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Purification of Vaccines by the UF-3000PS
Ultrafiltration Membrane
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Japanese encephalitis (JE) and rabies viruses propagated in mouse brain and tissue culture, respectively,

were purified by the use of a newly-developed ultrafiltration membrane UF-3000PS, which has an asym-

metric pore structure of middle pore sizes between ultrafiltration and microfiltration. Host proteins were

separated from the starting viral suspensions with the infectivity recovery close to 100%. It was found that

our ultrafiltration method using the UF-3000PS membrane can be applied to a large-scale purification of

viruses in place of the conventional centrifugation or precipitation methods because of its rapidity, simplicity

and inexpensiveness.

1. Introduction

Viruses for preparation of vaccines were propagated
by infectious animal’s organs or tissue culture. Thus
the starting materials contain a significant amouint of
proteins and other impurities come from the host
organs or cells, which cause allergic reactions as the
side effect when the vaccine is injected into an
animal’s body.

Many studies have been made in order to purify
such viruses,'"1U where centrifugation and precipita-
tion methods were mainly investigated. However,
the following problems are found in the previous
methods for large-scale purification:

1) low yield of virus or appreciable contamination of
host proteins because of the closeness of the
specific gravities of virus and host proteins,

2) time and labor consumable,

3) contamination of chemicals such as polyethylene
glycol, and

4) high maintenance cost.
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A membrane separation seems to be promising
method for purification of virus. However, conven-
tional microfiltration (MF) membranes allow proteins
to permeate but cannot completely retain virus and
conventional ultrafiltration (UF) membranes retain
both proteins and virus. In this work, we developed
a new type of UF membrane, UF-3000PS, which
have a middle pore size between UF and MF. A
part of characteristics of the membrane was reported
previously.’21% We applied the membrane to
purification of Japanese encephalitis (JE) and rabies

viruses.
2. Experimental Section

(1) Preparation of Virus.

Japanese encephalitis (JE) virus, Nakayama NIH
strain, was inoculated into brains of mice, twenty-one
to twenty-eight-day-old ddY strain mice, and
cultured for four days. A 20% suspension of JE
prepared with

virus-infected mouse brain was

phosphate-buffered saline (PBS) and centrifuged for
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30min at 18,000xg. The supernatant fluid was
treated with protamine sulfate at a final concentration
of 0.15%
18,000 Xg. The supernatant fluid was used as the

and centrifuged again for 15 min at

starting virus solution in this work.

Rabies virus, Nishigahara strain, was inoculated in-
to BHK-21 cells and cultured for five days with
Eagle’s minimum essential medium containing 1% of
fetal bovine serum. The virus was centrifuged for
30 min at 5,000 Xg. The supernatant fluid was used
as the starting virus solution in this work.

(2) Assay of virus infectivity.

The virus solutions was diluted with PBS to
Each diluted
virus solution (0.03 m@) was injected into brains of
Mice which

symptoms peculiar to the JE were regarded as

prepare 1073—10—8 units solutions.

twenty-eight-day-old mice. showed
positive. The value of log LDsy was caluculated by
the Behrens-Karber’s method.

(3] Ultrafiltration.

The large-pore UF membrane, UF-3000PS was
prepared by a phase conversion method: polysulfone
dissolved in an organic solvent was uniformly spread
on a non-woven sheet of polyethyrene and then dip-
ped into the precipitation bath. The pore size could
be of

polysulfone, solvent composition, and the temperature

controlled by adjusting concentration
of the precipitation bath.

The membrane was throughly washed with pure
water, dipped into a glycerin-water solution, and
air-dried at room temperature.

The UF-3000PS membrane was attached to the
UF module, UF-LMS II,

(Tosoh, Corp.) which has an effective membrane area

plate-and-frame-type

of 200cm? and can be conveniently used for the
cross—flow filtration in a laboratory, but easily scaled
up. In Fig. 1, is shown the flow diagram of the UF
system, which consists of the UF-LMS II module, a
peristaltic recirculation pump, two pressure gauges, a
feed reservoir, and a permeate reservoir.

The virus solution was recirculated through the
module at 700 m@/min. The permeation rate was ad-
justed to 5 m@/min. This filtration mode ensures that

the concentration of solids on the membrane surface
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Fig. 1 Flow diagram of the UF system.

A, a screw-stopper used to pressurize the
circulating feed solution by narrowing the
tube at the outlet.

will not increased significantly above that in the feed
resérvoir. A 600 mf of the virus solution was concen-
trated to 100 m@, dilluted to the initial volume with
PBS, and concentrated again to 100 m@. This opera-
tion was repeated four and three times for the JE and
rabies virus solutions, respectively. The temperature
of the test virus solutions was kept at 8°C all through

the UF experiment.
3. Results and Discussion

Fig. 2 shows the cross section and top surface of
the obtained membrane, which were observed by a
scanning electron microscope. Prior to the observa-
tion, the non-woven support material had been remov-
ed from the membrane. It can be seen that the mem-
brane has an asymmetric pore structure consisting of
a very thin active dense layer (top surface) and
sponge-like support layer and has homogeneous pores
larger than 10 nm diameter on the top surface.

The molecular weight cutoff (MWCO) curve of the
UF-3000PS membrane was observed by use of a
0.1% solution of pure standard proteins. The curve
is shown in Fig. 3. The MWCO of this membrane
estimated from the curve is higher than 106 (about
3%109). The flux of pure water oberved at 1 kgf/cm?
was 10504200 ¢/m?hr.

Fig. 4 shows show the relationships between the
permeate volume and the operation time for the JE
and rabies virus solutions. The permeate volume is
proportional to the operation time, i.e., the flux is

constant, for either solution, indicating that the separa-

tion was well performed without suffering significant
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Fig. 2 The scanning electron micrographs of the UF-3000PS membrane.

(a) the cross section; (b) the top surface.
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Fig. 3 The molecular weight cutoff curve of the

UF-3000PS membrane, which was observ-
ed with an aqueous solution of pure stan-
dard proteins.

concentration polarization effect or membrane foul-

ing. This result may be due to the asymmetric struc-

ture of the membrane and the cross-flow filtration

mode.

In Fig. 5, is shown the protein content in 600 m¢ of
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Fig. 4 The relationships between the permeate

volume and the operation time for the JE and
rabies virus solutions.
Solid line, rabies virus; broken line, JE virus.
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Fig. 5 The protein content in 600 m@ of the virus
solutions at each step of ultrafiltration.
O, JE virus solution; A\, rabies virus solu-

tion.

Table 1 Results of purification of JE virus by use

of the UF-3000PS membrane.

volume P O,E eir}[ infectivity )
conten
(m0)  (ugN/mb) log LDso rec(%/‘gfry
Initial soltn. 600 540 7.5 100
Purified soltn. 600 17 7.4 80
2,000 150 5.6 1

Filtrate

the virus solutions at each step of ultrafiltration. In
the case of JE virus, the protein content in the star-
ting virus solution was 0.54 mgN/m@. It was reduced
to about 40% in every UF steps and finally became
0.0172 mgN/m@. This means that 97% of the host
protein was removed from the virus solution.
Moreover, the purified virus solution was almost col-
orless, although the starting solution assumed red col-
or. This fact indicates that hemoglobin could be
separated from the virus solution by the ultrafiltration
with UF-3000PS.
tein content in the starting virus solution was 0.13
mgN/md.

steps and finally became 0.017 mg/m@. This means

In the case of rabies virus, the pro-

It was reduced to about 51% in every UF

that 87% of the host protein was removed from the

virus solution.

(86 )

Table 2 Results of purification of rabies virus by
use of the UF-3000PS membrane.

volume  Drotein infectivity
content

(me)  (ugN/me) log LDsg rec(%ry
Initial soltn. 600 130 6.8 100
Purified soltn. 600 17 6.8 100

1,500 45 — —

Filtrate

The results of the purification of JE and rabies
viruses by ultrafiltraion are summarized in Table 1
and 2, respectively. The recoveries of infectivity
were about 80% and 100% for the JE and rabies

virus solutions, respectively.
4, Conclusion

The pore size of the UF-3000PS membrane
prepared in this work is large enough to allow most
proteins to permeated. Therefore, the virus pro-
pagated by infectious animal’s organs or tissue
culture can be easily purified by filtering out the host
proteins through the membrane. The filtration is lit-
tle influenced by the concentration polarization and
membrane fouling because of the asymmetric pore
structure of the membrane and the cross-flow filtra-
tion mode. Such UF purification offers high yield of
virus and much saving in time and labor compared
with conventional precipitation and centrifugation

methods,” and can be easily scaled up.
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