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Chromatography of Arthropod-borne Viruses
on Calcium Phosphate Columns*

C. E. GORDON SMITH 1 & DOLORES HOLT2

This is an interim report on the fractionation of arthropod-borne viruses of groups A
and B by chromatography on cakium phosphate. The method used provides an excellent,
cheap and simple tool for the preparation of stable haemagglutinating and complement-
fixing antigens for routine diagnostic and other purposes andfor the concentration ofsuch
products.

In the results reported, viruses ofgroups A and B have been shown to have two haemag-
glutinins, one of which is the virus particle. The haemagglutinins are antigenically similar
but differ in sedimentation characteristics and in reaction with protamine sulfate. Group B
viruses have also been shown to have two complement-fixing antigens with different sedi-
mentation properties; one of these antigens is the virus particle. So far no complement-
fixing antigen other than the virus particle has been found with group A viruses.

The method of Taverne et al. (1958), which de-
veloped from work by Tiselius (1954, 1955; Tiselius
et al., 1956), has been used by several workers in
Britain and elsewhere in the fractionation of viruses,
bacterial toxins and other protein materials. Be-
cause of the instability of arthropod-borne virus
haemagglutinins at neutral pH the method has been
considerably modified to work at pH 9.0.

APPLICATION OF METHOD

The method may be used for the following pur-
poses:

(1) Separation of antigenic components of arthro-
pod-borne viruses for physical and chemical studies.

(2) Preparation of stable haemagglutinins and
complement-fixing antigens from mouse brain
cheaply without the need for expensive equipment
such as a high-speed centrifuge.

(3) Concentration of such components and pro-
ducts.

* Revised version of paper submitted to the WHO Study
Group on Arthropod-borne Viruses, September 1960. This
work was partly financed by the Colonial Medical Research
Committee.

I Senior Lecturer in Bacteriology and Head of the Arthro-
pod-borne Virus Research Unit, London School of Hygiene
and Tropical Medicine, London, England.

' Research Assistant, Arthropod-borne Virus Research
Unit, London School of Hygiene and Tropical Medicine,
London, England.

EQUIPMENT AND METHODS

Equipment

Apart from the normal laboratory equipment the
only requirements are a magnetic stirrer for the
preparation of the calcium phosphate and glass
chromatography columns. The latter (Fig. 1)
consist of a Pyrex glass tube with a medium-porosity
sintered disc (80-mesh powdered glass) fused in the
bottom of it and a tap (bore 0.5-1.0 mm) below.
The dead space below the disc should be minimal.
A range of sizes is used so that different column-
volumes can be obtained with a column height not
less than 5 cm. For 1-ml columns small glass
pipettes are used in which the calcium phosphate is
supported by a few fragments of 30-40-mesh glass
powder.3

Cleaning of columns. Columns may be cleaned in
the following manner.

(a) The used calcium phosphate is stirred up
with a glass rod in 3 % HCI and left overnight to
render the material safe to handle.

(b) The HCI is allowed to drip through and the
phosphate remaining is washed out by forcing tap
water through the tap end.

3This apparatus was designed by Professor Forrest
Fulton.
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FIG. I
GLASS CHROMATOGRAPHY COLUMNS

4 1

(c) After thorough rinsing, cleaning acid 1 is
placed in the column, allowed to run into the sintered
disc and left overnight.

(d) The acid is run out and the column rinsed
with a large volume of tap water.

(e) The column is finally de-fatted with hexane
and rinsed again with distilled water.

Preparation of calcium phosphate

Reagents of analytic grade are used. Solutions
should be prepared several days before use. 0.5
M CaCl2 is dropped very slowly into a 5 ml excess
of 0.5 M Na2HPO4 on a magnetic stirrer. The
resultant precipitate is washed three times by de-

' Cleaning acid: a few crystals of NaClO, are ground up
and added slowly to 500 ml concentrated H,SO,, and a little
ground-up NaNO, is added. The mnixture is heated slowly
to about 80°C for use.

cantation in 0.001 M phosphate buffer of pH 7.0.
The precipitate must be prepared at least one day
before use but can be stored for several days at
room temperature. Precise adherence to this
method of preparation appears to be critical.'

Suspending and eluting fluids

In low concentrations of phosphate, proteins (and
probably other substances) are adsorbed to the
calcium phosphate and these can then be eluted in
an orderly manner by increasing concentrations of
phosphate. Solutions of Na2HPO4 buffered with
borate buffer of pH 9.0 (Clarke & Casals, 1958) are
used. The mouse brain, or other material, is ground
up in buffered 0.05 M Na2HPO4 and centrifuged at
3000 r.p.m. for 10 minutes to sediment large tissue
particles which may block the column. Lower con-
centrations of phosphate may be used, but 0.05 M
was found adequate for the arthropod-borne viruses
so far studied and permitted some of the protein
to come through, thus reducing the risk of column
blockage due to overloading. For other virus
groups the proper conditions must be determined.
Elution was then carried out using buffered 0.1 M,
0.2 M, 0.3 M, 0.4 M and 0.5 M Na2HP04. Higher
phosphate concentrations than 0.5 M approach
saturation and crystallize out in the column. Bovine
albumin to a final concentration of 0.5% was added
to all fluids for haemagglutinin preparation as highly
purified haemagglutinins are unstable without added
protein.

Preparation of the column

A suitable-sized glass column is fixed vertically
in a clamp and stand, and with the tap closed
distilled water ofapproximately the proposed column
volume is run in. The suspension of calcium phos-
phate is then added and packed under 2 pounds per
square inch (0.14 atm.) gas pressure (conveniently
from a cylinder of nitrogen), more calcium phosphate
being added as necessary. The overlying liquid may
be allowed just to reach the surface of the packed
calcium phosphate but the surface may not be allowed
to dry, and care is necessary to avoid blowing gas
through the column, as this renders it useless.
The packed column is now measured. A small

amount of aqueous bromocresol purple which has

s AR the experiments described here were made with
calcium phosphate prepared as above. Recent work, how-
ever, suggests that the correct phosphate may be more
reliably prepared by the method described by Taverne et al.
(1958).
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been made alkaline with NaOH is added with the
tap closed. A graduated cylinder is placed to
receive the effluent and the dye allowed to sink into
the surface of the calcium phosphate. Sufficient of
the same solution in which the mouse brain has been
suspended is then run very carefully on to the
column. The tap is then opened and pressure
applied, and the purple band of dye moves down
the column. It widens because of diffusion, but the
volume of the column is taken to be the volume
collected when the maximum colour is coming off.
Irregularities in the band of dye indicate defects in
the column. When the fluids contain bovine albumin
a second band of bright blue follows the purple
band.

Procedure

The column is now ready for use. The fluid is
allowed to run just to the surface and with the tap
closed the centrifuged mouse-brain suspension
(usually two column-volumes) is carefully added.
Once this is adsorbed to the column the surface is
much less easily disturbed. Minimum pressure is
used to bring through between one and two drops
per second depending on the column diameter. If
high pressure is applied the column packs down
progressively and may block, and cracks may also
develop. The latter can sometimes be patched by
adding a little more of the calcium phosphate
suspension carefully to the surface.
The first column-volume collected is discarded as

it is the fluid in front of the mouse-brain suspension.
Half of the filtrate of the mouse-brain suspension has
been collected when the fluid reaches the surface
of the phosphate. One column-volume of the first
eluting fluid (usually 0.1 M) is then added carefully
to the surface and, while this is passing on to the
column, the second half of the filtrate is collected.
One column-volume of the 0.2 M eluting fluid is then
applied and the 0.1 M eluate collected; and so on
stepwise until the 0.5 M has been collected. Most
of the material eluted by a given molarity comes off
at the interphase between the two molarities where
there is a concentration gradient due to diffusion.
Fractions are therefore collected from just (say,
1 ml) before the end of the previous fraction. If very
clear separation of eluates is required, then two or
more column-volumes of each molarity of eluting
fluid may be passed. A continuous gradient of
phosphate concentration may also be used, but this
is technically more difficult than the stepwise
procedure recommended.

Titration offractions
Haemagglutinin (HA). Fractions were diluted

twofold in 0.4-ml volumes in pH 9.0 borate buffer
containing 1 % gelatin, and 0.4 ml of 0.25% goose
cells in an appropriate adjusting buffer added to
each cup. Titres are recorded as reciprocals.

Haemagglutinin inhibitor (HI). Fractions were
heated at 60°C for 30 minutes to destroy haemag-
glutinin. Twofold dilutions of 0.2 ml were then
made in borate buffer and 8-16 units of haemag-
glutinin in 0.2 ml added to each cup. The mixtures
were incubated at room temperature for 1 hour, then
0.4 ml of goose cells added in adjusting buffer.
Titres are recorded as reciprocals.

Complement fixation (CF). Fractions were cooled
rapidly without freezing in a dry-ice/alcohol bath,
then lightly centrifuged to remove excess phosphate.
They were then tested by the method of Fulton &
Dumbell (1949) against hyperimmune mouse serum
and normal mouse serum. Titres are recorded as
the number of units of complement fixed by the
fraction dilution in the presence of excess antibody-
1/20 antiserum.

Infectivity. Fractions were diluted in 0.75 % bovine
albumin in borate buffer and inoculated intra-
cerebrally in 0.03-ml amounts into 34-week-old
mice. Titres were calculated by Thompson's moving
average.

Hyperimmune sera
Mice were inoculated intraperitoneally with four

doses of 1 % suckling-mouse-brain virus in normal
saline at weekly intervals. With the fourth dose
Sarcoma 180 cells were also given. About seven
days later the mice were bled and the ascitic fluid
collected. Antibody titres were similar in serum
and ascitic fluid. Where the virus was lethal to mice
by the intraperitoneal route three doses of formali-
nized virus were given on the first, fourth and seventh
days, followed by two doses of live virus. With the
fifth dose Sarcoma 180 cells were also given and
antibody titres were similar in ascitic fluid and serum.
Sera were acetone-extracted and absorbed with
goose cells for haemagglutinin-inhibition tests. For
complement-fixation tests they were heated at 60°C
for 30 minutes.

Centrifugation
Approximately 13 ml of fractions were centrifuged

at 40 000 r.p.m. in a Spinco (105 400 g). The top
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FIG. 2

CHROMATOGRAPHY OF YELLOW FEVER (FRENCH NEUROTROPIC) VIRUS (ADULT MOUSE BRAIN; EXPERIMENT 317) a

HAEMAGGLUTININ COMPLEMENT-FIXINGHAEMAUGGLUTIIN INHIBITOR ANTIGEN
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a Results for haemagglutinin and haemagglutinin inhibitor expressed as reciprocal titres (log scale) and for complement-fixing
antigen as units of complement fixed by 1: 2 dilution in presence of excess antibody.

5 rnl of the supernatant were taken and the remainder
discarded. The pellet was resuspended in 2 ml of
0.75% bovine albumin in borate buffer.

Electron microscopy

Fractions were dialysed for two hours in the cold
against 1 % ammonium acetate, then studied by the
phosphotungstic acid negative-staining technique of
Brenner & Home (1959). These studies were made in
collaboration with Dr R. G. Bird.

Concentration

Any component can be concentrated-say, tenfold
-by reducing its phosphate concentration by cooling
and/or dilution to at least half its elution molarity,
then adsorbing it on to a column a tenth of its
volume (i.e., 10 ml of material on a 1-ml column),
then eluting it (usually with 0.5 M) in 1 ml. Most
of the material comes off in the overlap between

the two molarities and therefore the 1 ml should be
collected from just before the beginning of the 0.5 M
eluate.

Antigens have also been successfully concentrated
up to 100-fold in the cold by water-absorption into
a Cellophane bag containing polyethylene glycol
(mol. wt. 20 000) by the method of Kohn (1959).

RESULTS

Group B arthropod-borne viruses

The following agents have been studied: yellow
fever (French neurotropic and 17D); dengue-I
(Hawaii [132] and Chia [14] strains); dengue-2
(New Guinea) [28]; Japanese encephalitis (Naka-
yama) [51]; West Nile (Egypt 101); MM-1775 [10];
Ntaya; Langat TP-21 (three strains [7]).1

1 Passage levels in square brackets. The remainder at
high passage levels.
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Fig. 2-4 show illustrative experiments. With
yellow fever (French neurotropic) all the haemagglu-
tinin was eluted at 0.4-0.5 M although smaller
amounts were demonstrated in lower molarities
after centrifugation (i.e., after about sixfold concen-
tration). All the haemagglutinin was sedimented by
105 400 g for one hour. Haemagglutinin-inhibitor
eluted over a wide range, suggesting that it is pro-
bably a complex of substances: it was only partly
sedimented by 105 400 g for one hour. Complement-
fixing antigen was eluted in two sharp peaks: 0.1-
0.2 M and 0.4-0.5 M. The latter was sedimented
by centrifugation but most of the former was not.

With dengue-2 virus two clearly defined haemag-
glutinins eluted: 0.05-0.1 M and 0.4-0.5 M. A similar
low-molarity haemagglutinin has been demonstrated
in some experiments with French neurotropic yellow
fever and in fact with all of the viruses so far studied.
In contrast to the 0.4-0.5 M haemagglutinin, the
low-molarity haemagglutinin was not sedimented by

105 400 g for one hour. Haemagglutinin-inhibitor
behaved as in the previous experiment. Non-
sedimentable and sedimentable complement-fixing
antigens eluted at 0.05-0.2 M and 0.2-0.5 M
respectively.
With Ntaya, haemagglutinin was eluted at fairly

high titre over the whole range but maximally at
0.3-0.4 M. Centrifugation revealed that most of
the haemagglutinin at 0.05 M was non-sedimentable
while the haemagglutinin maximal at 0.3 M was
sedimented. Haemagglutinin-inhibitor came off
mainly at 0.1-0.2 M and was mostly sedimented.
There were two overlapping complement-fixing
antigens: a non-sedimentable one from 0.05 M to
0.2 M and a sedimentable one at 0.1-0.5 M.

Obviously differences exist in the precise molarities
at which components are eluted from the column
but in general the order of elution is similar:

(1) the low molarity haemagglutinin;
(2) the low-molarity complement-fixing antigen;

HAE AGGLUTININ

FIG. 3

CHROMATOGRAPHY OF DENGUE-2 (NEW GUINEA) VIRUS (SUCKLING MOUSE BRAIN; EXPERIMENT 324) a
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a For manner of expressing results, see Fig. 2.
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FIG. 4
CHROMATOGRAPHY OF NTAYA VIRUS (SUCKLING MOUSE BRAIN; EXPERIMENT 315) a

a For manner of expressing results, see Fig. 2.

(3) the braial tissue haemagglutinin-inhibitor
(often assoc-ated with (2)); and

(4) most of the infectivity with which is asso-
ciated the high-molarity haemagglutinin and com-
plement-fixing antigen.
Most of the haemoglobin is found in the 0.05 M

filtrate. The 0. 1-0.2 M fractions are usually markedly
opalescent while subsequent fractions are water-
clear. High molarity fractions contain less than 1%
of the protein in the starting material.
Two haemagglutinins have been demonstrated for

all the viruses studied. The non-sedimentable low-
molarity haemagglutinin is completely precipitated
by 2.5 mg/ml of protamine sulfate in contrast to the
high-molarity haemagglutinin. It also appears to be
rather less stable. As is shown in Table 1 for Langat
virus, the two haemagglutinins appear to be anti-
genically similar in haemagglutinin-inhibition tests
and similar results were demonstrated with the
dengue-2 haemagglutinins. When a single dose

(1 ml) of each of the Langat haemagglutinins was
given into the heart of guinea-pigs only the high-

TABLE 1

COMPARISON BY HAEMAGGLUTINATION-INHIBITION
OF TWO HAEMAGGLUTININS OF LANGAT VIRUS

Antiserum
Antigen j Units

Langat West Nile

2 640 >2560
F 8 320 80

(0.05) M 32 160 20

2 1 280 640

0.4 M 8 640 80

32 160 20

West Nile 32 80 640

HAEMAGGLUTININ COMPLEMENT-FIXINGHMEM AGCLUmNIN INHIBITOR ANTIGEN

10

FRACTIONS

0~~~~~~~~~~~~~~

SUPERNATANT
10 0

(Top Soml) ILI
32

0 L~L k

(From 13.1g rsuspwideil
in 2 ml)

F 111 0.2 3 A4U F .1 02 03 0 S F 0.1 0.2u .405
300 6070 b MlI Nr
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TABLE 2
RELATIONSHIP BETWEEN INFECTIVITY, HAEMAGGLUTININ AND COMPLEMENT-FIXING ANTIGEN

IN GROUP B VIRUSES a

Virus Fraction [ Filtrate 0.1 M [ 0.2 M 0.3 M 0.4 M 1 0.5 M

West Nile Infectivity 5.5 6.3 7.3 7.3 6.3 5.7

HA 256 512 1280 1280 64 32

CF(1/4) 1.1 2.1 4.3 4.4 1.4 <1.0

Ntaya Infectivity 3.9 3.7 6.1 6.9 5.3 5.1

HA 16 128 1 024 4096 4 096 512

CF(1/4) <1.0 2.6 2.6 1.0 1.0 <1.0

Yellow fever (French Infectivity 1.9 2.0 4.1 4.6 6.5 9.3
neurotropic)

HA 64 <2 16 512 2 560 25 600

CF(1/4) 1.8 2.2 <1.0 1.0 4.0 4.0

Yellow fever (17D; 1 Infectivity 2.9 2.6 5.0 5.5 5.5 6.1
mouse passage)

HA 256 128 >1 024 512 32 <2

CF(1/4) <1.0 1.9 5.0 3.8 <1.0 <1.0

Langat (TP 64) Infectivity 6.9 7.1 6.9 7.7 8.9 7.9

HA 256 2048 1 024 4096 32 768 8192

CF(1/8) <1.0 8.5 6.3 10.5 7.8 5.3

a Recording of titres is explained on page 751.

molarity fraction caused detectable antibody forma-
tion: the latter had a much higher infectivity and was
also the more potent haemagglutinin. Haemagglu-
tinins cannot be detected in uninfected brain treated
similarly.
The non-sedimentable low-molarity complement-

fixing antigen was always more potent than the
sedimentable high-molarity antigen. Both antigens
from Langat virus caused antibody formation when
a single dose of 1 ml was given into the heart of
guinea-pigs.
The relationship of haemagglutinins and comple-

ment-fixing antigens to infectivity is shown in Table2.
Broadly, the infectivity corresponds to the high-
molarity haemagglutinating and complement-fixing
component, and the other components do not seem
to be related to infectivity.

This is most clearly seen from a study of the
infectivity/haemagglutinin ratios. With West Nile
the ratios of 0.2-0.5 M fractions are 10 times those
of the filtrate and 0.1 M. With Ntaya the 0.2 M and
0.3 M have ratios 10 times those of the filtrate and

0.5 M, and 100 times those of the 0.1 M and 0.4 M
fractions. With French neurotropic yellow fever
there is a steady increase in the ratio from 12.5 in
the filtrate to 7.8 x 104 in the 0.5 M.'
With 17D there is an even more marked contrast

from 3.1 in the filtrate and 0.1 M, to 5.9 x 102 at
0.3 M, 9.4 x 103 at 0.4 M, and >106 at 0.5 M.
Between 105 and 106 infective units appear to be
necessary for detectable haemagglutination: the low-
molarity haemagglutinin cannot therefore be asso-
ciated with infective or sedimentable particles. Its
nature has not yet been elucidated.
With Ntaya and both yellow fever strains the

infectivity/CF-antigen ratios for fractions 0.2-0.5 M
are 102_107 times those in the filtrate and 0.1 M.
Comparing French neurotropic yellow fever with

17D after only one mouse passage (Fig. 5), marked
differences are seen in the distribution of the haem-

1 The haemagglutinin titre of the 0.3 M is an over-estimate
due to pipette carry-over; only five pipette changes were
made from 1/2. The titrations of 0.4 M and 0.5 M were
repeated with pipette changes to the end-point.

6
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FIG. 5
COMPARISON OF RESULTS OF THREE EXPERIMENTS

WITH YELLOW FEVER VIRUSa

COMPLEMENT-FIXINGHAEMAGGLUTININ ANTIMEN

FRENCH NEUROTROPIC 3

.(Vey hilk mos psap)

17D
(21 mSei 3ua .

Expudimut 259

0
F LI1 0.20.30.4 0.5 F 0.1 0.2 0.3 0.40.5

a For manner of expressing results, see Fig. 2.

agglutinins and complement-fixing antigens which
are not reflected in the infectivity; this behaved
similarly for the two viruses. After 21 mouse
passages 1 17D gave an intermediate pattern.2
The existence of two haemagglutinins and com-

plement-fixing antigens has also been demonstrated
by taking early and late fractions, diluting them to
0.05 M phosphate and passing them through a
further column. In Fig. 6 the separation of the
complement-fixing antigens of Japanese encephalitis
virus is clear, the separation of haemagglutinins being
less satisfactory. However, with dengue-1 virus the
separation ofthe two haemagglutinins is clear (Fig. 7).

Group A arthropod-borne viruses
Only Semliki Forest virus has been adequately

studied so far. A few experiments have also been
made with Chikungunya virus.

1 This mouse-passaged 17D was received from Dr J. S.
Porterfield.

' Recent work suggests that these differences may be due
to harvesting material at different stages of infection.

A typical experiment with Semliki Forest virus in
adult mouse brain is shown in Table 3. Parallel
experiments were done at pH 9.0 and at pH 7.4
using a phosphate buffer, with similar results.

In such experiments the infectivity of 0.2 M and
0.3 M was about 109 mouse intracerebral LD50/0.03
ml while the filtrate contained about 106.5 LD50/0.03
ml. There were two haemagglutinins: one in the
filtrate with an infectivity/haemagglutinin ratio of
about 2 x 104 while that in the 0.2 M fraction had a
ratio of about 8 x 106. The latter was sedimented
and the former not by 105 400 g.

Haemagglutinin titres with both Semliki Forest
and Chikungunya viruses were much lower than
with group B viruses and the low-molarity non-
sedimentable haemagglutinin was often more potent
than the high-molarity haemagglutinin. This may
be because in group A the latter elutes at lower
molarities than the same components of group B
viruses and may overlap with haemagglutinin-
inhibitor.

Complement-fixing antigen eluted with a single
maximum at 0.1 M or 0.2 M in various experiments.
As shown in Table 4, all the complement-fixing
antigen was sedimented by 105 400 g for one hour.
This is in contrast to the group B viruses studied in
this way. The difference may, however, be quantita-
tive and requires further study, as in one experiment
a small proportion of the complement-fixing antigen
was not sedimented.
The sediments of these fractions were suspended

in 2% phosphotungstic acid and sprayed for electron
microscopy. Virus particles were seen in all fractions
but most in the 0.1 M and 0.2 M fractions, and there
was a good correlation between the infectivity, com-
plement-fixing antigen and a rough particle-count.

Yields and stability of antigens on storage

The yields of infectivity and complement-fixing
antigen did not differ significantly from 100% of the
content in the original material. The yields of haem-
agglutinin were usually much greater owing to
separation of it from inhibitor.

High-molarity haemagglutinins were found to be
very unstable in the absence of added protein. If,
however, 0.5 % bovine albumin was added they were
stable for a year or more stored at 4°C with 1: 10 000
thiomersal. The complement-fixing antigens were
equally stable under the same conditions. Where
chromatography is used solely for the production of
haemagglutinin, good antigens can be obtained more
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FIG. 6
SEPARATION OF COMPLEMENT-FIXING ANTIGENS OF JAPANESE ENCEPHALITIS VIRUS (EXPERIMENT 192) a

COMPLEMENT-FIXING
ANTIGEN
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a For manner of expressing results, see Fig. 2.

readily if the mouse-brain suspension is previously
treated with 2.5 mg/ml of protamine sulfate, and then
centrifuged. After protamine treatment a protein

crystallizes from 0. 1-0.2 M fractions which is presum-
ably excess protamine. Antigens may, of course, be
concentrated if necessary as described above.

TABLE 3
CHROMATOGRAPHY OF SEMLIKI FOREST VIRUS AT TWO pH VALUES a

a Recording of titres is explained on page 751.

757



C. E. G. SMITH & D. HOLT

TABLE 4
EFFECT OF CENTRIFUGATION (105400g FOR ONE HOUR) ON THE COMPLEMENT-FIXING

ANTIGEN OF SEMLIKI FOREST VIRUS a

Fractions (pH 9.0) F(iltate 0.1 M 0.2 M 0.3 M 0.4 M 0.5 M

Before centrifugation <1.0 18.7 11.5 5.2 1.5 <1.0

Supernatant after
centrifugation <1.0 1.0 <1.0 <1.0 <1.0 <1.0

a Recording of titres is explained on page 751.

FIG. 7
SEPARATION OF HAEMAGGLUTININS OF DENGUE-1

(CHIA) VIRUS (EXPERIMENT 241) a

a For manner of expressing results, see Fig. 2.

Electron microscopy
Only preliminary studies have so far been made

and detailed results will be published later. Chro-
matography yields materials suitable for study by
the phosphotungstic acid negative-staining method.
High-molarity fractions need addition of bovine
albumin as their protein content is so low as to

La chromatographie sur colonne de phosphate de
calcium a ete appliquee depuis plusieurs annees au frac-
tionnement des virus, des toxines bacteriennes et d'autres

prevent
films.

spreading of the droplets on the carbon

CONCLUSIONS

This is an interim report on the fractionation of
arthropod-borne viruses and obviously much remains
to be done. However, it was felt worth while to
describe the technique and some of its applications
at this stage because they may be useful to other
workers.
Both group A and group B viruses have been

shown to have two haemagglutinins: one is the virus
particle, the other, of unknown nature so far, is
smaller or less dense and precipitable by protamine
sulfate. They are antigenically similar and the
smaller or less dense component may be a surface
component of the virus particle.
Group B viruses, but not so far group A viruses,

have been shown to have two complement-fixing
antigens, one being the virus particle and the other
a smaller or less dense component which differs
from the small haemagglutinin. Evidence so far
available on group A viruses suggests that the
complement-fixing antigen is the virus particle.

Chromatography on calcium phosphate provides
an excellent, cheap and simple tool for the prepara-
tion of stable haemagglutinating and complement-
fixing antigens for routine diagnostic or other pur-
poses. Fractionation provides starting material for
detailed physical and chemical studies which are now
in progress. The method may also be used for the
concentration of such products.

;UMt
complexes proteiques. Elle a ete recemment modifiee pour
etre adaptee a la separation de composants antigeniques
des virus transmis par les arthropodes, pour la prepara-
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tion simple et peu coiuteuse d'hemagglutinines et d'anti-
genes fixateurs du complement stables, utilisables pour
le diagnostic de routine, en particulier. Elle convient en
outre a la concentration de ces produits. L'instabilite en
milieu neutre des hemagglutinines des virus en question a
fait modifier consid6rablement la m6thode pour permettre
le travail A pH 9.

Cet article est un rapport preliminaire. Les resultats
deja obtenus ont mis en evidence deux hemagglutinines
dans les groupes A et B des virus transmis par les arthro-

podes. L'une est la particule virale, l'autre est plus
petite, moins dense et pr6cipitable par le sulfate de pro-
tamine. Elles sont semblables du point de vue anti-
genique. II est possible que la seconde soit un composant
de la surface du virus. Les virus du groupe B (eux souls
jusqu'A maintenant) ont deux antig6nes fixateurs du com-
plement, l'un etant la particule virale, l'autre un compo-
sant plus petit et moins dense, mais diff6rent de la petite
hemagglutinine.
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