting or the
resuspension steps probably cause some injury to the virus, as noted by
both the loss in titer** and visible aggregation. Furthermore, the
pelleting procedure becomes difficult with volumes greater than 1 liter.

For these reasons, we have adapted the DEAE celluloee column purifica-
tion technique of Fraser*** to animal virus systems.

II. ATERIALS AND s

A. VIRUS AND CELL CULTURE

The Louisiana strain of eastern equine encephalitis (EEE) virus, ths
origin and properties of which were reported by Brown! was used in all
experiments. All the virus was propagated in 60-mm petri dishes by
washing 24 -hour CE monolayers with Earle's saline A? and infecting with
5 x 10% to 1 x 107 pfu of a mouse brain suspension of EEE. The virus
was allowed to adsorb for 30 minutes at room temperature, excess inoculum
w1s removed, and then plates were overlayed with 2.5 ml of lactalbumin
hydrolysate plus 107 calf serum.® The tissue culture was harvested after
16 hours at 37 C in a 5% COy atmosphere, and the plates were then fed
with dnother 2.5 ml of the same medium. Four to six hours later, a second
harvest was made. The virus titer wag assayed using the plaque technique
deacribed by Zebovitz and Brown.* The titer of the first harvest was
upually around 5 g 109 to 1 x 1010 pfu/ml and that of the second between
2% 109 aad 4 x 10 The crude viral harvests were then stored at -70 C.

* 7his report should not be used as a literature citation in material to be
zunliehed in the open literature. Readers interested in referencing the
:nformation contained herein should contact the senior author to ascertain
when and where it may appear in citable form,

#¥ Paraonal communication, Fred P. Heydrick, Fort Detrick.
Fak “nrzonal communication (manuseript in preparation), W.D. Frascr,

Papzrinaet of Microbieleogy, Indiana University, Bloomington, Indiana,




B. PURIFICATION

The general purification scheme is shown in Figure 1. The crude viral
harvests were dialyzed overnight against four to five volumes of distilled -
water. Three to four liters of the dialyzed material was then appliad to
a DEAE-cellulose column. The column was prerun at least once and then
washed with 0.05 M NaCl before use in the purification. The column can
be reused numerous times, finally being discarded when the flow falls
below 10 ml/min. After washing the columm with 0.15 M NaCl, the virus
was eluted with 0.7 M Tris succirate saline (TSS) buffer,* pH 9.0, in
20~ to 25-ml fractions. The virus-containing fractions were 1dentif1ed

S 5F Thell 11;&*-~ﬂ~:t?*{ng oroperties.

Aliquotsf(ZS ml) of these fractions were then layered onto a 5-ml
sucrose cushion (457 sucrose) and centrifuged for 2.5 hours at 78,500 x g
in the Spinco Model L ultracentrifuge.

The visible virus band was collected, diluted 1:2 with a glycine-
NaOH-KCi buffer® (pH 9.0), and layered onto a 30 to 50% sucrose gradient.
This was centrifuged to equilibrium for 20 hours at 62,000 x g in the
Spinco Model L ultracentrifuge. The virus band wa- cnllectea by a side
puncture of the tube and was stored in the buffered sucrose at & C. The
virus maintains viabllity for one to two weeks under these conditions,

C. ELECTRON MICROSCOPY

Samples were negatively stained with phosphotungstic acid (PTA). Some
were also shadowed with uranium. All work was done on an RCA EMU-4
electron microscope. '

D. SEDIMENTATION STUDIES

The S value was obtained by band sedimentation, using Studier's®
adaptation of the Vinograd technique. The Spinco Model E analytical
ultracentrifuge equipped with UV adsorption optics was used.

E. BUOYANT DENSITY

Zuovant density studies were done in 30 to 507 linear sucrose gradients
cantrifzbud 24 hours to equilibrium. Fractions were collected from a hole
puriched ia the bottom of the tube. All of the fractions were assayed for
iafectivity, and every other fracticn also was read on an Abbe refractometer
for ilrs dansity.

Faramsal communication, W.D. Fraser.
5 eiveine, B.8 x 1073 M NaOH, 0.1 M ¥C1.




3-4 liters EEE CE «<upernatani
i Dialvze 1:4 distilled

* water ovarnight ot 4 C

Pass thru DEAE celiulose column

| wash with 0.15 M NeCl
i Elute with 0.7 M TS5

~ 11 R 4 . .
WL 11U ONS

| Determine virus containing

| fraction by light scatter

t

Centrifuge onto a 45% sucrose cushion
i 27 J00 RFM
| 2.5 hours

1

Collect band containing virus
Centrituge on 30%-50% linear sucrcse gradient
i 35,600 RPM
é 20 hours

Collect virus band by side puncture

FICURE 1. Oeneral Puritication Bohesse tor




F. RADTOLOGICAL METHCDS

CE cells were labeled by adding 8¢ amino acids* ard BZPOA** to the
growth wecium. After 20 hours, the med{um was removed from the wall of
the T-60 flask, and the cells were washed, removed, and sonicated. The
radioactive cell debris was added to the 'cold" virz! harvest prior to
purification. Aliquots (0.1 ml) of the starting material and of every
fraction taken thereafter were placed on Whatman No. 1 filters. The dried
filters were counted in toluene-based BBOT ** with a Nuclear Chicago or
a Packard liquid scintillation spectrometer. The data curve was corrected
for spillover (3 P counts in the %C channel and the reverse were applicable)
with a Remington-Olivetti desk-top computer.

III. RESULTS

A. PURIFICATION

In order to monitor the efficiency of the purificaticn procedure, the
following reconstruction experiment was undertaken. Host cellular material
was labeled with 14¢ amino actds and 32POQ. The cells were sonicated, and
the resultant 14C-ldbeled proteins, 32p.1apeled RNA, DNA, and phospholipid
were added to unlaheled virus that was te be purified. The fate of cellular
contaminants in the viral preparation was then monitores by the {sotope
dilution technique. Figure 2 shous the distribution of radiocactivity after
pasaing the material through the DEAE-cellulose colum. Approximacely 557
of the total radfoactivity {s associated with the {nfectivity peak, of
which sbout 40% 1s contained in tubes 21 to 24. Of the remafining 45% of
the total radiosctivity, 25% ie assoclated with the void volume, while
20% rewsins tightly bound to the coluun. The radicactivity associated
vith the virus product {s further diminishea by th~ sucr 'se cushion step
to 0.1 of the original activity. Figure 3 shows the results of the
{sopycnic sucrose gradient. As this figure {llustrates, the final
isopycnally Landed virus product contains practically none of tie
radfoactive contaminant.

Another indfcation of the purity of the viral preparation {s {ts optical
denafty (0D) profile. Figure & shows these profiles for material taken froe
the sucrose cushion and from the sucrose gradient. The sucrose cushion
muterial has an adesorption maxima at 270 wmi, {ndicating that there is stil]
a significent amount of protein assoc{ated with the viral meterial. How-
ever, the profile of the material taken from the i{sopycnic sucrose gradient
shows that the maxima has shifted to 262 m:. The latter 0D profile, similar
to the profile of viral RMA. would be expected for a virus containing
approximately 5% RMA and 701 protein.

* Schware BioResearch, Inc.,>071*geburg, N.Y.
¥+ Abbott laboratories, Baltimore, Md.
e 2 S-bis[2-(5S-tert-butylbenzoxazolyl) -thiophene.
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The overall efficiency of the purification scheme i{s summarired in
Table 1. The combined concentration effect shows a velume reduction of
500-fold, which in turn increasss the infectivity to over 10,000 times
that of the starting material. The per cent recovery of pfu is greater
than 100% at the final step, which is probably due to an increased efficiency
of plating (ROP). The actual increase in total virus is 10-fold. This
incresse in total vizus can be duplicated by sonication of the virus-
containing tissue culture fluid. Therefore, it seems as if the purification
process is disrupting large clumps of virus in addition to purifying end
concentrating the virus. Also included in the table is the result of the
isotope dilution experiment. Finally, there is the ratio gf pfu to protein
at each step of the procedure. The final ratio, 5.0 x ol , 18 within a
factor of three of the theoretical maximum that would be calculated on the
basis of every particle being infectious. This caiculation is made by
utilizing & particle weight of 58 x 106, which is determined in a later
section of this paper, and a protein contribution of 72% of the intact
virus.* Thase data lead to the assumption that one particle in three of
our purified preparation is infectious. This assumption is being investi-
geted by relsting total particles per vl as determined by electron
microscopy to pfu per ml.

TABLE 1. EFFICIENCY OF PURIFICATION OF EEE VIRUS
BY THE DEAE-CELLULOSE ELUTTON METHOD

Crude
Tisgsue Culture Column Sucrose Purified

Medium Eluate Cushion Product
Titer, pfu/ml 3.0x109 l.6x101l  1.5x1013  1,9x1013
Volume, ml 3,300 69 4 6
Recovery of pfu, % - 100 >100 >100
labeled cell debris, 7% 100 35 0.1 0.03
Protein, pfu/mg 3.0x108 2.7x1010  1.1x1012  5,0x1012

B. PHYSICAL SIUDIES ON THE VIRUS PARTICLE

The sedimentation coefficient of the virus particle was determined by
the band sedimentation technique.® The S value was 240. This figure is
the 8°9g, but it was not corrected for viscosity and density of the medium.
The tracings of a typical experiment also show only one peak (Fig. 5). The
slight skewing of the bai. to the leading edge is a characteristic of band
dedimentation experiments.

* A.A. Yuscaldo, F.P. Heydrick, and E.J. Hoffman, unpublished data.
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The buoyant density of the virus was determined in a linear sucrose
gradient (30 to 50%) that was centrifuged for 20 hours at 63,500 x g in
the Spinc. Model L ultracentrifuge. Figure 6 gives the results of this
experiment, which showed that the buoyant density of EEE is 1.18.

A negatively stained electron micrograph of the intact virus is shown
in Pigure 7. Ii was determined from the measurement of a large number of

particles in numerous electronmicrographs that this 1s a spherical virus
with a diamefer of 5415 wmu.
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IV. DISCUSSIN

We feel that the virus purification techuique utilized here {s both
simple and highly efficient. The separation of extraneous debris from
the virions i3 shown by the results in Pigures 2, 3, and 4 and in Table 1.

The shift in the 0D maximum shown in Figure 4 would be expected with
the removal of nonviral protein from the virus preparation. A virus
particle that contains approximately 5% nucleic acid, 75% protein and
20% 1lipid* would be expected to have an 0D maximum of 258 to 262 mu
because RNA has a much greater extinction coefficient than protein.

The removal of nonviral protein is also indicated by the greatly incressed
pfu:protein ratio (Table 1).

Work on the physical characteristics of this vivus noses 2czs J15{1-
culties. We were gble to determine an S value for the virus at 20 C
and also extrapolated hack to zero concentration of virus. However,
correction of the valus¢ for the solvent to make it comparable to the value
for centrifugation through water presents a problem. It s necessary to
assume a partial specific volume, v, for the virus, and this cannot be
done with any reasonable accuracy for a particle as complex as an arbo-
virus. Attempting to calculate a particle weight from sedimentation data
is further complicated by the fact that the Vv is needed again for that
calculation.

The buoyant density calculated for this virus, 1.18, is lower than
that obtained by Aaslestad, Hoffman, and Brown.® However, their experi-
ments vere carried out in CsCl, while ours were performsd {n a linear
sucrose gradient. Their work also ylelded three bands, indicating that
the virus particles were at least partizlly Jdisrupted. Other workers”*®
have also noted that viruses containing lipid have slightly lighter
densities in sucrose than in CsCl. This difference usually is attributed
to di“fering effects of hydration in the tvo solutions. However, we have
carried out experimants in which the virus buoyant density is determined
in sucrose, then subssquently layered on CsCl, and the density determined
fn this solution. The band containing most of the infectivity {s then
rerun on sucrose and the buoyant density determined for the third time.

A control was also run threough three sucrose gradients. The rasults
indicated that the diffe¢rence is due to partial disruption of the virus
enve lope by the CsCl.

Bacause s determinstion of particle weight from the 83 20 value requires
an accurate estimate of ¥, we felt {t {mpossible to make that calculation at
this time. For this reason, we attempted to determine ths particle weight
of the virus by utilising the volume of a spherical particle and the

experimentally determined density of the virus particle. The following
formuls was used:

* A.A. Puscaldo, F.P. Heydrick, and E.J. Hoffman, unpublished datas.
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vhere N = Avogadro's number, D = diameter of the virus measured in cm, and

p = the density of the virus. A basic difficulty with this formula is the
assumption that the buoyant density can be substituted for the actual
density. We have made this assumption on the basis that we can substirute
the buoyant density into another formula and derive an S value that approxi-
aates the experimentally deteruined one. The formula used was derived
directly from Stokes' law for the coefficient of friction for a spherical
body, assuring & dilute, ideal solution, negligible diffusion, and a
spherical body. The formula was:

S = (pv - pm)¥D
0.426

vhere ov = density of the virus, pm = density of the medium, &énd D =
diameter of the particle in cm, Through the use of the above formulae

ve have determined that the EEE virus particle s a molecular weight of
$8 x 10° and the calculated S value is 227 compared with »n experimentally
deternined value of 240 S. The calculated § valug was within 0% of the
vrecorrected, experimental S value obtained. Since the correction of *he S
valus for a spherical particle would most likely be in the order of 10% o.
less, wve feel justified in our original assumption concerning the use of
buoyant density. Furthermore, when using these forwulse, close approxi-
mation to the literature values for particle weights and S valuss can be
attained.

Now that EEE virus has been purified and concentrated to a high degres,
it is possible to make s detailed analysis of the chemical composition and
structnre of the components. Purthermore, knowledge of these physical
paremeters of the intact virion should ba of assistance in determining
" both the subparticle structure and the morphogeresis of the virus particle.
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/A new purification procedure was adopted for eastern equine
encephalitis virus that does not subject the virus to pelleting st any
stage. Three- to four-liter volumes are passed through a DEAE cellulose
column, The virus-contsining fractions are banded on a sucrose cushion
and finally banded {sopycnhally in a linear sucrose gradient. This
matbod veduces the volums 1000-fold with & concomitant incresse in viral
titer. Numercus criteria were used to estabiish that this vira! prepara-
tion {s sssentially free from callular dabris and nonviral material.
Physical studies on this purified viral product were initiated. The
sedimentacion coefficient by the band sediwmentation technique was 240 5.
The calculated buoyant density in sucrose was 1.18 g/cc. The diameter of
the virus was 54 ws From the diameter and the buoyant density it is
possible to calculafe the molecular weight of a spherfcal partfcle:
for eastern equine ancephalitis virus, {t {s 58 x @#daltmn.

|

1h. Kay Words
Zastern equine encephalitis virus Sucrose cushion
Purification Sucrose gradient
Physical proparties U - . ;
° e

DEAE cellulose column

Unc laseified

T

e W;}%w-,%:mﬁm»&.;m1v‘:-’«,-




