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Following conventional purification the HBsAg is treated according to the
present invention to BACKGROUND OF THE INVENTION
remove contaminating yeast protein. The treatment according to the present
invention comprises diafil- In the production of recombinant hepatitis B
5   tering the desired HBsAg with a dissociating agent surface antigen in
yeast, a contaminating 60,000   across a membrane having a molecular weight
dalton yeast protein associates with the hepatitis B  cutoff greater than
about 50,000 daltons but less surface antigen and is carried through the
purifica-  than about 1,000,000 daltons, preferably from tion regimen of
the surface antigen and appears in  about 100.000 daltons to about 300,000
daltons. the final product. The contaminating yeast protein  10  At the end
of the fermentation, the yeast cells is closely associated with the surface
antigen and  are broken to release the HBsAg and the cells and cannot be
removed from the 2,000,000 dalton sur-   cell debris are removed by
centrifugation. The face antigen by conventional separation methods.
supernatant liquid is then treated to remove waste The yeast impurity
appears to be entrained within  proteins, for example by concentration and
diafil- the interior of the surface antigen particle.  15  tration. The
liquid containing the product is then The presence of contaminating yeast
protein in  adsorbed to aerosil (fused silica) and washed to a vaccine
product is undesirable.                   remove contaminating proteins.
The aerosil is elut- ed with a suitable buffer and the HBsAg-containing
OBJECTS OF THE INVENTION                           material is
concentrated, diafiltered and optionally 20 centrifuged. The supernatant
liquid from the cen- It is, accordingly, an object of the present in-
trifugation is passed through a butylagarose col- ition to provide an
improved method for purify-   umn and adsorbed antigen is eluted in a
suitable ing HBsAg produced by a transformed yeast. An-      buffer. The
material is then concentrated and load- other object is to provide a meihod
for removing   ed onto a Sepharose[err] 6B column. Antigen-contain- yeast
impurities from H~sAg produced in trans-  25  ing fractions from  the
Sepharose[err] column are formed yeast. These and other objects of the
pooled, diluted to a desired HBsAg protein con- present invention will
become apparent from the    centration, and diluted with a dissociating
agent, following description.                             leading to
dissociation of yeast protein from the hepatitis B protein. Because the
yeast protein be- * SUMMARY OF THE INVENTION                      30  comes
entrained in the, desired yeast-produced HBsAg particle, separation of the
yeast protein is Yeast-derived  proteins are  removed  from      hindered
and is not effected rapidly. Typically, the HBsAg produced in a transformed
yeast by diafil-   period  of time to permit contaminating yeast pro-
tering the HBsAg with a dissociating agent across a  teins to dissociate is
from about 6 hours to about membrane having a molecular weight cutoff
greater  35  24 hours at  room temperature although shorter than about
100,000 daltons but less than about     times can be employed at higher
temperatures. 1,000,000 daltons, preferably from about 100,000   The
mixture is then concentrated and diafiltered on daltons to about 300,000
daltons.                  a 100,000 molecular weight cutoff hollow fiber
membrane using at least about five volumes of the - DETAILED DESCRIPTION
40  dissociating agent as the diafiltration solution. The antigen is then
diafiltered with at least about 15 The present invention relates to a
method of    volumes of phosphate buffered saline to remove removing
contaminating yeast protein from HBsAg    the dissociating agent. produced
in a transformed yeast.                       The transformed yeast can be
prepared in Typically the process of the present invention   45  known
manner by introducing a gene encoding a involves the fermentation of a
yeast that has been  desired polypeptide or protein into yeast cells
transformed with a vector coding for HBsAg.        which then express the
encoded polypeptide or The antigen thus obtained is then purified by
protein. For instance, the preparation of HBsAg conventional purification
methods which are cus-   antigen from the transformed yeast is described by
tomarily used for the isolation and purification of  50   Valenzuela et
al., Nature 298:347 et seq. (1982). biologically active substances, such as
cell rupture,  Another known method for preparing a yeast-origin extraction
of the ruptured cells, salting out with  HBsAg is described by Miyanohara
et al., Proc. ammonium  sulphate, gel filtration, ion exchange    Natl.
Acad. Sci., USA, 80:1 et seq. (1983). chromatography,       fractionation
with           The dissociating agent may be a polarity-re-
polyethyleneglycol, affinity chromatography, den-   55  ducing agent such
as dioxane or ethylene glycol, sity gradient ultracentrifugation with
sucrose and  urea, guanidine hydrochloride, or chaotropic agents cesium
chloride or sodium bromide, or the like.     such as Cl- I-, [err]  SCN-,
or CCI3COO-.  Specific  examples  of  suitable 2    



3                 EP 0 291 146 B1                   4 chaotropic agents are
sodium perchlorate, sodium   recognized by antibody to yeast impurity.
trifluoroacetate, sodium trichloroacetate, and alkali metal thiocyanates,
e.g., NaSCN, KSCN, and         EXAMPLE 3 NH4 SCN. The following examples
illustrate the present   5  Purified recombinant hepatitis B surface anti-
invention without, however, limiting the same there-  gen is made 3M with
respect to KSCN. A second to.
sample was then made 2.5M with respect to KSCN and a third sample was made
2M with respect to EXAMPLE 1                                          KSCN
by addition in each case of solid KSCN. to Following incubation each of
these samples was A recombinant hepatitis B surface antigen
diafiltered against 5 volumes of KSCN having the preparation consisting of
8 L of purified hepatitis B  same molarity with respect to KSCN using
either surface antigen in PBS contains approximately 100  an XM300 (300,000
M.W. cutoff) membrane or an [err] of protein by Lowry protein assay.
Typically,  XM100 (100,000 M.W. cutoff) membrane. After the 5 percent of
the protein measured consists of a   15  KSCN treatment, all of the samples
were dialyzed contaminating 60,000 dalton yeast protein. To the  against
PBS overnight at room temperature to re- above solution, 8 L of 6M KSCN in
PBS is added.   move KSCN. All of the samples were analyzed by The
resulting 16 L of solution contains 50 [err] of  polyacrylamide gel and
immunoblot. All conditions protein and has a concentration of 3M KSCN. This
of membrane size and KSCN concentration re- solution is incubated with
stirring for 16 hours at  20  moved the yeast impurity from the hepatitis B
[err]. At the end of the incubation period the solu-  surface antigen. tion
is concentrated to 4 L in a 100 K molecular weight cutoff hollow fiber
bundle (Amicon H10      Claims P100-20). The resulting concentrate contains
ap- proximately 200 [err] protein in 3M KSCN. The   25  1. A process for
removing yeast-derived prot- hollow fiber bundle unit is then switched from
con-   einaceous substances from a solution of hepa- centration mode to
diafiltration mode and the prod-   titis B surface antigen (HBsAg)
particles pro- uct is diafiltered using 20 L of 3M KSCN. The         duced
in a transformed yeast which comprises diafiltration  mode  removes the
contaminating       diatiltering  the  contaminating  yeast prot- 60,000
dalton yeast protein that passes through the   30  einaceous substance
through a membrane filter, from the 2,000,000 dalton hepatitis B surface
having a molecular weight cutoff greater than antigen particle that is
retained behind the filter.  about 100,000 daltons to about 1,000,000 dal-
After completion of the diafiltration, the product is  tons in the presence
of a dissociating agent further diafiltered with 60 L of PBS to remove
effective to. dissociate the contaminating yeast KSCN. The resulting
product typically contains 100   35  proteinaceous substance from the
HBsAg, the [err] of protein in 6 L of which less than 1 percent
dissociating agent not being Triton[err] X-100. of protein is yeast
impurity as measured by HPLC. 2. A process according to Claim 1 wherein the
EXAMPLE 2                                             dissociating agent is
a polarity reducing agent 40      or a chaotropic agent. A purified
recombinant hepatitis B surface anti- gen containing Sepharose[err] 6B
effluent is made     3. A process according to Claim 2 wherein the 3M with
respect to KSCN by adding solid KSCN. It      polarity reducing agent is
dioxane, ethylene is then stored overnight at 4 C. Two ml of this
glycol, urea or guanidine hydrochloride. material is mixed with 8 ml of 3M
KSCN in PBS   45 and then concentrated to 2 ml using an Amicon     4. A
process according to Claim 2 wherein the minicon concentrator with an XM300
membrane           chaotropic agent is [err] COO-. [err] having a size
exclusion of greater than 300,000       Cl-, [err] ,I- or SCN-. daltons.
Then 5 ml of 3M KSCN is added and the total volume again reduced to 2 ml by
pressure  so  5. A process according to Claim 1 wherein the filtration.
Another 5 ml of 3M KSCN is added and      membrane has a molecular weight
cutoff of the total volume is reduced to 1 ml. This one ml of   from about
100,000 daltons to about 300,000 product is then dialyzed against PBS
overnight at     daltons. room temperature to remove KSCN. The solutions
before and after treatment were analyzed by   55  6. A process according to
Claim 1 wherein the polyacrylamide gel and immunoblot and the treated
solution of the HBsAg particles is incubated in solution was found to be
free of yeast protein while  the presence of the dissociating agent before
the untreated solution exhibited a band which was     diafiltering. 3    



3                 EP 0 291 146 B1                    4 chaotropic agents
are sodium perchlorate, sodium   recognized by antibody to yeast impurity.
trifluoroacetate, sodiurh trichloroacetate; and alkali metal thiocyanates,
e.g., NaSCN, KSCN, and         EXAMPLE 3 [err] The following examples
illustrate the present   5  Purified recombinant hepatitis B surface anti-
invention without, however, limiting the same there-  gen is made 3M with
respect to KSCN. A second to.
sample was then made 2.5M with respect to KSCN and a third sample was made
2M with respect to EXAMPLE 1                                          KSCN
by addition in each case of solid KSCN. to  Following incubation each of
these samples was A recombinant hepatitis B surface antigen
diafiltered against 5 volumes of KSCN having the preparation consisting of
8 L of purified hepatitis B  same molarity with respect to KSCN using
either surface antigen in PBS contains approximately 100  an XM300 (300,000
M.W. cutoff) membrane or an [err] of protein by Lowry protein assay.
Typically,  XM100 (100,000 M.W. cutoff) membrane. After the 5 percent of
the protein measured consists of a   15  KSCN treatment, all of the samples
were dialyzed contaminating 60,000 dalton yeast protein. To the  against
PBS overnight at room temperature to re- above solution, 8 L of 6M KSCN in
PBS is added.    move KSCN. All of the samples were analyzed by The
resulting 16 L of solution contains 50 [err] of  polyacrylamide gel and
immunoblot. All conditions protein and has a concentration of 3M KSCN. This
of membrane size and KSCN concentration re- solution is incubated with
stirring for 16 hours at  20  moved the yeast impurity from the hepatitis B
4 C. At the end of the incubation period the solu-  surface antigen. tion
is concentrated to 4 L in a 100 K molecular weight cutoff hollow fiber
bundle (Amicon H10      Claims P100-20). The resulting concentrate contains
ap- proximately 200 [err] protein in 3M KSCN. The   25  1. A process for
removing yeast-derived prot- hollow fiber bundle unit is then switched from
con-    einaceous substances from a solution of hepa- centration mode to
diafiltration mode and the prod-   titis B surface antigen (HBsAg)
particles pro- uct is diafiltered using 20 L of 3M KSCN. The          duced
in a transformed yeast which comprises diafiltration  mode  removes the
contaminating        diafiltering  the  contaminating  yeast prot- 60,000
dalton yeast protein that passes through the   30  einaceous substance
through a membrane filter, from the 2,000,000 dalton hepatitis B surface
having a molecular weight cutoff greater than antigen particle that is
retained behind the filter.   about 100,000 daltons to about 1,000,000 dal-
After completion of the diafiltration, the product is  tons in the presence
of a dissociating agent further diafiltered with 60 L of PBS to remove
effective to.dissociate the contaminating yeast KSCN. The resulting product
typically contains 100   35  proteinaceous substance from the HBsAg, the
[err] of protein in 6 L of which less than 1 percent   dissociating agent
not being Triton[err] X-100. of protein is yeast impurity as measured by
HPLC. 2. A process according to Claim 1 wherein the EXAMPLE 2
dissociating agent is a polarity reducing agent 40       or a chaotropic
agent. A purified recombinant hepatitis B surface anti- gen containing
SepharoseS 6B effluent is made      3. A process according to Claim 2
wherein the 3M with respect to KSCN by adding solid KSCN. It       polarity
reducing agent is dioxane, ethylene is then stored overnight at 4 C. Two ml
of this        glycol, urea or guanidine hydrochloride. material is mixed
with 8 ml of 3M KSCN in PBS   45 and then concentrated to 2 ml using an
Amicon      4. A process according to Claim 2 wherein the minicon
concentrator with an XM300 membrane            chaotropic agent is [err]
having a size exclusion of greater than 300,000        Cl-, [err] ,I- or
SCN-. daltons. Then 5 ml of 3M KSCN is added and the total volume again
reduced to 2 ml by pressure  50  5. A process according to Claim 1 wherein
the filtration. Another 5 ml of 3M KSCN is added and       membrane has a
molecular weight cutoff of the total volume is reduced to 1 ml. This one ml
of   from about 100,000 daltons to about 300,000 product is then dialyzed
against PBS overnight at      daltons. room temperature to remove KSCN. The
solutions before and after treatment were analyzed by   55  6. A process
according to Claim 1 wherein the polyacrylamide gel and immunoblot and the
treated      solution of the HBsAg particles is incubated in solution was
found to be free of yeast protein while  the presence of the dissociating
agent before the untreated solution exhibited a band which was
diafiltering. 3    



5                  EP0291 146B1                        6 7. A process
according to Claim 1 wherein the            de surface de l'hepatite B
(AgsHB) produites solution of the HBsAg particres is concentrated      dans
une levure transform6e, comprenant la before diafiltering.
diafiltration de la substance prot6ique contami- nante de levure a travers
une membrane ayant . A process according to Claim 1 wherein the   5
un seuil de coupure de masse moleculaire solution of the HBsAg particles is
removed           allant de plus d'environ 100 000 daltons a following
diafiltering.                              environ 1 000 000 daltons, en
pr6sence d'un agent de dissociation efficace pour dissocier la
PatentansprUche                                          substance
prot6ique contaminante de levure 10      d'avec I'AgsHB, I'agent de
dissociation n'6tant 1. Verfahren zur Entfernung proteinartiger Sub-
pas le Triton X-100. stanzen, die von der Hefe abstammen, aus einer Losung
von Hepatitis B Oberflachenanti-    2. Proc6d6 selon la revendication 1,
dans lequel gen  (HBsAg)-Teilchen, hergestellt in einer          lagent de
dissociation est un agent reducteur transformierten Hefe, welches umfait
Diafiltrie-   vs  de polarite ou un agent chaotrope. ren der
kontaminierenden proteinartigen Hefe- substanz durch eine Membran mit einer
Mole-      3. Proc6d6 selon la revendication 2, dans lequel
kulargewichtsgrenze von mehr als etwa 100            I'agent r6ducteur de
polarit6 est le dioxanne, 000 Dalton bis 1 000 000 Dalton in Gegenwart
l'ethylenie-glycol, l'uree ou le chlorhydrate de eines
Dissoziationsmittels, welches wirksam   20     guanidine. ist, um die
kontaminierende proteinartige Hefe- "  substanz von HBsAg zu dissoziieren,
wobel       4. Proced6 selon la revendication 2, dans leque! das
Dissuziationsmittel nicht TritonD X-100 ist.     I'agent chaotrope est
CC13COO-, CF3COO-, Cl0, C104-, I- ou SCN-. 2. Verfahren nach Anspruch 1,
bei dem das Dis-  25 soziationsmittel  ein  polaritatsreduzierendes   5.
Proc6de selon la revendication 1, dans lequel Mittel oder ein chaotropes
Mittel ist.               Ia membrane a un seuil de coupure de masse
moleculaire allant d'environ 100 000 daltons a 3. Verfahren nach Anspruch
2, bei dem das pola-          environ 300 000 daltons. ritatsreduzierende
Mittel Dioxan, Ethylenglycol,  30 Harnstoff oder Guanidinhydrochlorid ist.
6. Proc6d6 selon la revendication 1, dans lequel la solution des particules
d'AgsHB est mise a 4. Verfahren nach Anspruch 2, bei dem  das
incuber-en pr6sence de I'agent de dissociation, chaotrope Mittol CC13COO-,
CF3COO-, Cl0 ,            avant la diafiltration. C104-, i- oder SCN- ist.
35 7. Proc6de selon la revendication 1, dans lequel 5. Verfahren nach
Anspruch 1, bei dem die Mem-           la solution des particules d'AgsHB
est concen- bran eine Molekulargewichtsgrenze von etwa           tree avant
la diafiltration. 100 000 Dalton bis etwa 300 000 Dalton auf- ,  weist.
40   8. Proc6d6 selon la revendication 1, dans lequel la solution des
particules d'AgsHB est s6par6e 6. Verfahren nach Anspruch 1, bei dem die
L6-            aprbs la diafiltration. sung der HBsAg-Teilchen vor dem
Diafiltrieren in Gegenwart des Dissoziationsmittels inkubiert wird.
45 7. Verfahren nach Anspruch 1, bei dem die Lo- sung der HBsAg-Teilchen
vor dem Diafiltrieren konzentriert wird. 50 8  Verfahren nach Anspruch 1,
bei dern die L6- sung der HBsAg-Teilchen nach dem Diafiltrie- ren entfernt
wird. Revendications                                  55 1. Procede pour
l'elimination de substances pro- t6iques d'une solution de particules
d'antigbne 4    


