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the agueous phase; (f) subjecting the aqueous phase to ion ex- Hepatitis A
virus (HAV) is a morphologically,     change chromatography; biochemically,
and immunologically distinct picor-   (g) gel filtering fractions
containing HAV, yield- navirus that is the etiological agent of infectious
5  ing substantially purified HAV. hepatitis in humans. Like other
picornaviruses, HAV  These processes are amendable to commercial contains a
single-stranded, positive-sense, infec-  scale up and are likely candidates
for the commer- tious RNA genome. Four major capsid proteins       cial
production of FDA-approved, inactivated HAV have been described, VP1 (32-33
Kilodaltons or     as well as attenuated HAV, for vaccination pur- KDa),
VP2 (26-29 KDa), VP3 (22-27 KDa) and VP4   10  poses. (10-14 KDa). HAV has
now been cloned and sequenced, e.g., Najarian, R. et al. Proc. Natl.
DETAILED DESCRIPTION OF THE INVENTION Acad. Sci. 82, 2627 (1985). For
recent reviews, see, for example, Gerety, R.J. (ed.) Hepatitis A       The
commercially adaptable purification pro- Academic Press 1984; Feinstone,
S.M. Progress in  is  cesses of the present invention encompass the Liver
Diseases, 8, 299 (1986); and Mijch, A.M. et al.  purification of any
Hepatitis A virus, attenuated or Seminars in Liver Diseases 6, 42 (1986).
not, in any cell line or culture susceptible to infec- Various methods have
been worked out to par-    tion by Hepatitis A virus. The F strain of the
CR- tially purify HAV virions for the purposes of study  326 isolate
propagated in MRC-5 cells was used in [err] initial characterization. See,
for example, Horn-  20  this invention for merely illustrative purposes,
and it Deck, C.L. et al., Intervirology 6; 309-314 (1975);  happons to be
an attenuated strain. Other strains Locarnini, S.A. et al., Intervirology
10; 300-308  and/or serotypes are encompassed by this inven- (1978); Siegl,
G. et al., J. Virol. 26, 40-47 (1978);  tion, including HAV strains that
can be attenuated Siegl, G. et al., J. Gen. Virol. 57, 331-341 (1981);  by
conventional techniques. Other cell lines include Siegl, G. et al.,
Intervirology 22, 218 (1984);  25   Vero, FL, W1-38 and FRhK6 cells. These
and other Hughes, J.V. et al., J. Virol. 52, 465 (1984); and  systems for
HAV propagation in cell cultures are Wheeler, C.M. et al., J. Virol, 58,
307 (1986). Each  discussed in Gerety, R.J. "Active Immunization of these
methods employs one or more steps that    Against Hepatitis A," in Gerety,
R.J. (ed.) Hepatitis are likely to prevent approval by the Food and     A
Academic Press 1984, pp. 263-276; and Drug Administration for the purposes
of testing and   30  Ticehurst, J.R. Seminars in Liver Disease 6, 46-55
then selling a safe vaccine against HAV. For exam-  (1986). In principle,
any cell line such as any pie, detergents and/or exogenous enzymes are
human diploid fibroblast cell line can serve as a commonly used.
Furthermore, all of these methods    host cell provided that it is
susceptible to HAV employ unwieldy, impractical and excessively ex-
infection. The preferred cell line is MRC-5. pensive steps, such as sucrose
gradient centrifuga-  35  In the description that follows, the number of a
tion or CsCl-density gradient centrifugation.       paragraph corresponds
to the step number of Fig- Applicants have discovered methods of obtain-
ure 1. ing very pure HAV without the use of detergents or    1.
HAV-infected cells are grown and harvested [err] enzymes. Furthermore, the
methods             by any one or more of a variety of conventional
disclosed herein can be readily scaled up to corn-  40    techniques.
Growth conditions, including the se- mercial production. In addition,
applicants have      lection of media, depend on the requirements of
succeeded in adapting these methods to MRC-5         the cell line
employed. For MRC-5 cells, attach- host cells, which are certified by the
Food and       ment to a substratum is necessary, so that the Drug
Administration for human vaccine production.     scraping of cells or
trypsinization is a require- 45     ment for harvesting. Other cell types
useful for BRIEF DESCRIPTION OF THE INVENTION                    the
purposes of this invention include those ca- pable of growing in
suspension. Suspension cell Methods of substantially purifying Hepatitis A
cultures are normally centrifuged to pellet the virus (HAV) are disclosed,
comprising the steps of:   cells. (a) growing and harvesting cells infected
with  50  2. After growth and harvest, the HAV-infected HAV;
cells are lysed by any one or more of a variety (b) lysing the harvested
cells by sonication;      of techniques, including but not limited to expo-
(c) extracting the lysate, and retaining the aque-  sure to hypotonic
buffer, vortexing, freeze-thaw ous phase;
cycling, and sonication. Applicants have found (d) concentrating the
agueous phase with a wa-  55    that sonication is required for lysis of
HAV- ter soluble  synthetic  polymer effective  to      infected MRC-5
cells, resulting in efficient re- precipitate HAV;
lease of virions from the cell. (Any release of (e) extracting the
precipitated HAV and retaining  HAV virions from  a disrupted host cell is
2  
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"lysis".) It is thought that sonication  one third of the original sample
volume, by efficiently releases HAV virions from its subcel-  vortexing and
centrifugation as before. The two lular pseudocrystalline state within the
cell. It will  aqueous phases are pooled and the volume be understood that,
in addition to sonication,      measured, yielding Hepatitis A virus in
organi- many combinations with hypotonic lysis, vortex-   5  cally
extracted cell lysates. ing or freeze-thaw cycling can be used for the
4. The next step involves concentration with a purposes of proper and
effective lysis of cells.    water-soluble synthetic polymer effective to
Applicants most prefer the following steps in       precipitate proteins.
Applicants prefer to con- lysing HAV infected MRC-5 cells:
centrate the organically extracted cell lysates (a) thawing previously
frozen, harvested cells  10  with polyethylene glycol (PEG) having a
molecu- in tubes by the addition of lysis buffer (10     lar weight of
between about 2,000 daltons and mM Tris-HCI pH 7.5, 10 mM NaCl, 1.5 mM
about 12,000 daltons. Typically, NaCl is added [err]);
to the lysate to a final concentration of between (b) vigorously vortexing
(10-15 seconds at       about 150 mM and about 500 mM, then the setting 10
in a Vortex-Genie);            15     PEG is added to a final concentration
of be- (c) freeze-thawing one or more times by suc-     tween about 2%
(w/v) and about 10% (w/v). It is cessive exposure each time to an
ethanol-dry     most preferable to adjust organically extracted ice bath
and a 37 C water bath; and              cell lysates to about 500 mM NaCl,
then make (d) sonicating one or more times for 30 sec-     the lysate about
4% (w/v) in PEG (MW~8000 onds at the maximum wattage output of a   20
daltons). Precipitation having occurred, the re- cup horn sonicator with a
circulating ice water  sulting 4%  PEG lysates are centrifuged, the bath
(Branson Sonifier Cell Disrupter 185 and    supernatant is discarded and
the PEG pellet Ultrasonics cup horn), yielding a sonicate.      resuspended
for further processing. The re- 3. After lysis, HAV-infected cells, now a
lysed     suspended PEG pellet is preferably sonicated suspension, or
sonicate, are diluted with buffer  25  before the second organic
extraction, described and then subjected to organic extraction. Such
as follows. The product of step 4 is resuspen- extraction removes, among
other contaminants,       ded, sonicated PEG pellet. lipid and lipid-like
substances. Accordingly, the   5. Resuspended, sonicated PEG pellet is ex-
sonicate is diluted with any one of a variety of   tracted by the addition
of a mixture of a haloge- buffers, including phosphate buffered saline,  30
nated lower alkane, such as chloroform, and an Tris, carbonate, bicarbonate
or acetate buffers.   antifoaming agent, such as isoamyl alcohol. The Since
HAV virions are probably acid stable, buff-   volume-to-volume ratio of
halogenated lower al- ers in an acid pH range are also feasible sub-
kane to antifoaming agent is between about 15:1 stitutes. Applicants have
discovered that the       and about 50:1, preferably between about 20:1
presence of [err] in the buffer substantially  35   and 30:1. Applicants
have unexpectedly discov- lowers virion yields. The most preferable buffer
ered that this second organic extraction substan- is TNE (10 mM Tris-HCl pH
7.5, 150 mM NaCl,        tially enhances purity of the final HAV product.
1mM EDTA).                                         Futhermore, in contrast
to the first organic ex- Sonicates diluted with buffer are then ex-
traction (see paragraphs corresponding to step tracted by the addition of a
mixture of a haloge-  40  3), applicants have found in the second organic
nated lower alkane, such as methylene chloride,    extraction  that
chloroform  is  superior to and an antifoaming agent, such as isoamyl al-
methylene chloride. cohol. The volume-to-volume ratio of haloge-
Most preferably, the steps of the second nated lower alkane to antifoaming
agent is be-     extraction are carried out as follows: tween about 15:1
and about 50:1, preferably  45        The sonicated, resuspended
precipitate is between about 20:1 and 30:1. Applicants have        rotated
at 200 rpm on an orbital platform shaker found that methylene chloride is
superior to       for 1 hour at 4 C. The resuspended PEG 8000 chloroform at
this stage. HAV virions remain in     pellet is organically extracted by
the addition of the aqueous phase and interface.                    an
equal volume of chloroform: isoamyl alcohol Most preferably, the sonicate
is organically  50    (24:1,v/v) with vigorous vortexing and then clari-
extracted by the addition of an equal volume of    fied by centrifugation
at 4,000 g for 10 minutes methylene chloride: isoamyl alcohol (24:1,v/v)
at [err]. The aqueous phase is reserved, the with vortexing for 1 minute
and is centrifuged at  interface and organic phase are reextracted with
3,000 rpm for 10 minutes at [err] in an IEC          a volume of TNE buffer
equal to one third of the centrifuge (-3,000 g) to achieve phase separa-
55  original sample volume and  both aqueous tion. The aqueous phase is
reserved, the or-       phases are combined, yielding extracted PEG ganic
phase discarded and the interface is reex-    pellet. tracted, with a
volume of TNE buffer equal to      6. In most cases, it is desirable to
conduct at 
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step of anion exchange chromatog-          coal, or celite alumina; raphy
after the second organic extraction. Ex-       (b) hydrophobic
chromatography with, e.g. butyl tracted PEG pellet or extracted polymer
pellet is    agarose; and subjected to ion exchange chromatography on a
(c) selective extraction with other solvents or resin, gel or matrix with
positive charge. Typical   5  reagents. anion exchange matrices include,
but are not         (d) An additional precipitation is another step limited
to,                                          useful for isolating HAV.
Other methods include DEAE cellulose                                    (e)
chromatography by any standard method, DEAE agarose
including thin-layer, gel, molecular sieve, molec- DEAE Biogel
10      ular exclusion, ion-exchange, ligand affinity, im- DEAE dextran
munoaffinity, by electrophoresis; DEAE Sephadex[err]
(f) solvent fractionation by two phase extrac- DEAE Sepharose[err]
tions, e.g. with PEG and dextran; Aminohexyl Sepharose[err]
(g) dialysis, ultrafiltration, or diafiltration; Ecteola cellulose
15      (h) density-gradient centrifugation; TEAE cellulose
(i) electrofocusing; QAE cellulose                                     (j)
freeze drying. lyophilization: or mono-Q, or
(k) crystallization: Benzoylated diethylaminoethyl                   (l)
addition of protease inhibitors and/or chelat- cellulose.
20      ing agents to buffer; or The preferred anion exchanger is DEAE
(in) substitution of one buffer with another. Sepharoso CL-6B (Pharmacia).
General back-        This list is by no means exhaustive. Its order is not
ground information on ion exchange chromatog-      an indication of the
preferred order of purification. It raphy can be found, for example, in E.
A. Peter-   will be understood that a successful purification of son,
"Cellulosic Ion Exchangers" in Work, T.S.   25   HAV may include any, some,
or all of steps (a)-(m). et al. Laboratory Techniques in Biochemistry
Additional processing steps of conventional and Molecular Biology Volume 2,
Part II, pages     and well known character are or may be needed to 223 et
seq. North-Holland 1970.                    prepare purified HAV for a
vaccine. For example, One predominant effect of anion exchange
treatment with formalin, sterile filtration and adsorp- on the extracted
PEG pellet is the removal of  30  tion to carriers or adjuvants are the
typical basic DNA. In principle, therefore, anion exchange can   steps for
preparing a formalin-inactivated vaccine. be substituted by the addition
and removal of      See, for example, Provost, P.J. et al. Proc. Soc.
DNAse, or by alternative treatments designed to    Exp. Biol. Med. 160, 213
(1979); Provost, P.J. et al. remove DNA at this stage of the purification
J. Med Virol. 19,23 (1986). HAV can be inactivated process.
35   by heat, pH changes, treatment with organic sol- 7. A final step of
gel filtration chromatography   vents, ultraviolet irradiation, or exposure
to formalin. follows anion exchange. Typically, Sepharose[err]      It will
be understood that the scope of the present CL-4B (Pharmacia) is employed,
but numerous       invention encompasses, in addition to the F strain other
types of gel filtration matrices can be       of C326 of HAV, any other HAV
strain, whether or substituted. See, for example, Fischer, L., "Gel  40
not attenuated. Attenuated strains may be isolated Filtration
Chromatography." in Work, T. S. et al.  by serial passage through cells,
animals, or by Laboratory Techniques in Biochemistry and Mo-      other
methods. See, for example, Provost, P:J. et lecular Biology Elsevier 1980.
al. Proc. Soc. Exp. Biol. Med. 170,8 (1982); and While the particular
sequence of chromatog-    Provost, P.J. et al. J. Med. Virol. 20, 165
(1986), for raphic steps of anion exchange followed by gel  45   details on
attenuation. The purification methods of filtration are the typical
protocols for purifying  the present invention are readily and easily
adapt- HAV in this invention, it will be understood that  able to
attenuated or unattenuated strains. the sequence can be varied. For
example, gel          In this invention, lower alkane contains 1-6 car-
filtration may precede anion exchange.            bon atoms. so      The
example that follows illustrates the practice ADDITIONAL STEPS
of the invention, but it is not intended to limit the scope and content of
the invention. Other conventional or known steps normally used in
purification of virus proteins or virions may  EXAMPLE be added to the
process of purifying HAV. These   55 steps include, but are not limited to:
Procedure for the Purification of Hepatitis A Virus 



(a) selective adsorption or partition on a solid-  (HAV) from MRC-5 Cells
phase, e.g. silica gel, calcium phosphate char- 4    7                 EP 0
302 692 B1                    8 A. Cell Disruption
vortexing and then clarified by centrifugation at 4,000 g for 10 minutes at
[err]. The aqueous MRC-5 cells infected with attenuated HAV        phase
was reserved, the interface and organic (strain F of CR-326) were harvested
by scraping    phase were reextracted with a volume of TNE and freezing at
-70 C in four roller bottle equiv-   5   equal to one third of the
resuspended PEG pellet alents per tube. Two tubes were thawed by the
volume and both aqueous phases were combined, addition of 3 mls of lysis
buffer per tube (10 mM  yielding resuspended PEG pellet. Tris-HCl pH 7.5.
10 mM NaCl, 1.5 mM [err]) and by vigorous vortexing (10-15 seconds at
setting 10  C. Ion exchange and Gel filtration chromatography in a
Vortex-Genie) and were then held on wet ice   10 for 15 minutes. The
lysates were twice frozen and       The resuspended PEG pellet was adjusted
to thawed in an ethanol-dry ice bath and [err]  water   350 mM NaCl and
chromatographed at a pump bath, and each tube was sonicated three times for
speed of 3 mls/minute over a 2 ml DEAE- 30 seconds at the maximum wattage
output of a      Sepharose[err] CL-6B (Pharmacia) column, prepared cup horn
sonicator with a circulating ice water bath  is  in Kontes Flex column (1.0
X 5.0 cm) and equili- (Branson Sonifier Cell Disrupter 185 and Ultra-
brated in 10 mM Tris-HCl pH 7.5, 350 mM NaCl, sonics cup horn). The
sonicates were pooled and    1mM EDTA. The first 15 mls of eluate were col-
assayed for protein using a Bradford protein assay  lected   and
chromatographed   through   a (BioRad) with BSA (Bovine Serum Albumin) as a
Sepharose[err] CL-4B (Pharmacia) column (2.6 X 95 standard and then
adjusted to 3 mg protein per ml  20  cm), equilibrated in TNE buffer
operated at pump in TNE buffer (10 mM Tris-HCl pH 7.5, 150 mM      speed of
20 ml/hour. Fractions of five mls were NaCl, 1 mM EDTA). The sonicate was
organically    collected, yielding substantially purified, attenuated
extracted by the addition of an equal volume of    HAV. Fractions
containing HAV were identified by methylene chloride: isoamyl alcohol
(24:1,v/v) with  HAVAG RIA (Abbot Laboratories), combined, made vortexing
for 1 minute and was centrifuged at 3,000   25  sterile by filtration
through a Millex GV-0.22[err] filter rpm for 10 minutes at [err] in an IEC
centrifuge    (Millipore) and stored at [err]. The concentration of (~3,000
g) to achieve phase separation. The aque-  HAV in the pool was determined
by quantitative ous phase was reserved, the organic phase dis-    HAVAG RIA
and the sample concentrated (if nec- carded and the interface was
reextracted, with a   essary) in an Amicon ultrafiltration cell fitted with
a volume of TNE buffer equal to one third of the   30   YM100 membrane.
original sample volume, by vortexing and centrifu-     With a sample of 5
[err] purified HAV, SDS- gation as before. The two aqueous phases were
polyacrylamide gel electrophoresis failed to detect pooled and the volume
measured, yielding Hepati-   any impurities after silver staining and
Western tis A virus in organically extracted cell lysates.  blotting. 35
While the foregoing specification teaches the B. Polyethylene glycol (PEG)
precipitation         principles of the present invention, with examples
provided for the purpose of illustration, it will be Hepatitis A virus in
the organically extracted  understood that the practice of the invention
en- cell lysates was concentrated by polyethylene gly-  compasses all of
the usual variations, adaptations, col precipitation (PEG). Lysates were
adjusted to  40   modifications, deletions or additions of procedures 500
mM NaCl and made 4% (w/v) in PEG 8000 by       and protocols described
herein, as come within the the addition, with vigorous vortexing, of 40%
(w/v)  scope of the following claims. PEG 8000 (prepared in 10 mM Tris-HCI
pH 7.5, 500 mM NaCl, 1 mM EDTA). The 4% PEG lysates        Claims were held
at [err] for 1 hour and then centrifuged   45 at 1,500 g for 10 minutes at
[err] in a Beckman      1. A method of substantially purifying HAV com-
HB-4 rotor. The supernatant was removed and the        prising the steps of
PEG pellet resuspended by vigorous vortexing in          (a) growing and
harvesting cells infected 10 mls of 10 mM Tris-HCl pH 7.5, 150 mM NaCl,
with HAV; 10 mM EDTA and by sonication 3 times for 30   so         (b)
lysing the harvested cells by sonication; seconds at maximum wattage output
in a cup horn          (c) extracting the lysate, and retaining the
sonicator with a circulating ice water bath as de-       aqueous phase;
scribed  above. The  sonicated, resuspended              (d) concentrating
the aqueous phase with a precipitate was then rotated at 200 rpm on an
water-soluble synthetic polymer effective to 



orbital platform shaker for 1 hour at 4 C. The   55       precipitate HAV:
resuspended PEG 8000 pellet was organically ex-          (e) extracting the
precipitated HAV and re- tracted by the addition of an equal volume of
taining the aqueous phase; chloroform: isoamyl alcohol (24:1,v/v) with
vigorous     (f) subjecting the aqueous phase to ion ex- 5    7
EP 0 302 692 B1                    8 A. Cell Disruption
vortexing and then clarified by centrifugation at 4,000 g for 10 minutes at
20 C. The aqueous MRC-5 cells infected with attenuated HAV        phase was
reserved, the interface and organic (strain F of CR-326) were harvested by
scraping    phase were reextracted with a volume of TNE and freezing at -70
C in four roller bottle equiv-   5   equal to one third of the resuspend
PEG pellet alents per tube. Two tubes were thawed by the      volume and
both aqueous phases were combined, addition of 3 mls of lysis buffer per
tube (10 mM   yielding resuspended PEG pellet. Tris-HCl pH 7.5. 10 mM NaCl,
1.5 mM [err]) and by vigorous vortexing (10-15 seconds at setting 10  C.
Ion exchange and Gel filtration chromatography in a Vortex-Genie) and were
then held on wet ice   10 for 15 minutes. The lysates were twice frozen and
The resuspended PEG pellet was adjusted to thawed in an ethanol-dry ice
bath and [err] water   350 mM  NaCl and chromatographed at a pump bath, and
each tube was sonicated three times for  speed of 3 mls/minute over a 2 ml
DEAE- 30 seconds at the maximum wattage output of a      Sepharose[err]
CL-6B (Pharmacia) column, prepared cup horn sonicator with a circulating
ice water bath   15  in Kontes Flex column (1.0 X 5.0 cm) and equili-
(Branson Sonifier Cell Disrupter 185 and Ultra-     brated in 10 mM
Tris-HCI pH 7.5, 350 mM NaCl, sonics cup horn). The sonicates were pooled
and     1mM EDTA. The first 15 mls of eluate were col- assayed for protein
using a Bradford protein assay  lected   and   chromatographed   through
a (BioRad) with BSA (Bovine Serum Albumin) as a       Sepharose[err] CL-4B
(Pharmacia) column (2.6 X 95 standard and then adjusted to 3 mg protein per
ml   20  cm), equilibrated in TNE buffer operated at pump in TNE buffer (10
mM Tris-HCl pH 7.5. 150 mM       speed of 20 ml/hour. Fractions of five mls
were NaCI, 1 mM EDTA). The sonicate was organically    collected, yielding
substantially purified, attenuated extracted by the addition of an equal
volume of     HAV. Fractions containing HAV were identified by methylene
chloride: isoamyl alcohol (24:1,v/v) with  HAVAG RIA (Abbot Laboratories),
combined, made vortexing for 1 minute and was centrifuged at 3,000   25
sterile by filtration through a Millex GV-0.22[err] filter rpm for 10
minutes at 20 C in an IEC centrifuge     (Millipore) and stored at [err].
The concentration of (~3.000 g) to achieve phase separation. The aque-
HAV in the pool was determined by quantitative ous phase was reserved, the
organic phase dis-     HAVAG RIA and the sample concentrated (if nec-
carded and the interface was reextracted, with a    essary) in an Amicon
ultrafiltration cell fitted with a volume of TNE buffer equal to one third
of the   30  YM100 membrane. original sample volume, by vortaxing and
centrifu-     With a sample of 5 [err] purified HAV, SDS- gation as before.
The two aqueous phases were       polyacrylamide gel electrophoresis failed
to detect pooled and the volume measured, yielding Hepati-    any
impurities after silver staining and Western tis A virus in organically
extracted cell lysates.  blotting. 35      While the foregoing
specification teaches the B. Polyethylene glycol (PEG) precipitation
principles of the present invention, with examples provided for the purpose
of illustration, it will be Hepatitis. A virus in the organically extracted
understood that the practice of the invention en- cell lysates was
concentrated by polyethylene gly-  compasses all of the usual variations,
adaptations, col precipitation (PEG). Lysates were adjusted to  40
modifications, deletions or additions of procedures 500 mM NaCl and made 4%
(w/v) in PEG 8000 by        and protocols described herein, as come within
the the addition, with vigorous vortexing, of 40% (w/v)  scope of the
following claims. PEG 8000 (prepared in 10 mM Tris-HCl pH 7.5, 500 mM NaCl,
1 mM EDTA). The 4% PEG lysates        Claims were held at [err] for 1 hour
and then centrifuged   45 at 1,500 g for 10 minutes at 4 C in a Beckman
1. A method of substantially purifying HAV com- HB-4 rotor. The supernatant
was removed and the        prising the steps of PEG pellet resuspended by
vigorous vortexing in          (a) growing and harvesting cells infected 10
mls of 10 mM Tris-HCI pH 7.5, 150 mM NaCl,            with HAV; 10 mM EDTA
and by sonication 3 times for 30   so         (b) lysing the harvested
cells by sonication; seconds at maximum wattage output in a cup horn
(c) extracting the lysate, and retaining the sonicator with a circulating
ice water bath as de-        aqueous phase; 



scribed  above. The  sonicated, resuspended               (d) concentrating
the aqueous phase with a precipitate was then rotated at 200 rpm  on an
water-soluble synthetic polymer effective to orbital platform shaker for 1
hour at [err]. The   55       precipitate HAV: resuspended PEG 8000 pellet
was organically ex-          (e) extracting the precipitated HAV and re-
tracted by the addition of an equal volume of            taining the
aqueous phase; chloroform: isoamyl alcohol (24:1,v/v) with vigorous     (f)
subjecting the aqueous phase to ion ex- 5    9                 EP 0 302 692
B1                   10 change chromatography;
(c) extracting the lysate with a mixture of (g) gel filtering fractions
containing HAV,       isoamyl alcohol and methylene chloride, yielding
substantially purified HAV,              and retaining the aqueous phase;
(d) concentrating the aqueous phase in 4% 2. The method of claim 1 wherein
the cells in-   5      (w/v) PEG 8000 and resuspending the 4% fected with
HAV are MRC-5 cells.                     PEG pellet; (e) extracting the
resuspended 4% PEG 3. The method of claim 2 wherein the HAV is the
pellet with a mixture of isoamyl alcohol and F strain of CR-326.
chloroform, and  retaining  the aqueous 10        phase; 4.   The method of
claim 1 wherein the HAV is            (f) subjecting the aqueous phase to
ion ex- attenuated before the growing and harvesting        change
chromatography; and of step (a).                                        (g)
gel filtering fractions containing HAV, yielding substantially purified
attenuated 5. The method of claim 1 wherein the extracting   15     HAV for
vaccination purposes. of stop (c) is performed by the addition of a mixture
of isoamyl alcohol and a halogenated  PatentansprUche lower alkane, said
mixture comprising about one volume of isoamyl alcohol and between      1.
Verfahren, urn HAV im wesentlichen zu reini- about 20 and about 30 volumes
of said haloge-  20  gen, umfassend die folgenden Stufen nated lower
alkane.                                  (a) ZUchten und Ernten von mit HAV
infi- zierten Zellen, 6. The method of claim 5 wherein the haloge-
(b) Lysieren der geernteten Zellen mit Be- nated lower alkane is methylene
chloride.            schallung, 25        (c) Extrahieren des Lysats und
ZurUckhalten 7. The method of claim  1 wherein the water-            der
wlnrigen Phase, soluble synthetic polymer of step (d) is poly-       (d)
Konzentrieren der wSBrigen Phase mit ethylene glycol with a molecular
weight of be-       einem wasserl6slichen synthetischen Poly- tween about
2,000 daltons and about 12,000           mer, das wirksam ist, urn HAV
auszufallen, daltons, said polyethylene glycol having a final  30  (e)
Extrahieren des ausgefdllten HAV und concentration in the aqueous phase of
between        ZurUckhalten der wAIrigen Phase, about 2% (w/v) and about
10% (w/v).                 (f) Unterwerfen der wgBrigen Phase einer
lonenaustauscher-Chromatographie, 8. The method of claim 1 wherein the
water solu-        (g) Gel-Filtrieren der HAV enthaltenden ble synthetic
polymer of step (d) is polyethyl-  35  Fraktionen, was zu im wesentlichen
gerei- ene glycol with a molecular weight of about          nigtem HAV
fihrt. 8,000 daltons, said polyethylene glycol having a final concentration
in the aqueous phase of  2. Verfahren nach Anspruch 1, wobei die mit HAV
about 4% (w/v).                                   infizierten Zellen
MRC-5-Zellen sind. 40 9. The method of claim 1 wherein the extracting   3.
Verfahren nach Anspruch 2, wobei das HAV of step (e) is performed by the
addition of a     der F-Stamm von CR-326 ist. mixture of isoamyl alcohol
and a halogenated alkane, said mixture comprising about one vol-  4.
Verfahren nach Anspruch 1, wobei das HAV ume of isoamyl alcohol and between
about 20   45  vor dem ZUchten und Ernten der Stufe (a) and about 30
volumes of said halogenated          abgeschwAcht ist. lower alkane. 5.
Verfahren  nach  Anspruch  1, wobei die 10. The method of claim 9 wherein
the haloge-         Extraktions-Stufe (c) durchgef~hrt wird durch nated
lower alkane is chloroform.         50      Zugabe eines Gemisches aus
Isoamylalkohol 



und einem halogenierten niederen Alkan, wo- 11. A method of substantially
purifying attenuated    bei das Gemisch etwa ein Volumen Isoamylal- HAV for
vaccination purposes, comprising the      kohol und etwa 20 bis etwa 30
Volumina des steps of:
halogenierten niederen Alkans enthalt. (a) growing and harvesting MRC-5
cells in-  55 fected with attenuated HAV;                 6. Verfahren nach
Anspruch 5, wobei das haloge- (b) lysing the harvested MRC-5 cells by
nierte niedere Alkan Methylenchlorid ist. sonication; 6    11
EP0302692B1                        12 7. Verfahren nach Anspruch, wobei das
wasser-            (b) lyse par sonication des cellules r6col- l6sliche
Polymer der Stufe (d) Polyethylengly-        t6es; kol mit einem
Molekulargewicht zwischen etwa          (c) extraction du lysat et
conservation de la 2 000 Dalton und etwa 12 000 Dalton ist und
phase aqueuse; wobei das Polyethylenglykol in einer Endkon-   s      (d)
concentra tion de la phase aqueuse avec zentration in der waflrigen Phase
zwischen            un polymbre synth6tique soluble dans leau, etwa 2%
(Gew.Nol.) und etwa 10% (Gew.Nol.)            efficace pour precipiter le
HAV; vorliegt.                                             (e) extraction
du HAV pr6cipit6 et conserva- tion de la phase aqueuse; .8.  Verfahren nach
Anspruch 1, wobei das wasser-  10       (f) soumission de la phase aqueuse
a une losliche synthetische Polymer der Stufe (d)           chromatographie
d'echange d'ions; Polyethylenglykol mit einem Molekulargewicht          (g)
filtration sur gel des fractions contenant von etwa 8 000 Dalton ist und
wobei das               le HAV, donnant du HAV en grande partie
Polyethylenglykol in einer Endkonzentration in        purifie. der wgBrigen
Phase von etwa 4% (Gew./Vol.)  t5 vorliegt.
2. Proc6d6 selon la revendication 1. dans lequel les cellules infect6es par
le HAV sont des 9. Verfahren  nach  Anspruch  1, wobei die
cellules MRC-5. Extraktions-Stufe (e) durchgefUhrt wird durch _~,*   Zugabe
eines Gemisches auIs Isoamylaikohol  io  3. Proced6 selon la revendication
2, dans lequel und einem halogenierten niederen Alkan, wo-         le HAV
est la souche F de CR-326. bei das Gemisch etwa ein Volumen Isoamylal-
kohol und etwa 20 bis etwa 30 Volumina des      4. Proc6d6 selon la
revendication. 1, dans lequel halogenierten niederen Alkans enihalt.
le HAV est att6nu6 avant la culture et la recolte 25      de l'etape (a).
10. Verfahren nach Anspruch 9, wobei das haloge- nierte niedere Alkan
Chloroform ist.            5. Proc6de selon la revendication 1, dans lequel
l'extraction de 16tape (c) est effectu6e par 11. Verfahren, um
abgeschwachtes HAV fOr Impf-         addition d'un m6lange d'alcool
isoamylique et zwecke im wesentlichen zu reinigen, umfas-  30      d'un
alcane inf6rieur halog6ne, ledit melange send die folgenden Stufen:
comprenant environ 1 volume d'alcool isoamy- (a) Z1chten und Ernten von mit
HAV infi-         lique et entre environ 20 et environ 30 volumes zierten
MRC-5-Zellen,                            dudit alcane inf6rieur halog6ne.
(b) Lysieren der geernteten MRC-5-Zellen mit Beschallung,
35  6. Proc6de selon la revendication 5. dans lequel (c) Extrahieren des
Lysats mit einem Ge-         I'alcane inferieur halogene est le chlorure de
misch aus Isoamylalkohol und Methylen-           m6thylbne. chlorid und
Zurutckhalten der wShrigen Pha- se,
7. Proc6d6 selon la revendication 1, dans lequel (d) Konzentrieren der
waIrigen Phase in  40      le polyrnmre synth6tique soluble dans l'eau de
4%igem (Gew.Nol.) PEG 8000 und Resu-             I'6tape (d) est un
poly6thylbneglycol ayant une spendieren der 4%igen PEG-Perle,
masse mol6culaire comprise entre environ 2 (e) Extrahieren der
resuspendierten 4%igen       000 et environ 12 000 daltons, ledit
poly6thylb- PEG-Perle mit einem Gemisch aus Isoamy-          neglycol ayant
une concentration finale dans la lalkohol und Chloroform und ZurUckhalten
45    phase aqueuse comprise entre environ 2 % der waI~rigen Phase,
(p/v) et environ 10 % (p/v). (f) Unterwerfen der waIrigen Phase einer
lonenaustauscher-Chromatographie und         8. Proced6 selon la
revendication 1, dans lequel 



(g) Gelfiltrieren der HAV enthaltenden Frak-     le polymere synth6tique
soluble dans l'eau de tionen, was zu im wesentlichen gereinigtem   50
I'etape (d) est un poly6thyleneglycol ayant une abgeschwachtem HAV fair
Impfzwecke fOhrt.        masse mol6culaire d'environ 8 000 daltons, ledit
polyethylbneglycol ayant une concentra- Revendications
tion finale dans la phase aqueuse d'environ 4 % (p/v). 1. Proc6d6 de
purification en grande partie de   55 HAV, comprenant les 6tapes suivantes:
9. Proced6 selon la revendication 1, dans lequel (a) culture et r6colte de
cellules infect6es     l'extraction de l'6tape (e) est effectu6e par par le
HAV;                                      addition d'un m6lange d'alcool
isoamylique et 7                                 \1iil    13
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compre- nant environ 1 volume d'alcool isoamylique et entre environ 20 et
environ 30 volumes dudit alcane inf6rieur halog6ne. 5 10. Proc6de selon la
revendication 9, dans lequel I'alcane inf6rieur halog6n6 est le
chloroforme.. 11. Proc6dd de purification en grande partie de HAV att6nu6,
a des fins de vaccination, com-   10 prenant les 6tapes suivantes: (a)
culture et r6colte de cellules MRC-5 infect6es par le HAV attenue; (b) lyse
par sonication des cellules MRC-5 r6coltees;
15 (c) extraction du lysat avec un melange d'alcool isoamylique et de
chlorure de m6- thylene, et conservation de la phase aqueu- se; <_      (d)
concentration de la phase aqueuse dans   20 une solution de PEG 8 000 a 4 C
(p/v) et remise en suspension du culot de PEG a 4 (e) oxtraction du culot
de PEG a 4 % remis en suspension, avec un m6lange d'alcool   25
isoarnylique et de chloroforme, et conserva- tion de la phase aqueuse; (f)
soumission de la phase aqueuse a une chromatographie d'echange d'ions; at
(g) filtration sur gel des fractions contenant   30 le HAV, pour
l'obtention de HAV att6nu6, en grande partie purifi6, a des fins de
vaccina- tion. 35 40 45 50 55 8    


