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Tur methods usually employed for determining the particle size of viruses
and bacteriophages are based upon the results of ultrafiltration and ultra-
centifugation experiments, the final calculations being dependent upon the
assumption that the particles are spherical (Elford 1938). That this assump-
tion is not always correct was shown by Lautfer (1938) and Robinson (1939)
=ho demonstrated that the virus of tobacco mosaic is rod-shaped. Similariy

edersen and Goard (1941) showed that the virus of mouse encephalomyelitis
consists of elongated particles. Tt is apparent, therefore, that unless the
shape and also the molecular weight of a particle is known the calculated
dimensions of a virus particle as determined by these methods may not be
accurate.

Svedberg (1929) [see also Svedberg and Pedersen (1940)] developed a
technique for determining the exact size and weight of colloidal particles
based upon a combination of sedimentation, diffusion and partial specific
volume data. This principle has been adapted to an evaluation of the mole-
cular weight and shape of horsesickness virus. Since sedimentation and
specific volume data for this virns had previcusly been eollected from the
results of ultracentrifugation experiments (Polson 1941) it merely remained
to determine the diffusion constant to enable a calculation of the molecular
welght and shape to be made.

‘When the substance under investigation is oktainable in the pure state
“ba diffusion constant may be determined by tbe optical method of Lammn
J37) but when there 1s an association with other components as in the case
of horsesickness virus, then it becomes necessary to resort to -+ analytical
method. The method generally wvsed iu such cases is that  veloped by
Northrop and Anson (1928-29) —a method based upon diffusion through a
porous plate. This technique has been of great value in the study of
enzvmes but when applied to a virus it has limitations. Bourdillon (1¢ )
pr osed an additional method which is sound theoretically but in pracuce
1 applied only with great difficulty. A critical appreciation of +he two
methods has been published by Markham, Smith and Tea (1¢ ). 1 this
report a description is given of an additional method which bas been applied
with success to the study of horsesickness virus; it is based unnn the diffu-
sion of a substance in solution through the interface hetween iat solution
and the solvent.
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DIFFUSION CONSTANT, MOLECULAR WEIGHT AND SIIAPE OTF HORSESICKNESS VIRUS.

THEORETICAL.

According to Fick’s law the amount of a substance ds that diffuses
through a layer A ecm? in dt seconds 1s given by the equation:—
de

ds = — AD — - dt .. (1)
dx

. .. de . . . . e
in which 7y 18 the concentration gradient at that level and D is the diffusion

constant.
A solution of Fick’s equation is the following :—
de Co — 2%/, Dt
= = e R (2)
dx 2 '\/ﬂ' Dt

Where C, is the original concentration and & is the distance from e

.. . . . de .
original boundary at which the concentration gradient — exists.

dz
Consider the case where a substance diffuses through an interface formed
between a solution of the substance and its solvent and calculate the amount
that passes through this interface, where #=0, in a given length of time.
By combining equations 1 and 2 we get—
ds — ADCo  — =%/, Dt
e ——— 1
dt 2 A/ Db
The value of e — #*;Dt =1 as 2 = 0.

A Co/D K

By putting — = constant
24/ 7
we get —ds = K(it
AVt

The negative sign indicates that the substance diffuses out of the
more concentrated portion of the fluid. The total amount of substance that
diffuses out in any period of ¢ seconds is given hy—

t=t

—s:—Z‘ds:K/ s
Vot
i=o
—92 K1}
Co A -
'.—s:-L: - /Dt
vV
LD = (3)
Co? A2 1

I'rom this equation the diffusion constant can be caleulated. To convert
the diffusion constant at one temperature into that at another temperature
the following equation was employed,

T e .
D,=D, 2+ . 72 where D, and %, are the diffusion constant and visco:
2 n
at ~  absolute temperature T, and D, and 7, those at the absolute temperature
respectively.
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DIFFUSION CONSTANT, MOLECULAR WZXIGIIT AND SIIAPE OF HORSESICKNESS VIRUS.

each punctuated to a depth of 1 em. into the basal met section. In this
way there were formed 4 cylindrical holes 5 mm. in diam r and 4 cm. long
which could be broken into covered lengths of 1 em. wrh a minimum of
disturbance to the contents, simply by rotating the in vidual segmrents.
Similarly the continuity of these holes could be re-established, wi out
removing the top cover, by rotating the segments until suitable marks on
the outside were in position.

This diffusion cell resembles the cells deseribed by Schuhmeister (1879)
and by Dummer (1919) somehow. The diffusion column was built up of two
cylinders one inverted over the other and the diffusing solution was plac~!
in a lower cylinder. The solvent was contained in a similar cylinder whi
was inverted and placed on a sliding frame. The inverted cylinder was th
slid over the first one and the diffusion ailowed to start, and on completion
of the diffusion experiment the frame was slid back and the contents of the
cylinders analysed. A very detailed review of the above method and other
methods for the experimental study of diffusion has heen published by

Williams and Cady (1934).

Wool grease was used as a lubricant for the surfaces.

VIrUs.

Neurotropic horsesickness virus was used, the particular strain being
that known arbitrarily as 1180 [Alexander (1935)] after approximately 210
serial passages through mice. To prepare the final emulsion 4 braire bt
from mice killed under ether anaesthesia when moribund was em  ific
40 c.c. of 20 per cent. normal horse serumn saline. After preliminary cl
cation by centrifugation at 3,000 r.p.m. for 15 minutes in Clay Adams angle
centrifuge the supernatant was transferred to lusteroid tubes and placed
an air driven angle super-cenirifuge, the speed slowly increased to 10,0uv
r.p.m. after which it was slowly brought to a standstill. it is believed that
the resultant supernatant contains the virus in a mono disperse phase without
gross aggregation of particles. °° Merthiolate 7 in a concentration of 1 in
10,000 was used as a preservative.

As solvent into which the virus was allowed to diffuse, 10 per ¢ .
normal horse serum saline was used. Tstimations of the virus contents of
emulsions were made by intracerebral injection of 0-05 c.c. amounts of serial
two fold dilutions in 10 per cent. serum saline. The 50 per cent. eudpoints
(Li.D. 50) were calculated by the method of Reed and Miinch.

KXPERIMENTAL.

The four cylindrical cavities in the basal segments of the apparatus were
carefully filled with the clarified virus emulsion. The other three segments
were placed in position with their cylinders in apposition 10 one another but
not to those containing virus emulsion. These cylinders were then filled with
10 per cent. serum saline and the whole apparatus placed in a controlied
constant temperature room until temperature equilibrinim had been attained.
The three top sections were then carefully rotated until the cylindrical
cavities were in apposition to form four continuous columns of fluid with a
gsharp interface between the virus-containing and non-virus-contalning
portions.

~The apparatus was left in this state for definite periods of time, aftor
which the segments 1, 2 and 3 were rotated so as to cut off the virw
diffused past the original interface into 1, 2 and 3. The volumes of the \
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isolated in this way were measured accurately and their virus contents, as
well as that of the original stock selution kept under the same conditions as
the diffusion ceil, were determined by mouse inoculation as described above.
Two separate titrations of the original stock virus emulsion were made.

In the following tables the results of such titrations are given.

Tasre 1.

Diffusion of strain 1180. Diffusion time =42 hours.
Volume into which the virus diffused =06 c.c.

Cross sectional area of a cylinder A—=0-196 cm.
Temperature of diffusion =20° C.

Dilutions. \ Original. \ Dilution. Cell Contents.
[ ) l ‘
1. 2. 1. 2. 3. 4.
1/1000. ... ... 3445 \ 444 1/100. ... oin s 455 440 440 440
1/2000........... 3457 447 1200000000, .. 440 500 500 400
1/4000. ..., 3570 630 1/400. ... .. ..., 000 450 600 500
1/8000........... | 4600 460 1/800. ... .o 000 000 700 000
1/16000.......... \ 6000 600 ' 1/1600............ 500 000 | 000 000
1/32000.......... 0000 000 ‘ 1/3200............ 000 300 | 000 000

1 this and all the subsequent tables the numeral indicates the number
days after intracerebral injection the mouse died.
O = Survived.
X = Death from some other cause than horsesickness usually tranmatic
njury.
— =Injection not done.

rom the above tables the following were calculated : —

L.D. 50 Original 3-9031.
L.D. 50 cell contents 2-2695.

TanLe 2.
Strain 1180; Diffusion time 42 hours; Volume =0-6 c.c. A=0-196.

Temperature of diffusion =20° C.

Dilutions. Original. Dilution. Cell Contents.
1. 2. | 1. 2. 3. 4.
1/1000........... 3444 4447 1/100. .. .ooiit s, 5540 5446 5554 4456
1/2000........... 4444 4444 1/200. ..ol s 5444 4555 5566 4556
1/4000........... 4444 4444 1/400. ...t 55566 6670 5566 4446
1/8000........... 4556 4560 1/800....ovunn.. 4000 0000 7000 | 5000
1/16000.......... 4550 4440 1/1600............ 7000 5000 ‘ 0000 5000
1/32000.......... 5000 4400 1/3200............ 0000 0000 | 0000 0000
1/64000, . . ... .., 7000 5000 1/6400............ 0000 0000 0000 0000
/1 0., 0000 5000 1/12800........... 0000 0000 0000 0000

L.D. 50 Original = 4-3424. L.D. 50 Cell Contents = 2-7324.
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DIFFUSION CONSTANT, MOLECULAR WEIGIT AND STIAPE OF HORSESICEKNESS VIRUS.
Mortcrrnar WrorcaT oF IHORSESICKNESS VIRUS.

From the well-known Stokes-Einstein equation for the diffusion constant
RT 1
N 6 7rm

of a particle D =

m which R is the gas constant,

T the absolute temiperature.

N Avogadro’s number,

1 the particle radius, and

7 the viscosity of the medium,
a diamecter of 48°8 m.u is calculated for horsesickness virus. This value
agrees very well with values previously calculated from wliracenfrifugation
experiments (45-4 m.u) and ultrafiltration (40-60 m.p)  olson ete.), This
result indicates that horsesickness virus has no means ot movement in solu-
tion other than by Brownian motion, in which respect the virus particles
hehave like giant protein molecules. It was thus of interest to calculate its
molecular weight and shape.

The formula derived by Svedberg for calculating the molecular weight
of a protein from sedimentation and diffusion data 1s the following:—-

M = Ri where
D(1— Vo)
S 1s the sedimentation constant,
D the diffusion constant
V the partial specific volume of the substance, and

o the density of the medium.

From the sedimentation constant S=286x10-""cm./sec./dyne the
gpecific volume V=0-8 c.c./gm., D=0-87x107 cm?sec. and o=1-006
gm/c.c. a molecular weight of 41,000,000 is calculated. The vaiues of S and
V were calculated from the particle size and density previously reported.
This value for the molecular weight is slightly lower than the value -e-
viously reported, i.e., 44.500,000 (forthcoming article in Nature).

SHAPE 0F HORSESICKNESS VIRUS  ARTICLES.
MA—Vo)

According to Svedberg the molar frictional constant f = 3

When the molecular weight is known it is possible to calculate what
molar frictional constant, fo would be for a compact spherical and unhydrated
molecule of the same mass, viz.,

3 M V\Y
0="6 N [—=)'3
f o (4 T N)

If the ratio f/fo = 1-0 the molecules must be spherical in shape, if f/fo, onw-
ever, 1s greater than 1:0 the molecules are hydrated or their shape devi
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