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Field of the Invention: The present invention relates to a purified
chondroi ti nase ABC and a crystallized chondroitinase ABC having an
extrenely high purity and excellent stability, a process for the

preparapffﬁL@ngh@thQﬂqhgT&bgase ABC and the chondroitinase ABC crystal,
I"cal _conpositron conprising chondroitinase as an effective

and a p

CHONDROITINASE, PROCESS FOR PREPARING THE SAME, AND
PHARMACEUTICAL COMPOSITION COMPRISING THE SAME

'

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to a purified
chondroitinase ABC and a crystallized chondroitinase ABC
having an extremely high purity and excellent stability,
a process for the preparation of the chondroitinase ABC
and the chondroitinase ABC crystal, and a pharmaceutical
composition comprising chondroitinase as an effective

component.

Description of the Background Art:

Chondroitinase ABC [EC 4.2.2.4] is an enzyme
degrading hyaluronic acid, chondroitin sulfate,
chondroitin, dermatan sulfate, or the like into a mixture
of an unsaturated disaccharide and oligosaccharide. The
enzyme is known to be produced by bacteria such as
Proteus vulgaris.

For the preparatlon of chondroxtlnase ABC, a process
which comprises subjectlng a dlsrupted bacterial cell
suspension progressively to a streptomycin treatment, an
ammonium sulfate fractionétion, a DEARE cellulose
chromatography, and a phosphocellulose chromatography (J.

Biol. Chem., 243, (7), 1523-1535 (1968)), and a process

,.which comprises loading a disrupted bacterial cell
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conponent . Descriptidn of the Background Art: Chondroitinase ABC [ EC
4.2.2.4] is an enzyme degradi ng hyal uronic acid, chondroitin sulfate,
chondroitin, dermatan sulfate, or the like into a m xture of an un$Saturated
di sacchari de and ol i gosaccharide. The enzynme is known to be produced by
bacteria such as Proteus vulgaris. For the preparation of chondroitinase
ABC, a pr I ¢h jectin d bacterial cel
suspensi o%ﬁg %él\rge}'sog‘l ¥e 1@%@;&?38 ?%n{l/cgEﬁFr ?‘hr;g?iggean

chromatography, a hydroxyapatite chromatography, a zinc-

immobilized .agarose chromatography, and a gel permeation

‘chromatography (Agric. Biol. Chem., 50, (4), 1057-1059

(1986); Japanese Patent Laid-open (kokai) No.
122588/1987), and the like are known.

On the other hand, the intervertebral disc
dissolution method (Intradiscal therapy:
chemonucleolysis) was developed for curing disc

h herniation which is identified as a cause of human lumber

pain. In this method, chymopapain which is a protease
derived from papaya or a collagenase derived from
bacteria is injected into the intervertebral disc antrum
to remove the swelling capacity of the disc. Chymop;pain

is thus commercially sold in Europe and the ‘United States
as a drug under the trademark of Chymodiactin (Smith
Laboratories) or Discase (Travenol).

However, the intradiscal therapy using said protease

degrades not only the herniated disc, but also proteins

in the surrounding tissues. This can be a cause of side

effects such as neuroparalysis, allergy, and the like.
Mark R. Brown studled enzymes which can act on
his

hernlated disc with spec1f1c1ty and directed
attention to the degradation of proteoglycan which is a

major herniated disc constituent. His study resulted in

the intradiscal therapy using chondroitinase ABC or
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ammoni um sul fate fractionation, a DEAE cel | ul ose chromat ography, and a
phosphocel | ul ose chromat ography (J. Biol. Chem, 243, (7), 1523-1535
(1968)), and a process which conprises |oading a disrupted bacterial
2 suspension progressively to a DEAE cel | ul ose chronat ography, a

hydr oxyapatite chromatography, a zinc- immobilized agarose chromatography,

and a gel perneat.ion

cel |

chondroitinase AC (USP 4,696,816).

In particular, the chondroitinase ABC produced by
Proteus vuléaris is considered to be appropriate to
medical and commercial applications because of its
capability of selectively removing side chain of
chondroitin sulfate or dermatan sulfate from

E proteoglycan, its inactivity toward keratan sulfate,

? heparin, and heparan sulfate, and its abundant

productivity. Because of this, enzyme preparations
having the chondroitinase ABC activity are prépared from
culture products of Proteus vulgaris by aforementioned
processes. These enzyme preparations, however, are not
suitable for use as a drug for curing disc herniation.or
as a high-purity reagent, because they have protease
activity or endotoxin activity and contain nucleic acid.
They are unstable as enzyme proteins (J. Biol. Chem.,
243, (7), 1523-1535 (1968); GB Patent 1067253, Agric.
Biol. Chem., 50, (4), 1057-1059 (1986); Japanese Patent
Laid-open (kokai) Nos. 122588/1987 and 57180/1990). .

o Especially, the presence of impurities and
i;_instability are afraid to cause serious problems when the
K?hondrbitinase ABC is used as a drug.

SUMMARY OF THE INVENTION

The subject of the present invention is therefore to

?PFovide a novel, high-purity chondroitinase ABC and
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chromat ography (Agric. Biol. Chem, 50, (4), 1057-1059 (1986); Japanese
Pat ent Lai d-open (kokai) No. 122588/1987), and the |ike are known. On the
other hand, the intervertebral disc dissolution nethod (Intradiscal

t her apy: chenonucl eol ysi's) was devel oped for curing disc herniation which
is identified as a cause of human |unber pain. In this nethod, chynopapain
whi ch ierystrbliase gbprdE@ifddassadBfa Mt CebrfbBéRdse derived from
bacteria is jnjected into thgg ntervertepral dis¢c antrumto renove the

smelHlﬁ?R&ﬁkk+?§'ohayﬁ§ngS 9 ¢, activity and excellent

stability, and useful as a drug, and a process for

preparing the chondroitinase ABC and crystallized
chondroitinase ABC at a high yield.

Another subject of the present invention is to
provide a pharmaceutical composition comprising
chondroitinase as an effective component.

; In order to resolve these subject, the present
{ inventors have undertaken studies on the purification of

i chondroitinase ABC and found that a process comprising

extracting the enzyme from cells of a microorganism,
removihg nucleic acid from the enzyme-containing extract,
and treating the extract by chromatography in which a”
weak cation exchange resih and a strong cation exchange
resin are combined produces a purified chondroitinase ABC
from which impurities such as endotoxin, nucleic acid,
protease, and the like have been completely removed and j
which shows a single band in SDS-PAGE and a single peak : %
in HPLC (GPC: gel permeation chromatography,cation exchange), :

The chondroitinase ABC thus obtained was found to be

Ccrystallized into a chondroitinase ABC crystal which has
a specific activity three times higher than that of

chondroitinase ABC preparations obtained by a

S DO IR A TP Y

conventional method, maintains its activity during a

long-term storage, and is highly useful as a drug. These
4 ;;
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I's thus coomercially sold in Europe and the United States as a drug under
the trademark of Chynodiactin (Smth Laboratories) or Discase (Travenol).
However, the intradi scal therapy using said protease degrades not only the
herni ated disc, but also proteins in the surrounding tissues. This can be a

cause of side effects such as neuroparalysis, allergy, and the like. Mrk
R Brown studi ed enzynes which can act on herniated disc with specificity
and directed his attentign to the degradation of proteoglycan which is a

maj or her nfAREdngss fagsndigd Feéhtthecompleyipasaf Ehei present

invention. -
Accordingly, an object of the present invention is

to provide a chondroitinase ABC with a high purity and

high stability, of which the characteristics are

; discussed hereinafter.
: Another object of the present invention is to

E provide a process for preparing the chondroitinase ABC

with a high purity and high stability which comprises,
(i) a step of obtaining an enzyme-containing extract
from cells of microorganism producing chondroitinase ABC

(step 1),
(ii) a step of removing nucleic acid from the

enzyme-containing extract (step 2), and

(iii) a step of chromatographic treatment, which
comprises,

(a) absorbing the chondroitinase ABC by a
.chromatographic treatment of said enzyme-containing
.éxtract using a.weak cation exchange resin, eluting the
abso;bed enzyme, absorbing the enzyme in the eluate, and
eluting the absofbed enzyme by chromatography using a
.strong cation exchange resin (step 3-1), or
y (b) absorbing the chondroitinase ABC by a
thomatographic treatment of said enzyme-containing

extract using a strong cation exchange resin, eluting the
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t herapy using chondroitinase ABC or 3 chondroitinase AC
(USP 4, 696,816). In particular, the chondroitinase ABC produced by Proteus
vul garis is considered to be appropriate to medical and comerci al
applications because of its capability of selectively renoving side chain

of chondroitin sulfate or dermatan sulfate from
absorbed enzyme, absorbing the enzyme in the eluate, and

the intradi sca

eluting the absorbed enzyme-by chromatography using a
weak cation exchange resin (step 3-2).

In a preferred embodiment of the present invention,
said extract of chondroitinase ABC is obtained by a-
method comprising adding a buffer solution with a pH in
the neighborhood Sf neutral to wet cells to produce a

cell suspension and subjecting the suspension to a

:

physical treatment to pulverize the cells; or by a method

comprising addlng a surfactant solution with a pH in the
neighborhood of neutral to wet cells to produce a cell

suspension and stirring the suspension.
Said two-step chromatography by the combination of

weak and strong cation exchange resins after removal Of

nucleic acid from the cell extract containing

chondroitinase ABC produces a high-purity chondroitinase

ABC which is purer and more stable than conventional

chondroitinase ABC preparations and having a specific

activity more than three times higher than that of

chondroitinase ABC preparations obtained by a

conventional method.

A still another object of the present invention is
to provide a CrystallizedlEhondroitinase ABC having a
needle-like or prismatic shape and the characteristics of
- 8aid purified chondroitinase ABC, which is prepared by

. Crystallizing said purified chondroitinase ABC in a
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proteoglycan, its inactivity toward keratan sulfate, heparin, and heparan
sul fate, and its abundant productivity. Because of this, enzyne
preparations having the chondroitinase ABC activity are prepared from
culture products of Proteus vulgaris by aforenentioned processes. These
enzyme preparations, however, are not suitable for use as a drug for curing
disc herniation or as a high-purity reagent, because they have protease
activity pelyeddhesxihrwng viiygrexyll concaps atcbetb eodd. (Ehey ,are unstabl e

as enzynme proteins (J. Biol. Chem, 243, (7), 1523-1535 (1968); GB Patent
1067253, R@ﬂy@;hylene glycol, polypropylene glycol).

Such a ‘chondroitinase ABC and crystal thereof are highly
homogeneous, has a stable quality and high specific
activity, and exhibits excellent storage stability (e.q.,
its activity hardly decreases when allowed to stand for
one month at about 25 to 40°C).

A further object of the present invention is to

provide compositions containing a chondroitinase.

Specifically, the present invention provides a
composition comprising a chondroitinase and serum albumin
or gelatin.

The present invention further provides a composition
comprising a chondroitinase and a nonionic surfactant.

A still further object of the present invention is
to provide a pharmaceutical composition for curing
intervertebral disc displacement.comprising a
chondroitinase. |

Not only the above-mentioned purified chondroitinase
ABC, but also conventionally known chondroitinase ABC or
chondroitinase AC can be used for these compositions.

Such compositions prqvide a solution which prevents
absorption of chondroitinase to the wall of containers,
and further prevents insoluble matters from being

Produced by mechanical stress, thus maintaining a high
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Biol. Chem, 50, (4)[ 1057- 1059 (1986){ Japanese Patent Laid-open (kokai)
Nos. 122588/1987 and 57180/ 1990). Especially, the presence of inpurities

and'instability are afraid to cause serious problens when the
chondroitinase ABC is used as a drug. SUMVARY OF THE | NVENTI ON The subj ect

of the present invention is therefore to provide a novel, high-purity
chondr oidddiasiccABChdndseful as a drug.
Other and further objects, features and advantages
of the_presen; invention will appear more fully from the
follow;ng description.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1l is a microscopic photograph of the

chondroitinase ABC crystal of the present invention.
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Figure 2 shows a relationship between the activity

and the reactive'pH of the chondroitinase ABC of the
present invention.

Figure 3 shows relationships between pH aﬁd the
residual activity of chondroitinase ABC of the present
infention, when the enzyme was allowed to stand at 25°C
for 24 hours in various buffer solutions at a certain "pH,
wherein the line connected by open circles shows the
residual éctivity when the enzyme was kept in a acetate buffer
the aotted line connected by crosses, a Tris-~

solution;
acetic acid buffer.solution; the dotted line connected by

triangles, a Tris-HCl buffer solution; and the line

connected by solid circles, a glycine buffer solution.

Figure 4 shows a relationship between the residual

and the reactive temperature of the chondroitinase ABC of

?.Fhe present invention.

.Figure 5 shows a relationship between the residual

activity of the chondroitinase ABC of the present

Sinvention and temperatures when the enzyme was kept in
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4 crystallized chondroitinase ABC not containing inpurities, having a high
specific activity and excellent stability, and useful as a drug, and a
process for preparing the chondroitinase ABC and crystallized
chondroiti nase ABC at a high yield. Another subject of the present

I nvention is to provide a pharmaceutical conposition conprising
chondroitinase as an effective conponent. In order to resolve these

subj ect, diffgrenentenperatoreshive oneehpakean studies on the purification

of Figure 6 shows a chromatogram when the
chondroitinase ABC of the present invention was subjected
to gel permeation by HPLC.

Figure 7 shows SDS-PAGE bands in different steps of
the process for the purification of the chondroitinase

k ABC in Example 1, wherein band A is a band exhibited by

the protamine treatment supernatant; band B, the CM-~
Sepharose treatment liquid; band C, the S-Sepharose
treatment liquid (unreduced); and band D, the S-Sepharose
treatment liquid (reduced).

Figure 8 shows a relationship between the extraction
time of the chondroitinase ABC from bacterial cells and
the activity of the chondroitinase ABC in Example 3. |

Figure 9 shows a relationship between the time
_required for the extraction of bacterial cells using
Triton X-100-containing buffer solutions with different
concentrations and the activity of the chondroitinase ABC
in Example 4, wherein curve 1 indicates the extraction
using a buffer solution with a surfactant concentration

of 2% at 25°C; curve 2, a buffer solution with a

surfactant concentration of 2% at 37°C; curve 3, a buffer

Solution with a surfactant concentration of 5% at 25°C;

and curve 4, a buffer solution with a surfactant

Concentration of 5% at 37°C.
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chondroi ti nase ABC and found that a process conprising extracting the
enzynme fromcells of a mcroorganism renoving nucleic acid fromthe
enzyme-contai ning extract, and treating the extract by chromatography in
whi ch a weak cation exchange resin and a strong cation exchange resin are
conbi ned produces a purified chondroitinase ABC fromwhich inpurities such
as endot oxi N, phlcd&d qm@rcbwﬁr@émﬁsonahdgshméﬂd@erhm bejaie conpl et el y
renoved and whi ¢ch shows a single band in SDS-PAGE and a single peak in HPLC
(GPC: gel.opanFed ifir e et ogephyncalfi tacvaxhanyejel Iheashondr oi tinase
ABC t hus obt ai ned was found to be

Brij-35-containing buffer solutions with different

concentrations and the activity of the chondroitinase ABC
in Example 4, wherein curve 1l indicates the extraction
using a buffer solution with a surfactant concentration

of 2% at 25°C; curve 2, a buffer solution with a

surfactant concentration of 2% at 37°C; curve 3, a buffer

solution with a surfactant concentration of 5% at 25°C;.

‘and curve 4, a buffer solution with a surfactant
concentration of 5% at 37°C. |

Figure 11 shows relationships between the time

required for the extraction of bacterial cells using
Nonidet P-40-containing buffer solutions with different
concentrations and the activity of the chondroitinase ABC
in Example 4, wherein curve 1 indicates the extraction
using a buffer solution with a surfactant .concentration
of 2% at 25°C; curve 2, a buffer solution with a
surfactant concentration of 2% at 37°C; curve 3, a buffer

;?fsolution with a surfactant concentration of 5% at 25°C;

-and curve 4, a buffer solution with a surfactant

_concentration of 5% at 37°C.

Figure 12 shows relaéionships between the time

:‘? required for the extraction of bacterial cells using

?OELE~containing buffer solutions with different

concentrations and the activity of the chondroitinase ABC

10

This Sheet Has Been Replaced

QT




crystallized into a chondr oi ti nase ABC crystal which has a specific
activity three times higher than that of chondroitinase ABC preparations

obtai ned by a conventional nmethod, maintains its activity during a
| ong-term storage, and is highly useful as a drug. These 5 findings have

led to the conpletion of the present invention.

H

in Example 4, wherein curve 1 indicates the extraction
using a buffer solution with a surfactant concentration

. of 2% at 25°C; curve 2, a buffer solution with a

surfactant concentration of 2% at 37°C; curve 3, a buffer

solution with a surfactant concentration of 5% at 25°C;

ki
L and curve 4, a buffer solution with a surfactant

concentration of 5% at 37°C.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS

Processes for preparing the purified chondroitinase
ABC and the chondroitinase ABC crystal of the present

invention are illustrated in detail.
Any cells of microorganisms conventionally known to

produce chondroitinase ABC, for example microorganisms

belonging to Proteus vulgaris or the like, can be used
for the production of the chondroitinase ABC of the

present invention. A specific example of such a

microorganism is Proteus vulgaris NCTC 4636 (ATCC 6896,

IFO 3988).
The microorganisms can be cultured by a conventional

“-'.method (e.g., J. Biol. Chem., 243, (7), 1523-1535 (1968);

Japanese Patent Laid—oﬁeg (kokai) Nos. 122588/1987 or

57180/1990). Wet cells are collected from the culture

and suspended into a buffer solution with a pH in the

eighborhood of neutral to extract enzyme from the

11
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Accordingly, the present invention provides a chondroitinase ABC with a
high purity and high stability, of which the characteristics are given in
claim1l1. The present invention further provides a process for preparing the
chondroitinase ABC with a high purity and high stability of the invention,
whi ch process is defined in claim2. The process nay conprise (i) a step of
obt ai ni pgspeneheyre- dophaisphigeubier f $ehiEérns FFisrBrdoPYdRicdm

roduci ng chondroitinase ABC (step 1), (ii) a step._of re ing nucleic acid
Pron1th§glution, acetate buféér égl&tién,)or thepllke with ang

bf 6.0 to 8.0 and -a concentration of 1 to 100 mM is

v

;normally used as the buffer solution with a pH in the
gneighborhood of neutral. Cells are pulverized by a bead

fmill procedure (using DYNdBMILL or others) to extract an

Eenzyme solution containing chondroitinase ABC, protease,

gother enzymes, nucleic acid, proteins, and the like.
The efficiency of the extraction of chondroitinase
: ABC from cells can be promoted even more by using a
surfactant solution, used as a buffer solution to which a
surfactant is added.

Any surfactants which can promote the enzyme-

containing extraction efficiency can be used in the

present invention. Nonionic surfactants are preferred as

the surfactants.

Nonionic surfactants which can be used include
polyoxyethylene alkyl ethers, polyoxyethylene p-t-
octylphenyl ethers, polysorbate, and the like. *Emulgen-
type surfactants, Liponox-type surfactants, Brij-type
suffactants, and the like are given as specific examples
of -polyoxyethylene alkyl_ethers.. Commercially available

E surfactants aﬁong these are Emulgen 120, Emulgen 109P,
.::.-'.Liponox DCH, Brij 35, 78, 76, 96, 56, S8, 98, Nikkol BL-
QSEX, BL-21, BL-25, and the like. Given as specific

examples of polyoxyethylene p-t-octylphenyl ethers are

12
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!
and (iii) a step of chromatographic

enzyne-cont ai ning extract (step 2),
(a) adsorbing the chondroitinase ABC by a

treatnent, which conprises,
chromat ogr aphi ¢ treatnment of said enzyne-containing extract using a weak

cation exchange resin, eluting the adsorbed enzyne, adsorbing the enzyme in
and eluting the adsorbed enzyne by chromatography using a

t he el uat.e,
strong cation exchange resin (step 3-1), or (b) adsorbing the
chondr oi ti nase ABC by a chromatographic treatnent of said enzyne-containing

"priton-type surfactants, Nonidet P40-type surfactants,
'Igepal/CA-type sarfactants, Polytergent G, Neutronyx-type

*'surfactants, Conco-~type surfactants, and the like. Among

these types of surfactants, Triton X-100, X-45, X-~114, X-

102, X-165, X-305, X-405, Nonidet P-40, Igepal CA-630,

Neutronyx 605, Conco NIX-100,
Tween-type surfactants, Emasol-

f
i
¢

and the like are

commercially available.

type surfactants, Sorbester-type surfactants, Crill-type

surfactants, and the like are given as specific examples

of polysorbates. Sorbitan mono-9-octadecancate poly(oxy-~

1,2~-ethanediyl) derivatives, commercially available as

Other examples

. -40,

Tween 80, are preferred as polysorbate.

of commercially available polysorbates are Tween 20

60, Emasol 4115, 4130, and the like.

Of the above surfactants, especially preferred are
polyoxyethylene alkyl ether (e.g., polyoxyethylene lauryl
ether, 'polidocanal; hereinafter referred to as
“POELE"), and the like. The use of these surfactants not
Oﬁly promotes the enzyme-containing extraction
efficiency, but also produces an enzyme-containing
eéxtract containing a chondroitinase ABC with less content

of protease, concomitant protein and nucleic acid than

other extraction method.

The enzyme-containing extract thus obtained is

Subjected to chromatography using a weak cation exchange

Tesin or a strong cation exchange resin, and then a
13
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extract using a strong cation exchange resin, eluting the 6 adsor bed
and eluting the adsorbed enzyne

enzyne, adsorbing the enzyne in the el uate,
by chromat ography using a weak cation exchange resin (step 3-2). In a

preferred enbodi nent of the present invention, said extract of
chondroitinase ABC is obtained by a nmethod conprising adding a buffer

50|Uti0n‘MéHbﬁHf$i£ﬂnase ABC with an extremely high activity, which

exhibits a single band in electrophoresis, can be

produced.

No protease activity is

i
Il detected in such a chondroitinase ABC. Its endotoxin

content is so small that there is no problem to use it as

a drug component.

For the extraction, the cultured wet cells are added

to a buffer solution containing 2 to 7% of said

surfactants to produce a cell suspension. The cell

suspension is warmed to the temperature range of 15 to
45°C, preferably about 37°C, stirred for about 1 to 10
room

hours, preferably about 2 to 6 hours, and cooled to
temperature, to separate an extract from a cell residue
by a separation means such as centrifuge or the like.
The extract thus obtained, which EOntains chondroitinase

ABC, as a major component, other enzymes, proteins and

nucleic acid, is transferred to the purification step.

In the purification step, proteins, nucleic acid,

and the like are removed from the cell extract solution.

Any conventional methods are applicable to the removal of

proteins and nucleic acid. When the use of the enzyme as

a dfug component is taken into account, an especially

Preferred method to remove nucleic acid is adding

Protamine sulfate.

The treatment using protamine is carried out by

14
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t he nei ghborhood of neutral to wet cells to produce a cell suspension and
subjecting the suspension to a physical treatnent to pulverize the cells;
or by a nethod conprising adding a surfactant solution with a pHin the
nei ghbor hood of neutral to wet cells to produce a cell suspension and
stirring the suspension. Said two-step chromatography by the combination of
weak and strong cation exchange resins after renoval of nucleic acid from
the cel |: eaddang Sordoai7di mpgratfeomidredi gu hisee ABCuEPOAgUEE3u8ibhIRoPEhkt ¥
chondr0|t|nase ABC which is purer and nore stable than conventi onal

cell extract to_a final concentration of about 0.25 to 1%

{  and stirring the mixture at about from 4°C to room

temperature for 10 to 30 minutes to produce precipitate
of nucleic acid and the like. The precipitate is then
separated and removed by centrifuge or the like.

The supernatant thus obtained, which contains
chondroitinase ABC, protease, and other enzymes, is then
chromatographically prepared by using a cation exchange
resin.

In the preparation of the purified chondroitinase
ABC, the purification is performed by the'chromatography
treatment using a combination of a weak cation exchange
resin and a strong cation exchange resin.

A cation exchange resin having a carboxyalkyl group,
e.g., carboxymethyl group, as an exchange group is
exemplified as the weak éation exchange resin used here.
A polysaccharide deri&ative (an agarose derivative, a
crosslinked dextran derivative, etc.) having a
carboxymethyl group as an exchange group is given as a
"Specifié example. Commercially available examples of
Such cation exchange reéins are CM-Sepharose, CM-

sephadex, (trademarks, products of Pharmacia), and the
A cation exchange resin having a sulfeoalkyl gfoup as

15
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chondroi ti nase ABC preparations and having a specific activity nore than
three tinmes higher than that of chondroitinase ABC preparations obtained by
a conventional nethod. A still another object of the present invention is
to provide a crystallized chondroitinase ABC having a needle-like or
prismatic shape and the characteristics of said purified chondroitinase

QBQ Whi ch S RIBRANGRA JBours V! alddh 10r 58k da PUELET 8Er6RGNELRELnase ABC in
: exchange resin used here. A polysaccharide derivative

(an agaroselderivative, a crosslinked dextran derivative,

etc.) having a sulfoethyl group, a sulfopropyl group, or

the like as an exchange group is given as a specific

example. Commercially available examples of such strong

cation exchange resins are S-Sepharose, SP-~-Sepharose

(trademark, products of Pharmacia), SP-Sephadex
(trademark, a product of Pharmacia), SP-Toyopearl
(trademark, a TosohCo.), and the like.

One example of the chromatography using.these two
types of cation exchange resins in combination is as
follows.

The first chromatography is carried out by
equilibrating the weak cation exchange resin with the
same buffer solution (pH 6.5 to 7.5) used in the
extraction of cells (e.g., 1 to 50 mM phosphate buffer
solution, Tris—HCl buffer solution, acetate buffer
solution, etc.), contacting said supernatant containing
the enzyme with the cation exchange resin to absorb the
enzyme, and washing the cation exchange resin, optionally
using a salt solution (e.g., 20 to 25 mM NaCl solution)
and/or the above—mentioﬁed surfactant solution (e.g.,
0.5% POELE solution). An eluant prepared by dissolving
Sodium chloride into said buffer solution at a

Concentration of about 0.1 M is contacted with said resin

16
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7 polyether havi ng hydroxyl groups at both ends (e.g., polyethylene glycol,
pol ypropyl ene glycol). Such a chondroitinase ABC and crystal thereof are
hi ghl y honbgeneous, has a stable quality and high specific activity, and
exhi bits. excell ent storage stability (e.g., its activity hardly decreases
when allowed to stand for one nonth at about 25 to 40[err]C). A further
obj ect of the present invention is to provide conpositions containing a

chondroiti paselute fractions having an activity of the enzyme.
Either gradient elution or stepwise elution can be used
as a method ‘of the elution. The chromatography treatment
can be carried out either by a column method or a batch
method.

The fractions thus obtained is then contacted with a
strong cation exchange resin which has been equilibrated
with the same buffer solution to absorb chondroitinase
ABC. After washing the cation exchange resin, optionally
using a salt solution (e.g., 20 to 50 mM NaCl solution)
and/or water, the chondroitinase ABC is isolated by

gradient elution using the same type of buffer solution

(e.g., phosphate buffer solution, Tris-HCl buffer

solution, acetate buffer solution, etc.), but containing

NaCl with a concentration gradient of 0 to 0.5 M,
preferably about 25 to 350 mM. This chromatography
treatment is preferably carried out by the column method.

It is possible to reversibly perform the.above
chromatography using the two types of cation exchange
resins.

When cells are extracted with a buffer solution
containing a surfactant,éthe extract contains only very
small amount of impurities. The enzyme, in this case,
can be purified by a simple procedure, e.g., wifhout the

treatment of removing nucleic acid from the extract such
17
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Specifically, the present invention provides a conposition conprising a
chondroi tinase and serum al bumin or gelatin. The present invention further
provides a conposition conprising a chondroitinase and a nonionic
surfactant. A still further object of the present invention is to provide a
pharmaceutical conposition for curing intervertebral disc displacenent
conpr|§!ngsapgggaﬂiﬁbtln@&@atN@htqn@muyubyﬂpaasiﬁguthﬁuﬁkt&uétied
chondroi ti nase ABC, but al so conventionally known chondroitinase ABC or

i through a weak cation exchange resin (e.g, CM-Sepharose)
. column to absorb chondroitinase ABC, washing the column,
and eluting the enzyme with a gradient method.

The purified enzyme solution obtained by the
. chromatography may be served as a drug, a reagent, or the
like, as is, after concentration and desalting.
Alternatively, the concentrated and desalted enzyme

solution may be made into powder by a common drying

method (e.g., lyophilization) under conditions which do
not inactivate or denature the enzyme.

In addition, the above purified enzyme solution may
be blended and contacted with polyether having hydroxy
groups at both ends (e.g., polyethylene glycol,
polypropylene glycol, etc.) to crysﬁallize the
chondroiﬁinase ABC. The crystals are rhombic or
monoclinic system needle-like crystals, exhibiting
crystal parameters shown in Examples hereinafter.

One example of the crystallizing procedure is as.
follows. Polyethylene glycol with an appropriate
molecular weight, such as MW of 4,000, 6,000, or he like,
is added to the enzyme solution. The solution, being
adjus;ed to the concentf;tion of the enzyme 250 to 500
U/ml and the concentration of polyethylene glycol 5 to
20%, preferably 10 to 15%, is allowed to stand at a

temperature from 4°C to room temperature until the
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chandroi ti nase AC can be used for these conpositions. Such conpositions
provi de a solution which prevents absorption of chondroitinase to the wall
of conti@iners, and further prevents insoluble matters from being produced
by nmechani cal stress, thus maintaining a high 8 activity and useful as a
drug. Gther and further objects, features and advantages

crystal of the enzyme grows up.

é Purified chondroitinase ABC thus obtained does not
contain impﬁrities such as endotoxin, nucleic acid,
protease,'other proteins, and the like, shows a single
band in SDS-PAGE and a single peak in HPIC (GPC, cationic exchanger), and
has a specific activity three times higher than that of

chondroitinase ABC obtained by a conventional method. 1In

addition, according to the process of the present

invention, in which procedures such as the ammonium
sulfate fractionation, the concentration/desalting, énd
the like are not required in the course of the production
as in the conventional processes, the time for the
manufacture of the chondroitinase ABC can be shortengd,
the yield is promoted, and the manufacturing cost can be
reduced.: Furthermore, the process of the present
invention can be applied with these advantages regardless
of the amount of the chondroitinase ABC to be prepared.

Chondroitinase ABC crystal produced by the
crystallization method mentioned above is needle-like or
prismatic in shape (see Figure 1), homogeneous, and
stable in its quality. It has also a high specific
activity and excellent storage stability.

The characteristics of the chondroitinase ABC
obtained by the process of the present inventioﬁ

‘illustrated above are as follows.
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of the present i nvention wi Il appear nmore fully fromthe fol | ow ng _
description. BRI EF DESCRI PTION OF THE DRAWNGS Figure. 1 is a mcroscopic

phot ograph of the chondroitinase ABC crystal of the present invention.
Figure 2 shows a relationship between the activity and the reactive pH of

the chondroitinase ABC of the present invention. Figure 3 shows

rel ati onships HELHEBS pH and the residual activity of chondroitinase ABC of
! i ' when the enzyne was allowed to stand at 25[err]C
the pre%ent v gglgg’hygiuronic acid, chondroitin sulfate, [ ]

{
! chondroitin, and dermatan sulfate, producing a small
amount of a large molecular weight unsaturated
oligosaccharide in an early stage of the reaction and,

ultimately, a mixture of unsaturated disaccharide (44-

glucuronyl-N-acetylhexosamine and its 4- or 6-sulfate)

and oligosaccharide.
(2) Optimum pH and stable pH

Optimum pH is 8.0 to 8.2, when chondroitin sulfate C
is a substrate in a Tris-HCl buffer solution (Figure 2).
When allowed to stand at pH 5 to 9 at 25°C for 24 hours,

the enzyme exhibits about 80% or more of residual

activity (Figure 3).
(3) Assay of enzyme activity

The measurement is based on the production of
unsaturated disaccharides exhibiting a remarkable
absorbance of the light in the ultraviolet region by an

enzymatic reaction. Specifically, the enzyme reaction is

carried out in an enzyme reaction solution containing the
énzyme, 1.2 mg of chondroitin sulfate C (substrate), 50
MM Tris-HCl buffer solution (pH 8 to 8.5) containing 50

MM sodium acetate, and 10 ug of casein at 37°C for 20

minutes. The reaction is terminated with the addition of

0.05 M HC1 (pH 1.8). The absorbance

t 232 nm is then measured. Separately, a heat denatured
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i
for-24 hours in various buffer solutions at a certain pH, wherein the line
connected by open circles shows the residual activity when the enzyne was
kept in a acetate buffer solution; the dotted |ine connected by crosses, a
Tris- acetic acid buffer solution; the dotted |line connected by triangles,
a Tris-HO buffer solution; and the line connected by solid circles, a
glycine puffer solution. Figure 4 shows a rel ationship between the residual
and the | esnzyme tshetonr eadfat¢enthohdr b5t kease 1AB@ substaaireesent

i nventioh. Figure 5 shows a relationship_ between the residual
i solution with the same composition as above and treated

in the same manner as above to measure the absorbance at
232 nm. The amount of unsaturated disaccharides is
calculated from the increase in the absorbance of the
sample over the control. 1In the calculation, the
millimole molecular extinction coefficient of
2-acetamido-2~deoxy~-3-~0~(pB~D-gluco-4-enepyranosyluronic
acid)-6-0-sulfo-D-galactose was assumed to be 5.5. As a
result, one unit (U) of the enzyme is defined to be an
amount of the enzyme catalyzing a reaction releasing 1
micromol of unsaturated disaccharides in one minute under
" the above—mentiohed reaction conditions.
(4) Optimum temperature of reaction and temperature
stability
The optimum temperature of reaction is 37°C, and the
enzyme exhibits about 90% or more activity at 30 to 37°C
(Figure 4). The enzyme was stable between 2°C and 30°C
.and inactivated at 50°C, when it was kept at different
-temperatures in a Tris-HCl buffer solution (pH 7.0) for 1
&}hour (Figure 5).
% (5) Inhibition
The activity is inhibited by zinc ion (Zn?%), nickel
.ion (Ni2*), iron ion (Fe3*), and copper ion (Cu?‘) as

-shown in Table 1.
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activity

of the chondroitinase ABC of the present invention and

t enperatures when the enzyne was kept in 9 different tenperatures for
one hour.

present i
SDS- PAGE .

F
¥

Figure 6 shows a chromat ogram when t he chondroitinase ABC of the
nvention was subjected to gel perneation by HPLC. Figure 7 shows

bands in different steps of

TABLE 1
- B Relative
compound ’ Concentration (mM) activity (%)
;;;ﬂggded - 100
ZnCly 2 1.2
CuClp+2HZ0 2 1.2
NiCly+6H,0 2 4.2
FeCl3+6H0 0.2 5

(6) Molecular weight

Exhibits a single band by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). The
molecular weight is about 100,000 dalton in both reduced
and unreduced states. The molecular weight measured b}
the gel permeation.chromatography (HPIC) was about I

100,000 dalton (See Figure 6; the conditions are

discussed below). _ )

"~ (7) Isocelectric point

Isoelectric point was about 8.2 and 8.5 (Phast Gel

EIEF PH 3 to 9 and a pI calibration kit 3-10, as a

tandard, were used in Phast System; all reagents and:
Pparatus used were made' by Pharmacia).
8) Amino acid analysis

Shown in Table 2.
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the-proéess for the pdrification of the chondroitinase ABC in Exanple 1,
whereiniband A is a band exhibited by the protam ne treatnent supernatant;

band B,

.the CM Sepharose treatnent |iquid; band C, the S-Sepharose

treatmepnt liquid (unreduced); and band D, the S-Sepharose treatment |iquid
(reduce@). Figure 8 shows a relationship between the extraction tine of the
chondrogti nase ABC from bacterial cepAspgngl the activity of the
chondroftinase ABC in Exanple 3. Figure 9 shows a rel ationshi p between the
time reJU|red for the extraction—ot—bacteral—eetH-s—usi-hrg—

Number of residue

, Amino acid per molecule
Asp 106
Thr 51
Ser 63
Glu 87
Gly 53
Ala 50
Val 37
Met 16
Ile 45
Leu 76
Tyr 32
Phe \ 34
Lys 54
His 18
Arxg 28
Pro 34

The above analysis was carried out by hydrolyzing
Chondroitinase ABC in 6M hydrochloric acid under reduced
pPressure at 110°C for 2& hours. Three samples were
analyzed and the average values were given in Table 2.
The calculation was made taking the total molecular

weight as 100,000. Trp and Cys were not measured.
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Triton )é 100-contai ning buffer solutions with different concentrations and
the actiivity of the chondroitinase ABC in Exanple 4, wherein curve 1

i ndicatgs the extraction using a buffer solution with a surfactant
concentrniation [err]f 2% at 25[err]C, curve 2, a buffer solution with a
surfactgnt concentration of 2% at 37[err]C, curve 3, a buffer solution with
a surfactané ncentrgtlon of 5% aat 25[err]C and curve 4, a buffer

solutiof wih 2EBHPact BME"CoRCdT ration of 5% at 37[err]C

The N-terminal amino acid residue identified by the
Edman degradation analysis ("Biochemistry Experiments No.
1, Protein chemistry II, Determination of primary
structure", 132-142, August 28, 1976, published by Tokyo

Kagaku Dojin) was Alanine. The N-terminal amino acid sequence

was Ala—Thr—X—Asn—ProfAla—Phe-AspPPro~, wherein X means undetermined.

The C-terminal amino acid sequence identified by the
carboxy peptidase method (“"Biochemistry Experiments No.
1, Protein chemistry II, Determination of primary
structure", 203-211) was -Ser-Leu-Pro.

The terminal amino acid sequence of the
chondroitinase ABC of the present invention is thus
proven to be as follows.

Ala-Thr-X-Asn-Pro-Ala-Phe-Asp-Pro----- Ser-Leu-Pro,
wherein X is undetermined.

(10) Storage stébility

The enzyme is stable for at least three months at
room temperature either in a solution in phosphate buffer
(pPH ‘6 to 8) or under aigry condition.

(11) Specific activity
Protein content was measured by Lowry method using

- bovine serum albumin as a standard. The specific
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10 Frgu@e 10 shows rel ationships between the tine required for the
extractijon of bacterial cells using Brij-35-containing buffer sol utions
with di?ferent concentrations and the activity of the chondroitinase ABC in
Exanpl et4, wherein curve 1 indicates the extraction using a buffer solution
with a gurfactant concentration of 2% at 25[err]C, curve 2, a buffer

sol uti of Wldyia i factant Legscesboabing ek p¥oreid/[err]C curve 3, a
buffer golution with a surfactant concentration of 5% at 25[err]C

(12) Others

The engymedexhibits a single peak in both cation
exchange HPLC and gel permeation (GPC) HPLC.
The conditions and the results of the gel permeation

dnxnmtqpapmjmeream follows.

Conditions

Column: TKS G3000SW,y, (a product of Tosch Co.)
Eluent: 0.1 M phosphate buffer solution (pH 7.0)
containing 0.2_M NaCl
Elution rate: 0.5 ml/minute
Processing temperature: 35°C
Detection wavelength: 280 nm
Amount charged: 20 ul
Molecular weight marker:
Cytochrome C (12:4 kilo dalton)
Adenylate kinase (32 kilo dalton)
Enolase (67 kilo dalton)
Lactate dehydrogenase (142 kilo dalton)
Glutamate dehydrogenase (290 kilo dalton)
(Enzymes are all manufactured by Oriental Yeast
Manufacturing Co. Ltd.)

Results

The chondroitinase ABC of the present invention was
eluted as a single peak at a retention time of 18.43
minutes (Figure 6). The molecular weight of the enzyme
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and curve 4, a buffer solution with a surfactant concentration of 5% at
37[err]C Figure 11 shows rel ationships between the tine required for the

extracti

on of bacterial cells using Nonidet P-40-containing buffer

solutiong with different concentrations and the activity of the

chondr oi
using a
curve 2,
37[err]

I nase ABC in Exanple 4, wherein curve 1 indicates the extraction
buf fer solution wth a surfactant concentration of 2%at 25[err]C,

a Q&Efsété%mean £ B2 AT AR 0 ¢ UEEESH bk 989 0bn 2¢hat

curve 3, fercsolution with a surfactant concentration of 5%

at 25[er ]Cbomparlson of the retention time and the above molecular

weight markers.

It did not substantially contain endotoxin. The DNA
and pfotease contents were below the detection limit,
while a commercial chondroitinase ABC (Seikagaku
Cotporation, Catalog No. 100332) contained DNA amounting
5,000 times of the detection limit and protease 200
times.

In the comparison of the chondroitinase ABC of the
present invention and Chondroitinase ABC protease-free
(Seikagaku Corporation, Catalog No. 100332) which is
known to have the highest purity among currently knowp
chondroitinase ABCs, the former has a molecular weight of
" about 100,000 dalton in both the SDS-PAGE and HPLC (GPC),
while the latter has a molecular weight of about 80,000
dalton in the SbS-PAGE and about 120,000 to 145,000
dalton in thé gel filtration. This is a great difference
between the two. In addition, while the former has a
specific activity of 300 U/mg protein or more, the latter
has a specific activity of about 110 U/mg protein. With
respect to the storage=étability, whilg the former is
stable at room temperature for at least three months, the
latter is claimed to be stable at ~70°C for a£ least

three months. This is also a significant difference.
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and curive 4, a buffer solution with a surfactant concentration of 5% at
37[err[iC. Figure 12 shows rel ati onshi ps between the tine required for the
extractji on of bacterial cells using PCELE-containing buffer solutions with
differgnt concentrations and the activity of the chondroitinase ABC in
Exampl g 4, wherein curve 1 indicates the extraction using a buffer solution

with a

SU@M%ﬁﬁﬂ&m@ﬁ@peﬂhéafOﬁmer chondroitinase ABC exhibits a
single band in SDS-PAGE and a single peak in HPLC (GPC)
and can be qrysEallized, and thus its terminal amino acid
can be determined and its isoelectric point can be
measured, whereas the latter is not an enzyme which can

be identified as a substance, and, therefore, it is

impossible to identify its terminal amino acid and to
measure an isoelectric point.

The compositions and the drugs of the present
invention is now discussed.

First, illustrating the composition and the drug
comprising chondroitinase and serum albumin or gelatin,
such a composition can be prepared by providing an
agueous solution containing additives mentioned below” and
having an adjusted pH; mixing this solution with purified
chondreoitinase having a specific activity of, for
example, 300 U/mg or more, to produce an aqueous solution
éontaining 5 U/mL or more, preferably 10 to 1,000 U/mL,
of the purified chondroitinase; and optionally subjecting
the solution to filtration to sterilize to make a liquid
composition. This liquid composition may further be
processed into a dry composition, preferably a
lyoph&lized composition;be a drying treatment under
unheated conditions such as lyophilization or the like.
Alternatively, the liquid composition may be frozen at

-20°C to -80°C.
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of 296at 25[err]C curve 2, a buffer solution with a surfactant
concentratlon of 2% at 37[err]C curve 3, a buffer solution with a

surfact%nt concentration of 5%at 25[err]C, and curve 4, a buffer solution
ur f act ant concentration of 5% at 37[err] C. DETAI LED DESCRI PTI ON OF

with a s

THE |1 NVENTI ON AND PREFERRED EMBODI MENTS Processes for preparing the
purifiegqg chondroitinase ABC and the purified chondroitinase ABC crystal of
the pregent '“Vefﬁé&fh@{eﬁ'%A&Sﬁéi@é&dmiﬂede&%h P £GQld s of

m cr oor gani sns conventi onal

chondroitinase in the composition of the present

invention are proteins such as serum albumin or gelatin.

These may be used together.
Serum albumin of mammals, e.g., human, cattle,

horse, swine, sheep, goat, etc., are given as examples.

Human serum albumin (HSA) which is applicable to
parenteral administrations is preferred, when the
composition is used as injection preparation for human.
For example, human serum albumin prepared from plasma of
healthy persons as a raw material and fractionated and
purified by the Cohn’'s ethanol fractionation method can

be used. Especially preferred is serum albumin treated

with heat, preferably at about 60°C for about 10 hours,

to deactivate hepatitis virus and the like. HSA may

contain sodium N-acetyltryptophan and/or sodium caprylate

added thereto as stabilizers.
As example of gelatin, gelatin derived from animals

such as cattle or swine can be given. Specifically,

gelatin used here is prepared by appropri;tely treating

collagen obtained from skin, bone, and the like of

animals to solubilize,? Such gelatins include acid

treated gelatin (A-type) which has been treated with a

mineral acid (pH 1 to 3, e.g., hydrochloric acid,

sulfuric acid, sulfurous acid, phosphoric acid, etc.) and
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]
produce} chondroi ti nase ABC, for exanple microorgani sns bel onging to Proteus
vulgarik or the like, can be used for the production of the chondroitinase
ABC of fhe present invention. A specific exanple of such a mcroorganismis
Prot eust vul garis NCTC 4636 ( ATCC 6896, |FO 3988). The m croorgani sns can be
cul turef by a conventional nethod (e.g., J. Biol. Chem, 243, (7),

15251585 (19081 AJNREARFARNLLB-9PoR, § kokoh) o\P5nq122RERII0RT of

57180/ 1 I's are romthe culturé an suspended into a
buffer ol uibaReW Yai1adih i(BIthRe) which has been treated with an

alkali (e.g,_liﬁé, etc.) and having an isoelectric point

of 4.5 to 5.0. The acid treated gelatin ié more
preferred as gelatin used in the present invention. As
examples of the acid treated gelatin, given are
commercially available Nippi high grade gelatin (Type A)
and the like.

The composition of the present invention is normally
adjusted to pH 5 to 9, preferably pH 6 to 8, when it is a
solution. For this purpose, it usually confains a buffer
agent which can maintain the pH within these ranges.
There are no specific limitations as to the types of
buffer agents used in the present invention, so long é&s
the same is physiologically écceptable. Examples of such
buffer agents include those containing one or more
compounds selected from the group consisting of
hydrochloric acid, sodium hydroxide, sodium carbonate,
sodium hydrogen carbonate, phosphoric acid, potassium
dihydrogenphosphate, dipotassium hydrogenphosphate,
sodium dihydrogenphosphate, disodium hydrogenphosphate,
aminpacetic acid, sodium benzoate, citric acid, sodium
citrate, acetic acid, s;dium acetate, tartaric acid,
sodium tartarate, lactic acid, sodium lactate, -
ethanolamine, arginine, and ethylenediamine. Especially

preferred is a phosphate buffer. If pH is smaller than 5
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nei ghborthood of neutral to extract enzynme fromthe 12 suspension. A
phosphate buffer solution, Tris-HCO buffer solution, acetate buffer
solutlom, or the like with a pH of 6.0 to 8.0 and a concentration of 1 to
100 mM iis nornal ly used as the buffer solution with a pHin the

nei ghboghood of neutral. Cells are pulverized by a bead mi || procedure
(using BYNOJ err] M LL or others) to extract an

or greater than 9, chondroitinase may be inactivated or
insoluble matters may be produced in the solution.

Although an amount of 0.001 time or more by weight
of such added proteins for the amount of the protein of
chondroitinase exhibits a recognizable effect, a
preferable amount is 0.01 to 500 times by weight, and
particularly 0.05 to 100 times by weight. Ewven though an.
amount exceeding 500 times by weight may bring about the
effect of the present invention, the enzyme activity per
unit weight is reduced in such a large amoﬁnt. The
concentration of the buffer agent in the composition is 1
to 100 mM, and preferably 10 to 50 mM.

In-addition to these additives, the composition of
the present invention may contain additives
conventionally added to pharmaceutical compositions, such
as isotonizing agents, excipients, preservatives,
soothing agents, and the like. For example, there are no
restrictions as to excipients so long as they are
commonly used for injection preparations, with preferred
examples being creatinine, lactose, mannitol, purified
sucrose, xylose, and the like.

 The composition oféthe present invention is mainly
used as injection preparations or a raw material of
injection preparations containing chondroitinase as an

effective component. Solution compositions are filled in
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enzynme sol ution containing chondroitinase ABC, protease, other enzynes,
nucl ei c:acid, proteins, and the like. The efficiency of the extraction of
chondro!tinase ABC fromcells can be pronoted even nore by using a
surfactant solution, used as a buffer solution to which a surfactant is
added. JAny surfactants whi ch can pronote the enzyne- containing extraction
efficiepcy can be used in the present invention. Nonionic surfactants are

pre}‘ e(r]I rkd genthenss aictas aANgiles oBsurials Andnd Wi sbreBitbe gged
I Ncl u ’

:stored, and served as injection preparations as are. It
is possible to dry or freeze the solution composition in
suitable containers for distribution and storing. Such a
dry or frozen composition is dissolved with distilled
;water for injection, physioclogical saline, or the like,
Ibr liquefied before administration. These injection
preparations can be used as an agent containing
chondroitinase as an effective component for curing disc
herniation. Such a curing agent can be used for the
intervertebral disc dissolution method wherein herniated
disc is dissolved by injecting it into intervertebral
disc space of the patients. Although a dose cannot be
generically specified and varies depending on the
symptoms, age, and the like, normally an amount of about
10 to 300 U per dose is used in the case of .
chondroitinase ABC.

Illustrating now the composition and tﬁe drug of the
present invention comprising chondroitinase and a
nonionic surfactant, the additives to be mixed with
chondroitinase in such a composition is a nonionic
surfactant and a buffer agent. Preferred nonionic
surfactants which can be added include polyoxyethylene
sorbitan fatty acid esters (polysorbate), polyoxyethylene
hydrogenated castor oil, sucrose fatty acid esters,

.polyoxyethylene polyoxypropylene glycol, and the like.
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pol yoxyet hyl ene al kyl ethers, pol yoxyethyl ene p-t- octyl phenyl ethers,
polysorpate, and the |ike. Emul gen- type surfactants, Liponox-type
surfactjants, Brij-type surfactants, and the |ike are given as specific
exanpl gs of pol yoxyet hyl ene al kyl ethers. Commercially avail able
surfactiants anong these are Enul gen 120, Enul gen 109P, Li ponox DCH, Bri |
35, 78,] 76, 96, 56, 58, 98, N kkol BL- 9EX, BL-21, BL-25, and the like.

Gven gs spegkihg18%a8R! §8196xPRLUPILAN W tied - Rt ey Ritey! ethers are 12
esters, polyoxyethylene sorbitan (the polymerization
degree = about 20) monolaurate, monopalmitate,

monooleate, monostearate, trioleate, and the like are

given. As commercial products, Polysorbate 80 (Tween 80)
(polyoxyethylene (20) sorbitan monooleate), Polysorbate
60 (polyoxyethylene(20)sorbitan monostearate),
Polysorbate 40, Tween 21, 81, 65, 85, and the like are
named. As examples of polyoxyethylene hydrogenated
castor oil, given are commercially available HCO-10, HCO-
50, HCO-60, and the like. As sucrose fatty acid esters,
commexrcially available DK ester F-160 and the like are
exemplified. Pluronic F-68 and the like are given as
examples of commercially available polyoxyethylene
polyoxypropylene glycol.

As buffer agents, any physiologically acceptable
buffer agents can be used. The aforeﬁentioned buffer
agents can be used for this type of composition as well,
with a phosphate buffer, e.g., a sodium phosphate buffer
solution and a potassium phosphate buffer being
particularly preferred. A liquid pharmaceutical
composition of this type is adjusted to a pH region of 5
to 9, and preferably 6 to 8, by the addition of a. buffer
solution. When the pH is smaller than 5 or greater than

9, the chondroitinase may deactivated or insoluble
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13 TriJon-type surfactants, Nonidet P40-type surfactants, |gepal/CA-type
surfacfants, Polytergent G Neutronyx-type surfactants, Conco-type
surfacfants, and the |ike. Anmong these types of surfactants, Triton X-100,
X-45, K-114, X- 102, X-165, X-305g X-405, Nonidet P-40, |gepal CA-630,

Neut ropyx 605, Conco NI X-100, and the like are commercially avail abl e.
Tween- I ypRasdbraChaft be EmSRM iYROSWIBEt Ao s, Sorbester-type

surfacfants, Crill-type
Regarding the amount of these additives to be
incorporated, although an amount of 0.06 time or more by

weight of the nonionic surfactant for the amount of

chondroitinase exhibit the recognizable effect, a

preferable amount is 0.6 to 300 times. The concentration
of the buffer agent in the solution composition is 1 mM
or more, and preferably 10 to 50 mM.

This type of composition may be processed into a
final product form after the further addition of the
aforementioned additives, such as isotoniziné agents,
excipients, preservatives, soothing agents, and the like.
The preparation thus obtained can be used as a curing
agent for intervertebral disc displacement in the same
manner as described above, and can provide a solution
which preQents adsorption of chondroitinase to the wall
of containers and formation of insoluble matters from
being produced by mechanical stress.

Summarizing the effects of the present invention,
since the purified chondroitinase ABC of the present
invention is remarkably high pure and contains no
substantial amount of protease, nucleic acid and
endotoxin, it is extremefy useful as a drug and a reagent
for use in research and experiments.

Because the purified chondroitinase ABC of the

present invention has superior storage stability, its
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sur f act

]
ants, and the |ike are given as specific exanples of polysorbates.

Sar bi t gn nono- 9- oct adecanoat e pol y(oxy- 1, 2-ethanediyl) derivatives,

comerdi ally avail able as Tween 80, are preferred as pol ysorbate. O her
exanpl g
Emasol

s of commercially avail abl e pol ysorbates are Tween 20, .40, 60,

prefer
et her,
use of

4115, 4130, and the like. O the above surfactants, especially

ed are pol yoxyethyl ene al kyl ether (e.g., polyoxyethylene |auryl

pol i docanal ; hereinafter referred to as "POELE"), and the |like. The
t hageisurhadisamaediot sty wHomDiesishaeseazygeacaphgi.ni ngsextracti on

high specific activity and minimal impurity content makes

it possible to minimize a dose and prevents occurrence of -

side effects.

Regarding the effects of the purified chondroitinase
ABC of the present invention as a reagent for experiments
in research, it can promote the reproducibility of
experimental results when it is used for experiments
using animal cells, for example, since the enzyme
contains no endotoxin and protease.

Furthermore, elimination of the conventionally
required ammonium sulfate fractionation and omission of
concentration/desalting procedure in the purificatioq
process according to the process of the present invention
resulted in the reduction in the purification steps and
the time for the processing, the promotion of the yieid,
.and the decrease in the production costs.

Other features of the invention will become apparent
in the following description of the exemplary embodiment
which is given for illustration of the invention and is
not intended to be limiting thereof.

 "EXAMPLE
Example 1
Proteus vulgaris (NCTC 4636, ATCC 6896, IFO 3988)

‘Wwas cultured by a commonly known method (J. Biol. Chem.,
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effici
chondr
nucl ei
thus o
cesin

ncy, but al so produces an enzymne-containing extract containing a
Itinase ABC with | ess content of protease, concomtant protein and
acid than other extraction nethod. The enzyne-contai ni ng extract
tained is subjected to chromat ography using a weak cation exchange

or a strong cation exchange resin, and then a 14

243, (7), 1523-1535 (1968)) to obtain cultured wet cells.
To 200 g of the cells was added 600 mL of 5 mM phosphate
buffer solutione(pH 6.5 to 7.0) to make a suspension.
The cells were pulverized using the DYNO™ MILL and
centrifuged to obtain an enzyme~-containing extract
solution (step 1).

Protamine sulfate was used to remove nucleic acid
from the cell extract solution. A 5% protamine sulfate
aqueous solution was added to said enzyme—contéining
extract solution to a final concentration of 0.5%. The
mixture was stirred at 4°C for 30 minutes and the
produced precipitate was removed by centrifuge, thus
obtaining a supernatant (step 2).

After the addition of about 5 times by volume of
water, the supernatant was purified by column
chromatography. Specifically, a column packed with CM-
Sepharose was equilibrated with 5 mM phosphate buffer
solution (pH 6.5 to 7.0), following which the supernatant
was charged into the column for absorbing the enzyme.
The column was washed with the same buffer solution, then
the same buffer solution but containing 0.025 M NaCl,
followed by elution with tpe same buffer solution
containing 0.1 M NaCl to obtain fractions exhibiting the
enzyme activity (step 3). |

After the addition of about 5 times by volume of

water, the fractions with the enzyme activity was
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o

chondraﬁfinase ABC with an extrenely high activity, which exhibits a single

band ijh el ectrophoresis, can be produced. No protease activity is detected
in sudh a chondroitinase ABC. Its endotoxin content is so snall that there
is-no problemto use it as a drug conponent. For the extraction, the

cul turgdswet cells are added to a buffer solution containing 2 to 7% of

said Jrfactants to produce a cell suspension, The cell suspension is
war nedit o 't hé? %ﬁﬁ%$§th?e rafrgRagpsgscpdumn which was equilibrated

with 5 mM phosphate buffer solution (pH 6.5 to 7.0) in
advance. The column was washed with the same buffer
solution,-theh the same buffer solution but containing
0.025 M NaCl, followed by gradient elution with the same
buffer solution containing linear concentration gradient
of 0.025 to 0.35 M NaCl to obtain fractions exhibiting
enzyme activity.

The eluted chondroitinase ABC solution exhibited a
single band (SDS-PAGE), with nucleic acid (DNA),
protease, etc. having been removed, and had a specific
activity of 380 U/mg, which was about three times higher
than the specific activity of chondroitinase ABC obtqined
by a conventional method. Thus the chondroitinase ABC
was a high-purity enzyme.

To the enzyme solution (a phosphate buffer solution,
pPH 7.0) was added polyethylene glycol (molecular weight:
4,000) so as to give a concentration of 15%, and the
mixture was allowed to stand at room temperature for
about one week to produce white or colorless needle-like
or prismatic crystals of chondroitinase ABC. A
microscope photography-(magnification: 2.5) of the
crystals is given in Figure 1.

The crystals were rhombic or monoclinic éystem

-needle-like crystals, having the following crystal
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1

45[err] € preferably about 37[err]C, stirred for about 1 to 10 hours,
preferably about 2 to 6 hours, and cooled to roomtenperature, to separate
an extract froma cell residue by a separation neans such as centrifuge or
the |ikg. The extract thus obtained, which contains chondroitinase ABC, as
a maj or}conponent, other enzynmes, proteins and nucleic acid., is
transfefred penametsrs fidentbhied dpy Xnravecpysipilc Strystycep, proteins,
nucl eicjacid, and the like are renoved fromthe cell extract solution. Any
conventf onal aP&ti¥stsS ar e applicable to the renoval of proteins and nucleic
aci d. en the use of the enzyng,

.

SRbic system Monoclinic system
Space group P2224 P2,

Lattice constant a=214 3 a=214 A

b=92 A b=56 A
c=56 A c=92 A
@=90° a=90°
B=90° B290°
y=90° Y=90°

The results of SDS-PAGE in each purification step
are shown in Figure 7.

| SDS-PAGE was carried out according to a common
method (Laemmli, U.K., Nature, 227, 680-685 (1970)) using
10% gel.

A clear single band was seen in both unreduced and
reduced states when the enzyme was treated with S-
Sepharose (see Figures 7; C and D).

The degrees of purification of chondroitinase ABC in
each purification step in the process of the present

invention is shown in Table 3.
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a drug cp

nponent is taken into account, an especially preferred nethod to

renove nficleic acid is adding protam ne sulfate. The treatnent using

pr ot am ng

is carried out by 15 adding 3 to 7% protam ne sul fate aqueous

solutionfto the cell extract to a final concentration of about 0.25 to 1%

and stir

Ing the m xture at about fron14gerr]C to room
TABLE 3

Total Total Specific

) activity protein activity Purity Yield
Step (U) (mg) (U/mg)  (times) (%)
Extract (Step 1) 75000 37000 : 2 1 100
Protamine treated 58000 1600 36 18 77
solution (Step 2)
CM-Sepharose treated 43000 240 180 90 57
solution (Step 3)
S-Sepharose treated 31000 82 380 190 41

solution (Step 4)

Contents of endotoxin and residual amounts of

protease are shown in Table 4.

TABLE 4

Endotoxin content *  Total protease **

Step pg/100 U  EU/100 U ©g %
Extract (Step 1) 320 100 .
Protamine treated 8.1x108  2.3x100 64 20

solution (Step 2)

CM-Sepharose treated 6.7x10° 1.9x103 30 9
solution (Step 3)

S-Sepharose treated 5.0 1.4x10"2  <0.3 <0.1
solution (Step 4)

* The endotoxin content fér 100 unit (U) of chondroitinase ABC;
Measured by Toxicolor system (trademark, a product of
Seikagaku Corporation). EU designates an endotoxin unit.

** Measured using FITC-casein as a substrate
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tenperature for 10 to 30 ninutes to produce precipitate of nucleic acid and

the |ike.
the |ike.:
pr ot ease,;
a cation}|
ABC, the}
conbi nat i

resin.

The precipitate is then separated and renoved by centrifuge or
The supernatant thus obtai ned, which contains chondroitinase ABC,
and ot her enzymes, is then chromatographically prepared by using
exchange resin. In the preparation of the purified chondroitinase
.purification is perforned by the chronmatography treatnent using a
on of a Meakubatiamitiedchargmt esf reriiskex 54 I0PA8 68hE2Mn8YCRANGE

the enzyme solution obtained in step 4. Its content was
only trace; 5.0 pg/100 U as shown in the above Table.
Also, as a result of the measurement of.nucleic acid
(DNA) by the threshold method (DNA measurement device,
Threshold, trademark, manufactured by Molecular Device
Co.), no DNA was detected, proving that the DNA content

is below the detectable limit.

Table 5 shows the stability of the chondroitinase apc

obtained in Steo 4 of the present invention, when the enzyme was
left in a solution at different temperatures. In the Table, the
stability is indicated by the relative activity to -40°C

(as 100%), when a 350 U/ml solution was stored for 5

days.
TABLE 5
Temperature Relative activity
°C (%)
-40 100
4 109
Room temperature 109
37 91

Example 2
7.5 kg of wet cells of Proteus vulgaris (NCTC 4636,
ATCC 6896, IFO 3988) used in Example 1 was charged into a

tank containing about 15 L of 40 mM phosphate'buffer
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A cationﬁ%xchange resin having a carboxyal kyl group, e.g., carboxynethyl
group, as: an exchange group is exenplified as the weak cation exchange
resin us here. A polysaccharide derivative (an agarose derivative, a
crosslin ,d dextran derivative, etc.) having a carboxynethyl group as an
exchange fgroup is given as a specific exanplgw$gonﬂer0|alIszvgllﬁbge

exanpl es gof su cation excha esins are ephar ose ephadex.
(trggena ks, éhﬂﬁ&%nofp hg ﬁag 59 tonyhifk [L0Re PoA vaxveshydeniearigamasi n

having ajfsul f g %l%é@: PbOERE® Nikkol BL-9EX) was added and about 7.5 I of
| purified water. The mixture was stirred to obtain a cell
suspension, which was warmed at 35°C%3°C and stirred for
about two hours at this temperature. After about two
hours, about 30 L of 20 mM phosphate buffer solution (pH
7.0£0.5) was added to dilute the suspension. The
suspension was then cooled to 20°C

The suspension was centrifuged by a sharpless
centrifuge to obtain a supernatant. The temperature of
the solution was kept below 20°C before and after the
centrifuge.

The supernatant thus obtained was diluted with ?pe
addition of about 30 L of purified water which was cooled
to 2 to 15°C, and passed through CM-Sepharose column (gel
amount: about 5 L) to absorb the chondroitinase ABC to
the column;

The.column was washed with 1 L of purified water, 10
L of 0.5% POELE aqueous solution, and 5 L of 0.04 M
phosphate buffer.solution (pH 6.2t0.2). Next, the column
was linear gradiently eluted with about 20 L of 0.04 M
phosphate buffer soigtibn (pH 6.210.2) containing
concentration gradient of 0 to 0.25 M NaCl to obtain
fractions exhibiting chondroitinase ABC activity.

The eluate was passed through a sterilizing filter
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hange group is exenplified as the strong cation exchange resin
used herfe. A pol ysaccharide derivative (an agarose ‘derivative, a
crossligked dextran derivative, etc.) having a sulfoethyl group, a
sul.-f opr gpyl group, or the like as an exchange group is given as a specific
exanpl e.f Commerci ally avail abl e exaqyles of such strong cation exchange
resins & e S gélg,ﬁa,aoga:gp_ss%é}%&. 2 um and collected in a sterilized

container, thus obtaining a chondroitinase ABC solution.
The relationship between the cell extraction time

(hour) and the enzyme activity is shown in Table 6.

TABLE 6
Time Total enzyme Amount of
Steps elapsed (hr) activity (x10% u) solution (M)
Immediately 0 54.3 35
after suspension
At commencement 0 301 35
of stirring (32°C) '
After stirring 0.25 460 35
0.5 491 35
1.0 538 35
1.5 509 35
2.0 515 35
Supernatant by 383 60

centrifugation

The enzyme concentration was equilibrated within 1
to 2 hours after commencement of the cell extraction.

The total nucleic acid in the extract reached a
maximum (about 25 g) at 0.25 hour after commencement of
the stirring, decreased thereafter, and was equilibrated
(about 2 to 3 g) after About one hour.

Example 3
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(tradengrk, products of Pharnmacia), SP-Sephadex (trademark, a product of
Phar macifa), SP- Toyopearl (trademark, a TosohCo.), and the |like. One exanple
of- t he @hromat ography using these two types of cation exchange resins in
conbi natfion is as follows. The first chromatography is carried out by

equi librgating the weak cation exchange resin with the sane buffer solution
(pH 6.580 7.5) used_ in the extraction of cells (e.g., .1 to 50 nNIEhosphate
buffer Jolution, TPi $9HCE MEff Seldd Rf JrotRes avelgarisr (NCTC 4636,

ATCC 6896, IFO 3988) used in Example 1 was charged into a
5-fold volume of 20 mM phosphate buffer solution (pH 7.0)
to which 5% POELE was added, and extracted for 3 hours at
37°C. The extract was subjected to the protamine
treatment, CM-Sepharose chromatography, and S-Sepharose
chromatography in the same manner as in Example 1 (the
conditions of the separation are shown in Table 7), and
gradiently eluted to obtain a chondroitinase ABC. The
solution exhibited a single band of chondroitinase ABC in
SDS-PAGE. The solution was passed through a sterilizing
filter with a pore size of 0.22 um by a feed pump and
collected in a sterilized container, thus obtaining'a.
chondroitinase ABC solution.

Calculation of the data given in Table 7 indicates
the extraction of the chondroitinase ABC of about 500
units per one g of the cells.

The degree of the purification in each step in

Example 3 is shown in Table 7.
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solutiop, etc.), contacting said supernatant containing the enzyme with the
cati on pxchange resin to adsorb the enzyne, and washi ng the cation exchange
resin, pptionally using a salt solution (e.g., 20 to 25 mM NaC sol ution)
and/ or

he above-nentioned surfactant solution (e.g., 0.5% PCELE sol ution).
An el uapt prepared by dissolving sodiumchloride into said buffer solution
at a cofpcentration of about 0.1 Mis_contacted with said resin

TABLE 7
N Total enzyme Recovery Endotoxin

Steps' ' activity (x10% u) yield (%) (pg/100 u)
Frozen cells 295 — S
Extract 262 88.8* —_
Protamine treatment - 203 68.8* -
CM-Sepharose treatment

Effluent 4 2.0 —

Washing I (Phosphate 0.1 <0.1 T

buffer containing

0.5% POELE) _

Washing II tZS mM NaC1) 3.3 1.6 —_—

Eluate (100 mM NaCl) 157 77.4 1,300
Sterf]ized filtrate 158 77.8 341"
S-Sepharose treatment

'Effluent 0 0 -

Washing I 0.1 <0.1 —

(Distilled water)

Washing IT (50 mM-NaCl) 0.5 2.5 _—

Eluate 150 73.9 ‘ 3.4

* indicates a recovery rate from frozen cell; other recovery
rate data were obtained from protamine treated solution.

The relationship between the time required for the
chondroitinase ABC to be extracted from the cells and the
activity of the chondroitinase ABC is shown in. Figure 8.

Triton X-100, Brij-35, Nonidet P- 40 was added so as
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17 to el
el ution

chromat o
batch ne
cation e
sol ution
resin, o

te fractions having an activity of the enzyne. Either gradient

r stepwi se elution can be used as a nethod of the elution. The

jr aphy treatnent can be carried out either by a colum nethod or a
hod. The fractions thus obtained is then contacted with a strong
change resin which has been equilibrated with the sanme buffer

to adsorb chondroitinase ABC. After washing the cation exchange

tionally; Y81 09:8n88hE 8L U Ut (£ % 20419559, IM Nadl sol uti on)
suspensions in tHe same manner as in Example 3 using
POELE. Extraction of chondroitinase ABC was performed at
25°C or 37°C. The results are shown in Figures 9 -12,
which shows that the cases where extraction was carried
ogt at 375C and using surfactants at a concentration of
5% produced extracts exhibiting higher activity and
purified equilibrated within 2 to 4 hours.
Example 5
_<Effect of preventing adhesion to glass and plastic
containers (solutions)> |
Solutions of chondroitinase ABC composition were

obtained from 5 units (U) of the chondroitinase ABC
prepared in Example 1 {specific activity: 300 u/mg) and
purified gelatin (acid treated gelatin), human serum
albumin (HSA), or bovine serum albumin (BSA), each in
amounts of 0.001 to 100 times of the enzyme protein, as
shown in Tables 8 and 9. The pH was adjusted to 7.0 with
the addition of 50 mM potassium phosphate buffer
solution. These solutions were charged into vials made
of glass or plastic (polypropylene) and stored for 24
hours at 4°C, following which the enzyme activities in
solutions were measured to investigate their effects of
pPreventing adhesion to the containers. The results are

expressed by percentage of the activity in the solutions
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concent

fat er,

chromat @gr aphy treat nment |se$referably carried out by the col um nethod.

i s possifol e t dft®erstering
types of

solutio

»rhaheofbbesorkr strerigigmplandisineg dilvert wo

catlon ex hﬁnge resins. Wien cells are extracted with a buffer
(glass vials) and Table 9 (plastic vials).

TABLE 8

Adhesion to glass containers

Amount of additives (times)

Additive 0 0.001 0.01 0.1 1 10 100

Gelatin 65 78 87 98 99 103 96

HSA 65 82 92 100 102 98 101

BSA 65 80 94 98 96 . 99 100
TABLE 9

Adhesion to plastic containers

Amount of additives (times)

Additive 0 0.001 0.01 0.1 -1 10 100
Gelatin 75 84 98 101 98 100 104
HSA 75 86 98 99 100 105 99
BSA 75 85 96 103 101 105 102
Example 6

<Effect of preventing formation of insoluble matters and
effect of maintaining the activity when reconstitution
(lyophilized composition)>

Solutions of chondroitinase ABC composition were
45
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the chondroitinase ABC is isolated by gradient elution using

4 type of buffer solution (e.g., phosphate buffer solution, Tris-HC

qol ution, acetate buffer solution, etc.), but containing NaC with a
ation gradient of 0 to 0.5 M preferably about 25 to 350 MM This



contain
I mpurit
procedu
extract

ng a surfactant, fhe extract contains only very small anount of
es. The enzyne, in this case, can be purified by a sinple

e, e.9., Wthout the treatnment of renoving nucleic acid fromthe
such 18 as protan ne treatment, only by passing the extract
a weak cation exchange resin (e.qg, CW¢Sepharose) colum to adsorb
ti naseoBG nedshirony $Gecunbtamiy) of chondroitinase ABC
(specific activity: 380 U/mg) and materials shown in
Tables 10 and 11, each in amounts of 0.001 to 10 times of
the enzyme protein, as shown in Tables 10 and 1l. The
pH was adjusted to 6.5 with the addition of 20 mM sodiunm
phosphate buffer solution. After the addition of
creatinine (10 mg/ml) as an excipient, theée solutions
were charged into vials and freeze-dried to obtain a dry
chondroitinase ‘ABC composition. The compositions were
stored for one month at 40°C in the vials to observe
their properties to find no abnormality such as
discoloration, deformation, and the like. Water for
injection was added to observe their properties when
reconstituted and their activities were measured to
examine the activity maintenance effect of the additive.
The results are shown in Tables 10 and 11. Table 10
shows the results of the naked eye observation as to the
presence or absence of insoluble matters wheﬁ the
composition was reconstituted, and Tabie 11 shows the
activity after storage in percentage of the activity
before the storage.

In the same manner as above a composition
(Chondroitinase ABC:GSO U, specific activity: 380 U/mg;
HSA: 0.05 time of the enzyme protein) to which no
Creatinine was added was prepared to observe the property

and to measure the activity after storage to find that
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and el uging the enzyme with a gradi ent nethod. The purified enzyme sol ution
obt ai nefl by the chronat ography nmay be served as a drug, a reagent, or the
like, afp is, after concentration and desalting. Alternatively, the
concent jat ed and desalted enzyne solution may be nade into powder by a
common frying nethod (e.g., lyophilization) under conditions which do not
I nacti vpte or denature the enzyne. In addition, the above purified enzyne
sol uti of may hheblsyIdath G de£9 NdSTd LTedd t Sn@okYehber aRav mad nkndnewy g 0@ oups
at bothfjends (e.g., polyethylene glycol,

residual activity.

’

TABLE 10

Property after reconstitution

Amount of additives (times)

Additive 0 0.001 0.01 0.05 0.1 1 10
Gelatin + - - - - - -
HSA ' + - - - - - -
BSA + - - - - - -

-: colorless and clear
+: insoluble matters were observed

TABLE 11

Residual Activity after storage

Amount of additives (times)

Additive 0 0.001 0.01 0.05 0.1 1 10
Gelatin 0.3 24 a7 80 96 100 98
HSA 0.3 23. 45 83 99 98 98
BSA 0.3 20 50 77 92 100 94

The above experihental results demonstrate that the
addition of gelatin, HSA, or BSA to purified -
chondroitinase and the adjustment of pH to the

neighborhood'of neutral in a solution prevents adhesion
47

is Sheet Has Been Replaced

T




pol ypr gpyl ene gl ycol, etc.) to crystallize the chondroitinase ABC. The
crystalls are rhonbic or nonoclinic systemneedle-like crystals, exhibiting
crystak paraneters shown in Exanples hereinafter. One exanple of the
crystalfl i zing procedure is as follows. Polyethylene glycol with an

appropqi ate nol ecul ar wei ght, such as MW of 4,000, 6,000, or he like, is
added go the enzyne solution. The sol ution, being adj usted to the

conceng§r at i oroHfphhef gedyohor8RolainB88eUtsl camdadinemoNaeikeation of

pol yet Byl ene glycol 5 to 20% preferably 10 to 15% is allowed to stand at
a solution colorless and transparent after dissolution, and
maintains the enzyme without lowering its activity during
storage.

These effects are especially remarkable when
gelatin, HSA, or BSA is used in an amount of 0.05 to 10
times of the enzyme protein of the purified
chondroitinase. 1In this instance, a particularly
preferred chondroitinase composition is a chondroitinase
ABC composition prepared by using a high-purity
chondroitinase ABC having a high specific activity
together with gelatin, HSA, or BSA, and dissolving them
in a sodium phosphate buffer solution with pH 5 to 9,
preferable 6 to 8, to make a solution (10 to 50 mM as a
sodium phosphate buffer concentration), and lyophilizing
it. It is desirable that the lyophilized composition
provides a solution having the pH of the above range when
it was dissolved.

Example 7

<Effect of preventing adhesion to glass containers>

Chondroitinase ABC (0.4 unit or 4 unit) was
dissolved into 0.1 M aqﬁeous solution of NaCl. To the
solution was added Polysorbate 80 in amounts of 0.075 to
75 times of the amount of enzyme protein (1.33 pg or 13.3

‘ug), followed by the addition of a phosphate buffer
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tenpergture from4[err]Cto roomtenperature until the 19 crystal of the
enzyme fgrows up. Purified chondroitinase ABC t hus obtai ned does not contain
i mpuri }i es such as endotoxin, nucleic acid, protease, other proteins, and
the |iRe, shows a single band in SDS-PAGE and a single peak in HPLC ( GPC,
cationijc exchanger), and has a specific activity three tinmes higher than

that o solution to adjust pH to 6.9. This solution was filled
in ampules made of glass to obtain a pharmaceutical
composition. Tﬂe ampules were stored at 20°C for 20
hours to measure its titer and examine the effect of
preventing adhesion to containers. The results are shown

in Table 12.

TABLE 12 Residual relative
activity (%)
Chondroitinase ABC Amount of Polysorbate 80 (times)
(Unit) 0 0.075 0.75 7.5 75
0.4 68 78 84 93
4 71 89 84 110

Example 8
<Effect of preventing production of insoluble matters by
shaking>

Chondroitinase ABC (40 unitsg was dissolved into 0.1
M aqueous solution of NaCl. To the solﬁtion was added
Polysorbate 80 in amounts of 0.0075 to 7.5 times of the

amount of enzyme protein (133 pg), as shown in Table 13,

followed by the addltlon of a phosphate buffer to adjust
pH to 6.9. This buffer was filled in ampules made of
glass. The ampules were shaken using a shaking incubator
at 160 times per minute for 8 hours to observe the

presence or absence of insoluble matters produced. The
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chondrof ti nase ABC obtai ned by a conventional nethod. In addition,
accordifhg to the process of the present invention, in which procedures such
as the pmmoni um sul fate fractionation, the concentration/desalting, and the
| i ke arf not required in the course of the production as in the
conventfonal processes, the tinme for the manufacture of the chondroitinase
ABC cang be shortened, the yield is pronoted, and the nmanufacturing cost can
be reduged. HRygduletsaee shewproeesabde fl3e present invention can be
appliedgwi th these advant ages regardl ess of the armount of the

chondrofti nase ABC to ‘be prepared

TABLE 13

Amount of Polysorbate (times)

Additive 0 0.0075 0.075 0.75 7.5

Polysorbate 80 Present Present Absent Absent Absent

Polysorbate 60 Present —— Absent
Polysorbate 40 Present Absent
Example 9

<Effect of preventing formation of insoluble matters by
vibration during transportation>

Chondroi?inase ABC (5 units) was dissolved into 0.1 M
aqueous solution of NaCl. To the solution was added
Polysorbate 80 in amounts of 0.060 to 6.0 times of the
amount of enzyme protein (16.7 pg), followed by the
addition of a phosphate buffer solution to adjust pH to
6.9. This solution was filled in ampules made of glass.
The ampules were transported in a truck at a temperature
of below 25°C for 7 days to observe the presence or
absence of insoluble matters formed. The results are

shown in Table 14.
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Chondr f ti nase ABC crystal produced by the crystallization nmethod nmentioned
above i needle-like or prismatic in shape (see Figure 1), honpbgeneous, and
stable §nits quality. It has also a high specific activity and excel |l ent
storagef stability. The characteristics of the chondroitinase ABC obtai ned
by the process of the present invention illustrated above are as foll ows.

TABLE 14

<Chondroi£inase ABC:5 Units >

Transported distance (km)

Amount (times) of

Polysorbate 80 - 800 1200
0 Present Present
0.060 Present Present
0.60 Absent Present
6.0 Absent Absent
Example 10

<Effect of preventing formation of insoluble matters by
vibration during transportation>

Chondroitinase ABC (50 unitg) was dissolved into 0.1
M aqueous solution of NaCl. To the solution was added
Polysorbate 80 in amounts of 0.0060 to 0.60 times of the
amount of enzyme protein (167 pg), followed by the
addition of a phosphate buffer solution to adjust pH to

6.9. This solution was filled in ampules made of glass.

The ampules were transported in a truck at a temperature
of below 25°C for 7 days to observe the presence or
absence of insoluble matters formed. The results are

shown in Table 15.

51

Sheet Has Been Replaced

T




(1) Acgions 20 Act on hyaluronic acid, chondroitin

sul fatg, chondroitin, and dermatan sulfate, producing a small anount of a

| ar ge fol ecul ar wei ght unsaturated oligosaccharide in an early stage of the
reactipn and, ultimately, a m xture of unsaturated di saccharide ([err]

gl ucurpnyl - N-acet yl hexosam ne and its 4- or 6-sulfate) and oligosacchari de.
(2) Opfi mum pH and stable pH OptimumpH is 8.0 to 8.2, when chondroitin
sulfatp Cis a substrate in a Tris-@QBﬂﬁﬁf§N solution (Figure 2).

<Chondroitinase ABC:50Units .>

Transported distance (km)

Amount (times) of

Polysorbate 80 800 1200
0 Present Present
0.0060 Present Present
0.060 Absent Present
0.60 Absent Absent
Example 11

<Effect-of preventing formation of insoluble matters by
vibration during transportation>

Chondroitinase ABC (140 units) was dissolved into_ 0.1
M agueous solution of NaCl. To the solution was added
Polysorbate 80 in an amount of 32 times of the amount of
enzyme protein (467 ug), followed by the addition of a
phosphate buffer solution to adjust pH to 6.9. This
solution was filled in ampules made of glass. The

ampules were transported in a truck at a temperature of

below 22.6°C for 16 days to observe the presence or
absence of insoluble matters formed. Further, the titer
was measured to calculadte the residual rate. The results

are shown in Tables 16 and 17.
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When lowed to stand at pH 5 to 9 at 25[err]C for 24 hours, the enzyne
exhi bifs about 80% or nore of residual activity (Figure 3). (3) Assay of
enzy activity The nmeasurenent is based on the production of unsaturated
di saccpari des exhibiting a remarkabl e absorbance of the light in the
ultravjolet region by an enzynmatic reaction. Specifically, the enzyne
reactipn is carried out in an enzyne reaction solution containing the
enzynef 1.2 ng of chondroitin sulfat&aBLEsUEstrate), 50 mM Tris-HC buffer

solutipn (pH 8 to 8.5) containing 50
<Chondroitinase.ABC:14qunits -

Transported distance (km)
Amount (times) of

Polysorbate 80 800 1200 1600 2000
32 Absent Absent Absent Absent
TABLE 17

<Chondroitinase ABC: 140 Units >

Amount (times) of

Polysorbate 80 Residual rate after transportation
32 88-93%
Example 12

<Effect of preventing formation of insoluble matters'by
vibration during transportation>

Chondroitinase ABC (5 units) was dissolved into 0.1 M
-aqueous solution of NaCl. To the solution was added
Polysorbate 80 in an amount of 30 ﬁo 300 times of the
amount of enzyme protein (16.7 pg), followed by the
addition of a phosphate buffer solution to adjust pH to

6.9. This solution was filled in ampules made of glass.

The ampules were transported in a truck at a temperature
of below 11.7°C for 15 days to observe the presence or

absence of insoluble matters formed. Furthef; the titer
was measured to calculate the residual rate. The results

are shown in Tables 18 and 19.
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mM sdqdi um acetate, and 10 [err]g of casein at 37[err]C for 20 m nutes. The
reactfon is termnated wwth the addition of 0.05 MHO (pH 1.8). The
absorfpance at 232 nmis then neasured. Separately, a heat denatured 21
enzy solution, as a control, is kept in a substrate solution with the
same konposition as above and treated in the sane manner as above to
neasure the absorbance at

TABLE 18

<Chondroitinase ABC: 5 Units >

Transported distance (km)

Amount (times) of

Polysorbate 80 800 1200 1600 2000
30 ‘Absent Absent Present Present
90 Absent Absent BAbsent Absent
300 Absent Absent Absent Absent
TABLE 19

<Chondroitinase ABC: 5 ynits >

Amount (times) of

Polysorbate 80 Residual rate after transportation
30 95-101%
90 102-107%
300 110-114%

Example 13

<Effect of preventing formation of insoluble matters by
vibration during transportation>

Chondroitinase ABC (50 units) was dissolved into 0.1
M agueous solution oi NaCl. To the solution was added
Polysorbate 80 in an amount of 3.0 to 3b times of the
amount of enzyme protein (167 ug), followed by the
addition of a phosphate buffer solution to adjust pH to
6.9. This solution was filled in ampules made of glass.

The ampules were transported in a truck at a temperature

54

This Sheet Has Been Replaced

LR




i ncre
cal cul
2- acet
acid) -
(U) of
reacti
under

reacti

232 ngl.The anmount of unsaturated di saccharides is calculated fromthe

e in the absorbance of the sanple over the control. In the
pation, the mllinole nolecular extinction coefficient of
ani do- 2- deoxy-3-O ([ err]-D gl uco-4-enepyr anosyl uroni c

b- 0- su

| f o- D-gal act ose was assuned to be 5.5. As a result, one unit

the enzyne i s

f i b t of th tal yzi
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titer was measured to calculate the residual rate. The

results are shown in Tables 20 and 21.

TABLE 20

<Chondroitinase ABC: 50 ynits >

Transported distance (km)
Amount (times) of

Polysorbate 80 ' 800 1200 1600 2000
3.0 Absent Absent Present Present
9.0 Absent Abéent Absent Absent
30 Absent Absent Absent Absent
TABLE 21

<Chondroitinase ABC: 50 Units >

Amount (times) of

Polysorbate 80 Residual rate after transportation
3.0 100-101%
9.0 102-103%
30 100~103%
Exampie 14

Chondroitinase ABC (30 unitg was dissolved into 0.1
M agqueous solution of NPCI' To the solution was added
Pluronic F68 in an amount of 15 times of the amount of
the enzyme (100 ng), followed by the addition of a
phosphate buffer solution to adjust pH to 7. This

solution was filled in ampules made of glass to obtain a
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Stabirity The opti numtenperature of reaction is 37[err]C, and the enzyne
exhi bjts about 90% or nore activity at 30 to 37[err]C (Figure 4). The
enzyng was stable between 2[err]C and 30[err]C and inactivated at 50[err]C,
when {t was kept at different tenperatures in a Tris-HC buffer solution
(pH 740) for 1 hour (Figure 5). (5) Inhibition The activity is inhibited by
zinc iﬁn (Zn[err]), nickel ion (Ni[err]), iron ion (Fe[err]), and copper
ion (Qu[err]) as shown in Table 1.
pharmaceutical composition.

Chondroitinase ABC (80 units) was dissolved into 0.1
M aqueous sélution of NaCl. To the solution was added
HCO-60 in an amount of 15 times of the amount of the
enzyme (267 ug), followed by the addition of a phosphate
buffer solution to adjust pH to 7. This solution was
filled in ampules made of glass to obtain a
pharmaceutical composition.

Chondroitinase ABC (30 units) was dissolved into 0.1
M aqueous solution of NaCl. To the soluﬁion was added
Polysorbate 80 in an amount of 15 times of the amount of
the enzyme (100 pg), followed by the addition of a
phosphate buffer solution to adjust pH to 7. This
solution was filled in ampules made of glass to obtain a
pharmaceutical composition.

Chondroitinase ABC (60 units) was dissolved into.O.l
M aqueous solution of NaCl. To the solution was added
Polysorbate 80 and Pluronic Fsé, each in an amount of 7.5
times of the amount of the enzyme (200 pg), followed by
the addition of a phosphate buffer solution to adjust pH
td 7. This solution was filled in ampules made of glass
to. bbtain a pharmaceutical composition.

Chondroitinase ABC (50 unitg was dissolved into 0.1

M aqueous solution of NaCl. To the solution was added

‘HCO0-~-60 and DK ester F-160, each in an amount of 7.5 times

56

This Sheet Has Been Replaced

T




22 TABLE 1 Rel ative conpound Concentration (mV) activity (% Not
2

.adde 100 znd [err]
1.2 [err].Herr]O 2 1.2 NNCl[err].6H err]O
2 4.2

of the amount of the enzyme (167 pg), followed by the
addition of a phosphate buffer solution to adjust pH to
7. This solutlon was filled in ampules made of glass to
obtain a pharmaceutical composition.

Obviously, numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore to bg understood that within
the scope of the appended claims, the invention may be

practiced othexr than as specifically described herein.
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érr]. 6H err] O - 0.2 5 (6) Ml ecul ar weight

Its a single band by sodi um dodecyl sulfate- pol yacryl am de gel
rophoresis (SDS-PAGE). The nol ecul ar wei ght is about 100,000 dalton in

reduced and unreduced states. The nol ecul ar wei ght neasured by the gel
ation chromat ography (HPLC) was about 100, 000 dalton (See Figure 6;
onditions are discussed below). (7) Isoelectric point |Isoelectric

was about 8.2 and 8.5 (Phast Cel

SEQUENCE LISTING

GENERAL INFORMATION:

(i) APPLICANT:
(A) NAME: SEIKAGAKU KOGYO KABUSHIKI KAISHA
(B) STREET: 1~5, MIHOMBASHI-HONCHO 2-CHOME, CHOU-KU
(C) CITY: TOKYO
(E) COUNTRY: JAPAN
(F) POSTAL CODE (ZIP): NONE

(ii) TITLE OF IMVENTIOM: CHONDROITINASE, PROCESS FOR PREPARING THE
SAME, AND PHARMACEUTICAL COMPOSITION CONTAINING THE SAME

(iii) MUMBER OF SEQUENCES: 1

(iv}) COMPUTER READABLE FORM:

(A) MEDIUM TYPE: Floppy disk

(B) COMPUTER: IBM PC compatible

(C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: Patenrtln Release #1.0, Version #1.25 (EPO)

v

INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: N-terminal

xi) SEQUENCE DESCRIPTION: SEQ@ ID NO: 1:

?la Thr Xaa Asn Pro Ala Phe Asp Pro
)
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_ TE¥ pH 3 to 9 and a pl calibration kit 3-10, as a standard, were

used in

st System all reagents and apparatus used were made b Phare &!@). (8)
no aci d anal ysis Shown in Table 2. 23 TABLE 2Thﬂiﬁﬁﬁi/iimei‘ﬁ‘éue

WHAT IS CLAIMED IS:

Ph
-Am

1. A purified chondroitinase ABC having the

following characteristics,

(i) has a molecular weight of about 100,000 dalton
both by the measurement of the SDS-polyacrylamide gel
electrophoresis (SDS-PAGE), in either the reduced state
or the unreduced state, and the measurement by the gel
permeation chromatography method,

(ii) has an iscelectric point of about pH 8.2 and
about pH 8.5,

(iii) has an optimum pH of 8.0 to 8.2 (substrate:
chondroitin sulfate C, buffer solution: a Tris-HCl buffer
solution) and an optimum reaction temperature of 37°C,

(iv) the activity is inhibited by 2zn2*, Ni2*, pe3*,
and cuZ*,

(v) has alanine as the N—términal amino acid residue
and proline as the C-terminal amino acid residue,

(vi} exhibits a single band in SDS-PAGE and a.single

peak in either HPLC (GPC; gel permeation chromatography) or
cation exchange HPLC,

(vii) does not contain a substantial amount of
endotoxin and contain nucleic acid and protease of an
amount b;low the detectable limit,

(viii) can be crystallized, and

{ix) has a specific activity of 300 U/mg or more.

2. The process for preparing the purified
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chondroitinase ABC as defined in Claim 1 comprising
extracting chondroitinase ABC from cells of a
nicroorganism producing chondroitinase ABC and purifying
the extract.

3. The process for preparing the purified
chondroitinase ABC according to Claim 2, wherein said
extraction is carried out using a surfactant solution.

4. A process for preparing the purified
chondroitinase ABC as defined in Claim 1 comprising,

(i) a step of obtaining an enzyme-containing extract
from cells of microorganism producing chondroitinase ABC
(step 1),

(ii) a step of removing nucleic acid from the
enzyme-containing extract (step 2), and

(iii) a step of chromatogréphic treatment which
comprises,

(a) absorbing the chondroitinase ABC by a
chromatographic treatment of the enzyme-containing
extract obtained by step 2 using a weak cation exchange
resin, eluting the absorbed enzyme, absorbing the enzyme
in the eluate, and eluting the absorbed enzyme by
chromatography using a streng cation exchange resin (step
3-1), or

(b) absorbing the chondroitinase ABC by a
chromatographic treatment of the enzyme-containing

extract obtained by step 2 using a strong cation exchange
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TyWr 32 Phe 34 Lys 54 Hi's
1§ Arg 28 Pro 34 The abo‘l?lﬁsshaakysﬁBeSn s:ced

carried out by hydrolyzing chondroitinase ABC in 6M hy under
- reduced pressure at 110[err]C for 24 hours. Three sanp ed and
the average values were given in Table 2. The calculatlon Was na

the total nol ecul ar

resin, eluting the absorbed enzyme, absorbing the enzyme
in the eluate, agd eluting the absorbed enzyme by
chromatograpliy using a weak cation exchange resin (step
3-2).

5. The process for preparing the purified
chondroitinase ABC according to Claim 4, wherein the
exchange group in said weak cation exchange resin used in
said step 3-1 or 3-2 is a carboxyalkyl group and the
exchange group in said strong cation exchange resin used
in said step 3-1 or 3-2 is a sulfoalkyl group. |

6. The process for preparing the purified
chondroitinase ABC according to Claim 4, wherein said
enzyme~containing extract in step 1 is obtained by
extraction of cells of microorganism producing
chondroitinase ABC using a surfactant solution.

7. A process for preparing the purified
chondroitinase ABC as defined in Claim 1 comprising,

(1) a step of obtaining an enzyme—containiqg extract
from cells of microo;ganism producing chondroitinase ABC
by extraction using a surfactant solution,

(ii) a step of subjecting the enzyme-containing
extract to a chromatographié treatment using a weak
cation exchange resin or a strong cation exchange resin
to absorb the chondroitinase ABC to said resin, and

(iii) a step of eluting the chondroitinase ABC
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d The N-terminal amino acid residue identified byyidshe: Edriaen Replaced
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gg\mn i
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absoxbed to said resin while continuously changing the
ionic strength of the eluent.

8. Chondroitinase ABC in the form of needle-like or
prismatic cxrystals and having the characteristics (i) to
(ix) as defined in Claim 1.

9. Chondroitinase ABC in the form of crystals of
Claim 8 prepared by crystallization in polyether having
hydroxy groups at both ends.

10. Needle—like or prismatic crystals of
chondroitinase ABC having characteristics as defined in
Claim 1, which is of rhombic or monoclinic system and

having the following crystal parameters.

Rhombic system Monoclinic system

Space group P2224 P2,
Lattice constant a=214 A a=214 A

b=92 A b=56 & -

c=56 & c=92 &

a=90° a=90°

p=90° ' B290°

V=90° 7=90°

11. A composition comprising a chondroitinase and
serum albumin or gelatin.

12. The composition according to Claim 11 having pH
of 5 to 9 when it is made into a solution.

13. The composition according to Claim 11, wherein

said chondroitinase is a purified chondroitinase having a
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: wa{s ‘Al a- Thr - X- Asn- Pr o- Al a- Phe- Aso- Pro-, wherein X neans undeterm ned. The
C-termnal am no acid sequence identified by the carboxy pepti dase net hod
("Bi ochem stry Experl ments No. 1, Protein chem stry I I ghg;ﬁ@&kmhcaf

pri{mary structure”, 203-211) was -Ser-Leu-Pro. The term m “mmﬂmm
oven

_sepguence of the chondroiti nase ABC of the present inventii
l4. The composition according to Claims 11

to| be as follows. Al a-Thr-X-Asn-Pro-Al a-Phe-Asp-Pro ----
wherein X is undeterm ned. (10) Storage stability

specific activity of 300 U/mg or more.

comprising serum albumin or gelatin in an amount of at
least 0.001 time of the chondroitinase.
15. The composition according to Claim 11, wherein

said chondroitinase is a purified chondroitinase ABC

having a specific activity of 300 U/mg or more,
containing no substantial amount of endotoxin and an
amount of nucleic acid and protease below the detection
limit.

16. The composition according to Claim 11, which is
a solution or a dried product.

17. The composition according to Claim 11, which
comprises a physiologically acceptable buffer agent ahd
is adjusted so as to show pH of S to 9 and a
concentration of the buffer of 1 to 100 mM when it is a
solution.

18. The composition according to Claim 17, wherein

said buffer agent is a buffer agent comprising one or
more compounds selected from the group consisting of
hydrochloric acid, sodium hydroxide, sodium carbonate,
sodium ﬁydrogencarbonate, éhosphoric acid, potassium
dihydrogenphosphate, dipotassium hydrogenphosphate,
sodium dihydrogenphosphate, disodium hydrogenphosphate,

-aminoacetic acid, sodium benzoate, citric acid, sodium
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_|IThe enzyne is stable for at |east three nonths at roomtenperature either
in a solution in phosphate buffer (pH 6 to 8) or undaf Sheettiag BesnrReiplbdedn.

4(11) Specific activity Protein content was neasured b usi ng
bovi ne serum al bum n as a standard. The speci f ity is
at | east 300 U ng of protein.

citrate, acetic acid, sodium acetate, tartaric acid,
sodium tartarate, lactic acid, sodium lactate,
ethanolaminea arginine, and ethylenediamine.

19. A pharmaceutical composition comprising a
chondroitinase and serum albumin or gelatin.

20. An injection composition comprising a
chondroitinase and serum élbumin or gelatin.

21. Use of injection composition comprising a
chondroitinase and serum albumin or gelatin for the
treatment of intervertebral disc displacement.

22. A composition comprising chondroitinase and a
nonionic surfactant.

23. The composition according to Claim 22, which
comprises a physiologically acceptable buffer agent and
is adjusted so as to show pH of 5 teo 9 and a
concentration of.the buffer of 1 to 100 mM when it is a
solution.

24. The composition'according to Claim 22, wherein
said chondroitinase has a specific activity of 300 U/mg
or more.

25. The composition according to Claim 22, wherein
said nonionic surfactant is polyoxyethylene sorbitan
fatty acid'ester.

26. The composition according to Claim 22,
comprising a nonionic surfactant in an amount of 0.6 to

300 times by weight for 1 unit weight of the
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(12)- O hers The enzyne exhibits a single peak in both cation exchange HPLC
and gel perneation (GPC) HPLC. The conditions anQ,;anﬁﬁ§mkﬁﬂqmiaﬂhe ge
‘permeati on chromat ography were as follows. Conditi

G3000SWerr] (a product of Tosch Co.) Eluent: O, 1 mgﬁgm
solution (pH 7.0) containing 0.2 M NaCd El ution r

|Processing tenperature: 35[err]C

ffer
m nut e

chondroitinase having a specific activity of 300 U/mg or
more, and adjusted to pH 6 to pH 8 with a 10 to 50 mM
phosphate buffer agent when it is a solution.
27. The composition according to Claim 22, which is

in the liquid state.

- 28. A pharmaceutical composition comprising a
sterile solution containing as an active ingredient
chondroitinase in an admixture of serum albumin,

gelatin or nonionic surfactant and sterile water
without preservatives, said solution being adapted
to be injected into a patient for the treatment of
intervertebral displacement.
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Det ection wavel ength: 280 nm Anount charged: 20 [err]|

A

Fnol ase (67 kilo dalton) Lactat

A crystallizable, purified chondroitinase ABC having a molecular
weight of about 100,000 dalton by the measurement of the SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) and the measurement
by the gel permea:tion chromatography method, having alanine as
the N-terminal amino acid and proline as the C-terminal amino
acid. A process for the purification of the crystallizable
purified chondroitinase ABC comprising removing nucleic acid from
an surfactant solution extract obtained from cells of
chondroitinase ABC-producing microorganisms and
chromatographically treating by concentration gradient elution
using a weak cation exchange resin or a strong cation exchange
resin. A composition comprising a chondroitinase and serum
albumin, gelatin, or a nonionic surfactant.
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The|chondroi ti nase ABC of the present invention was eluted as a single pea
at a retention time of 18.43 mnutes (Figure 6). The nol ecul ar wei ght of

t hejenzyne 26 was determ ned to be about 100, 000 dalton based on the é
conparison of the retention tine and the above nol ecul ar wei ght nmarkers. It

di d{ not substantially contain endotoxithl2 The DNA

I 8inby
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- and -prot ease contents were below the detection |imt, while a commerci al
chondroi ti nase ABC ( Sei kagaku Corporation, Catalog No. 100332) contai ned
"DNA anounting 5,000 tines of the detection limt and protease 200 tinmes. In
t he conpari son of the chondroitinase ABC of the present invention and
Chondr oi ti nase ABC pr ot ease-free2({Bei kagaku Cor poration, Catal og No.

100332) which is known to have the highest purity anong currently known
chondroi ti nase ABCs, the former has a nol ecul ar wei ght of about 100, 000
dalton in both the SDS-PAGE and HPLC (GPO),

Relative activity (%)
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Ywhil-e the latter has a nol ecul ar wei ght of about 80,000 dalton in the
SDS- PAGE and about 120,000 to 145,000 dalton in the gel filtration. This is
a great difference between the two. In addition, while the former has a
specific activity of 300 UWng protein or nore, the latter has a specific
activity of about 110 U/ ng protei3fi2Wth respect to the storage stability,
while the fornmer is stable at roomtenperature for at |east three nonths,
the latter is claimed to be stable at -70[err]C for at |east three nonths.
This is also a significant difference.

Relative activity (%)
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27 [Furthernore, the former chondroitinase ABC exhibits a single band in
SD$- PAGE and a single peak in HPLC (GPC) and can be crystallized, and thus
itg termnal amino acid can be determned and its isoelectric point can be
megsured, whereas the latter is not an enzyme which can be identified as a
sulstance, and, therefore, it is inpd¥dlble to identify its terninal anino
acijd and to neasure an isoelectric point.

Relative activity (%)
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{ The conpositions and the drugs of the present invention is now discussed.
First, illustrating the conposition and the drug conprising chondroitinase
-and serum al bumn or gelatin, such a conposition can be prepared by
provi di ng an aqueous sol ution containing additives nentioned bel ow and
havi ng an adjusted pH, m xing thggizsolution with purified chondroitinase
havi ng a specific activity of, for exanple, 300 Ung or nore, to produce an
aqueous solution containing 5 UnlL or nore, preferably 10 to 1,000 W niL, of
the purified chondroitinase; and optionally subjecting

Relative activity (%)
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the+solution to filtration to sterilize to nake a |iquid conposition.

lilqui d conposition may further be processed into a dry conposition,

prieferably a |yophilized conposition, by a drying treatnent under unheated
Alternatively, the liquid

conditions such as |lyophilization or,the |ike.
cojrposition may be frozen at -20[er?4N§ to -80[err]C 28
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[
Essential additives mxed with purified chondroitinase in the conposition
of the present invention are proteins such as serumal bumin or gel atin.
Thege may be used together. Serum al bumin of mammals, e.g., human, cattle,
horse, sw ne, sheep, goat, etc., arelgiven as exanples Human serum al bum n
(HSA) which is applicable to parente adm nistrations is preferred, when
t hel conposition is used as injection preparation for human. For exanple,
hungn serum al bum n prepared from pl asma of healthy persons as a raw
material and fractionated and
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pUFIerd by the Cohn's ethanol fractionation nmethod can be used. Especially
preferred is serumal bumin treated with heat, preferably at about 60[err]C
fonn about 10 hours, to deactivate hepatitis virus and the |ike. HSA may
cortain sodlun1N—acetyItryptophan agdior sodiumcapryl ate added thereto as
stgbilizers. As exanple of gelatin, gelatin derived fromanimls such as
catitl e or swine can be given. Specifically, gelatin used here is prepared
appropriately treating collagen obtained fromskin, bone, and the like

of janimals to solubilize, Such gelatins include acid

Extracted activity » u/g cells
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treated gelatin (A-type) which has been treated with a mineral acid (pH 1
to{3, e.g., hydrochloric acid, sulfuric acid, sulfurous acid, phosphoric
acid, etc.) and 29 having an isoelectric point of 7.0 to 9.0, and al kal
treated gelatin (B-type) which has bgen treated with an alkali (e.g, |ine,
etr.) and having an isoelectric point of 4.5 to 5.0. The acid treated

gefflatin is nore

Extracted activity « u/g cells
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referred as gelatin used in the present invention. As exanples of the acid
tireated gelatin, given are commercially avail able Ni ppi high grade gelatin
({Type A) and the like. The conposition of the present invention is normally
djusted to pH5 to 9, preferably ;6 to 8 when it is a solution. For
thhis purpose, it usually contains a buffer agent which can maintain the pH
I thin these ranges. There are no specific |[imtations as to the types of

buf fer agents used in the present invention, so long as the sane is

physi ol ogi cal | y acceptabl e. Exanples of such
Extracted activity « u/g cells
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buf fer agents include those containing one or nore conpounds sel ected from
t he group consisting of hydrochloric acid, sodi um hydroxide, sodium
carbonat e, sodi um hydrogen carbonate, phosphoric acid, potassium

di.-hydr ogenphosphat e, dipotassiun1hxgyﬂgenphosphate, sodi um

di hydr ogenphosphat e, di sodi um hydr ogenphosphate, am noacetic acid, sodium
benzoate, citric acid, sodiumcitrate, acetic acid, sodium acetate,
taftaric acid, sodiumtartarate, lactic acid, sodiumlactate, ethanol am ne,
argi nine, and ethyl enedi am ne. Especially preferred is a phosphate buffer.

IfipHis smaller than 5
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130 or greater than 9, chondroitinase nay be inactivated or insoluble
‘natters may be produced in the solution. Although an anount of 0.001 tinme
‘or nore by weight of such added proteins for the amount of the protein of

- |chondroi ti nase exhibits a recogni gahloe effect, a preferable amount is 0.01

Fo 500 tinmes by weight, and particularly 0.05 to 100 tines by weight. Even
t hough an '
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anount exceeding 500 tines by weight may bring about the effect whsstrhe:
present invention, the enzynme activity per unit weight is reduced in such a
| arge anount. The concentration of the buffer agent in the conmpositionis 1
to 100 mM and preferably 10 to 50 mMM In addition to these additives, the
conposition of the present invention may contain additives conventionally
added to pharnmaceutical conpositions, such as isotonizing agents,

exci pients, preservatives, soothing agents, and the |ike. For exanple,
there are no restrictions as to excipients so long as they are

1
TITLE OF THE INVENTION

CHONDROITINASE, PROCESS FOR PREPARING THE SAME, AND
PHARMACEUTICAL COMPOSITION COMPRISING THE SAME

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to a purified
chondroifinase ABC and a crystallized chondroitinase ABC
having an extremely high purity and excellent stability,
a process for the preparation of the chondroitinase ABC
and the chondroitinase ABC crystal, and a pharmaceutical

composition comprising chondroitinase as an effective

component.

Description of the Background Art:

Chondroitinase ABC [EC 4.2.2.4] is an enzyme
degrading hyaluronic acid, chondroitin sulfate,
chondroitin, dermatan sulfate, or the like into a mixture
of an unsaturated disaccharide and oligosaccharide. The
enzyme is known to be produced by bacteria such as
Proteus vulgaris.

For the preparation of chondroitinase ABC, a process
which comprises éubjecting a disrupted bacterial cell
suspension progressively to .a streptomydin treatment, an
ammonium sulfate fractionation, a DEAE cellulose
Chromatography, and a phosphocellulose chromatography (J.
Biol. Chem., 243, {7y, 1523-1535 (1968)), and a process

which comprises loading a disrupted bacterial cell
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commonly used for injection preparations, with preferred exanpl es being
creatinine, lactose, mannitol, purified sucrose, xylose, and the |ike. The
conposition of the present invention is nmainly used as injection

preparations or a raw material of injection preparations containing

chondroi ti nase as an effective conponent. Solution conpositions are filled
I n 31

2

suspension progressively to a DEAE cellulose
chromatography, a hydroxyapatite chromatography, a zinc-
immobilized-aga;ose chrdmatography, and a gel permeation
‘chromatography (Agric. Biol. Chem., 50, (4), 1057-1059
(1986); Japanese Patent Laid-open (kokai) No.

122588/1987), and the like are known.

On the other hand, the intervertebral disc
dissolution method (Intradiscal therapy:
chemonucleolysis) was developed for curing disc

herniation which is identified as a cause of human lumber
pain. In this method, chymopapain which is é protease
derived from papaya or a collagenase derived from
bacteria is injected into the intervertebral disc antrum
to remove the swelling capacity of the disc. Chymopépain
is thus commercially sold in Europe and the United States
as a drug under the trademark of Chymodiactin (Smith

Laboratories) or Discase (Travenol).

However, the intradiscal therapy using said protease
degrades not only the herniated disc, but also proteins

in the surrounding tissues. This can be a cause of side

effects such as neuroparalysis, allergy, and the like.

Mark R. Brown studied enzymes which can

<2

hernjated disc with specificity and directed his

act on

attention to the degradation of proteoglycan which is a
major herniated disc constituent. His study resulted in

the intradiscal therapy using chondroitinase ABC or
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contai ners such as anmpules or vials, and distributed or stored, and served
as injection preparations as are. It is possible to dry or freeze the

sol ution conposition in suitable containers for distribution and storing.
Such a dry or frozen conposition is dissolved with distilled water for

i nj ection, physiological saline, or the like, or liquefied before

adm ni stration. These injection preparations can be used as an agent
cont ai ni ng chondroitinase as an effective conponent for curing disc

herni ati on. Such a curing agent can be used for the intervertebral disc
di ssol uti on nethod wherein herniated;y

chondroitinase AC (USP 4,696,816).

In particular, the chondroitinase ABC produced by
Proteus vuléaris is considered to be appropriate to
medical and commercial applications because of its
capability of selectively removing side chain of

chondroitin sulfate or dermatan sulfate from
proteoglycan, its iﬁactivity toward keratan sulfate,
heparin, and heparan sulfate, and its abundant
productivity. Because of this, enzyme preparations

having the chondroitinase ABC activity are prépared from

culture products of Proteus vulgaris by aforementioned

processes. These enzyme preparations, however, are not

suitable for use as a drug for curing disc herniation. or
as a high-purity reagent, because they have protease
activity or endotoxin activity and contain nucleic acid.
They are uﬁstable as enzyme proteins (J. Biol. Chemn.,
243, (7)), 1523-1535 (1968); GB Patent 1067253, Agric.
Biol. Chem., 50, (4), 1057-1059 (1986); Japanese Patent
Laid-open (kokai) Nos. 122588/1987 and 57180/1990). .
Especially, the presence of impurities and

instability are afraid to cause serious problems when the

chondroitinase ABC is used as a drug.

SUMMARY OF THE INVENTION

The subject of the present invention is therefore to

Provide a novel, high-purity chondroitinase ABC and
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disc is dissolved by injecting it into intervertebral disc space of the
patients. Although a dose cannot be generically specified and varies
dependi ng on the synptons, age, and the like, normally an anmount of about
10 to 300 U per dose is used in the case of chondroitinase ABC.

[I'lustrating now the conposition and the drug of the present invention
conprising chondroitinase and a nonionic surfactant, the additives to be

m xed with chondroitinase in such a conposition is a nonionic surfactant
and a buffer agent. Preferred nonionhc

crystallized chondroitinase ABC not containing
impurities, having a high specific activity and excellent
stability, and useful as a drug, and a process for
preparing the chondroitinase ABC and crystallized
chondroitinase ABC at a high yield.

Another subject of the present invention is to
provide a pharmaceutical composition comprising
chondroitinase és an effective component.

In order to resolve these subject, the present
inventors have undertaken studies on the purification of
chondroitinase ABC and found that a proéess coﬁprising
extracting the enzyme from.cells of a microorgani#m,
removihg nucleic acid from the enzyme-containing extract,
and treating the extract by chromatography in which a~
weak cation exchange resin and a strong cation exchange
resin are combined produces a purified chondroitinase ABC
from which.impurities such as endotoxin, nucleic acid,
protease, and the like have been completely removed and
which shows a single band in SDS-PAGE and a single peak
in HPLC (GPC: gel permeation chromatography, cation exchange),

The chondroitinase ABC thus obtained was found to be
cI:ystallized into a chondroitinase ABC crystal which has
a specific activity three times higher than that of
chondroitinase ABC preparations obtained by a
conventional method, maintains its activity during a

long-term storage, and is highly useful as a drug. These
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surfactants which can be added i ncl ude pol yoxyet hyl ene sorbitan fatty acid
esters (polysorbate), polyoxyethyl ene hydrogenated castor oil, sucrose
fatty acid esters, polyoxyethyl ene pol yoxypropyl ene glycol, and the |ike.
32 As exanpl es of pol yoxyethylene sorbitan fatty acid esters,

pol yoxyet hyl ene sorbitan (the polynerization degree = about 20)
nonol aur at e, nonopal mtate,

findings have led to the completion of the present

invention. -

.

Accordingly, an object of the present invention is
to provide a chondroitinase ABC with a high purity and
high stability, of which the characteristics are
discussed hereinafter.

Another object of the present invention is to
provide a process for preparing the chondroitinase ABC
with a high purity and high stability which comprises,

(i) a step of obtaining an enzyme—containing extract
from cells of microorganism producing chondroitinase.ABC
(step 1),

(ii) a step of removing nucleic acid from the .
enzyme-containing extract (step 2), and

(iii) a step of chromatographic treatment, which
comprises, -

(a) ‘absorbing the chondroitinase ABC by a
chromatbgraphic treatment of said enzyme-containing
extract using a .weak cation exchange resin, eluting the
abso;bed enzyme, absorbing the enzyme in the eluate, and
eluting the absofbed enzyme by chromatography using a
strong cation exchange resin (step 3-1), or

(b) absorbing the chondroitinase ABC by a
Chromatographic treatment of said enzyme-~containing

extract using a strong cation exchange resin, eluting the
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nonool eate, nonostearate, trioleate, and the |ike are given. As commerci al
products, Polysorbate 80 (Tween 80) (pol yoxyethylene (20) sorbitan

nonool eate), Pol ysorbate 60 (pol yoxyethyl ene(20)sorbitan nonostearate),
Pol ysorbate 40, Tween 21, 81, 65, 85, and the like are named. As exanpl es
of pol yoxyet hyl ene hydrogenated castor oil, given are commercially
avai |l abl e HCO- 10, HCO 50, HCO 60, and the like. As sucrose fatty acid

esters, conmercially available DK ester F-160 and the |ike are exenplified.
Pluronic F-68 and the |ike are given6as exanpl es of commercially avail abl e

p0|yoxyeLQ¥L%%%d enzyme, absorbing the enzyme in the eluate, and
eluting the absorbed enzyme by chromatography using a
weak cation exchange resin (step 3-2).

In a preferred embodiment of the present-invention,
said extract of chondroitinase ABC is obtained by a-
method comprising adding a buffer solution with a pH in
the neighborhood éf neutral to wet cells to produce a
cell suspensién and subjecting the suspension to a
physical treatment to pulverize the cells; or by a method
comprising addlng a surfactant solution with a pH in the
neighborhood of neutral to wet cells to produce a cell
suspension and stirring the suspension.

Said two-step chromatography by the combination of
weak and strong cation éxchange resins after removal Of
nucleic acid from the cell extract containing
chondroitinase ABC prodﬁces a high-purity chondroitinase
ABC which is purer and more stable than conventional
chondroitinése ABC preparations and having a specifié
activity more than three times higher than that of
chondroitinase ABC preparations obtained by a
conventional method.

A still another object of the present invention is
to provide a CrystallizedlEhondroitinase ABC having a
needle-like or prismatic shape and the characteristics of
said purified chondioitinase ABC, which is prepared by

Crystallizing said purified chondroitinase ABC in a

’?rh-‘; ) ‘.-(j '.'(_‘?_'n;,.-;g,[j_\._.' -tf_m'_uq S;.#.l
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pol yoxypropyl ene glycol. As buffer agents, any physiologically acceptable
buf fer agents can be used. The aforenenti oned buffer agents can be used for
this type of conposition as well, with a phosphate buffer, e.g., a sodium
phosphat e buffer solution and a potassi um phosphate buffer being
particularly preferred. A liquid pharmaceutical conmposition of this type is
adjusted to a pHregion of 5to 9, and preferably 6 to 8, by the addition

of a buffer solution. Wien the pHis snmaller than 5 or greater than 9, the
chondroi ti nase may deactivated or insoluble

7

polyether having hydroxyl groups at both ends (e.q.,
polyethylene glycol, polypropylene glycol).

Such a ‘chondroitinase ABC and crystal thereof are highly
homogeneous, has a stable quality and high specific
activity, and exhibits excellent storage stability (e.q.,
its activity hardly decreases when allowed to stand for
one month at about 25 to 409Cj.

A further object of the present invention is to
p;ovide compositions containing a chondroitinase.

Specifically, the present invention provides a
composition comprising a chondroitinase and serum albumin
or gelatin.

The present invention further provides a compos;pion
comprising a chondroitinase and a nonionic surfactant.

A still further object of the present invention is
to provide.a pharmaceutical composition for curing
intervertebral disc displacement'comPrising a
chondroitinase. |

Not. only the above-mentioned purified chondroitinase
ABC, but also conventionally known chondroitinase ABC or
“Chondroitinase AC can be used for these compositions.

Such compositions brqvide a solution which prevents
absorption of chondroitinase to the wall of conta;ners,
and further prevents insoluble matters from being

Produced by mechanical stress, thus maintaining a high
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33 matters may be forned in the solution. Regarding the anmount of these
additives to be incorporated, although an amount of 0.06 tine or nore by
wei ght of the nonionic surfactant for the amount of chondroitinase exhi bit
t he recogni zabl e effect, a preferable anount is 0.6 to 300 'tines. The
concentration of the buffer agent in the solution conpositionis 1 nM

activity and useful as a drug.

Other and further objects, features and advantages

of the present invention will appear more fully from the

 following description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a microscopic photograph of the
chondroitinase ABC crystal of the present invention.

Figure 2 shows a relationship between the activity
and the reactive.pH of the chondroitinase ABC of the
present invention.

Figure 3 shows relationships between pH aﬁd the
residual activity of chondroitinase ABC of the present
infention, when the enzyme was allowed to stand at 25°C
for 24 hours in various buffer solutions at a certain ‘pH,
wherein the line connected by open circles shows the '
residual activity when the enzyme was kept in a acetate buffer
solution; the aotted line connected by crosses, a Tris-
acetic acid buffer-solution; the dotted line connected by
triangles, a Tris-HCl buffer solutidn; and the line
connected by solid circles, a glycine buffer solution.

Figure 4 shows a relationship between the residual
and the reactive temperature of the chondroitinase ABC of
the present invention. | |

.Figure 5 shows a relationship between the residual
&ctivity of the chondroitinase ABC of the present

Anvention and temperatures when the enzyme was kept in
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or nore, and preferably 10 to 50 mM This type of conposition nmay be
processed into a final product formafter the further addition of the

af orenenti oned additives, such as isotonizing agents, excipients,
preservatives, soothing agents, and the like. The preparation thus obtained

can be used as a curing agent for intervertebral disc displacenment in the
sanme manner as descri bed above, and can provide a solution which prevents

adsorpti%ﬁf¥?ggggdgghkggg§afé§hg%%ggﬁé ﬂéu ontainers and formati on of
u

i nsol ubl e~ matters fronrbéing pro by mechanical stress.
Figure 6 shows a chromatogram when the

chondroitinase ABC of the present invention was subjected
to gel permeation by HPLC.

Figure 7 shows SDS-PAGE bands in different steps of
the process for the purification of the chondroitinase
ABC in Example 1, wherein band A is a band exhibited by
the protamine treatment supernatant; band B, the CM-
Sepharose treatment'liquid; band C, the S-Sepharose
treatment liquid (unreduced); and band D, the .S-Sepharose
treatment liquid (reduced).

Figure 8 shows a relationship between the extraction
time of the chondroitinase ABC from bacterial cells and
the activity of the chondroitinase ABC in Example 3.

Figure 9 shows a relationship between the time
required for the-éxtraction of bacterial cells using
Triton X-100-containing buffer solutions with different
concentrations and the activity of the chondroitinase ABC
in Example 4, wherein curve 1 indicates the extraction
using a buffer solutidn with a surfactant concentration
of 2% at 25°C; curve 2, a buffer solution with a
surfactant concentratiqﬁ of 2% at 37°C; curve 3, a buffer
Solution with a surfactant concentration of 5% at 25°C;

and curve 4, a buffer solution with a surfactant

Concentration of 5% at 37°C.
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Summari zing the effects of the present invention, since the purified
chondroi ti nase ABC of the present invention is remarkably high pure and
contai ns no substantial anpunt of protease, nucleic acid and endotoxin, it
is extremely useful as a drug and a reagent for use in research and

experinments. Because the purified chondroitinase ABC of the present
I nventi on has superior storage stabikbty, Its

Figure 10 shows relatienships between the time
required for the extraction of bacterial cells using
Brij-35-containing buffer solutions with different
concentrations and the activity of the chondroitinase ABC
in Example 4, wherein curve 1 indicates the extraction
using a buffer solution with a surfactant concentration
of 2% at 25°C; curve 2, a buffer solution with a
surfactant concentration of 2% at 37°C; curve 3, a buffer
solution with a surfactant concentration of 5% at 25°C;
and curve 4, a buffer solution with a surfactant |
concentration of 5% at 37°C. |

Figure 11 shows relationships between the time
required for the extraction of bacterial cells using
Nonidet P-40-containing buffer solutions with different
concentrations and the activity of the chondroitinase ABC
in Example 4, wherein curve 1 indicates the extraction
using a buffer solution with a surfactant .concentration
of 2% at 25°C; curve 2, a buffer solution with a
#urfactant concentration of 2% at 37°C; curve 3, a buffer
solution with a surfactant concentfation of 5% at 25°C;
and curve 4, a buffer solution with a surfactant
concentration of 5% at 37°C.

Figure 12 shows rela;ionships between the time

- Yequired for the extraction of bacterial cells using
POELE-containing bﬁffer solutions with different

Concentrations and the activity of the chondroitinase ABC
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34 activity is hardly lost when it is used as a drug. Its high specific
activity and mnimal inpurity content nmakes it possible to mnimze a dose
and prevents occurrence of side effects. Regarding the effects of the
purified chondroitinase ABC of the present invention as a reagent for
experinments in research, it can pronote the reproducibility of experinental
results when it is used for experinengg using animl cells, for exanple,
since the enzyne contai ns no endotoxi n and protease.

in Example 4, wherein curve 1 indicates the extraction
using a buffer solution with a surfactant concentration
of 2% at 25°C; curve 2, a buffer solution with a

surfactant concentration of 2% at 37°C; curve 3, a buffer

solution with a surfactant concentration of 5% at 25°C;

and curve 4, a buffer solution with a surfactant

concentration of 5% at 37°C.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS

Processes for preparing the purified chondroitinase
ABC and the chondroitinase ABC crystal of the present
invention are illustrated in detail.

Any cells of microorganisms conventionally known to

produce chondroitinase ABC, for example microorganisms

belonging to Proteus vulgaris or the like, can be used
for the production of the chondroitinaselABC of the
present invention._ A specific example of such a

| microorganism is Proteus vulgaris NCTC 4636 (ATCC 6896,
IFO 3988).

The microorganisms can be cultured by a conventional

method (e.g., J. Biol. Chem., 243, (7), 1523-1535 (1968);
Japanese Patent Laid-opép (kokai) Nos. 122588/1987 or

57180/1990). Wet cells are collected from the culture

‘@nd suspended into a buffer solution with a pH in the

Reighborhood of neutral to extract enzyme from the

11
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Furthernore, elimnation of the conventionally required anmoni um sul fate
fractionati on and om ssion of concentration/desalting procedure in the
purification -process according to the process of the present invention
resulted in the reduction in the purification steps and the tinme for the
processi ng, the pronotion of the yieI&? and the decrease in the production
costs. Other features of the invention wll becone apparent in the

foll owi ng description of the exenplary enbodi mrent which is given for
i | lustrat§uspensiag.i nhephicmplate i bufifer sodnoeionhp DeitsiACLI ParEber eof .

solution, acetate buffer solution, or the like with a pH

of 6.0 to 8.0 and - concentration of 1 to 100 mM is

normally used as the buffer solution with a pH in the

neighborhood of neutral. Cells are pulverized by a bead

mill procedure (using DYNdxMILL or others) to extract an
enzyme solution containing chondroitinase ABC, protease,

other enzymes, nucleic acid, proteins, and the like.

The efgiciency of the extraction of chondroitinase

ABC from cel&?‘can be promoted even more by using a

surfactant solution, used as a buffer solution to which a

surfactant is added.

Any surfactants which can promote the enzyme-

containing extraction efficiency can be used in the

present invention. Nonionic surfactants are preferred as

the surfactants.

Noniqnic surfactants which can be used include
pPolyoxyethylene alkyl ethers, polyoxyethylene p-t-
octylphenyl ethers, polysorbate, and the like. *Emulgen-
type surfactants, Liponox-type surfactants, Brij-type

Suxfactants, and the like are given as specific examples

of polyoxyethylene alkyl ethers. Commercially available

Surfactants among these are Emulgen 120, ‘Emulgen 109P,

Liponox DCH, Brij 35, 78, 76, 96, 56, 58, 98, Nikkol BL-

JEX, BL-21, BL-25, and the like. Given as specific

€xXamples of polyoxyethylene p-t-octylphenyl ethers are

12
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EXAMPLE Exanple 1 Proteus vulgaris (NCTC 4636, ATCC 6896, |FO 3988) was
cultured by a commonly known nethod (J. Biol. Chem, 35 243, (7),
1523-1535 (1968)) to obtain cultured wet cells. To 200 g of the cells was

added 600 nL of 5 nmM phosphate buffer solution (pH 6.5 to 7.0) to nmake a
suspensi on.

13
Triton-type surfactants, Nonidet P40-type surfacﬁants,
Igepal/éA—tyge suxfactants, Polytergent G, Néutronyx-type
surfactants, Conco-type surfactants, and the like. Among
these types of surfactants, Tritpn X-100, X-45, X-114, X-
102, X-165, X-305, X-405, Nonidet P-40, Igepal CA-630,
Neutronyx 605, Conco NIX-100, and the likg are

commercially available. Tween-type surfactants, Emasol-

type surfactants,-Scrgester-type surfactants, Criil~type

surfactants, aqd the like are given as specific examples

of polysorbates. Sorbitan mono-9-octadecanoate poly(oxy-
1,2-ethanediyl) derivatives, commercially available as

Tween 80, are preferred as polysorbate. Other examples

of .commercially available polysorbates are Tween 20,.40,
GQ, Emasol 4115, 4130, and the like.

Of the above surfactants, especially preferred are
polyoxyethylene alkyl ether (e.g., polyoxyethylene lauryl
ether, polidocanal; hefeinafter referred to as |

"POELE"), and the like. The use of these surfactants not

oﬂly promotes the enzyme-containing extraction
efficiency, but also produces an enzyme~containing
e€xtract containing a chondroitinase ABC with less content
of pfotease, concomitan€ protein and nucleic acid than
Other extraction method.

The enzyﬁe—containing extract thus obtained is
Subjected to chromatography using a weak cation exchange

€esin or a strong cation exchange resin, and then a

This is the replacement sheet
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The cells were pul verized using the DYNJerr]MLL and centrifuged to obtain
an enzyne-containing extract solution (step 1). Protam ne sulfate was used
to renmove nucleic acid fromthe cell extract solution. A 5% protam ne
sul f at e agqueous sol ution was added to said enzyne-contai ning extract
solution to a final concentration of 0.5% The m xture was stirred at
4[err]C for 30 m nutes and the produddd precipitate was renoved by
centrifuge, thus obtaining a supernatant (step 2). After the addition of
about 5 FhRBslusitinase BBC with an extremely high activity, which

exhibits a single band in electrophoresis, can be

produced.

No protease activity is
detected in such a chondroitinase ABC. 1Its endotoxin
content is so small that there is no problem to use it as

a drug component.

For the extraction, the Eultured wet cells are added
to a buffer solution containing 2 to 7% of said
surfacthntsito produce a cell suspension. The cell
suspension is warmed to the temperature ranée of 15 to
45°C, preferably about 37°C, stirred for about 1'to 10
hours, preferably about 2 to 6 hours, and cooled to room
temperature, to separate an extract from a cell resiflue
by a separation means such as centrifuge or the like.

The extract thus obtained, which ;ontains chondroitinase
ABC, as a major component, other enzymes, proteins and
nucleic acid, is transferred to the purifiéation step.

In the purification step, proteins, nucleic acid,
and the like are removed from the cell extract solution.
Any conventional methods are applicable to the removal of
Proteins and nucleic acid. When the use of the enzyme as
a diug component is takéh into account, an especially
Preferred method to remove nucleic acid is adding
Protamine sulfate.

The treatment using protamine is carried out by

Trug e 0@ reinaCenant snee
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wat er, the supernatant was purified by colum chromat ography. Specifically,
a colum packed with CM Sepharose was equilibrated with 5 nM phosphate-
buffer solution (pH 6.5 to 7.0), follow ng which the supernatant was
charged into the columm for adsorbing the enzyne. The col unm was washed
with the same buffer solution, then the sane buffer solution but containing
0.025 M Nad, followed by elution wit h2t he sane buffer sol ution cont ai ni ng

0.1 MNad to obtain fractions exhibi ing t he en{yne %Ftiyity (step 3).
After theaddlifgi dnt6r BSOS HyLIEPUAGUELYS Solution to the
cell extract to_a final concentration of about 0.25 to 1%
and stirring the mixture at about from 4°C to room
temperature for 10 to 30 minutes to produce precipitate
of nucleic acid and the like. The precipitate is then
separated and removed by centrifuge or the like.
The supernatant thus obtained, which contains

chondroitinase ABC, protéase, and other enzymes, is then

chromatographically prepared by using a cation exchange

resin. ,

In the preparation of the purified chondroitinase
ABC, the purification is performed by the'chromatography
treatment using a combinaﬁion of a weak cation exchaqge
resin and a strong cation exchange resin.

A cation exchange resin having a carboxyalkyl group,
‘e.g., carboxymethyl group, as an exchange group is
exemplified as the weak éation exchange resin used here.
A polysaccharide deriQative (an agarose derivative, a
crosslinked dextran derivative,'etc.) having a
carboxymethyl group as an exchange group is given as a
specifié example. Commercially available examples of
SuCh cation exchange reé;ns are CM-Sepharose, CM-
ésephadex, (trademarks, products of Pharmacia), and the

Like.

A cation exchange resin having a sulfoalkyl group as

Pl 3 1@ TRl e oot
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water, the fractions with the enzyne activity was 36 adsorbed in
S- Sepharose columm which was equilibrated with 5 nM phosphate buffer
solution (pH 6.5 to 7.0) in advance. The colum was washed with the sane
buf fer solution, then the same bufferl®olution but containing 0.025 M Nadl,
foll owed by gradient elution with the sanme buffer solution containing
| i near conRecPXFRANGS graWirerts exemplified as the strong cation
exchange resin used here. A polysaccharide derivative
(an agarose,derivative, a crosslinked dextran derivati#e,
etc.) having a sulfoethyl group, a sulfopropyl group, or
the like as an exchange group is given as a specific
example. Commercially available examples of such strong
cation exchange resins are S-Sepharose, SP-Sepharose
(trademark, products of Pharmacia), SP-Sephadex
(trademark, a product of Pharmacia), SP-Toyopearl
(trademark, a TosohCo.), and the like.

One example of the chromatography using.these two
types of cation exchange resins in combination is as
follows.

| The first chromatography is carried out by
equilibrating the weak cation exchange resin with the
same buffer solution (pH 6.5 to 7.5) used in the
extraction of cells (e.g., 1 to 50 mM phosphate buffer
solution, Tris-HCl buffer solution, acetate buffer
solution, étc.), contacting said supernatant containing
the enzyme with the cation exchange resin to absorb the

enzyme, and washing the cation exchange resin, optionally

using a salt solution (e.g., 20 to 25 mM NaCl solution)
and/or the above-mentioned surfactant solution (e.g.,

0.5% POELE solution). An eluant prepared by dissolving

Sodium chloride into said buffer solution at a

Concentration of about 0.1 M is contacted with said resin
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of 0.025 to 0.35 M NaCl to obtain fractions exhibiting enzyne activity. The
el uted chondroitinase ABC solution exhibited a single band (SDS-PAGE), with
nucleic acid (DNA), protease, etc. having been renoved, and had a specific
activity of 380 U ng, which was about_three tines higher than the specific
activity of chondroitinase ABC obt ai nké by a conventional nethod. Thus the
chondroiti nase ABC was a high-purity enzyne. To the enzyne solution (a

Phosphat & DUl e SpkuLk 2P HaliNg "6 £EEEY1RY' 45! RHeSU Gmico! (ol ecular
Either gradient elution or stepwise elution can be used
as a method ‘of the elution. The chromatography treatment
can be carried out either by a column method or a batch
method.

The fractions thus obtained is then contacted with a
strong cation exchange resin which has been equilibrated
with the same buffer solution to absorb chondroitinase
ABC. After washing the cation exchange resin, optionally
using a salt solution (e.g., 20 to 50 mM NaCl solution)
and/oxr water, the chondroitinase ABC is isolated by
gradient elution using the same type of buffer solution
(e.g., phosphate buffer.solution, Tris-HCl buffer
solution, acetate buffer solution, etc.), but contaiﬁing
Naél with a concentration gradient of 0 to 0.5 M,
preferably about 25 to 350 mM. This chromatography
treatment is preferably carried out by the column method.

It is possible to reversibly perform the.above
chromatography using the two types of cation exchange
resins.

When cells are extracted with a buffer solution
containing a gurfactant;,the extract contains only very
small amount of impurities. The enzyme, in this case,
Can be purified by a simple procedure, e.gq., wiéhout the

treatment of removing nucleic acid from the extract such
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4,000) so as to give a concentration of 15% and the m xture was allowed to
stand at roomtenperature for about one week to produce white or colorless
needl e-1i ke or prismatic crystals of chondroitinase ABC. A m croscope

phot ography (magnification: 2.5) of the crystals is given i'n Figure 1. The
crystals were rhonbic or nonoclinic dfstem needl e-1ike crystals, having the

fo"OW'E%‘EQG%é%ine treatment, only by passing the extract
through a weak cation exchange resin (e.g, CM-Sepharose)
column to a?sorb chondroitinase ABC, washing the column,
and eluting the enzyme with a gradient method.

The purified enzyme solution obtained by the
chromatography may be served as a drug, a reagent, or the
like, as is, after concentration and desalting.
Alternatively, the concentrated and desalted enzyme
solution may be made into powder by a common drying
method (e.g., lyophilization) under conditions which do
not inactivate or denature the enzyme.

In addition, the abovelpurified enzyme solution may
be blended and contacted with polyether having hydroxy
groups at both ends (e.g., polyethylene glycol, |
polypropylene glycol, etc.) to crysiallize the
chondroitinase ABC. The crystals are rhombic or
monoclinic system needle-like crystals, exhibiting
crystal parameters shown in Examples hereinafter.

One example of the crystallizing procedure is as,
follows. Polyethylene glycol with an appropriate
molecular weight, such as MW of 4,000, 6,000, oxr he like,
is added to the enzyme solutlon. The solution, being
adjusted to the concentratlon of the enzyme 250 to 500
U/ml and the concentration of polyethylene glycol 5 to
20%, preferably 10 to 15%, is allowed to stand at a

temperature from 4°C to room temperature until the

his Sheet Has Been Replaced ~ e

T

[ [Tl AL > 2

T o N
7 1 FER 007



37 paraneters identified by X-ray crystal structure analysis. Rhonbic

system Monocl i ni ¢ system Space group P222[ err]

P2[err] Lattice constant a=214 [err] a=214 [err] b=92
[err] b=56 [err] c=56 [err] c=92 [érr]
[err]=90[err] [err]=90[err] [egp]=90[err] [err]90[err] [err]
= 90[ err] [err]=90[ err]

crystal of the enzyme grows up.

Purified chondroitinase ABC thus obtained does not
contain impﬁrities such as endotoxin, nucleic acid,
protease('other proteins, and the like, shows a single
band in SDS-PAGE and a single peak in HPIC (GPC, cationic exchanger), and
has a specific activity three times higher than that of
chondroitinase ABC obtained by a conventional method. In
addition, according to the process of the present
invention, in which procedures such as the ammonium
sulfate fractionation, the concentration/desalting, énd
the like are not required in the course of the production
as in the conventional processes, the time for the
manufacture of the chondroitinase ABC can be shorten%d,
the yield is promoted, and the manufacturing cost can be
reduced.- Furthermore, the process of the present
invention can be applied with these advantages regardless
of the amount of the chondroitinase ABC to be prepared.

Chondroitinase ABC crystal produced by the
crystallization ﬁethod mentioned above is needle-like or
prismatic in shape (see Figure 1), homogeneous, and
stable in its quality. It has also a high specific
activity and excelleﬁt'storage stability.

The characteristics of the chondroitinase ABC

obtained by the process of the present invention

‘illustrated above are as follows.
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The results of SDS-PACE in each purification step are shown in Figure 7.
SDS- PAGE was carried out according to a common nethod (Laenmi, U K

Nat ure, 227, 680-685 (1970)) using 10%gel. A clear single band was seen in
bot h unreduced and reduced states when the enzyne was treated with S-
Sepharose (see Figures 7; C and D). The degrees of purification of
chondr oi t f hhsBCEB@NEn each purification28tep in the process of the present

i nvention is SR%@“Jn ﬂ¥§¥é}é%ic acid, chondroitin sulfate,
chondroitinc and dermatan sulfate, producing a small
amount of a large molecular weight unsaturated
oligosaccharide in an early stage of the reaction and,
ultimately, a mixture of unsaturated disaccharide (A4—
glucuronyl-N-acetylhexosamine and its 4- or 6-sulfate)
and oligosaécharide.

(2) Optimum pH and stable pH
Optimum pH is 8.0 to 8.2, when chondroitin sulfate C
is a substrate in a Tris-HCl buffer solution (Figure 2).
When allowed to stand at pH S to 9 at 25°C for 24 hours,
the enzyme exhibits about 80% or more of residual
activity (Figure 3).
(3) Assay of enzyme activity
The measurement is based on the production of
unsaturated disaccharides exhibiting a remarkable
absorbance of the light in the ultraviolet region by an
enzymatic reaction. Specifically, the enzyme reaction is
carried out in an enzyme reaction éolution containing the
enzyme, 1.2 mg of chondroitin sulfate C (substrate), 50
mM Tris~HCl buffer solution (pH 8 to 8.5) containing 50
mM sodium acetate, and 1b ug of casein at 37°C for 20
‘minutes. The reaction is terminated with the addition of
0.05 M HC1 (pH 1.8). The absorbance

a4t 232 nm is then measured. Separately, a heat denatured
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38 TABLE 3 Tot al Tot al

Specific activity protein activity
Purity Yield Step

(Y (no) (U ng)
(times) (9% Extract (Step 1) 75000 37000 2
1 100 Protam ne treated 58000 1600 ' 36

77 solution (Step 2) )1

enzyme solution, as a control, is kept in a substrate
solution with thg same composition as above and treated
in the same manner as above to measure the absorbance at
232 nm. The amount of unsaturated disaccharides is
calculated from the increase in the absorbance of the
sample over the control. 1In the calculation, tﬁe
nillimole molecular extinction coefficient of
2-acetamido-2-deoxy-3-0-(f-D-gluco~4-enepyranosyluronic
acid)-6-0-sulfo-D-galactose was assumed to be 5.5. As a
result, one unit (U) of the enzyme is defined to be an
amount of the enzyme catalyzing a reaction releasing 1
micromol of unsaturated disaccharides in one minute under
the above-mentiohed reaction conditions.
(4) Optimum temperature of reaction and temperature

stability

The optimum temperature of reaction is 37°C, and the
enzyme exhibits about 90% or more activity at 30 to 37°C
(Figure 4). The enzyme was stable between 2°C and 30°C
and inactivated at 50°C, when it was kept at different

-temperatures in a Tris-HCl buffer solution (pH 7.0) for 1
hour (Figure 5).
(S) Inhibition g

The activity is. inhibited by zinc ion (2n2%), nickel
fon (Ni2*), iron ion (Fe3*), and copper ion (Cu2*) as

shown in Table 1.
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CM Sephar ose treated 43000 240 180
solution (Step 3) S-Sepharose treated 31000 82

190 41 solution (Step 4) Contents of endotoxin and residual
prot ease are shown in Table 4. TABLE 4 Endotoxin content * -

90 57
380
anount s of

Tot al protease
** Step pg/ 100 U EU 100 U [err]g % Extract
(Step 1) 22 . 320 100 Protam ne treated
8. 1x10[ err] 2.3x10[ err] 64 . 20
TABLE 1
- Relative

compound | Concentration (mM) activity (%)

Not added - 100

ZnClqy 2 1.2

CuClp«2H50 2 1.2

NiClp+6HZ0 . 2 4.2

FeClz+6H90 0.2 5

(6) Molecular weight

Exhibits a single band by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). The

molecular weight is about 100,000 dalton in both reduced

and unreduced states. The molecular weight measured by

the gel ;pemeatim.chmuatogramy (HPIC) was about

100,000 dalton (Seg Figure 6; the cqnditions are
| discussed below). |

(7) Isoelectric point

Isoelectric ﬁoint was about 8.2 and 8.5 (Phast Gel

TEF pH.3 to 9 and a pI caiibration kit 3-10, as a
Standard, were used in Phast System; all reagents and-
8pparatus used were made’ by Pharmacia).

[8) Amino acid analysis

Shown in Table 2.
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solution (Step 2) CM Sepharose treated 6. 7x105 1.9x103 30

9 solution (Step 3) S-Sepharose treated 5.0 1.4x10[ err]

<0.3 <0.1 solution (Step 4) * The endotoxin content for 100 unit (U) of
chondroi ti nase ABC, Measured by Toxicol or system (trademark, a product of

Sei kagaku Corporation). EU designates an endotoxin unit. ** Measured using
FI TC-casein as a substrate 23

TABLE 2

Numbexr of residue

, Amino acid per molecule
Asp 106
Thr 51
Ser 63
Glu 87
Gly 53
Ala 50
vVal 37
Met 16
Ile 45
Leu 76
TYr 32
Phe ‘ 34
Lys 54
His 18
Arg 28
Pro , ‘ 34

The above analysis was carried out by hydrolyzing
chonqroitinase ABC in 6M hydrochloric acid under reduced
pressure at 110°C for 22 hours. Three samples were
analyzed and the average values were given in Table 2.
The calculation was made taking the total molecular

weight as 100,000. Trp and Cys were not measured.
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39 No substantial ambunt of endotoxin was contained in the enzynme sol ution
obtained in step 4. Its content was only trace; 5.0 pg/100 U as shown in

t he above Table. Also, as a result of the nmeasurenent of nucleic acid (DNA)
by the threshol d net hod (DNA neasurenent device, Threshol d, - trademark,
manuf act ured by Ml ecul ar Device Co.), no DNA was detected, proving that

the DNA content is below the detectable24 mt. Table 5 shows the stability
of the chondroitinase ABC

(9) Terminal amino acid

The N-terminal amino acid residuwe identified by the
Edman degradation analysis ("Biochemistry Experiments No.
1, Protein chemistry II, Determination of primary
structure", 132-142, August 28, 1976, published by Tokyo
Kagaku Dojin) was Alanine. The N-terminal amino acid sequence

wmspda%ﬂu?xzkmr{&OwAhr%he1mquro-,vherein}(ueans1x@btenﬁned.:

The C-terminal amino acid sequence identified by the
carboxy peptidase method (“Biochemistry Experiments No.
1, Protein chemistry II, Determination of primary
structure", 203-211) was -Ser-Leu-Pro.

The terminal amino acid sequence of the
chondroitinase ABC of the present invention is thus
proven to be as follows.

Ala~Thr-X-Asn-Pro-Ala-Phe-Asp-Pro~---- Ser-Leu-Pro,
wherein X is undetermined.
(10) Storage st&bility

The enzyme is stable for at least three months at
room temperature either in a solution in phosphate buffer
{pH-6 to 8) or under aigry condition.

(11) Specific activity
Protein content was measured by Lowry method using

- bovine serum albumin as a standard. The specific



dbtained in Step 4 of the present invention, when the enzyne was left in a
solution at different tenperatures. In the Table, the stability is
indicated by the relative activity to -40[err]C (as 100%, when a 350 U mi

solution was stored for 5 days. TABLE 5 Tenperature Rel ative
activity -40 100 4 109 Room tenperature
109 37 91 25

activity is at least 300 U/mg of protein.
(12) Others

The engyme‘exhibits a single peak in both cation
exchange HPLC and gel permeation (GPC) HPLC.

The conditions and the results of the gel permeation

duxma&xnapm{veneem follows.

Conditions

Column: TKS G3000SW,y, (a product of Tosch Co.)
Eluent: 0,1 M phosphate buffer solution (pH 7.0)
containing 0.2_M NaCl
Elution rate: 0.5 ml/minute
Processing temperature: 35°C
Detection wavelength: 280 nm
Amount charged: 20 ul
Molecular weight marker:
Cytochrome C (12:4 kilo dalton)
Adenylate kinase (32 kilo dalton)
Enolase (67 kilo dalton)
ﬁactate dehydrogenase (142 kilo dalton)
Glutamate dehydrogénase (290 kilo dalton)
(Enzymes are all ménufactured by Oriental Yeast

- Manufacturing Co. Ltd.)

Results

The chondroitinase ABC of the present invention was
eluted as a single peak at a retention time of 18.43

minutes (Figure 6). The molecular weight of the enzyme
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Example 2 7.5 kg of wet cells of Proteus vulgaris (NCTC 4636, ATCC 6896,
| FO 3988) used in Exanple 1 was charged into a tank containing about 15 L
of - 40 mM phosphat e buffer 40 solution (pH 7.00.5) to which 10%

pol yoxyet hyl ene | auryl ether (PCELE; N kkol BL-9EX) was added and about 7.5
L of purified water. The m xture was stirred to obtain a cel
26

was determined to be about 100,000 dalton based on the
comparison of the retention time and the above molecular

weight markers.

It did not substantially contain endotoxin. The DNA
and pfotease contents were below the detection limit,
while a commercial chondroitinase ABC (Seikagaku
Corporation, Catalog No. 100332) contained DNA amounting

5,000 times of the detection limit and protease 200

.

times.

In the comparison of the chondroitinase ABC of the
present invention and Chondroitinase ABC protease-free
(Seikagaku Corporation, Catalog No. 100332) which is
known to have the highest purity among currently knowp
chondroitinase ABCs, the former has a molecular weight of
about 100,000 dalton in both the SDS-PAGE and HPLC (GPC),
while the latter has a molecular weight 6f about 80,000
dalton in the SbS-PAGE and about 120,000 to 145,000
dalton in thé gel filtration. This is a great difference
between the two. In addition, while the former has a
specific activity of 300 U/mg protein or more, the latter
has a specific activity of about 110 U/mg protein. With
respect to the storagé*étability, whilg the former is
stable at room temperature for at least three months, the
latter is claimed to be stable at -70°C for a£ least

three months. This is also a significant difference.
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suspensi on, which was warned at 35[err]C3[err]C and stirred for about two
hours at this tenperature. After about two hours, about 30 L of 20 nmM
phosphat e buffer solution (pH 7.00.5) was added to dilute the suspension.

The sus
by a sh
solutio

pensi on was then cooled to 20[err]C. The suspensi on was centrifuged
arpless centrifuge to obtain a supernatant. The tenperature of the
n was kept below 20[err]C bef ore2dnd after the centrifuge. The

super naFaFthermeRn e df 9ERe 8 Fhesdr@iitinase ARG teehibitabaut 30 L of

purifie

%fﬁ@iﬁ'gﬁﬁé*&gwgog98kég and a single peak in HPLC (GPC)

and can be crystallized, and thus its terminal amino acid
can be determined and its isoelectric point can be
measured, whereas the latter is not an enzyme which can
be identified as a substance, and, therefore, it is
impossible to identify its terminal amino acid and to
measure an isoelectric point.

The compositions and the drugs of the present
invention is now discussed.

First, illustrating the composition and the drug
comprising chondroitinase and serum albumin or gelatin,
such a composition can be prepared by providing an
aqueous solution containing additives mentioned below” and
having an adjusted pH; mixing this solution with purified
chondroitinase having a specific activity of, for
example, 300 U/mg or more, to produce an agueous solution
containing 5 U/mL or more, preferably 10 to 1,000 U/mL,
of the purified chondroitinase; and optionally subjecting
the solution to filtration to sterilize to make a liquid
composition. This liquid composition may further be
processed into a dry composition, preferably a
lyophllized composition;dby a drying treatment under
unheated conditions such as lyophilization or the like.

Alternatively, the liquid composition may be frozen at

-20°C to -80°C.



to 2 to 15[err]C, and passed through CM Sepharose columm (gel anount: about
5 L) to adsorb the chondroitinase ABC to the colum. The col um was washed
with 1 L of purified water, 10 L of 0.5% PCELE aqueous solution, and 5 L of
0. 04 M phosphate buffer solution (pH 6.20.2). Next, the colum was |inear
gradiently eluted with about 20 L of 0.04 M phosphate buffer solution (pH
6.20.2) containing concentration gradient 4% 0 to 0.25 M NaC to obtain

fractions exhibiting chondroitinase ABC activity. The eluate was passed
through a Sterhggéhg Jylgéaitives mixed with purified

chondroitinase in the composition of the present
invention are proteins such as serum albumin or gelatin,
These may be used together.

Serum albumin of mammals, é.g., human, cattle,
horse, swine, sheep, goat, etc., are given as examples.
Human serum albumin (HSA) which is applicable to
parenteral administrations is preferred, when the
composition is used as injection preparation for human.
For example, human serum albumin prepared from plasma of
healthy persons as a raw material and fractionated and
purified by the Cohn’s ethanol fractionation method can
be used. Especially preferred is serum albumin treated
with heat, preferably at about 60°C for about 10 hours,
to deactivate hepatitis virus and the like. HSA nay
contain sodium N-acetyltryptophan and/or sodium caprylate
added thereto as stabilizers.

As example of gelatin, gelatin derived from animals
such as cattle or swine can be given. Specifically,
gelatin used here is prepared by appropriqtely trea£ing
collagen obtained from skin, bone, and the like of
anima;s to solubilize,Q Such gelatins include acid
treated gelatin (A-type) which has been treated with a
mineral acid (pH 1 to 3, e.g., hydrochloric acid,

sulfuric acid, sulfurous acid, phosphoric acid, etc.) and
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41 with a pore size of 0.22 [err]mand collected in a sterilized container,
t hus obtaining a chondroitinase ABC solution. The relationship between the

cell extraction time (hour) and the enzynme activity is shown in Table 6.
TABLE 6 Tinme Total enzynme Amount of Steps

el apsed (hr) activity (x10[err] u) solyéion (1)

having an isoelectric point of 7.0 to 9.0, and alkali
treated gelatin (B-type) which has been treated with an
alkali (e.g, lime, etc.) and having an isocelectric point
of 4.5 to 5.0. The acid treated gelatin ié more
preferred as gelatin used in the present invention. As
examples of the acid treated gelatin, given are
commercially available Nippi high grade gelatin (Type A)
and the like.

The composition of the present invention is normally
adjusted to pH 5 to 9, preferably pH 6 to 8, when it is a
solution. For this purpose, it usually conﬁains a buffer
agent which can maintain the pH within these ranges.
There are no specific limitations as to the types of
buffer agents used in the present invention, so long &s
the same is physiologically écceptable. Examples of such
buffer agents include those containing one or more
compounds selected from the group consisting of
hydrochloric acid, sodium -hydroxide, sodium carbonate,
sodium hydrogen carbonate, phosphoric acid, potassium
dihydrogenphosphate, dipotassium hydrogenphosphate,
sodium dihydrogenphosphate, disodium hydrogenphosphate,
aminpacetic acid, sodium benzoate, citric acid, sodium
citrate, acetic acid, s;dium acetate, tartaric acid,
sodium tartarate, lactic acid, sodium lactate, -
ethanolamine, arginine, and ethylenediamine. Especially

Preferred is a phosphate buffer. If pH is smaller than 5
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| mredi ately 0 54.3 35 after suspension

At conmencenent 0 301 35 of stirring
(32[err]C) After stirring 0. 25 460 35 0.5
491 35 1.0 538 35 1.5 509

35 2.0 515 35 Super nat ant by

383 60 centrifugation 0

or greater than 9, chondroitinase may be inactivated or
insoluble matters may be produced in the solution.

Although an amount of 0.001 time or more by weight
of such added proteins for the amount of the protein of
chondroitinase exhibits a recognizable effect, a
preferable amount is 0.01 to 500 times by weight, and
particularly 0.05 to 100 times by weight. Even though an
amount exceeding 500 times by weight may bring about the
effect of the present invention, the enzyme activity per
unit weight is’reduced-in such a large amoﬁnt. The
qoncentration'of the buffer agent in the composition is 1
to 100 mM, and preferably 10 to 50 mM..

In-additionﬂto these additives, the composition of
the present invention may contain additives
conventionally added to pharmaceutical compositions, such
as isotonizing agents, excipients, preservatives,
soothing agents, and the like. For example, there are no
restrictions as to excipients so long as they are
commonly used for injectibn preparations, with preferred
examples being creatinine, 1actose} mannitol, purified
sucrose, xylose, and the like.

" The composition of’the present invention is mainly
used as injection preparations or a raw material of
injection preparations containing chondroitinase as an

effective component. Solution compositions are filled in
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The enzyne concentration was equilibrated within 1 to 2 hours after
commencenent of the cell extraction. The total nucleic acid in the extract
reached a maxi mum (about 25 g) at 0.25 hour after commencenent of the
stirring, decreased thereafter, and was equilibrated (about 2 to 3 g) after

about one hour. Exanple 3 42 31
containers such as ampules or vials, and distributed or
stored, and served as injection preparations as are. It
is possible'to‘ary or freeze the solution composition in
suitable containers for distribution and storing. Such a
dry or frozen composition is dissolved with distilled
wvater for injection, physiological saline, or the like,
or liquefied before administration. These injection
preparations can be used as an agent containing
chondroitinase as an effective component for curing disc
herniation. Such a curing agent can be used for the
intervertebral disc dissolution method wherein herniated
disc is dissolved by injecting it into intervertebral
disc space of the patients. Although a dose cannot be
generically specified and varies depending on the
symptoms, age, and the like, normally an amount of about
10 to 300 U per dose is used in the case of
chondroitinase ABC.

Illustf&ting now the composition and tﬁe drug of the
present invention comprising chondroitinase and a
nonionic surfactant, the additives t; be mixed with
chondroitinase in such a composition is a nonionic
surfactant and a buffer agent. Preferred nonionic
surfactants which can be added include polyoxyethylene
sorbitan fatty acid esters (polysorbate), polyoxyethylene
hydrogenated castor oil, sucrose fatty acid esters,

polyoxyethylene polyoxypropylene glycol, and the like.
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5 kg of wet cells of Proteus vulgaris (NCTC 4636, ATCC 6896, |FO 3988) used
in Exanple 1 was charged into a 5-fold volune of 20 mM phosphate buffer
solution (pH 7.0) to which 5% PCELE was added, and extracted for 3 hours at
37[err]C. The extract was subjected to the protam ne treatnent,

CM Sephar ose chromat ogr aphy, and S- Sepharose chromat ography in the sane
manner as in Exanple 1 (the conditions 3¢ the separation are shown in Table

7), and gradiently el n a_chond Q|t|n ABC. The sol ution
eihigite Sa §Pm@¥?ﬁx§£i ¥9ﬁ%ﬁ Y%Fﬁ&s§°ﬁ gﬁ%??ﬁ(iFlQhe sol ution was
passed tg%%%%@,aﬁ%fydi§é¥ﬂ§hene sorbitan (the polymerization

degree = about 20) monolaurate, monopalmitate,
monooleate, monostearate, trioleate, and the like are
given. As comme#cial products, Polysorbate 80 (Tween 80)
(polyoxyethylene (20) sorbitan monooleate), Polysorbate
60 (polyoxyethylene(20)sorbitan monostearate),
Polysorbate 40, Tween 21, 81, 65, 85, and the like are
named. As examples of polyoxyethylene hydrogenated
castor oil, given are commercially available HCO-10, HCO-
50, HCO-60, and the like. As sucrose fatty acid esters,
commercially available DK ester F-160 and the like are
exemplified. Pluronic F-68 and the like are given as
examples of commercially available polyoxyethylene
polyoxypropylene glycol.

As buffer agents, any physiologically acceptable
buffer agents can be used. Theuaforeﬁentioned buffer
agents can be used for this type of composition as well,
wi#h a phosphate buffer, e.g., a sodium phosphéte buffer
solution énd a potassium phosphate buffer being
particularly preferred. A liquid pharmaceutical
composition of this type is adjusted to a pH region of §
to 9, and preferably 6 to 8, by the addition of a. buffer
solution. When the pH is smaller than 5 or greater than

9, the chondroitinase may deactivated or insoluble



filter wwth a pore size of 0.22 [err[mby a feed punp and collected in a
sterilized container, thus obtaining a chondroitinase ABC sol ution.
Cal cul ation of the data given in Table 7 indicates the extraction of the
chondroitinase ABC of about 500 units per one g of the cells. The degree of
the purification in each step in Exanplezf I's shown in Table 7.
3
matters may be formed in the solution.
Regarding the amount of these additives to be
incorporated, although an amount of 0.06 time or more by
weight of the nonionic surfactant for the amount of

chondroitinase exhibit the recognizable effect, a

preferable amount is 0.6 to 300 times. The concentration

of the buffer agent in the solution composition is 1 mM
or more, and preferably 10 to 50 mM.

This type of compositién may be processed into a
final product form after the further addition of the
aforementioned additives, such as isotoniziné agents,
excipients, preservatives, soothing agents, and the like.
The preparation thus obtained can be used as a curing
agent for intervertebral disc displacement in the same
manner as described above, and can provide a solution
which preéents adsorption of chondroitinase to the wall
of containers and formation of insoluble matters from
being produced by mechanical stress.

Suﬁmarizing the effects of the present invention,
since the purified chondroitinase ABC of the present
invention is remarkably high pure and contains no
substantial amount of protease, nucleic acid and

£

endotoxin, it is extremely useful as a drug and a reagent

for use in research and experiments.
Because the purified chondroitinase ABC of the

present invention has superior storage stability, its

e s ranlaog e ard goege
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43 TABLE 7 Total enzyne Recovery Endot oxi n St eps
activity (x10[err] u) vyield (%9 (pg/100 u) Frozen cells

295 Extract 262 88. 8* Protam ne
t r eat ment 203 68. 8* CM Sephar ose 't r eat nment
Ef f | uent 4 2.0 Washing | (Phosphate
0.1 <0.1 buffer containing 34

activity is hardly lost when it is used as a drug. 1Its
high specific activity and minimal impurity content makes
it possible'to minimize a dose and prevents occurrence of
side effects.

Regarding the effects of the purified chondroitinase
ABC of the present invention as a reagent for experiments
in research, it can promote the reproducibility of
experimental results,khen it is used for experiments
using animal cells, for example, since the enzyme
contains no endotoxin and protease.

Furthermore, elimination of the conventionally
required ammonium sulfate fractionation and omission of
concentration/desalting procedure in the purificaﬁioq
process according to the process of the present invention
resulted in the reduction in the purification steps and
the time for the processing, the promotion of the yieid,
-and the decrease in the production costs.

Other features of the invention will become apparent
in the following description of the exemplary embodiment
which is given for illustration of the invention and is
not intended to be limiting thereof.

‘ hEXAMPLE
Example 1
Proteus vulgaris (NCTC 4636, ATCC 6896, IFO 3988)

‘was cultured by a commonly known method (J. Biol. Chem.,

This is the replacement sheet
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0.5% POELE) Washing |1 (25 mM Nadl) 3.3 1.6 Eluate (100

nvl Nadl ) 157 77.4 1,300 Sterilized filtrate
158 77.8 341 S-Sepharose treatnent Effl uent

0 0 Washing | 0.1 <0.1 (Distilled
wat er) Washing Il (50 nM Nad) 0.5 2.5 Eluate

150 73.9 3.4 * indic3dbes a recovery rate fromfrozen

cell; other recovery
243, (7), 1523-1535 (1968)) to obtain cultured wet cells.

To 200 g of the cells was added 600 mL of 5 mM phosphate
buffer solution€(pH 6.5 to 7.0) to make a suspension.
The cells were pulverized using the DYNO™ MILL and
centrifuged to obtain an enzyme-~containing extract
solution (step 1).

Protamine sulfate was used to remove nucleic acid

from the cell exﬁract solution. A 5% protamine sulfate

agueous solution was added to said enzyme-contéining
extract solution to a final concentration of 0.5%. The
mixture was stirred at 4°C for 30 minutes and the
produced precipitate was removed by centrifuge, thus
obtaining a supernatant (step 2).

After the addition of about 5 times by volume of’
water, the supernatant was purified by column
chromatography. Specifically, a column packed with CM-
Sepharose-was equilibrated with 5 mM phosphate buffex
solution (pH 6.5 to 7.0), following which the supérnatant
was charged into the column for absorbing the enzyme.

The column was washed with the same buffer solution, then
the same buffer solution but containing 0.025 M NaCl,
followed by elution with ;ye same buffer solution
contaiﬁing 0.1 M NaCl to obtain fractions exhibiting the
enzyme activity (step 3). |

After the addition of about S times by volume of

water, the fractions with the enzyme activity was
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rate data were obtained fromprotamne treated solution. The rel ationship
between the tinme required for the chondroitinase ABC to be extracted from
the cells and the activity of the chondroitinase ABC is shown in. Figure 8.
Exanple 4 Triton X-100, Brij-35, Nonidet P- 40 was added so as 44 to
give a concentration of 2% and 5% to prepare

absorbed in S-Sepharose column which was equilibrated
with 5 mM phosphate buffer solution (pH 6.5 to 7.0) in
advance. The column was washed with the same buffer
solution,.theh the same buffer solution but containing
0.025 M NaCl, followed by gradient elution with the same
buffer solution containing linear concentration gradient
of 0.025 to 0.35fM Naél to obtain fractions exhibiting
enzyme activity.'N

The eluted chondfoitinase ABC solution exhibited a
single band (SDS-PAGE), with nucleic acid (DNA),
protease, etc. having been removed, and had a specific
activity of 380 U/mg, whicb was about three times higher
than the specific activity of chondroitinase ABC obtgined
by a conventional method. Thus the chondroitinase ABC
was a high-purity enzyme.

To the enzymé solution (a Qhosphate buffer solution,
pH 7.0)-was added polyethylene glycol (molecular weight:
4,000) so as to give a concentration of 15%, and the
mixture was alldwed to stand at room temperature for
about one week to produce white or colorless needle-like
or prismatic crystals of chondroitinase ABC. A
microscope photographg.(magnification: 2.5) of the
crystals is given in Figure 1.

The crystals were rhombic or monoclinic éystem

needle-~like crystals, having the following crystal

*
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suspensions in the same manner as in Exanple 3 using PCELE. Extraction of
chondroiti nase ABC was perforned at 25[err]C or 37[err]C. The results are
shown in Figures 9 -12, which shows that the cases where extraction was
carried out at 37[err]C and using surfactants at a concentration of 5%
produced extracts exhibiting higher acti %ty and purified equilibrated
within 2 to 4 hours. Exanple 5 <Effect of "preventing adhesion to glass and
pl astic cHRERRRESrEsdAgntdided &3 Jix%ms %?YEHGAngFﬁFﬁég@ ABC conposition

were analysis.
' " Rhombic system Monoclinic system
Space group P2224 P2,
Lattice constant a=214 A a=214 A
b=92 A b=56 A
c=56 A c=92 A
a=90° a=90°
B=90° $290°
r=90° Y=90°

The results of SDS-PAGE in each purification step
are shown in Figure 7.

SDS-PAGE was carried out according to a common
method (Laemmli, U.K., Nature, 227, 680-685 (19i0)) dsing
10% gei.

A clear single band was seen in both unreduced and

reduced states when the enzyme was treated with S-
Sepharose (see Figures 7; C and D).

The degrees of purification of chondroitinase ABC in

each purification step in the process of the present

invention is shown in Table 3.
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obtained from5 units (U of the chondroitinase ABC prepared in Exanple 1
(specific activity: 300 u/ng) and purified gelatin (acid treated gel atin),
human serum al bum n (HSA), or bovine serum al bum n (BSA), each in anounts
of 0.001 to 100 times of the enzyne protein, as shown in Tables 8 and 9.
The pH was adjusted to 7.0 with the addition of 50 nmM pot assi um phosphat e
buf fer solution. These solutions were ch#rged into vials nmade of glass or

pl astic (pol ypropyl ene) and stored fon%ﬁEhgurs at 4[err]C, follow ng which

the enzyne activities in solutions were nmeasured to investigate their
effects of

Total Total Specific

activity protein activity Purity Yield
Step () (mg) (U/mg)  (times) (%)
Extract (Step 1) 75000 37000 : 2 1 100
Protamine treated 58000 1600 36 18 77
solution (Step 2)
CM-Sepharose treated 43000 240 180 90 57
solution (Step 3)
S-Sepharose treated 31000 82 380 190 41

solution (Step 4)

Contents of endotoxin and residual amounts of

protease are shown in Table 4.

TABLE 4

Endotoxin content *  Total protease **

Step pg/100 U EU/100 4  pg %
Extract (Step 1) - 320 100 .
Protamine treated 8.1x108 2.3x106 64 .20

solution (Step 2)

CM-Sepharose treated 6.7x105 1.9x103 30 9
solution (Step 3)

S-Sepharose treated 5.0 1.4x10"2  <0.3 <0.1
solution (Step 4)

* The endotoxin content for 100 unit (U) of chondroitinase ABC:

Measured by Toxicolor system (trademark, a product of
Seikagaku Corporation). EU designates an endotoxin unit. ’

** Measured using FITC-casein as a substrate
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preventing adhesion to the containers. The results are expressed by
percentage of the activity in the solutions 45 after storing for that of
before storing, and are given in Table 8 (glass vials) and Table 9 (plastic
vial s). TABLE 8 Adhesion to glass containers Amount of additives (tines)

39

No substantial amount of endotoxin was contained in

the enzyme solution obtained in step 4. 1Its content was

only trace; 5.0 pg/100 U as shown in the above Table.
Also, as a result of the measurement of nucleic acid
(DNA) by the threshold method (DNA measurement device,
Threshold, trademark, manufactured by Molecular Device
Co.), no DNA was detected, proving that the DNA content
is below the detéctable limit.

Table 5 shows the stability of the chondroitinase apc
obtained in Steo 4 of the present invention, when the enzyme was
left in a solution at different temperatures. In the Table, the
stability is indicated by the relativé activity to ~40°C

(as 100%), when a 350 U/ml solution was stored for 5

days.
TABLE 5
Temperature Relative activity
g (%)
-40 100
4 109
Room temperature 109
37 91
Example 2
7.5 kg of wet cells of Proteus vulgaris (NCTC 4636,
ATCC 6896, IFO 3988) used in Example 1 was charged into a

tank containing about 15 L of 40 mM phosphate buffer

Fan W U T B0C NS AE G W]
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Addi tive 0 0.001 0.01 0.1 1 10 100 Gel atin 65
78 87 98 99 103 96 HSA 65 82 92
100 102 98 101 BSA 65 80 94 98 96
99 100 TABLE 9 Adhesion to plastic containers Anount of additives
(tinmes) Additive 0 0. 001 0.01 0.1 1 10 100

Gel atin 75 84 98 101 ¥ og 100 104 HSA 75
86

103 101

sgdution gipH 749H0.5) 189 which 1d$ gEAlyoxyethHglene8bauryl 96
1 102
ether(¥¥OELE; Nikkol BL-9EX) was added and about 7.5 L of

purified water. The mixture was stirred to obtain a cell

suspension, which was warmed at 35°Ct3°C and stirred for

about two hours at this temperature. After about two

hours, about 30 L of 20 mM phosphate buffer solution (pH
7.0£0.5) was added to dilute the suspension. The
suspension was then cooled to 20°C.

The suspension was centrifuged by a sharpless
centrifuge to obtain a supernatant. The temperature of
the solution was kept below 20°C before and after the
centrifuge.

The supernatant thus obtained was diluted with gpe
addition of about 30 L of purified water which was cooled
to 2 to 15°C, and passed through CM-Sepharose column (gel
amount: about 5 L) to absorb the chondroitinase ABC to
the column;

The column was washed with 1 L of purified water, 10
L of 0.5% POELE aqueous scolution, and 5 L of 0.04 M
phosphate buffer.solution (pH 6.2%0.2). Next, the column
was linear gradiently eluted with about 20 L of 0.04 M
phosphate buffer solgtion (pH 6.240.2) containing
concentration gradient of 0 to 0.25 M NaCl to obtain
fractions exhibiting chondroitinase ABC acti&ity.

The eluate was passed through a sterilizing filter
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Exanple 6 <Effect of preventing formation of insoluble matters and effect
of maintaining the activity when reconstitution (lyophilized conposition)>
Sol utions of chondroitinase ABC conposition were 46 obtai ned from 50

units (U) of chondroitinase ABC (specific activity: 380 U ng) and naterials
shown in a1

with a pore size of 0.22 um and collected in a sterilized

container, thus obtaining a chondroitinase ABC solution.
The relatiénship between the cell extraction time

(hour) and the enzyme activity is shown in Table 6.

TABLE 6
Time Total enzyme Amount of
Steps elapsed (hr) activity (xlO4 u) solution (1)
Immediately 0 54.3 35
after suspension
At commencement 0 301 35
of stirring (32°C)
After stirring 0.25 460 - 35
0.5 491 35
1.0 538 35
1.5 509 35
2.0 515 35
~ Supernatant by 383 60

centrifugation

The enzyme concentration was equilibrated within 1
to 2 hours after commencement of the cell extraction.

The total nucleic acid in the extract reached a
maximum (about 25 g) at 0.25 hour after commencement of

the stirring, decreased thereafter, and was equilibrated

(about 2 to 3 g) after ahout one hour.

Ezample 3
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Tabl es 10 and 11, each in anounts of 0.001 to 10 tinmes of the enzyne
protein, as shown in Tables 10 and 11. The pH was adjusted to 6.5 wth the
addi ti on of 20 mM sodi um phosphate buffer solution. After the addition of
creatinine (10 ng/mmM) as an excipient, these solutions were charged into
vials and freeze-dried to obtain a dry chondroitinase ABC conposition. The
conpositions were stored for one nont h 4& 40[err]Cin the vials to observe

and the |1 ke, VBB B4 Aeda Grf whbo Katd “Pa Caee VA e 10 M opert o5
when ATCC 6896, IFO 3988) used in Example 1 was charged into a
S5-fold volume of 20 mM phosphate buffer solution (pH 7.0)
to which 5% POELE was added, and extracted for 3 hours at
37°C. The extract was subjected to the protamine
treatment, CM-Sepharose chromatography, and S-Sepharose
chromatography in the same manner as in Example 1 (the
conditions of the separation are shown in Table 7), and
gradiently eluted to obtain a chondroitinase ABC. The
solution exhibited a single band of chondroitinase ABC in
SDS-PAGE. The solution was passed through a sterilizing
filter with a pore size of 0.22 pm by a feed pump and
collected in a sterilized container, thus obtaining'a'
chondroitinase ABC solution. —

Calculation of the data given in Table 7 indicates
the extraction of the chondroitinase ABC of about 500
units per one g of the cells.

The degree of the purification in each step in

Example 3 is shown in Table 7.
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reconstituted and their activities were neasured to exam ne the activity
mai nt enance effect of the additive. The results are shown in Tables 10 and
11. Table 10 shows the results of the naked eye observation as to the
presence or absence of insoluble matters when the conposition was
reconstituted, and Table 11 shows the ag%ivity after storage in percentage

of the activity before the storage.Tl%Lg sane manner as above a
conposition (chondroitinase ABC. 50 d; pecific activity: 380 U ng; HSA:
0.05 tine_of the enzyne protein) to which no

, Total enzyme Recovery Erdotoxin
Steps activity (x10% u) yield (%) (pg/100 u)
Frozen cells 295 —_— —_—
Extract 262 88.8* —_
Protamine treatment 203 68.8% -
CM-Sepharose treatment

Effluent 4 2.0 R

Washing I (Phosphate 0.1 <0.1 -

buffer containing

0.5% POELE)

Washing II (25 mM NaCl) 3.3 1.6 —_—

Eluate (100 mM NaCl) 157 77.4 1,300
Sterilized filtrate 158 77.8 341
S-Sepharose treatment ”

Effluent 0 0 —

Washing I 0.1 <0.1 B

(Distilled water)

Washing I1 (50 mM-NaCl) 0.5 2.5 E—

Eluate 150 73.9 ‘ 3.4

* indicates a recovery rate from frozen cell; other recovery
rate data were obtained from protamine treated solution.

The relationship between the time required for the
chondroitinase ABC to be extracted from the cells and the

activity of the chondroitinase ABC is shown in. Figure 8.

Example 4

Triton X-100, Brij-35, Nonidet P- 40 was added so as
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creatinine was added was prepared to observe the property and to neasure

the activi
and cl ear,

ty after storage to find that 47 the solution was col orl ess
and mai ntai ned 80%residual activity. TABLE 10 Property after

reconstitution Amount of additives (tingg)

to give a concentration of 2% and 5% to prepare

suspensions in the same manner as in Example 3 using

POELE. Extraction of chondroitinase ABC was performed at

25°C or 37°C. The results are shown in Figures 9 -12,
which shows that the cases where extraction was carried
out at 37°C and using surfactants at a concentration of
5% produced extracts exhibiting higher activity and

purified equilibrated within 2 to 4 hours.

Example 5

_<Effect of preventing adhesion to glass and plastic

containers (solutions)>

Solutions of chondroitinase ABC composition were
obtained from S units (U) of the chondroitinase ABC
prepared in Example 1 (specific activity: 300 u/mg) and
purified gelatin (acid treated gelatin), human serum
albumin (HSA), or bovine serum albumin (BSA), each in

amounts of 0.001 to 100 times of the enzyme protein, as

shown in Tables 8 and 9. The pH was adjusted to 7.0 with

the addition of 50 mM potassium phosphate buffer

solution. These solutions were charged into vials made

of glass or plastic (polypropylene) and stored for 24
hours at 4°C, following which the enzyme activities in
solutions were measured to investigate their effects of

preventing adhesion to the containers. The results are

expressed by percentage of the activity in the solutions

Tns 5 ihs repizcemant shwel
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Addi tive 0 0. 001 0.01 0. 05 0.1 1 10 Gel atin
- - - - - HSA + BSA +
- -: colorless and clear +: insoluble matters were observed TABLE 11
Resi dual Activity after storage Anobunt of additives (times) Additive
0. 001 0.01 0. 05 0.1 1 4510 Gelatin 0.3 24

80

%%teéﬁgkoring $8r that of before storing, and are given

in Table 8 (glass vials) and Table 9 (plastic vials).

TABLE 8

Adhesion to glass containers

Amount of additives (times)

Additive 0 0.001 . 0.01 0.1 1 10 100
Gelatin 65 78 87 98 99 103 96
HSA 65 82 92 100 102 98 101
BSA 65 80 94 98 96 99 100
TABLE 9
Adhesion to plastic containers
Amount of additives (times)

Additive 0 0.001 0.01 0.1 -1 10 100
Gelatin 75 84 98 101 98 100 104
HSA 75 86 98 99 100 105 99
8SA - 75 85 96 103 101 105 102
Example 6

<Effect of preventing formation of insoluble matters and
effect of maintaining the activity when reconstitution
(lyophilized composition)>

Solutions of chondroitinase ABC composition were

w21 FEB 197
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HSA 0.3 23. 45 83 99 98 98 BSA

0.3 20 50 77 92 100 94 The above experi nent al
results denonstrate that the addition of gelatin, HSA, or BSA to purified

chondroi ti nase and the adjustnment of pH to the nei ghborhood of neutral in a
sol ution prevents adhesion 48 of purified chondroitinase to containers,

makes t he 46
obtained from 50 units (U) of chondroitinase ABC
(specific activity: 380 U/mg) and materials shown in
Tables 10 and 11, each in amounts of 0.001 to 10 times of
the enzyme protein, as shown in Tables 10 and 11. The
pH was adjusted to 6.5 with the addition of 20 mM sodium
phosphate buffer solution. After the addition of
creatinine (10 mg/ml) as an excipient, these solutions

were charged into vials and freeze-dried to obtain a dry

chondroitinase ‘ABC composition. The compositions were

stored for one month at 40°C in the vials to observe
their properties to find no abnormality such as

discoloration, deformation, and the like. Water for

injection was added to observe their properties when
reconstituted and their activities were measured to
examine the activity maintenance effect of the additive.

The results are shown in Tables 10 and 11. Table 10

shows the results of the naked eye observation as to the
presence or absence of insoluble matters wheﬂ the
composition was reconstituted, and Tabie 11 shows the
activity after storage in percentage Qf the activity
before the storage.

In the same manner as above a composition
(éhondroitinase ABC:ESO U, specific activity: 380 U/mg;
HSA: 0.05 time of the enzyme protein) to which no
Creatinine was added was prepared to observe the property

and to measure the activity after storage to find that

This is the replacemnent sheet
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solution colorless and transparent after dissolution,
enzynme without lowering its activity during storage. These effects are
especially remarkabl e when gelatin, HSA or BSA is used in an anount of
0.05 to 10 tinmes of the enzynme protein of the purified chondroitinase.
this instance, a particularly preferred ggondroitinase conposition is a
chondroi ti nase ABC conposition prepared by using a high-purity

chondr oi t i nasetABCskawtihm i ghcopeeiébs aatl \Yilaa st 0aaidata thihi 8l3akiR
HSA, or BSA, and dissolving them

residual activity.

and nmai ntai ns the

In

TABLE 10

Property after reconstitution

Amount of additives (times)

Additive 0 0.001 0.01 0.05 0.1 1 10
Gelatin + - - - - - -
HSA + - - - - - -
BSA + - - - - - -
-: colorless and clear

+: insoluble matters were observed

TABLE 11
Residual Activity after storage
Amount of additives (times)

Additive 0 0.001 0.01 0.05 0.1 1 10
Gelatin 0.3 24 47 80 96 100 98
HSA 0.3 23. 45 83 99 a8 98
BSA 0.3 20 50 77 92 100 94

2

The above experimental results demonstrate that the
addition of gelatin, HSA, or BSA to purified -
chondroitinase and the adjustment of pH to the

neighborhood of neutral in a solution prevents adhesion

This s (18 reniacement shme!
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in a sodi um phosphate buffer solution with pH5 to 9, preferable 6 to 8, to

make a solution (10 to 50 mM as a sodi um phosphate buffer concentration),
and lyophilizing it. It is desirable that the |yophilized conposition

provi des a solution having the pH of the above range when it was dissol ved.
Exanple 7 <Effect of preventing adhesion4§o gl ass cont ai ners>
Chondr oi t i nas e ABRVEH £ edhichosd xe ining s §ako dFSRERIE@ LSt dhakes MhRjueous

sol uti on of Nad o the _sol.ution s. added Pol ysorbate 80 i n anpunts of
0.075 to solutIon colorless a%@'transparen% ag%er issé&u{ggn, and

maintains the enzyme without lowering its activity during
storage.

These effects are especially remarkable when
gelatin, HSA, or BSA is used in an amount of 0.05 to 10
times of the enzyme protein of the purified
chondroitinase. In this instance, a particularly
preferred chondroitinase composition is a chondroitinase
ABC composition prepared by using a high-purity
chondroitinase ABC having a high specific activity
together with gelatin, HSA, or BSA, and dissolving them
in a sodium phosphate buffer solution with pH 5 to 9,
preferable 6 to 8, to make a solution (10 to 50 mM as a
sodium phosphate buffer concentration), and lyophilizing
it. It is desirable that the lyophilized composition

provides a solution having the pH of the above range when

it was dissolved.

Example 7

<Effect of preventing adhesion to glass containers>
Chondroitinase ABC (0.4 unit or 4 unit) was

dissolved into 0.1 M aqﬁeous solution of NaCl. To the

solution was added Polysorbate 80 in amounts of 0.075 to

75 times of the amount of enzyme protein (1.33 pg or 13;

ng), followed by the addition of a phosphate buffer

v .
P
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75 tinmes of the anmount of enzyne protein (1.33 [err]g or 13. [err]Q),

foll owed by the addition of a phosphate buffer 49 solution to adjust pH
to 6.9. This solution was filled in anpul es made of glass to obtain a
pharmaceutical conposition. The anpul es were stored at .20[err]C for 20
hours to neasure its titer and exam ne gﬂf effect of preventing adhesion to
cont ai ner §51 18 Jre Y tad AL SPAMo 6.9.

This solution was filled

in ampules made of glass to obtain a pharmaceutical
composition. Tﬁe ampules were stored at 20°C for 20
hours to measure its titer and examine the effect of
preventing adhesion to containers. The results are shown
in Table 12.

TABLE 12 Residual relative
actixity (3)
Chondroitinase ABC Amount of Polysorbate 80 (times)
(Unit) 0 0.075 0.75 7.5 15
0.4 68 78 84 93
4 71 89 84 110

Example 8

<Effect of preventing production of insoluble matters by
shaking>

Chondroitinase ABC (40 unitg was dissolved into 0.1
M aqueous.solution of NaCl. To the.solﬁtion was added
Polysorbate 80 in amounts of 0.0075 to 7.5 times of the
amount of enzyme protein (133 pg), as shown in Table 13,
followed by the addition of a phosphate buffer to adjust
prto 6.9. This buffé} was filled in ampules made of
glass. The ampules were shaken using a shaking incubator
at 160 times per minute for 8 hours to observe the

presence or absence of insoluble matters produced. The

This is tha replacement sheet
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in Table 12. TABLE 12 Residual relative Chondroitinase ABC Anmpount of

Pol ysorbate 80 (tines) (Unit) 0 0. 075 0.75 7.5 75 0.4
68 78 84 93 4 71 89 84 110

Exanpl e 8 <Effect of preventing production of insoluble matters by shaki ng>

Chondroi ti nase ABC (40 units) was dlssolved into 0.1 M aqueous sol ution of
NaCl. To the solution was added

results are shown in Table 13.

TABLE 13

Amount of Polysorbate (times)

Additive 0 0.0075 0.075 0.75 7.5

Polysorbate 80 Present Present Absent Absent Absent
Polysorbate 60 Present — Absent
Polysorbate 40 Present — Absent

Example 9

<Effect of preventing formation of insoluble matters by

vibration during transportation>

Chondroitinase ABC (5 units) was dissolved into 0.1 M

aqueous solution of NaCl. To the solution was added

Polysorbate 80 in amounts of 0.060 to 6.0 times of the
amount of enzyme protein (16.7 upg), followed by the

addition of a phosphate buffer solution to adjust pH to

6.9. This solution was filled in ampules made of glass.

The ampules were transported in a truck at a temperature

of below 25°C for 7 days to observe the presenée or

- )
absence of insoluble matters formed. The results are

showvn in Table 14.
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Pol ysorbate 80 in anounts of 0.0075 to 7.5 tinmes of the anount of enzyne
protein (133 [err]g), as shown in Table 13, followed by the addition of a
phosphate buffer to adjust pHto 6.9. This buffer was filled in anmpul es
made of gl ass. The anpul es were shaken using a shaking incubator at 160

times per mnute for 8 hours to observefipe presence or absence of
I nsol ubl e matters produced. The 50

TABLE 14

<Chondroi£inase ABC:5 Units >

Transported distance (km)
Amount (times) of

Polysorbate 80 - 800 1200
0 Present Present
0.060 Present Present
¢.60 Absent Present
6.0 Absent Absent
Example 10

<Effect of preventing formation of insoluble matters by
vibration during transportation>

Chondroitinase ABC (50 units) was dissolved into 0.1
M agqueous solution of NaCl. To the solution was added
Polysorbate 80 in amounts of 0.0060 to 0.60 times of the
amount of enzyme protein (167 ug), followed by the
addition of a phosphate buffer solution to adjust pH to
6.9. This solution was filled in ampules made of glass.
The ampules were transported in a truck at a temperature
of below 25°C for 7 days to observe the presence or
absence of insoluble matters formed. The results are

- 4

shown in Table 15.
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results are shown in Table 13. TABLE 13 Amount of Pol ysorbate (tines)

Additive 0 0. 0075 0. 075 0.75 7.5 Pol ysorbate 80 Present
Present Absent Absent Absent Pol ysorbate 60 Present

Absent Pol ysorbate 40 Present Absent Exanple 9

<Effect of preventing formation of insoluble matters by vibration during
transportati on> Chondroitinase ABC (5 units) was dissolved into 0.1 M

TABLE 15

<Chondroitinase ABC:50Units .>

Transported distance (km)
Amount (times) of

Polysorbate 80 800 1200
0 Present Present
0.0060 Present Present
0.060 Absent Present
0.60 Absent Absent
Example 11

<Effect of preventing formation of insoluble matters by
vibration during transportation>

Chondroitinase ABC (140 unitg) was dissolved into_ 0.1

M aqueous solution of NaCl. To the solution was added

Polysorbate 80 in an amount of 32 times of the amount of
enzyme protein (467 ug), followed by the addition of a
phosphate buffer solution to adjust pH to 6.9. This
solution was filled in ampules made of glass. The
ampules were transported in a truck at a temperature of
below 22.6°C for 16 days to observe the presence or
absence of insoluble matters formed. Further, thé titer
was’ measured to calculdte the residual rate.

The results
are shown in Tables 16 and 17.

This is the replacement sheet
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aqueous solution of NaCd. To the solution was added Pol ysorbate 80 in
anmpunts of 0.060 to 6.0 tines of the anobunt of enzynme protein (16.7
[err]g), followed by the addition of a phosphate buffer solution to adjust
pHto 6.9. This solution was filled in anmpul es made of -gl ass. The anpul es
were transported in a truck at a tenper éure of below 25[err]C for 7 days
to observe the presence or absence.EgBﬂs Qkuble matters fornmed. The
results are shown in Table 14.

<Chondroitinase.ABC:140units ->

Transported distance (km)
Amount (times) of

Polysoxbate 80 800 1200 1600

2000

Absent Absent Absent Absent

32

TABLE 17

<Chondroitinase ABC: 140 Units >

Amount (times) of

Polysorbate 80 Residual rate after transportation

32 88-93%

Example 12

<Effect of preventing formation of insoluble matters by
vibration during transportation>
Chondroitinase ABC (5 units) was dissolved into 0.1 M

- agqueous solution of NaCl. To the solution was added
Polysorbate 80 in an amount of 30 io 300 times of the
amount of enzyme protein (16.7 ug), followed by the
addition of a phosphate buffer solution to adjust pH to
6.9. This solution was filled in ampules made of glass.
The ampules were transported in a truck at a temperature
of below 11.7°C for 1; days to observe the presence or
absence of insoluble matters formed. Furthef; the titer

was measured to calculate the residual rate. The results

are shown in Tables 18 and 19.
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51 TABLE 14 <Chondroitinase ABC:5 Units > Transported distance (km

(times) of Pol ysorbate 80 800 1200 O
Present Present 0.060 Present Present 0.60
Absent Present 6.0 Absggt Absent

TABLE 18

<Chondroitinase ABC: 5 pnits >

Anpunt

Transported distance (km)
Amount (times) of

Polysorbate 80 800 1200 1600 2000
30 ‘Absent Absent Present Present
90 Absent Absent Absent Absent
300 Absent Absent Absent Absent
TABLE 19
<Chondroitinase ABC: 5 ynits >
Amount (times) of
Polysorbate 80 Residual rate after transportation
30 95-101%
90 102-107%
300 110-114%
Example 13

<Effect of preventing formation of insoluble matters by
vibration during transportation>

Chondroitinase ABC (50 units) was dissolved into 0.1
M agueous solution of NaCl. To the solution was added
Polysorbate 80 in an amount of 3.0 to 30 times of the
amount of enzyme protein (167 ug), followed by the
addition of a phosphate buffer solution to adjust pH to

6.9. This solution was filled in ampules made of glass.

The ampules were transported in a truck at a temperature

Tiis e INR TS MATA S
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Exanpl e 10 <Effect of preventing formation of insoluble matters by

vi bration during transportation> Chondroitinase ABC (50 units) was

di ssolved into 0.1 M aqueous solution of NaC. To the solution was added
Pol ysorbate 80 in anounts of 0.0060 to O. times of the anount of enzyne
protein (167 [err]g), followed by the addition of a phosphate buffer

sol ution t @Adedw P I P°€. foxr Tho Sa&pkUtbOBbERY Vel UM drestiud s Made of
gl ass. The anpules were transported In a truck at a tenperature of bel ow
25[ err] C f mbsertey sof oinbskubket hetpeesepeedmced. Further, the

titer was measured to calculate the residual rate. The

results are shown in Tables 20 and 21.

TABLE 20

<Chondroitinase ABC: 50 ynits >

Transported distance (km)
Amount (times) of

Polysorbate 80 . 800 1200 1600 2000
3.0 Absent BAbsent Present Present
5.0 Absent Abéent Absent Absent
30 Absent Absent Absent Absent

TABLE 21

<Chondroitinase ABC: 50 Units >

Amount (times) of

Polysorbate 80 Residual rate after transportation

| 3.0 100~-101%
9.0 102-~103%
30 100-103%

Exampie 14

Chondroitinase ABC (30 unitg was dissolved into 0.1
M aqueous solution of NFCl. To the solution was added
Pluronic F68 in an amount of 15 times of the amount of
the enzyme (100 pg), followed by the addition of a
phosphate buffer solution to adjust pH to 7. This

solution was filled in ampules made of glass to obtain a

This is the replacement sheet
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absence of insoluble matters forned. The results are shown in Table 15.

52 TABLE 15 <Chondroitinase ABC. 50 units > Transported di stance (km Anpunt
(times) of Polysorbate 80 800 1200

56
pharmaceutical composition.

Chondroitinase ABC (80 units) was dissolved into 0.1

M aqueous solution of NaCl. To the solution was added

HCO-60 in an amount of 15 times of the amount of the

enzyme (267 pg), followed by the addition of a phosphate

buffer solution to adjust pH to 7. This solution was

filled in ampules made of glass to obtain a

pharmaceutical composition.

Choﬁdroitinase ABC (30 units) was dissolved into 0.1

M aqueous solution of NaCl. To the solution was added

Polysorbate 80 in an amount of 15 times of the amount of
the enzyme (100 ng), followed by the addition of a

phosphate buffer solution to adjust pH to 7. This

solution was filled in ampules made of glass to obtain a

pharmaceutical composition.

Chondroitinase ABC (60 units) was dissolved intoc 0.1

M aqueous solution of NaCl. To the solution was. added

Polysorbate 80 and Pluronic FGQ, each in an amount of 7.5
times of the amount of the enzyme (200 ug), followed by

the addition of a phosphate buffer solution to adjust pH
to 7. This solution was filled in ampules made of glass

to. 6btain a pharmaceutical composition.

Chondroitinase ABC (50 unitg was dissolved into 0.1

M aqueous solution of NaCl. To the solution was added

‘"HCO~60 and DK ester F-160, each in an amount of 7.5 times

Thig & N& T8 acerment shaet



0 Present Present 0.0060 Present Present
0. 060 Absent Present 0.60 Absent Absent
Exanpl e 11 <Effect of preventing formation of insoluble matters by

vi bration during transportati on> Chondroitinase ABC (140 units) was

di ssolved into 0.1 M aqueous solution of NaC. To the solution was added
Pol ysorbate 80 in an anount of 32 tines &7 the anount of enzyne protein
(467 [err]g), followed by the addition of a

of the amount of the enzyme (167 pg), followed by the
addition of a phosphate buffer solution to adjust PH to
7. This soluti;n was filled in ampules made of glass to
obtain a pharmaceutical composition.

Obviously, numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims, the invention may be

practiced other than as specifically described herein.
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phosphate buffer solution to adjust pHto 6.9. This solution was filled in
anpul es nmade of glass. The anpules were transported in a truck at a
tenperature of below 22.6[err]C for 16 days to observe the presence or
absence of insoluble matters fornmed. Further, the titer was neasured to

calculate the residual rate. The resultg% are shown in Tables 16 and 17.
53

SEQUENCE LISTING

GENERAL INFORMATION:

(i) APPLICANT:
(A) NAME: SEIKAGAKU KOGYO KABUSHIKI KAISHA
(B) STREET: 1-5, NIHONBASHI-HONCHO 2-CHOME, CHOU-KU
(C) CITY: TOKYO
(E) COUNTRY: JAPAN
(F) POSTAL CODE (ZIP): NONE

{ii) TITLE OF INVENTION: CHONDROITINASE, PROCESS FOR PREPARING THE
SAME, AND PHARMACEUTICAL COMPOSITION CONTAINING THE SAME

{(iii) MUMBER OF SEQUENCES: 1

_(iv) COMPUTER READABLE FORM:
(AY MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible

(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: Patentln Release #1.0, Version #1.25 (EPO)

IMFORMATIOM FOR SEQ ID MNO: 1:
(i) SEQUENCE CHARACTERIST ICS:
(&) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

{(v) FRAGMENT TYPE: N-terminal

ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

tla Thr Xaa Asn Pro Ala Phe Asp Pro
5
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TABLE 16 <Chondroitinase-ABC: 140 Units > Transported distance (km Anount

(times) of Pol ysorbate 80 800 1200 é% Cal
Absent Absent Absent Absent TABLE 17 <Chondr0|t|nase

Amount (tines) of Polysorbate 80 Resi dual rate a ||I I atlon
32 88-93%

WHAT IS CLAIMED IS:
1. A purified chondroitinase ABC having the

following characteristics,

(i) has a molecular weight of about 100,000 dalton
both by the measurement of the SDS-polyacrylamide gel
electrophoresis (SDS-PAGE), in either the reduced state
or the unreduced state, and the measurement by the gel
permeation chromatography method,

(ii) has an isoelectric point of about PH 8.2 and
about pH 8.5,

(iii) has an optimum pH.of 8.0 to 8.2 (substrate:
chondroitin sulfate C, buffer solution: a Tris-HCl buffer
solution) and an optimum reaction temperature of 37°C,

(iv) the activity is inhibited by zn2*, Ni2*, Fe3*,
and Cu2+

(v) has alanine as the N—términal amino acid residue
and proline as the C-terminal amino acid residue,

(vi) exhibits a single band in SDS-~PAGE and a-single

peak in either HPLC (GPC; gel permeation chromatography) or
cation exchange HPILC,

(vii) does not contain a substantial amount of
endotoxin and contain nucleic acid and protease of an

amount below the detectable limit,
(viii) can be crystallized, and
(ix) has a specific activity of 300 U/mg or more.

2. The process for preparing the purified

(R W s
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Exanpl e 12 <Effect of preventing formation of insoluble matters by

vi bration during transportati on> Chondroitinase ABC (5 dRhb t eefl Replwkd/ ed
into 0.1 M aqueous solution of NaCl. To the solution was u’ ate
80 in an amount of 30 to 300 tinmes of the anpbunt of enzy 7

[err]g), followed by the addition of a phosphate buffer solution to adjust

pHto 6.9. This solution was filled in anpul es made of glass. The anpul es

were transpehlied il adé ULKC 3k s aabeTRekatiyl & 1ofidel ododdriiengl C for 19
days to observe the presence or :

extracting chondroitinase ABC from cells of a
microorganism producing chondroitinase ABC and purifying
the extract.

3. The process for preparing the purified
chondroitinase ABC according to Claim 2, wherein said
extraction is carried out using a surfactant solution.

4. A process for preparing the purified
chondroitinase ABC as defined in Claim 1 comprising,

(i) a step of obtaining an enzyme-contdining extract
from cells of microorganism producing chondroitinase ABC
(step 1),

(ii) a step of removing nucleic acid from the
enzyme~containing extract (step 2), and

(iii) a step of chromatogréphic treatment which
comprises,

(a) absorbing the chondroitinase ABC by a
chromatographic treatment of the enzyme-containing
extract obtained by step 2 using a weak cation exchange
resin, eluting the absorbed enzyme, absorbing the enzyme
in the eluate, and eluting the absorbed enzyme by
chromatography using a streng cation exchange resin (step
3-1), or

(b) absorbing the chondroitinase ABC by a
chromatographic treatment of the enzyme-containing

extract obtained by step 2 using a strong cation exchange

Tinn % 'l fhfel o mATE Ghoe
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absence of insoluble matters fornmed. Further, the titer was neasured to
calculate the residual rate. The results are shownisBSkeetFabBes Réflacadnd 19.

54 TABLE 18 <Chondroitinase ABC. 5 Units > Transp Imﬂlnl‘rnﬂlﬂﬂ (km) Anount

(times) of | Ol
resin, eluting the absorbed enzyme, absorbing the enzyme

61

in the eluate, and eluting the absorbed enzyme by
chromatograplly using a weak cation exchange resin (step

3-2).

5. The process for preparing the purified
chondroitinase ABC according to Claim 4, wherein the
exchange group in said weak cation exchange resin used in
said step 3-1 or 3-2 is a carboxyalkyl group and the
exchange group in said strong cation exchange resin used
in said step 3-1 or 3-2 is a sulfoalkyl group.

6. The process for preparing the purified
chondroitinase ABC according to Claim 4, wherein said
enzyme-containing extract in step 1 is obtained by
extraction of cells of microorganism producing
chondroitinase ABC using a surfactant solution.

7. A process for preparing the purified
chondroitinase ABC as defined in Claim 1 comprising,

(1) a step of obtaining an gnzyme—containiqg extract
from cells of microopganism producing chondroitinase ABC
by extraction using a surfactant solution,

(ii) a step of subjecting the enzyme-containing
extract to a chromatograpﬁié treatment using a weak

cation exchange resin or a strong cation exchange resin

to absorb the chondroitinase ABC to said resin, and

(iii) a step of eluting the chondroitinase ABC

This is the replacement sheet
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Pol ysorbate 80 800 1200 1600 2000 30
Absent Absent Present Present 90

Am eﬁRﬁP%@B@nRe‘
Absent 300 Absent Absent Absent
<Chondroitinase ABC. 5 Units > Anount (tines) of Pon
Residual rate after transportation 30 62 101%)90
102- 107% 300 110- 114%
absorbed to said resin while continuously changing the
ionic strength of the eluent.
8. Choqdro{tinase ABC in the form of needle-like or
prismatic crystals and having the characteristics (i) to
(ix) as defined in Claim 1.
9. Chondroitinase ABC in the form of crystals of
Claim 8 prepared by crystallization in polyether having
hydroxy groups at both ends.
10. Needle-~like or prismatic crystals of
chondroitinase ABC having characteristics as defined in

Claim 1, which is of rhombic or monoclinic system and

having the following crystal parameters.

Rhombic system Monoclinic system

Space group P222, P2
Lattice constant a=214 A a=214 A

b=92 h b=56 & -

c=56 A c=92 A

a=90° | a=90°

p=90° ' p290°

Y=90° y=90°

11. A composition comprising a chondroitinase and

serum albumin or gelatin.

12. The composition according to Claim 11 having pH
of 5 to 9 when it is made into a solution.
13. The composition according to Claim 11, wherein

said chondroitinase is a purified chondroitinase having a

This is {he repiacemant chwe;
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Exanpl e 13 <Effect of preventing formation of insoluble matters by
vibration during transportation> Chondroitinase ABC (50 units) S

di ssolved into 0.1 M aqueous solution of NaC . Tbisfhast ipREias added
Pol ysorbate 80 in an amount of 3.0 to 30 times of 4 ﬂ enzyne
protein (167 [err]g), followed by the aggition of uf fer

solution to adjust pHto 6.9. This solution was filled in anpul es nmade of
gl ass. The anpules were transported in a truck at a tenperature

specific activity of 300 U/mg or more.
14. The composition according to Claims 11
comprising serum albumin or gelatin in an amount of at

least 0.001 time of the chondroitinase.

15. The composition according to Claim 11, wherein

said chondroitinase is a purified chondroitinase ABC
having a specific activity of 300 U/mg or more,
containing no substantial amount of endotoxin and an

amount of nucleic acid and protease below the detection
limit.

16. The composition according to Claim 11, which is

a solution or a dried product.

17. The composition according to Claim 11, which

comprises a physiologically acceptable buffer agent ahd
is adjusted so as to show pH of § to 9 and a

concentration of the buffer of 1 to 100 mM when it is a

solution.

18. The composition according to Claim 17, wherein
said buffer agent is a buffer agent comprising one or
more compounds selected from the group consisting of
hydrochloric acid, sodium hydroxide, sodium carbonate,
sodium ﬁydrogencarbonaﬁe, éhosphoric acid, potassium
dihydrogenphosphate, dipotassium hydrogenphosphate,
sodium dihydrogenphosphate, disodium hydrogenphosphate,

aminoacetic acid, sodium benzoate, citric acid, sodium

Ting (& W& reHIAO0 R i
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55 of below 11.7[err]C for 19 days to observe the pﬂﬁﬁmaﬁamﬂkmab$eﬂﬂe of

i nsol uble matters produced. Further, the titer was {a\ Eulate
times) of

the residual rate. The results are shomm i n Tabl es 2
citrate, acetic acid, sodium acetate, tartaric acid,

<Chondroitinase ABC. 50 Units > Transported di stance
64

sodium tartarate, lactic acid, sodium lactate,
ethanolaminea ardinine, and ethylenediamine.

19. A pharmaceutical composition comprising a
chondroitinase and serum albumin or gelatin.

20. An injection composition comprising a
chondroitinase and serum élbumin or gelatin.

21. Use of injection composition comprising a

chondroitinase and serum albumin or gelatin for the

treatment of intervertebral disc displaéement.

22. A composition comprising chondroitinase and a

nonionic surfactant.

23. The composition according to Claim 22, which
comprises a physiologically acceptable buffer agent and
is adjusted so as to show pH of 5 to 9 and a

concentration of the buffer of 1 to 100 mM when it is a

solution.

24. The composition'according to Claim 22, wherein
said chondroitinase has a specific activity of 300 U/mg
or more.

25. The composition according to Claim 22, wherein
said nonionic surfactant is polyoxyethylene sorbitan
fatty acid'ester.

26. The composition according to Claim 22,
comprising a nonionic surfactant in an amount of 0.6 to

300 times by weight for 1 unit weight of the

This is the replacement sheet
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Pol ysor bate 80 800 1200 1600

Absent Absent Present Present 9.0 Absent etH
Absent 30 Absent Absent Absent Absent
<Chondroitinase ABC. 50 Units > Ampount (tines) of Polyso

Residual rate after transportation 3.0 65 100- 101%)9.0
102-103% 30 - 100-103%

chondroitinase having a specific activity of 300 U/mg or
more, and adjusted to pH 6 to pH 8 with a 10 to 50 mM
phosphate buffer agent when it is a solution.
27. The composition according to Claim 22, which is

in the liquid state.

- 28. A pharmaceutical composition comprising a
sterile solution containing as an active ingredient
chondroitinase in an admixture of serum albumin,

gelatin or nonionic surfactant and sterile water
without preservatives, said solution being adapted

to be injected into a patient for the treatment of
intervertebral displacement.
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Exanpl e 14 Chondroitinase ABC (30 units) was dissolved into 0.1 M aqueous
solution of NaCl. To the solution was added Pluronic F68 in an amount of 15

times of the amobunt of the enzynme (100 [err]g), followed by the addition of

a phosphate buffer solution to adjust pHto 7. This solution was filled in
anpul es made of glass to obtain a S56e

ABSTRALCT

B e ab el

CHIDHNTH@BE,PKIE&SHI!PM@AKDE'HE:QWE,AM)
PHARMACEUTICAL COMPOSITION OCMPRISING THE SAME

A crystallizable, purified chondroitinase ABC having a molecular
weight of about 100,000 dalton by the measurement of the SDs-
polyacrylamide gel electrophoresis (SDS-PAGE) and the measurement
by the gel permeafion chromatography method, having alanine as

the N-terminal amino acid and proline as the C-terminal amino
acid. A process for the purification of the crystallizable
purified chondroitinase ABC comprising removing nucleic acid from

an surfactant solution extract obtained from

cells of
ABC-producing

microorganisms and
chromatographically treating by concentration gradient elution

using a weak cation exchange resin or a strong cation exchange
resin.

chondroitinase

A composition comprising a chondroitinase and serum
albumin, gelatin, or a nonionic surfactant.

This Sheet Has Been Replaced

AR

PPN
Yot

S g el Yot TRME SR

S 2 1 FEB 1991



e e R A

phar maceuti cal conposition. Chondroitinase ABC (80 units) was dissol ved
into 0.1 M aqueous solution of NaCl. To the solution was added HCO 60 in an
anount of 15 tinmes of the anobunt of the enzyme (267 [err]g), followed by
the addition of a phosphate buffer solution to adjust pHto 7. This
solution was filled in anmpul es made of glass to obtain a pharmaceuti cal
conposition. Chondroitinase ABC (30 units) was dissolved into 0.1 M agueous
solution of NaCl. To the solution was adq9g Pol ysorbate 80 in an anount of
15 tines of the anount of 2

l 8inbiy
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the enzyne (100 [err]g), followed by the addition of a phosphate buffer
solution to adjust pHto 7. This solution was filled in anmpul es nade of

gl ass to obtain a pharmaceutical conposition. Chondroitinase ABC (60 units)
was dissolved into 0.1 M aqueous solution of NaCl. To the solution was
added Pol ysorbate 80 and Pluronic F68, each in an anmobunt of 7.5 times of

t he anobunt of t.he enzyne (200 [err]g), followed by the addition of a
phosphat e buffer solution to adjust pEZLg 7. This solution was filled in
anpul es made of glass to btain a phar uti cal conposition.

Relative activity (%)
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Chondroi ti nase ABC (50 units) was dissolved into 0.1 M aqueous sol ution of
NaCl. To the solution was added HCO 60 and DK ester F-160, each in an
anount of 7.5 tines 57 of the anmount of the enzynme (167 [err]Q),

foll owed by the addition of a phosphate buffer solution to adjust pHto 7.
This solution was filled in anpul es made of glass to obtain a

phar maceuti cal conposition.

" 3412
Relative activity (%)
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Obvi ously, nunerous nodifications and variations of the present invention
are possible in Iight of the above teachings. It is therefore to be
understood that within the scope of the appended clains, the invention nmay

be practiced other than as specifically described herein. 58 SEQUENCE
LI STI NG GENERAL | NFORVATI ON:

4/12

Relative activity (%)
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(1) APPLI CANT: (A) NAME: SEI KAGAKU KOGYO KABUSHI KI KAl SHA (B) STREET: 1-5,
NI HONBASHI - HONCHO 2- CHOVE, CHOU-KU (C) CI TY: TOKYO (E) COUNTRY: JAPAN (F)
POSTAL CODE (ZIP): NONE (ii) TITLE OF I NVENTI ON: CHONDRO TI NASE, PROCESS
FOR PREPARI NG THE SAME, AND PHARVACEUTI CAY1ZOVPOSI TI ON CONTAI NI NG THE SAME
(ti1) NUMBER OF SEQUENCES: 1 (iv) COVWUTER READABLE FORM (A) MED UM TYPE:
Fl oppy di sk

Relative activity (%)
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(B) COWPUTER | BM PC conpatible (C) OPERATI NG SYSTEM PC-DOS/ Ms- DOS (D)
| NFORMATI ON FOR SEQ

SOFTWARE: Paterntln Rel ease #1.0, Version #1.25 (EPO

ID NO 1: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 9 am no acids (B) TYPE
amno acid (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptl de (v) FRAGVENT
TYPE: N-termnal (xi) SEQUENCE DESCRI PTI6Zn2 SEQ I D NGO 1:
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Ala Thr Xaa Asn Pro Ala Phe Asp Pro 59 WHAT IS CLAIMED is: 1. A
purified chondroitinase ABC having-the follow ng characteristics, (i) has a
nol ecul ar wei ght of about 100,000 dalton 5 both by the neasurenent of

the SDS-polyacrylam de gel electrophoresis (SDS-PAGE), in either the
reduced state or /12
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t he unreduced state, and the neasurenent by the gel perneation

chromat ography nethod, (ii) has an isoelectric point of about pH 8.2 and
about 10 pH 8.5, (iii) has an optinmumof pH of 8.0 to 8.2 (substrate:
chondroitin sulfate C, buffer solution: a Tris-HC buffer solution) and an
optimumreaction tenperature of 37[err]C, (iv) the activity is inhibited by
Zn[err], N[err], Fe[err], 15 anqggy[err], (v) has al anine as the
N-term nal amino acid residue and proliine as the C-term nal am no acid

resi due,

Extracted activity « u/g cells
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(vi) exhibits a single band in SDS-PAGE and a single peak in either HPLC
(GPC; gel perneation chronmatography) or 20 cation exchange HPLC, (vii)
does not contain a substantial anobunt of endotoxin and contain nucleic acid
and protease of an anount bel ow the detection imt, (viii) can be
crystallized, and 25 (ix) has a specific activity of 300 U ng or
nore. 2. The process for preparing the rified chondroitinase ABC as
defi ned in Claim 1 conprising ext?’ﬁ‘ i ng chondroitinase ABC from
cells of a m croorgani sm produci ng

Extracted activity « u/g cells
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chondroi ti nase ABC and purifying the extract. 30 3. The process for
preparing the purified chondroitinase ABC according to claim2, wherein
said extraction is carried out using a surfactant solution. 4. A process
for preparing the purified chondroitinase ABC as defined in claim1l

conpri si ng, 60 (i) a step of obtaining an enzyne-contai ning extract

10/12
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fromcells of mcroorgani smproduci ng chondroitinase ABC (step 1), (ii) a
step of renoving nucleic acid fromthe enzyne- 5 cont ai ni ng extract
(step 2), (iii) a step of chromatographic treatnent which conprises, (a)
adsorbipg the chondroitinase ABC by a chromat ogr aphi c treat nent
of the énzynme-containing extract 10 obtained by step 2 using a weak
cation exchange resin, eluting the adsorbed enzyne, adsorbing the enzyne in

the el uate by chromat ography using a sterplzcation exchange

Extracted actlvity « u/g cells
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resin, and eluting the adsorbed enzyne(step 3-1), or (b) adsorbing t he
chondroi ti nase ABC by a 15 chromat ographi c treatnent of the
enzyne-contai ning extract obtained by step 2 using a strong cati on exchange
resin, eluting the adsorbed enzyne, adsorbing the enzyne in the eluate by
chr omat ogr aphy using a weak cation exchange resin, and eluting the adsorbed
enzyne(step 3-2). 20 5. The process for preparing the purified
chondroi ti nase ABC according to O aim 4, whdizéld t he exchange group in said
weak cation exchange resin used in said step 3-1 or 3-2 is a carboxyal kyl
group and the exchange group in said strong

Extracted activity » u/g cells
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cation exchange resin used in said step 3-1 or 3-2 is a 25 sul f oal kyl
group. 6. The process for preparing the purified chondroitinase ABC
according to claim4, wherein said enzynme-containing extract in step 1

is obtained by extraction of cells of 30 m croorgani sm  produci ng
chondroitinase ABC wusing a surfactant solution. 7. A process for
preparing the purified chondroitinase ARC as defined in Caim1 conprising,

findings have led to the completion of the present
invention.

Accordingly, the present .inv-ention provides a chondroitinase
ABC with a high purity and high stability, of which the characteristics
are given in claim 1.

The present invention further provides a process for preparing
the chondroitinase ABC with a high purity and high stability of the
invention, which process is defined in claim 2. The process may

comprise

(i) a step of obtaining an enzyme-containing extract
from cells of microorganism producing chondroitinase ABC
(step 1),

(ii) a step of removing nucleic acid from the
enzyme-containing extract (step 2), and

(1iii) a step of chromatographic treatment, which
comprises,

(a) adsorbing the chondroitinase ABC by a
chromatographic treatment of said enzyme-containing
extract using a weak cation exchange resin, eluting the
adsorbed enzyme, adsorbing the enzyme in the eluate, and
eluting the adsorbed enzyme by chromatography using a
strong cation exchange resin (step 3-1), or

(b) adsorbing the chondroitinase ABC by a
chromatographic treatment of said enzyme-containing

extract using a strong cation exchange resin, eluting the
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61 (i) a step of obtaining an enzyne-containing extract fromcells of

m cr oor gani sm pr oduci ng chondroiti nase ABC by extraction using a surfactant
solution, (ii) a step of subjecting the enzyme-containing extract 5 to a
chromat ographi c treatnent using a weak cation exchange resin or a strong
cation exchange resin to adsorb the chondroitinase ABC to said resin, and
(ii1) a step of eluting the chondroitinase ABC adsor bed

adsorbed enzyme, adsorbing the enzyme in the eluate, and
eluting the adsorbed enzyme by chromatography using a
weak cation exchange resin (step 3-2).

In a preferred embodiment of the present invention,
said extract of chondroitinase ABC is obtained by a
method comprising adding a buffer solution with a pH in
the neighborhood 6f neutral to wet cells to produce a
cell suspension and subjecting the suspension to a
physical treatment to pulverize the cells; or by a method
comprising addlng a surfactant solution with a pH in the
neighborhood of neutral to wet cells to produce a cell
suspension and stirring the suspension.

Said two-step chromatography by the combination of
weak and strong cation exchange resins after removal of
nucleic acid from the cell extract containing
chondroitinase ABC produces a high-purity chondroitinase
ABC which is purer and more stable than conventional
chondroitinase ABC preparations and having a specific
activity more than three times higher than that of
chondroitinase ABC preparations obtained by a
conventional method.

A still another object of the present invention is
to provide a crystallized chondroitinase ABC having a
needle-like or prismatic shape and the characteristics of
said purified chondroitinase ABC, which is prepared by

crystallizing said purified chondroitinase ABC in a

This is ihe replacemeant shweet

- .
21 hLn 100

Dt



to said resin while continuously changing the ionic strength 10 of the

el uent. 8. Chondroitinase ABCin the formof needle-like or prismatic
crystal s and having characteristics (i) to (ix) as defined in claim1. 9.
Chondroitinase ABCin the formof crystals of claim8 15 prepared by

crystallization in polyether having hydroxyl groups at both ends. 10.
Needl e-1i ke or prismatic crystals of chﬁﬂdroitinase ABC havi ng
characteristics as defined in Claima1l, ich is of rhonbic or nonoclinic

system and bavErgmgle 4 f Gkl i@ curve 1 indicates the extraction
using a buffer solution with a surfactant concentration
of 2% at 25°C; curve 2, a buffer solution with a
surfactant concentration of 2% at 37°C; curve 3, a buffer
solution with a surfactant concentration of 5% at 25°C;
and curve 4, a buffer solution with a surfactant

concentration of 5% at 37°C.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS

Processes for preparing the purified chondroitinase
ABC and the purified chondroitinase ABC crystal of the present
invention are illustrated in detail.

Any cells of microorganisms conventionally known to
produce chondroitinase ABC, for example microorganisms
belonging to Proteus vulgaris or the like, can be used
for the production of the chondroitinase ABC of the
present invention. A specific example of such a
microorganism is Proteus vulgaris NCTC 4636 (ATCC 6896,
IFO 3988).

The microorganisms can be cultured by a conventional

method (e.g., J. Biol. Chem., 243, (7), 1523-1535 (1968);

Japanese Patent Laid-open (kokai) Nos. 122588/1987 or
57180/1990). Wet cells are collected from the culture
and suspended into a buffer solution with a pH in the

neighborhood of neutral to extract enzyme from the
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20 crystal paraneters. Rhonbic system Monocl i ni ¢ system Space

group p2221 P2[err] Lattice constant a=214
A a=214 A b=92 [err] b=56 A 25

c=56 A c=92 A [err]=90[err] [err]=90[err]
[err]=90[err] [err]90[ek6] [err]=90[err] ‘

[err]=90[err] 11. A conposition conprising a chondroitinase and serum 30
al bumi n  oryn0gkahhRge WIRIG s BichFNON0E@ 45 NBRE skgond cation

exchange resin used here. A polysaccharide derivative
(an agarose derivative, a crosslinked dextran derivative,
etc.) having a sulfoethyl group, a sulfopropyl group, or
the like as an exchange group is given as a specific
example. Commercially available examples of such strong
cation exchange resins are S-Sepharose, SP-Sepharose
(trademark, products of Pharmacia), SP-Sephadex
(trademark, a product of Pharmacia), SP-Toyopearl
(trademark, a TosohCo.), and the like.

One example of the chromatography using these two
types of cation exchange resins in combination is as
follows.

The first chromatography is carried out by
equilibrating the weak cation exchange resin with the
same buffer solution (pH 6.5 to 7.5) used in the
extraction of cells (e.g., 1 to 50 mM phosphate buffer
solution, Tris-HCl buffer solution, acetate buffer
solution, etc.), contacting said supernatant containing
the enzyme with the cation exchange resin to adsorb the
enzyme, and washing the cation exchange resin, optionally
using a salt solution (e.g., 20 to 25 mM NaCl solution)
and/or the above-mentioned surfactant solution (e.qg.,
0.5% POELE solution). An eluant prepared by dissolving
sodium chloride into said buffer solution at a --

concentration of about 0.1 M is contacted with said resin
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purified chondroitinase ABC having a specific activity of 300 U /ng or
nmore, containing no substantial anmount of 62 endot oxi n and an anount of
nucl eic acid and protease below the detection |imt. 12. The. conposition
according to Caim1l1l having pHof 5 to 9 when it is nmade into a solution.
5 13. The conposition according to ghaim1l or 12 conpfising

to elute fractions having an activity of the enzyme.
Either gradient elution or stepwise elution can be used
as a method of the elution. The chromatography treatment
can be carried out either by a column method or a batch
method.

The fractions thus obtained is then contacted with a
strong cation exchange resin which has been equilibrated
with the same buffer solution to adsorb chondroitinase
ABC. After washing the cation exchange resin, optionally
using a salt solution (e.g., 20 to 50 mM NaCl solution)
and/or water, the chondroitinase ABC is isolated by
gradient elution using the same type of buffer solution
(e.g., phosphate buffer solution, Tris-HCl buffer
solution, acetate buffer solution, etc.), but containing
NaCl with a concentration gradient of 0 to 0.5 M,
preferably about 25 to 350 mM. This chromatography-
treatment is preferably carried out by the column method.

It is possible to reversibly perform the above
chromatography using the two types of cation exchange
resins.

When cells are extracted with a buffer solution
containing a surfactant, the extract contains only very
small amount of impurities. The enzyme, in this case,
can be purified by a simple procedure, e.g., without the

treatment of removing nucleic acid from the extract such
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serum al bum n or gelatin in an anount of at least 0.001 tinmes of the
chondroitinase. 14. The conposition according to Claim111l, 12 or 13 which

is a solution or a dried product. 10 15. The conposition according to
any of Clainms 11 to 14, which conprises a physiologically acceptabl e buffer
agent and is adjusted so as to s pH of 5 to 9 and a

concentration of the buffer of 1 to 100 mMMwhen it is a solution. 15 16.
The conpositasnpaetandintg t ardainmerdsd, oheyebp pabdihyf the agaiiadts a
buffer agent conprising one or nore

through a weak cation exchange resin (e.g, CM-Sepharose)

column to adsorb chondroitinase ABC, washing the column,

and eluting the enzyme with a gradient method.

The purified enzyme solution obtained by the
chromatography may be served as a drug, a reagent, or the
like, as is, after concentration and desalting.
Alternatively, the concentrated and desalted enzyme
solution may be made into powder by a common drying
method (e.g., lyophilization) under conditions which do
not inactivate or denature the enzyme.

In addition, the above purified enzyme solution may
be blended and contacted with polyether having hydroxyl
groups at both ends (e.g., polyethylene glycol,
polypropylene glycol, etc.) to crystallize the
chondroitinase ABC. The crystals are rhombic or
monoélihic system needle-like crystals, exhibiting
crystal parameters shown in Examples hereinafter.

One example of the crystallizing procedure is as.
follows. Polyethylene glycol with an appropriate
molecular weight, such as MW of 4,000, 6,000, or he like,
is added to the enzyme solution. The solution, being
adjusted to the concentration of the enzyme 250 to 500
U/ml and the concentration of polyethylene glycol 5 to
20%, preferably 10 to 15%, is allowed to stand at a

temperature from 4°C to room temperature until the
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conpounds sel ected from hydrochl oric acid, sodi um hydroxi de, sodium
carbonat e, sodi um hydrogencar bonate, phosphoric acid, potassium

di hydr ogenphosphat e, di pot assi um 20 hydr ogenphosphat e,

sodi um di hydr ogenphosphat e, disodiun1?¥drogenphosphate, am noaceti c acid,
sodi um benzoate, citric acid, sodiumcitrate, acetic acid, sodium acetate,
tartaric acid, sodiumtartarate, lactic acid, sodium |actate,

Comanel tlonda T § 1Y NG 28 838V} € gggb}ameob%% Mltufeq wobaLIReE! | cal

COITpOSI tion ‘co t1 nase an serum al bum n or g%l atin,

wherein sai CHNATPidE Nase b8 s PULLT hadeah@dd airf Idese HBGIGWLRG. 8
buffer solution (pH 6.5 to 7.0) to make a suspension.
The cells were pulverized using the DYNO™ MILL and
centrifuged to obtain an enzyme-containing extract
solution (step 1).

Protamine sulfate was used to remove nucleic acid
from the cell extract solution. A 5% protamine sulfate
aqueoﬁs solution was added to said enzyme—contéining
extract solution to a final concentration of 0.5%. The
mixture was stirred at 4°C for 30 minutes and the
produced precipitate was removed by centrifuge, thus
obtaining a supernatant (step 2).

After the addition of about 5 times by volume of
water, the supernatant was purified by column
chromatography. Specifically, a column packed with CM-
Sepharose was equilibrated with 5 mM phosphate buffer
solution (pH 6.5 to 7.0), following which the supernatant
was charged into the column for adsorbing the enzyme.
The column was washed with the same buffer solution, then
the same buffer solution but containing 0.025 M NacCl,
followed by elution with the same buffer solution
containing 0.1 M NaCl to obtain fractions exhibiting the
enzyme activity (step 3).

After the addition of about 5 times by volume of

water, the fractions with the enzyme activity was
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specific activity of 300 Ung or nore, containing no substanti al 5
anount of endotoxin and an anount of nucleic 30 acid and protease bel ow
the detection limt. 63 18. Use of a conposition conprising a
chondroi ti nase and serum al bum n or gelatin in the preparation of a
medi cament for the treatment of intervsgtebrar di sc di spl acenent, wherein
said chondroitinase is a purified chondrditinase ABC

adsorbed in S-Sepharose column which was equilibrated

with 5 mM phosphate buffer solution (pH 6.5 to 7.0) in

advance. The column was washed with the same buffer

solution, then the same buffer solution but containing

0.025 M NaCl, followed by gradient elution with the same

buffer solution containing linear concentration gradient

of 0.025 to 0.35 M NaCl to obtain fractions exhibiting

enzyme activity.

The eluted chondroitinase ABC solution exhibited a

single band (SDS-PAGE), with nucleic acid (DNA),

protease, etc. having been removed, and had a specific

activity of 380 U/mg, which was about three times higher

than the specific activity of chondroitinase ABC obtained

by a conventional method. Thus the chondroitinase ABC

was a high-purity enzyme.

To the enzyme solution (a phosphate buffer solution,

pH 7.0) was added polyethylene glycol (molecular weight:

4,000) so as to give a concentration of 15%, and the

mixture was allowed to stand at room temperature for

about one week to produce white or colorless needle-like

or prismatic crystals of chondroitinase ABC. A

microscope photography (magnification: 2.5) of the

crystals is given in Figure 1.

The crystals were rhombic or monoclinic system

needle-like crystals, having the following crystal
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5 having a specific activity of 300 U ng or nore, containing no
subst anti al anount of endotoxin and an anount of nucleic acid and protease
bel ow the detection Iimt. 19. A conposition conprising a
chondroitinase and a nonionic surfactant, wherein said chondroitinase is
a 10 purified chondroitinase ABC having a specific activity of 300 U ny
or nore, containing no substantial a nt of endotoxin and an anount of
nucl eic acid and protease bel ow the detection limt. 20. The conposition
accordi ng t soChaiironl 9 pivhl cht @ ofrpr teevhibh 10& phyyicolyeditodldne dcnepyhbl e
buffer agent and is adjusted so
ether (POELE; Nikkol BL-9EX) was added and about 7.5 L of
purified water. The mixture was stirred to obtain a cell
suspension, which was warmed at 35°C#3°C and stirred for
about two hours at this temperature. After about two
hours, about 30 L of 20 mM phosphate buffer solution (pH
7.0£0.5) was added to dilute the suspension. The
suspension was then cooled to 20°C.
The suspension was centrifuged by a sharpless
centrifuge to obtain a supernatant. The temperature of
the solution was kept below 20°C before and after the
centrifuge.
The supernatant thus obtained was diluted with the
addition of about 30 L of purified water which was cooled
to 2 to 15°C, and passed through CM-Sepharose column {(gel
amount: about 5 L) to adsorb the chondroitinase ABC to
the column.
The column was washed with 1 L of purified water, 10
L of 0.5% POELE aqueous solution, and 5 L of 0.04 M
phosphate buffer.solution (pH 6.2%0.2). Next, the column
was linear gradiently eluted with about 20 L of 0.04 M
phosphate buffer solution (pH 6.2%0.2) containing
concentration gradient of 0 to 0.25 M NaCl to obtain

fractions exhibiting chondroitinase ABC activity.

The eluate was passed through a sterilizing filter
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as to show pH of 5 to 9 and a concentration of the buffer of 1 to 100 mM
when it is a solution. 21. The conposition according to Caim19 or 20,
wherein said nonionic surfactant is pol yoxyethylene sorbitan fatty 20

acid ester. 22. The conposition according to.Claim19, 20 or 21,
conprising a nonionic surfactant in an 3%ount of 0.6 to 300 times by wei ght
for 1 unit weig -f the chondr0|t|nase having a specific activity of 300
Ung or nore, aftleoiaetMED 156 nH 6 to pH8 with a 10 to 50 mM
phosphat e buffer agent when it is a solution.

1. A purified chondroitinase ABC having -the following
characteristics,

(1) has a molecular weight of about 100,000 dalton

5 both by the measurement of the SDS-polyacrylamide gel
'électrophoresis (SDS-PAGE), in either the reduced state or
the ﬁnreduced state, and the measurement by the gel
permeation chromatography method,

(ii) has an isoelectric point of about pH 8.2 and about

10 pH 8.5,

(iii) has an optimum of pH of 8.0 to 8.2 (substrate:
chondroitin sulfate C, buffer solution: a Tris-HCl buffer
solution) and an optimum reaction temperature of 37°C,

(iv) the activity is inhibited by 2Zn?', Ni?*, Fe3*,

15 and Cu?, |

(v) has alanine as the N-terminal amino acid residue
and proline as the C-terminal amino acid residue,

(vi) exhibits a single band in SDS-PAGE and a single
peak in either HPLC (GPC; gel permeation chromatography) or

20 cation exchange HPLC,

(vii) does not contain a substantial amount of
endotoxin and ‘contain nucleic acid and protease of an amount
below the detection limit,

(viii) can be crystallized, and

25 (ix) has a specific activity of 300 U/mg or more.

2. The process for preparing the purified chondroitinase
ABC as defined in Claim 1 comprising extracting
chondroitinase ABC from cells of a microorganism producing

chondroitinase ABC and purifying the extract.

30 3. The process for preparing the purified -chondroitinase
ABC according to claim 2, wherein said extraction is carried

out using a surfactant solution.

4. A process for preparing the purified chondroitinase ABC

as defined in claim 1 comprising,

This is the replacement sheet
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23. The conposition according to any of Clains 19 to 22, which is in the
"liquid state. 24. A pharnaceutical conposition conprising a sterile 30
sol ution containing as active ingredient chondroitinase in an adm xture of
serum al bumin, gelatin or nonionicepurfactant. and sterile water w thout
preservatives, said - " )

(i) a step of obtaining an enzsfn'\e—containing extract
from cells ofﬂmicroorganism prqducih§ chondroitinase ABC
{step 1}, |
(ii) a step of removing nucleic acid from the enzyme-
] containing extract (step 2}, | |
(1ii) a step of chromatographic treatment which
comprises, .
' (a) adsorbing the chondroitinase ABC by a
chromatographic treatment of the ehzyme—containing extract
10 obtained by step 2 using a wea_:k cation exchange resin,
eluting the adsorbed enzyme, adsofbing the enzyme in the
eluate by chromatography using'é'strong cation exchange
resin, and eluting the adsorbed enzyme(step 3-1), or
(b} adsorbing the chondroitinase ABC by a
15 chromatographic treatment of the enzyme-containing extract
obtained by step 2 using a strong cation exchange resin,
eluting the adsorbed enzyme, adsofbing the enzyme in the
eluate by chromatography using a weak catiop exchange resin,

and eluting the adsorbed enzyme(step 3-2).

20 5. The process for preparing the purified chondroitinase
ABC according to Claim 4, wherein the exchange group in said
weak cation exchange resin used in said step 3-1 or 3-2 is
a carboxyalkyl group and the exchange group in said strong
cation exchange resin used in said step 3-1 or 3-2 is a

25 'sulfoalkyl group.

6. The process for preparing the purified chondroitinase
ABC according to claim 4, wherehn;said enzyme—-containing

extract

in step 1 is obtained by ex ‘action of cells of
30 microorganism producing chondrbitiqase ABC using a

surfactant solution.

7. A process for preparing the pq:ified chondroitinase ABC

as defined in Claim 1 comprising, ¥
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{ixiajsﬁ b'bf obtaining an enzjméhcontaining extract

from:cg;lf ! 1croorganlsm produc1ng chondroitinase ARBC by

to said resxn _hlle continuously changlng the ionic strength
of the eluent._

8. Chondroit nase ABC in the form of needle-like or

prismatic cry_ als and having chara_ferlstlcs (i) to (ix) as

defined in cl :m 1.
9. Chondroitiﬁase ABC in the forﬁ of crystals of claim 8
prepared by cr_stalllzatlon in polyether having hydroxyl

groups at both ends

10. NeedleFIike or prismatic crystals of chondroitinase ABC

having characterlstlcs as defined ln Claim 1, which is of

~rhombic or mggpgllnlc system and havmng the following

crystal parameﬁ%r#.

" Rhombic system . Monoclinic system
Space qroup- f. P222, 5?2 P2,
Lattice constanﬁ ' a=214 A o a=214 A
B 92 A b=56 A
c=56 A c=92 A
a=90°

a#90°

sald% chondroxtlnase is a

wherein

O
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endotoxin and an .amount of nucleic acid and protease below

the detection 1

ion according to Clalm 11 hav1ng pH of S to

9 when 1t 1s'made into a solutlon.

5 13. The comp051 1on according to Cl 'm 11 or 12 comprising

serum albumi

r gelatln in an amount'of at least 0.001

times of the chondroitinase.

14. The codpd"tion according to Claim 11, 12 or 13 which

is a solution-'g'a_dried product.

10 15. The.comébéitign according toiéﬁy’of Claims 11 to 14,

which compriéés afphysiologically_acceptable buffer agent

and is adjus .. so as to show * pH of 5 to 9 and a

concentratiQHLOf;the buffer of 1 to 100 mM when it is a

solution.

15 16. The com?é%ition according to Claim 15, wherein said

buffer agent f@$7 a buffer agent comprising one or more

compounds selééééd from hydrochloric acid, sodium hydroxide,

sodium carbonate, ‘sodium hydrogencarbonate, phosphoric acid,

potassium': lhydrogenphosphate, ~ dipotassium
20 hydrogenphosphate, 'sodlum dlhydrogenphosphate. disodium
hydrogenphosphate, aminoacetic ac1d, sodlumtbenzoate, citric
acid, sodlumhgltrate, acetic acid,- sodlum acetate, tartaric
acid, sodiﬁmfftartarate, lactlc ac1d, sodium lactate,

ethanolamine}'arginine, and ethylenedlamlne.

25 17. A pharmaceutlcal compos: Qn  _'compr151ng a

chondroitinase and serum albumin elatln, wherein said

chondro;tlnase-ls a purified ch ndrpltlnase ABC having a

specific- activity of 300 U/mg containing no

30
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18.

serum albumln or

i .of a comp051t10n comprising a chondroitinase and

'¥lat1n in the preparation of a medicament

for the: treatment of lntervertebral disc displacement,

whereln 1"chondr01t1nase is a purified chondroitinase ABC

having: i 1qhact1v1ty of 300 U/mg or more, containing

no substant: amount of endotoxin and an amount of nucleic

acid andﬁp.étﬁaée?below the detection limit.

19. A composition comprising a chondroitinase and a

nonionic surféétant, wherein said chondroitinase is a

purified chondr 'tinase ABC having a specific activity of
300 U/mg or. more, containing no substantial amount of
endotoxin and_an_amount of nucleic acid and protease below

the detectionfiimit.

20. The compb§i;ion according to Claim 19, which comprises
a physiologieEily_acceptable buffer agent and is adjusted so
as to show pHTdf”S to 9 and a concentration of the buffer of
1 to 100 mM whén;;t is a solution.

21. The comp051tlon according to Claim 19 or 20, wherein
said nonlonlc s“rfactant is polyoxyethylene sorbitan fatty

acid ester.

22. The compos1t10n according to Claim 19, 20 or 21"
comprising a’ nonlonlc surfactant in an amount of 0.6 to 300

times by welqht for 1 unit weight of the chondroitinase

having a spec1f1c activity of 300 U/mg or more, and adjusted
to pH 6 to pH'8‘“1th a 10 to 50 mM phosphate buffer agent

23. The composition according to any of Claims 19 to 22,

which is in the liquid state.

24. A pharmaceutical composition comprising a sterile
solution coﬁteiﬂing as active ingredient chondroitinase in

an serum albumln, gelatin or nonionic

surfacianti"' terxle water uxthout preservatives, said

e e L Mos
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ABSTRACT

CHIEEOHEWGE,PRIESSEORPREMRDE‘HEIQWE “AND
PWUMNEHEKRLOGQOQHNJIOm@REEMSTmiSME

A crystallizable, purified chondroitinasé-ABC having a molecular
weight of about 100,000 dalton by the measurement of the SDs-
polyacrylamide gel electrophoresis (.SDS;-PAGE,) and the measurement:
by thezgel permeafion chromatography_ﬁéfhod, having alanine as

the N-terminal amino acid and proline as.the C-terminal amino
acid. A process for the purification of the crystallizable
purified chondroitinase ABC comprisi_ng removing nucleic acid from

an surfactant solution extract obtained from

cells of
ABC-producing

chondroitinase microorganisms and
chromatographically treating by concentration gradient elution
using a weak cation exchange resin or a strong cation exchange

resin. A composition comprising a chondroitinase and serum

albumin, gelatin, or a nonionic surfactant.
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