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PCT/ US96/ 08593 CHONDRO TI NASE | AND CHONDRO TI NASE
L PRODUCI NG MUTANTS OF P. VULGARI S
- This invention relates to the preparation, identification, and
i sol ati on of mMWe9s4@Ddt eus vul garis cells that produce chondﬁﬁﬁﬂﬁﬂ%ﬁ%ﬁl
and chondroitinase Il -proteins in the absence of natura
exogenous i nducers such as : chondroitin sulfate. 5
BACKGROUND OF THE | NVENTI ON Chondr oi ti nases
are enzynes of bacterial origin that act . - on chondroitin sulfate,

a conponent of the prot eo@HQNDROIﬂ‘ENASE(ﬁHND(tHBNDROITINASElII achnent
bet ween the retina and t he VPR ) A

Exanpl es of chondroitinase enzyrres are chondroi ti nase ABC which is
produced by the bacterium Proteus vulgaris (P. vulgaris), and
chondroi ti nase AC, which is produced by A aurescens.

Chondr oi ti nases AW@WWM i on by degradi ng pol ysacchari de
side chains in protern-po ysacc ari de conpl exes, w t hout

degradi ng the protein core. t al.
(J. Biol. Chem 243:1523- 1535 > )'"""'““mrel“e“%é%ec‘?"%%“?‘ﬁ‘é% tion of

t he chondroitinase extr Jhi zyme
sel ectively degr a&B@‘sf%?é‘ "@%ﬁﬂﬁ?ﬁ@&fw‘éﬁffe‘ cells that Pm\cl'“ce Rlondroitinase T and

chondroitin-4-sul fate, derrrgian sul fate,, and chondr0|t|n 6-sul fate (al so .

referred Absemce At tnaﬂvglmvegsmgﬁ% ag
whi ch are side chains of
chondroitin sulfate.
5
BACKGROUND OF THE INVENTION

Chondroitinases are enzymes of bacterial origin that act
on chondroitin sulfate, a component of the proteoglycans that mediate the
attachment between the retina and the vitreous body of the human eye.

10 Examples of chondroitinase enzymes are chondroitinase ABC, which is
produced by the bacterium Proteus vilgaris (P. vulgaris), and chondroitinase
AC, which is produced by A. aurescens. Chondroitinases ABC and AC
function by degrading polysaccharide side chains in protéin—polysaccharide
complexes, without degfading the protein core.

15 | Yamagata et al. (J. Biol. Chem. 243:1523-1535, 1968)
describe the purification of the chondroitinase ABC from extracts of P.
vulgaris. This enzyme selectively degrades the glycosaminoglycans
chondroitin-4-sulfate, dermatan sulfate, and chondroitin-6-sulfate (also referred
to respectively as chondroitin sulfates A, B, and C which are side chains of

20 proteoglycans) at pH 8 at higher rates than it degrédes chondroitin or



20 prot eogl ycans) at pH 8 at higher rates than it degrades

thondroitin or WO 96/ 40897

PCT/ US96/ 08593 hyal uroni ¢ acid. The products of the
degradation are high nol ecul ar wei ght unsat urated ol i gosacchari des
and an unsat ur ayedsméserchari de. However, _chondr oi t i n26TYSLHI8IH S
not act on keratosul fate, hepari-n or heparitin sulfate. )

Uses of chondroitinases include-rapid, specific and non- 5 sur gi cal

di sruption of the attachnment of the vitreous body to the neural retina

of the eye, thereby facilitating renoval of-2he vitreous body. See, for
exanpl e, Hageman, U.S. Patent No. 5,292, 509.

Chondroi ti nase ABC is designated as chondroitinase I in - t he
present invention. P. vulgaris chondroitinase | mgrates with an apparent
10 .ol ecul ar  HyaRrafic adiduThi lodetls offtiendegradation drebiyigicieleauiaE weight
appearance of a doublet in SDS-PACE resolution of chondroitinase |I has been

reported (Sato et ygkamrafdl difpositRirides ieTAn BidathrabEibdisddhiide] Sevetovever

this doubl et represents I _ntlfagg_t chondroitinase | and a 90 kDa degradati on
2 (15, S RS A8 ot et M
chondrof ti nase 1 prot oin pr opar abi o BREIRRER lochl B bl SRR, ©oF'
K2 ot al soSdor D patetent BerBpdol 7 e Midcfiliedt ' dd fBbus Sbal 5 il AT kel
of the eye, thereby facilitating removal of the vitreous body. See, for
example, Hageman, U.S. Patent No. 5,292,509.
Chondroitinase ABC is designated as chondroitinase I in
the present invention. P. vulgaris chondroitinase I migrates with an apparent
10 molecular mass of about 110 kDa when resolved by SDS-PAGE. The
appearance of a doublet in SDS-PAGE resolution of chondroitinase I has.been
reported (Sato et al., Agric. Biol. Chem. 50:4,1057-1059, 1986). However,
this doublet represents intact chondroitinase I and a 90 kDa degradation
product (U.S. Patent Application Nos..08/431,068, 08/428,949, 08/428,946,
15 08/428,948, 08/428,945, and 08/428,947, filed April 24, 1995, (Atty Dock.
Nos. 0646/1B017US1-0646/1B017US6) now pending). Commercial
chondroitinase I protein preparations contain variable amounts of this 90 kDa
degradation product and an additional 18 kDa degradation product also derived
from chondroitinase I. |
20 Another chondroitinase, chondroitinase II, has also been
isolated and purified from P. .vulgaris. Chondroitinase II is a polypeptide of

990 amino acids with an apparent molecular mass by SDS-PAGE of about 112



f.rom chondroitinase |I. 20 Anot her

chondroi ti nase, chondroitinase |1, has al so been | sol ated and

purified fromP. vulgaris. Chondroitinase Il is a polypeptide of

990 am no acids with an apparent nol ecul ar mass by SDS- PAGE of about 112
WO 96/ 40897 WO 96/40897 _ PCT/US96/08593
PCT/ US96/ 08593 : - 3 -

kDa. Its nol ecul ar mass as determ ned by electrospray and | aser desorption
mass spectronetry is 111, 77227 and 111, 72520 dal tons, respectively.

Chondroitinase Il has an isoelectric poi nt -&-8.4-8.45. Its enzynatic
activity is distinct from but conplenentary to, that of

chondroi tinae |I. Chondroitinase | 5 ~endol ytically-cleaves

prot eogl ycans to produce end-product disaccharides as wel | as at
| east »t wo ot her prkDhuclts muliscolar anass ashdeterininet bybeledtmspray and Insern déecrption
Chondroitinase Il digests at |east one of these tetrasacchari de products of
chondroitinase | Ghgig$pectionetryds Q1 E07d-¥2Pdnd 111,725420 daltons, respectwely

Native or wild-type P. vulgaris bacterial strains typically 10 do
not produce signi f¢mh1ﬁmymm%mmc$omrme@susaq& énhyﬁmeim%ﬂwary
grow h condi tions. pe strains of P~ vulgaris can be 1nduced t

"nduci ng substr i & sucﬁaﬂ" B Efpcmark 86 10U B Giiee “"?Hﬂﬁ"ﬁ?e
??Lﬁqogh:l?lﬁr gar til age I'S )%%%%ggl é‘le agwgﬁ?m?i"ée 8nrﬂ'§/r I'n disgcéhﬁn&% ?23'
Qor 1 can be expr coudkit ke 1 Biber BRANAE hich AR ondil o be sdiRhartes,
artificial Chondroitinase II digests at least one of these tetrasaccharide products of
chondroitinase I digestion of proteoglycan.
Native or wild-type P. vulgaris bacterial strains typically
10 do not produce significant amounts of chondroitinases I and II under ordinary
growth conditions. Wild-type strains of P. vulgaris can be induced to produce
detectable levels of chondroitinase by providing an inducing substrate, such as
chondroitin sulfate, as the sole carbon source. However, chondroitin sulfate,
which is obtained from shark cartilage, is expensive and available only in
15 de quantities. Alternatively, cloned chondroitinase I and II genes in E.
coli can be expressed using a heterologous expression system with an artificial
inducer, which also increases the cost of chondroitinase I and II production.
Thus, there is a need in the art for P. valgaris
chondroitinase I and II production that does not require exogenous inducers.

20



i nducer, which also increases the cost of chondroitinase | and ||

Producti on. Thus, there is a need in the
art for P. vulgaris chondroitinase | and Il production that does
not require exogenous inducers. 20 WO 96/ 40897

PCT/ US96/ 08593 WO 96/40897 , PCH/US96/08593
SUVMMARY OF THE | NVENTI ON : : Mut ant Pr ot eus

vul garis strains are provided that, when grown in the absence of
an exogenous chondroitinase | and Il inducer, produce P. vulgaris
chondroitinase | and chondroitinase Il prote#ns. The nutants of the 5
present invention typically produce chondroitinase | and Il proteins in the

"absence of exogenous inducers and in anounts in excess of ‘those produced by
wild-type P. vulgaris strains induced with such inducers. Two cl asses of
such mut SUMMARYoOE GHE INVENTIONr e di scl osed. Class 1 and class 2
mutants differ in the relative anounts of chondroitinases | and

|1 produced when cells are grownMk@nt Proteus valgaris stiiinsoide Provided thst, wviient ed
m ni mal medi um Additional phenotypic variants that rel ease

chondroi tinase | p%,%@imwmeﬁ&%f%'éxug&oﬁ?wmelmnm%%m as

wel | . Al so ¢ nplated is a nethod for producing P.

Pl g8+ €N ) {0k o] Bl onfRREN Bk TSSOkt
choncr 1175 | B o Y gkl ki

harvested an

absence of exogenous inducers and in amounts in excess of those produced by -
wild-type P. vulgaris strains induced with such inducers. Two classes of such
mutants, Classes 1 and 2, are disclosed. Class 1 and class 2 mutants differ in
the relative amounts of chondroitinases I and II produced when cells are grown
10 in casamino acids - supplemented minimal medium. Additional phenotypic
variants that release chondroitinase I protein into the culture medium are
provided as well. Als.o contemplated is a method for producing P.
vulgaris chondroitinase I and II proteins. The mutant cells described above are
cultured in the absence of a conventional exogenous chondroitinase I and II
15 inducer, after which the cells are harvested and chondroitinase I and II are
recovered from the harvested cells.
A method for in situ detection of chondroitinase I and Il
production by bacterial colonies is also provided. The method comprises:
(a) culturing the colonies on a membrane filter on

20 a first semi-solid bacterial growth medium;



[ecovered fromthe harvested cells. A net hod

for in situ detection of chondroitinase |I and || producti on by
bacterial colonies is also provided. The nmethod conpri ses:

fa) culturing the colonies on a nenbrane filter on 20 a first

sem -sol i d bacwo dsadessgr owt h ITEdI um WO 96/ 40897 PCT/US96/08593
PCT/ US96/ 08593 - 5 -

(b) transferring the col ony- contalnlng fllter to a second

sem -solid bacterial nedium wherein the second nmedi um conpri ses
chondroitin sulfate; -5- (c) incubating
the filter on the second nmedi um for 5 a sufficient tine and at an
appropriate tenperature to all ow di gestion of chondroitin sulfate

in the vicinity of each of the col onies;

(d) renoving the filter fromthe sec(b)dramsfirning the colony-containing filter to a
(e) contacting the second nediumw th a sol ution cont ai ni ng an

agent capabl e of gqdfd Sénitdofid Bactéridd mediun®, whdreit thesbcond mBditm! isesLO
wi thin the nmedium and (f) visually

observing the Secw SiFatesher ei n appear ance of a zone | acking
the chondroitin sulfate preci pitation signifies the

chondroi ti nase | production. filter on the second
constitutive mutant P. vulgaris stral Rs I SO ?‘5%“‘5 [fg accogddl ng to t he

present i nvejnt | ONy Eiciﬁl?gmg%ﬁ) P&ué‘ﬁ:r&qua%ete%gﬁ%é tc%llow digestion of
chondroitin sulfate in the vicinity of each of the colonies;
(d) removing the filter from the second medium;
(e) contacting the second medium with a solution
containing an agent capable of causing the precipitation of chondroitin sulfate
10 within the medium; and
® vi@ﬂy observing the second medium, wherein
appearance of a zone lacking the chondroitin sulfate precipitation signifies the
chondroitinase I production.
The constitutive mutant P. vulgaris strains isolated
15 according to the present invention are used to produce large amounts of
chondroitinases I and II in a cost-effective manner. These proteins may be
used in analytical and clinical procedures, including non-surgical disruption of
chondroitin sulfate-containing tissues, such as, for example, in non-surgical

disinsertion of the vitreous body from the neural retina of the éye.



chondroitinases | and Il in a cost-effective manner. These proteins may be
used in analytical and clinical procedures, including non-surgical

di sruption of chondroitin sul fate-containing tissues, such as,
foor exanple, in non-surgical di sinsertion of the vitreous body
from the neural WQ9/4089f t he eye 20 _ WO 96/ 4BE€WIDS96/08593
PCT/ US96/ 08593 . : - 6 -
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Chondroi tinase |- and
Chondroi ti nase |1 Chondroitinase | and
chondroitinase Il are enzynes pr-agluced by P. vulgaris that
catal yze the breakdown of chondroitin sulfate, 5 . I ncl udi ng that

present in proteoglycans. The physical and enzymatic
characteristics of each enzyme are sunnarlzed in Table 1.

TABLE 1 | Protein and

Chondroi ti nase || 110
k Da 7 Y -110, 000

dal trons - nol ecul ar wei ght :

El ectrospray nass spectrorretry Chdnbfoitifate I and (AdddPSinase IT 772 27

del t ons Laser desorptlon nass 112, 50§ 20 dal t ons

111, 725[err]20 d ro@ied Qﬂl t rgga hondroitin sulfate, pH
8.35 and pH 8. 45€H I‘—’i}? Iglgaﬁstﬂa? A#Grt;’o acl é%crrpo& {nlnon absence

o 1211728, 1 St i e e

characteristics of each enzyme are summarized in Table 1.

- TABLE 1 !
' Chondroitinase 1 Protein and Chondroitinase IT Protein :
- . _
110 kDa 112 kDa
10 || sps-paGE ~110,000 daltons ~112,000 daltons
molecular weight
Electrospray mass spectrometty 112,521}25 daltons 111,772 & 27 daltons
Laser desorption mass 112,508 + 20 daitons 111,725 4 20 daltons
spectrometry
15 Isoelectric point/s pH 8.35 and pH 8.45 pH 8.45
Amino acki composition absence of cysteines, rich in otherwise sinilar to 110 kDa
sefine
Release of di and et -
oligosaccharides from
chondroitin sulfate
Digestion of tetrazaccharides not - 4+
digested by chondroitinase §
20 p—
ild- ._Vulearis ins
25 : Wild-type strains of P. vuigaris accumulate easily

detectable levels of enzymatically active chondroitinases I and IT only when
grown in a cuiture containing an exogenous chondroitinase I and II inducer,

such as chondroitin sulfate, as the sole carbon source. Growth of wild-type:
SUBSTITUTE SHEET (RULE 26)



ol i gosaccharides from chondroitin sulfate Di gestion
of tetrasaccharides not - +++ 20 di gest ed
by chondroitinase | W1 d-Type P. Vulgaris Strains 25
Wld-type strains of P. vulgaris accunul ate easily det ect abl e
Tevel s of enzywm9eesd?y active chondroitinases | and || only BFEHS6/08593
grown in a culture containing an exogenous chondroitinase |I and Il inducer,
such as chondroitin sulfate, as the sole carbon source. Gowmh of wld-type
WO 96/ 40897

PCT/ US96/ 08593 -7- -7 -
strains of P. vulgaris in nedia wi thout such an inducer, such as, for
exanpl e, in a rich medi um containi ng many carbon sources or in a
m ni mal medi um ' cont ai ni ng, for exanple, glucose or another

non- chondroi tin catdiyofSRWidgarisdn tmedia without suchcincinduely sacls as)forexanmple)l ts in
I nsignificant or no detectable accunmulation of 5 chondroitinase | or

Il activity. in a rich medfinodtntathing/wladii chboPstrittddSor in a minimal medium
The present invention enconpasses nutant strains of Pr ot eus

vul garis that progaﬁgm-ﬁ% LS, ABQIE of hhdthéSnlchériloitil @arbioRisbréa 3§ a! |
10 enzynes I1n a c ’nfs(,,?lht utlv’egmanner. These mutants nmay 1 nclude but
are not sole carbon source, results in insignificant or no detectable accumulation of

5 chondroitinase I or I activity.

Mutant P. Vulgaris Strains
The present invention encompasses mutant strains of

Proteus vulgaris that produce P. vulgaris chondroitinase I and chondroitinase II

10 enzymes in a constitutive manner. These mutants may include but are not
limited to strains containing mutations in the promoter region or other
regulatory regions of the chondroitinase genes, in the protein-coding region of
the chondroitinase genes, or in the regulatory or protein-coding region of
repressor or inducer genes that regulate chondroitinase expression. For

15 example, these mutant strains may include exogenous chondroitinase I and II
inducer-independent chondroitinase I and II genes as constituents of their
genomes. Any of these mutants are constitutive mutants. These mutants
produce or accumulate chondroitinase I and II proteins in the absence of one or
more traditional exogenous chondroitinase inducer substances such as, for

20 example, chondroitin sulfate, N-acetylgalactosamine, and active analogues

thereof. The P. vulgaris mutant strains of the present invention produce high



limted to strains containing mutations in the pronoter region or other
Tegulatory regi ons of the chondroitinase genes, in the protein-coding
regi on of t he chondroitinase genes, or in the regulatory or
protein-coding region of repressor or inducer genes t hat regnlate
chondr oi ti nase wogs/4s8%A on. For 15 exanpl e, these nmut anPCHY

I ncl ude exogenous chondroitinase | and I1. inducer-lndependent
chondroitinase | and Il genes as constituents of their genomnes.
Any of these nutants are constitutive nutants. These nutants

produce or accunul ate chondroitinase | and=8I- proteins in the absence of

one or ) nore traditional exogenous chondroitinase inducer
substances such as, for 20 exanpl e, chondroitin sulfate,
N acet yl gal act osani ne, and active anal ogues t hereof. The P.

vul garis mutant slevelsf chondroitingses § emt Iliundermormal growdh cenditions even in the
WD 96/ 40897

PCT/ US96/ 08593  gahsence of chondroitin sulfate or other traditional chondroitinase induces. -
| evel s of chondroitinases | and Il under normal growth conditions even in

t he absence of chondroitin sulfate or other traditional
chondroi ti nase i nducers. _ Characteri zation 5

The nutant strains inC|Udedéﬂﬁpﬁbﬁﬁﬁﬁ§ and subcl asses descri bed
bel ow and are characterized W respect to the absolute and relative
Zctivity that they pr 233&' The THORRAE drali e 86 il inf fibcila™! | €
chondr o1 t1 122, deseved, b s oF s ol w384l SRS e
amounts of chondroitinase I and chondroitinase II proteins and enzymatic
activity that they produce. The amounts of chondroitinase I and chondroitinase
II proteins can be measured by any method well-known in the art, such as, for
10 example, SDS-PAGE followed by immunoblotting, radicimmunoassay, ELISA,
and the like.
The enzymatic activity of chondroitinase I can be
quantified by measuring the degradation products produced by the action of the
enzyme on chondroitin sulfate, which are preferably detected by their
15 distinctive ultraviolet absorbance properties. If required, the products aré
resolved by any useful method, including without limitation one-dimensional
and two-dimensional thin layer chromatography, and gel permeation
chromatography (GPC). The action of chondroitinase I on chondroitin sulfate
or proteoglycans produces disaccharides and an unsaturated disulfated
20 tetrasaccharide that is a substrate for chondroitinase IL. Thus, in a preferred

embodiment, chondroitinase II activity is measured by monitoring the digestion



10 exanpl e, SDS-PACE fol |l owed by i munobl otting, radioi mmunoassay,

ELI SA, and the |ike. The enzymatic
activity of chondroitinase |I can be gquantified by neasuring the
degradati on products produced by the action of the enzyne on

thondroi tin suMWoa64p89%hi ch are preferably detected by their RGI/USI6N8593
distinctive ultraviol et absorbance properties. |If required, the products

are resol ved by any useful nethod, including without limtation
one- di nensi onal and two-di nmensional thin | ayer chromatography,
and gel perneation chr omat ogr aphy9¢GPC). The action of
chondroitinase | on chondroitin sulfate or proteoglycans produces
di sacchari des and an unsaturated disulfated 20 tetrasaccharide that is
a substrate for chondroitinase Il. Thus, in a preferred

enbodj nent, chondobihisi tetrasacdHaride fnte idisgccharides asing chighoperformancerlignig t he
di gestion WO 96/ 40897

PCT/ US96/ 08593  chromatography (HPLC). -9 -
of this tétrasaccharide into d| sacchari des using high performance liquid

chromat ography (HPLC). t;gncal chondroitinase I assay is"cdniiidt&Eby
chondroitinase | assay is conducte |ncubat|ng the enzyne

S oL 1 L, Bl GO0 65 T AR |1
shoorBanct e kil o Ml A0 Aol e e
and 5 of the D absorbance of the reaction mixture at 232 nm (which represents the absorbance
of the newly introduced double bond between carbon 4 and 5 of the D-
glucuronic acid at the non-reducing end of the disaccharide reaction product) is
measured at 30-second intervals for at least 2 minutes and compared with that
10 of control reactions lacking or containing chondroitinase I.
For chondroitinase II assays, the tetrasaccharide substrate
at a concentration of 0.2-20 mg/ml is incubated with a source of enzyme at
10°-50°C, preferably 37°C, for an appropriate time, such as 15 mimutes. The
reaction products are then separated by any suitable chromatographic method,
15 including without limitation gel permeation, anion exchange, hydrophobic
interaction, and reverse-phase chromatography (all preferably performed using
HPLC). The disaccharide product is measured by any suitable technique such
as, for example, measuring the absorbance at a given wavelength, mass
spectrometry, conductivity, refractive index and viscosity, and comparison to
20 standards purified earlier and identified by TLC and other methods. It is often

preferred to measure the absorbance at 232 nm. One unit of chondroitinase II



Ql ucuronic acid at the non-reducing end of the disaccharide reaction

product) is neasured at 30-second intervals for at |east 2

m nut es and conpared with that 10 of control reactions |acking or
gont ai ni ng chondroitinase I. For
chondroi ti nase Wowmmenys, the tetrasaccharide substrate PCT/USR6/03593

concentration of 0.2-20 ng/m is- incubated with a source of enzyne at
10[err]-50[err]C, preferably 37[err]C, for an appropriate tinme, such as 15

m nutes. The reacti on products are then separated by any suitable
chr omat ogr aphi ¢ net hod, 15 i ncl udi ng wil@rout |initation gel
permeati on, ani on exchange, hydrophobic I nteraction, and

rever se- phase chromat ography (all preferably perforned using

HPLC). The di sacchari de product is neasured by any suitable techni que such
as, for exanple, nialssupantity dfcenaiune thae oatalyzds the formatiomef & ndawidole ofass
spectronetry, conductivity, refractive index and viscosity, and conparison

to 20 st andar gisacehkride ipp6dueefromethe dtfisdcoiitide fpef ehifiite AL $7o€NgHE.Or

met hods. It is often preferred to nmeasure the absor bance at 232
nm Qe unit of chondr oi tinase | for analysis of constitte B6tafi@SBeterial cells are
PCT/ US96/ 08593 - 10 -

(i sacehar  de. pr odu e R h ARl it bAoA Bl SRR, °
gagt erial celsl S ar%ﬁer which cellularﬁg?r\i/seiétrgxg{v\gerﬁgbﬂ %ﬁ%&lﬁéﬁ%&ww ants,
emmved by cent r | 15 BEFOEAAPAGHE ARt g soutces of Chondroffst cfymtog —
usi ng the supernat ants as sour ce%hg%n%r}lct)r}gwlig‘t”iipg&es o?__rgg/prrggém ivention
preferably produce chondroitinase I at levels of at least 0.2 chondroitinase I
enzymatic activity units per Agy unit of bacterial culture. A unit of
10 chondroitinase 1 activity is the quantity of protein that catalyzes the formation
of 1 micromole .of unsaturated disaccharide from chondroitin sulfate per minute
at 37°C, pH 8.0. One Ay, unit of bacterial culture, representing the |
absorbance at 600 nm, corresponds to approximately 10® éells. Most
preferably, constitutive mutant cells produce at least 0.5 enzymatic activity
15 units of chondroitinase I per Agy @t of bacterial culture. Typically,
constitutive mutant cells express chondroitinase I and II enzymatic activities in
ratios of from about 50:50 to 80:20 (I.II). Thus, constitutive mutant cells
preferably contain at least about 0.125 to about 0.5 enzymatic activity units of
chondroitinase II per 1 Ay, unit of bacterial culture.

20 Constitutive mutants preferably exhibit normal growth

rates in fermentor cultures, and, in general, aside from their constitutive



The nmutant P. vulgaris cells of the present invention preferably
produce chondroitinase | at |levels of at |least 0.2 chondroitinase |
enzymatic activity units per Alerr] unit of bacterial culture. A unit of

X0 chondroitinase | activity is the quantity of protein that
catal yzes the fwWOS6#688hN of 1 micronole of unsatur atP€d/USI6/08593

‘di saccharide fromchondroitin sulfate per.mnute at 37[err]C, pH
8.0. One Alerr] unit of bacterial culture, representing the Lo
absorbance at 600 nm corresponds to approximately 10[err] cells. Most
preferably, constitutive nutant cells produtk-at |east 0.5 enzymatic

activity 15 units of chondroitnase | per Alerr] unit of bacterial
culture. Typically, constitutive nmutant cells express
chondroitinase | and Il enzymatic activities in rati os of from
about .50: 50 t o 80:péiuttior off chofiirpitinasesrisandtlljtpossessa narmal phédatype relative to
preferably contain at | east about 0.125 to about 0.5 enzymatic activity
units of wiklwgpeireellsi ase 11 per 1 Alerr] unit of bacterial culture.
20 » Constitutive mutants preferably exhibit
normal growth _ rates in fernmentor cultures, and, in general, aside
fromtheir constitutive WO 96/ 40897

PCT/ US96/ 08593 . . - 11 -
producti on of phomwm%%m phenotype rel ative
1o wild-type cells. o phenotypicalif Astifer i8S Stadses 8FL. siifis2SS

Mut ant P. Vu?'gar is Strains
mutants have been identified using the chondroitinase I assay described above.
Class 1 mutants (for example, ATCC #55691) (a) produce substantially about
as much chondroitinase I, when grown on rich medium (for example, 20-10-5
medium) in the absence of an exogenous chondroitinase I and II inducer, as

10 does wild-type P. vulgaris (for example, ATCC #6896) grown on the same:
medium supplemented with a chondroitinase I and II inducive amount of the
inducer, and (b) produce a greater amount of, and preferably approximately
twice as much, chondroitinase I, when grown in casamino acid-supplemental
glucose minimal medium in the absence of the inducer, than does the mutant

15 cell when grown in rich medium in the absence of the inducer and aiso
substantially more than wild-type P. vuigaris grown in casamino acid-
supplemented minimal medium containing chondroitin suifate. Class 2 mutants
(for example, ATCC #55690 and 55689) produce about half the
chondroitinase I than a Class 1 mutant produces when grown in casamino acid-

20 supplemented minimal medium in the absence of an exogenous chondroitinase I
and II inducer, but about the same chondroitinase I levels as a Class 1 mutant

when grown in rich medium in the absence of the inducer.



5 Two phenotypically distinct major classes of
P. vulgaris nmut ants have been identified using the chondroitinase
| assay descri bed above. Class 1 nmutants (for exanpl-e, ATCC
#55691) (a) produce substantially about as nmuch chondroitinase |
when grown on r W68 um (f or exanpl e, 20-10-5 medi PeHUSIHOZSH®
absence of an exogenous chondroitinase | and Il inducer, as 10 does
wild-type P. vulgaris (for exanple, ATCC #6896) grown on the sane

medi um suppl enented with a chondroitinase I and Il inducive anount of the
I nducer, and (b) produce a greater anount efl2-and preferably approxi mtely
tw ce as nmuch, chondroitinase |, when grown in casam no aci d-suppl enent al
gl ucose mninmal nmediumin the absence of the inducer, than does the nutant
15 cell when grown in rich mediumin the absence of the inducer and

al so substantial |y nmor Additionally, iperiopypic Subclagé 9aiition Was \dbserved
casam no aci d- suppl enented m ni mal nedi um cont ai ni ng chondroitin

sul fate. O ass 2 ramongidifferent Class I isofa®. ThedENtRins/Akibiti® AR PerRAin3R689)

produce about half the chondroitinase | than a Cass 1 nutant

produces when gr ovigiatiVe REHEOR of Ehdidroitifise acﬁv?ty%éﬂmeﬁ'ﬁp% &ngf&k di um

I n the absence of an exogenous chondroitinase ndaucer,

but about the sa dr-ﬁ}ptl' : | aal.eve mut ant .

when grown in ri gﬁnrregl um n&pﬂzﬁaﬂg'e e of%gm%ﬁé'eémga@ strams, WO
96/ 40897 : . . . .

PCT/ US96/ 08533 chondroitinases I and II are exported into the periplasmic space, but little; »

Addi tional ly, phengtypig, suhcl ass variati on was observed . anong
different dass | &Q’éﬂ%’é@“ AU s actually segretedyingy the cpliwre dnedium.; he

Some Class 1 isolates retain this distribution pattern. However, a subclass of
the Class 1 strains export or release into the culture medium up to 30% of the
total chondroitinase I produced.

10

Mutant strains of P. vulgaris according to the present

invention may be prepared by (2) mutagenizing a P. vulgaris culture and (b)
subjecting the mutagenized population of cells to a screening or selection

15 procedure that identifies colonies that produce chondroitinases in the absence

of chondroitin sulfate or N-acetylgalactosamine.

Mutagenesis
Mutagenesis may be accomplished by exposure of wild-
20 type or previously mutagenized cells to any appropriate mutagens, including,
but not limited to, N-methyl-N"'-Nitro-N-nitrosoguanidine; hydroxylamine; 4-

Nitroquinoline-1-oxide; ethyl methanesulfonate; methyl methanesulfonate; and



[elative distribution of chondroitinase activity between the cells and the
tulture medium Typically in wld-type and many nutant P.

vul gari s strains, 5 chondroitinases | and Il are exported into the
periplasmc space, but little chondroitinase | or Il activity is
actual |y secretwo96/46897 t he cul ture nedi um Sone Cl BEHUS96{08998 5t s
retain this distribution pattern. However., a subcl ass of t he
Class 1 strains export or release into the culture nediumup to 30% of the -
total chondroitinase | produced. 10 | sol ati on of Mutant Strains
Miut ant strains of P. vulgaris according te Bhe present I nvention
may be prepared by (a) nutagenizing a P. vulgaris culture and (b)

subj ecting the nutageni zed popul ation of cells to a screening or selection
15 procedure that identifies colonies that produce chondroitinases in
t he absence ultraviolef lighto nMiutsigenesis<is birsied outrusisganethodsgthitcare selknown

Mut agenesi s Mut agenesi s nay be acconpli shed

by exposure of wi irfithe aRDsuch astdegeibed i Dewiainus ), Managicof ndudtriat! | s to any
appropri ate nutagens, including, but not limted to,

N-met hyl - N - Ni t romﬁhbwaﬂa%téémszo@y&h&ﬁhmﬁ@ foi’fMlcroblology ﬁ1986)
Ni t roqui nol i ne- 1- oxi de; ethyl net hanesul f onat e; net hyl met hanesul f onat e;

gg?_ | US96/ 08593 Plrei¥1§ OR Hethyl-N'-Nitro-N-nitrosoguanidine is used as a mutagen.
5 For example, an exponentially growing culture of P.
vulgaris can be exposed to nitrosoguanidine at concentrations ranging from 30-
500 ug/ml at 37°C for about 5 to about 20 minutes, after which the culture
medium is replaced with nitrosoguanidine-free medium. The cells are then
incubated at 37°C for one to several hours to allow for fixation and
10 segregation of mutationS. The cultures are then stored at -70°C as glycerol

stocks.

Screening
Mutagenized cultures are subjected to screening or
15 selection procedures to identify cells in which the normal regulation of
chondroitinases I and II expression no longer functions, i.e., cells that produce
high levels of chondroitinases I and II even when an exogenous inducer, such
as, for example, chondroitin sulfate and/or N-acetylgalactosamine, is not
present in the culture environment. Selection procedures useful in practicing
20 the present invention include, but are not limited to, any procedure that resuits
in the selective survival of the mutant chondroitinase-producing cells as defined

above over wild-type cells in the same culture.



ul traviol et light. Mutagenesis is carried out using nethods that are

el | - known in the art, such as described in Demain et al., Manual
of Indutri al M crobi ol ogy and Bi ot echnol ogy, Anerican Society for
M crobi ol ogy (1986). Preferably,

N-met hyl - N - Ni tWO 9840897 r osoguani dine is used as a nutagen.  FCI/USIGN8S93
For exarrpl e, an exponentially growing culture of P. vul garis can

be exposed to nitrosoguani di ne at concentrations rangi ng from 30-
500 [err]g/m at 37[err]C for about 5 to about 20 m nutes, after which the

culture medi umis replaced w th nil4rosoguani di ne-free nmedi um The
cells are then I ncubated at 37C for one to several hours to allow
for fixation and 10 segregation of mutations. The cultures are then
stored at -70[err]C as gl ycerol st ocks.

Scr eeni ng Preferably, scréeningprocezieres ard wsed ¢ identify rare
subjected to screening or 15 sel ection procedures to identify cells in
whi ch the normal wﬂa&idewnoﬂdrmﬁmeslmdncﬂmwingéemmmofgw :
expressi on no | onger functlons i.e., cells that produce hi gh

| evel s of chondromﬁ Q?ECQMEHU&mﬂQn%ﬂuQ&Qgﬂﬂg fockdirésGRéuds Uch

as, for exanple, chondr0|t|n sul'fate and/ or N acetyl gal actosam ne, i's not

o ESE o L0 e MM IRAL LSS R S i S
oY DT OCEOuLE TR o o g bl HE P S Bl 7
g&?ugggfogglggs | n t he sane éolil iy i immunoblotting assays use weﬂ égg?ﬂzthods such as
those disclosed in, for example, Harlow and Lane, Antibodies, A Laboratory
Manual, Cold Spring Harbor Laboratory (1988). Detection assays that depend-
on chondroitinase enzymatic activity include, without limitation, the
10 chondroitin depletion method described below and colorimetric assays that
detect chondroitin or chondroitin hydrolysis. Either screening method
(immunoblotting and chondroitin depletion) can be used at any of the stages in
initial identification and subsequent colony purification of constitutive mutant
cells.
15
Antibody Screening
In one embodiment, an antibody-based screening method
is used to identify P. vulgaris colonies that produce chondroitinases I and I
even when an exogenous inducer 'such as, for example, chondroitin sulfate is
20 absent from the culture medium as follows:
(1) Mutagenized P. vulgaris cultures are seeded onto

filters that are placed onto agar plates containing either rich or minimal



- 14 - ' Preferably, screening procedures

are used to identify rare constitutive chondroitinases | and
Il -producing cells fromanong a | arge background of wild-type
cells. Useful in situ screening procedures include, Wi t hout

finitation, thowe9s#ms? detect col onies that either bind chondPETUSHAE® 5
specific anti bodies or that catalyze the breakdown of chondroitin sulfate

or prot eogl ycan. Col ony i nmunobl otting assays use wel | - known

met hods such as t hose disclosed in, for exanple, Harlow and Lane,
Anti bodi es, A Laboratory Manual ,- 1304 d Spring Harbor Laboratory
(1988). Detection assays that depend on chondroitinase enzynmatic
activity include, without limtation, the 10 chondroitin depletion

met hod descri bed bel ow and colorinetric assays that - detect

chondroi tin or chaigdinei latking 3 exdgenos. infliceh suchas chendroitin selfdte dnd/or N-
(i mmunobl otti ng and chondroitin depletion) can be used at any of the stages

in i ni t hedylpdlatdshinineat Thenfilas nfyhoamtissiylem| paper, pitfdckilulede, on of

constd tutive mnut ant cells. 15

Anti body Screenin Iyvinylidene diffuoride, preferably NYTRAN Schitichef aRiSEuNENt , an
ant i body- based sc?g ni hg net hod yis used(to identify P. vulgaris

col oni es t hat pro%!gﬁ nd{.lﬁi RS : : R odl an
exogenous i nducer “suc N;@,' or&examﬁglbngﬁgnﬁgi'g?rt@ﬁ ss Ilfaat%eiﬁis ggr

absent fromghe culture nmediumas follows: _

(1) Mutageni*zed PP | garis cultures are seeded onto filters that

are placed onto agar plates cont(%' ?’Lenﬂlteexjstapee&eﬁ itr%xrx]sfé)r ln%' ni r{ﬁé plates to a
solution that permeabilizes and lyses the cells on the filter, so that
chondroitinase polypeptides are released from the cells and become fixed to the
filter.

10 (3) The filters are then incubated with specific antibodies
directed against chondroitinase I and/or chondroitinase II, such as, for

example, goat anti-chondroitinase I antibody and/or rabbit anti-chondroitinase

II antibody.
(4) Finally, specifically bound antibody is detected using
15 any enzymatic, fluorescent, radioactive, or other detection means well known
in the art.

Goat anti-chondroitinase I antibodies are prepared by (a)
purifying P. vulgaris chondroitinase 1 from an E. coli strain that expresses
chondroitinase I from an overexpression plasmid (as disclosed in U.S. patent

20 application No. 08/233,008, filed April 22, 1994); and (b) mixing the purified
chondroitinase I with Freud's adjuvant and inoculating the resulting emulsion

into goats. Procedures for the purification and analysis of antibodies are those



WO 96/ 40897
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medi um | acki ng an exogenous i nducer such as chondroitin sulfate and/or
acetyl gal actosam ne. The filters may conprise nylon, paper, ni trocel Iy ??

or powpecKesor dene di fl uori de, preferably NYTRAN (ScHi

Scheul |, Keene, NH). The optinmum col ony density for th| S step is
about 1000 per 5 pl at e. (2) The
filters are then transferred fromthe plates to a sol ution that

perneabi | i zes and |yses the cells on the fill#6er, so that

chondroi ti nase pol ypeptides are released fromthe cells and becone fixed to
t he filter. 10 (3) The filters are
then incubated with specific antibodies di rect ed agai nst
chondroi tinase | awell-knowi imtheairt. i Rabbit anti-chendrbitinase H antibodies are prepardinpl e,
goat anti-chondroitinase | antibody and/or rabbit anti-chondroitinase

1 anti body. similarly. (4) Finally, specifically
bound anti body is detected using 15 any enzymatic, fluorescent,

radi oactive, or other detection nRapreféiftd eibSiient of the mbouyls&gmq:t
Goat anti-chondroitinase | antibodies are prepar ed by (a)

provsey " I liggrl AR et RRSYR Ky Rllrs A pRbAil A pites
0, 7L8355 1t 5, B 3105, b 458 B ol g 8, 11|
Freud's adj uvant agx(ij:ralctnoanal A ﬁ%Ci heAﬁeersUI X ngthemi'cl:tgnaq colony-containing filters
with a solution of bovine serum albumin to block background sites, the filters
are floated on liquid chloroform or placed on chloroform-saturated filter paper
for several hours, releasing chondroitinases and binding them to the filter in
10 the immediate vicinity of chondroitinase-producing colonies. The washed
filters are then incubated sequentially with (1) goat anti-chondroitinase I
antibodies; (2) peroxidase-conjugated rabbit anti-goat antibody (BioRad); and
(3) color reagents to visualize filter-bound peroxidase (BioRad). In parallel,
colony-purified wild-type P. vulgaris cells are grown on medium lacking and
15 containing chondroitin sulfate to serve as negative and positive controls,
respectively, for the screening procedure.
Colonies that display detectable amounts of
chondroitinases I and/or II using this assay are picked, diluted, re-inoculated
.on plates, and the entire detection procedure is repeated. Several ;ycles of
20 colony purification are performed in this manner, until a pure culture of each

individual mutant strain is obtained.



Into goats. Procedures for the purification and analysis of antibodies are
those WD 96/ 40897
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wel | -known in the art. Rabbit anti-chondroitinase Il antibodies are

pr epar ed WO 96/40890 | ar | y. PCFUS96/08593
preferred enbodi nent of the anti-body screen, P. vul gari s col oni es

are grown on Nytran filters that are placed onto agar plates 5

contai ning "20-10-5" nedium which includes 20 g/| tryptone, 10 g/l yeast
extract, and 5 g/| NaC . After spraying thelbacterial col ony-containing
filters . with a solution of bovine serumal bum n to bl ock
background sites, the filters are floated on li'quid chloroform or
pl aced on chloroforn}saturated filter paper for several hours,

rel easi ng chondroitinases and bi GhondgpitishBepletion Sercéning Assavn 10 t he

i medi ate vicinity of chondroitinase-producing col onies. The washed

filters are then incubated sequeLi snothey embddimest) a chaidreitih idepletioncssayt isnase |
anti bodi es; (2) peroxidase-conjugated rabbit anti-goat antibody (BioRad);

and (3) ugédﬁfméﬁaﬁ%mrmr&ﬁnaeewad ?o&tdmgeéol&ﬁwdlnnﬁk

(BioRad). In parallel, colony-purified wld-type P vulgarls
cells are grown 0%&%&%@% efilfreslate seededoﬁﬁrmﬁww&s&ma%&eﬂ n.
sulfate to serve as regative and positive controls, respectlvely,

o Bt B0 A BACAEE e et co gt play oo it i oFBAABRES | 1o
LS a5 e P! st Yk S AL i e, gogftl, Bl ard™ (e
transferred to plates containing agar supplemented with 5 mg of chondroitin '
sulfate/ml and a protein synthesis inhibitor at a concentration effective to
inhibit protein synthesis on the filter-bound bacterial colonies, preferably 100
10 pg/ml tetracycline. After incubation for about 4 to about 8 hours, the filters
are removed, and the plates are flooded with about 10 ml each of 0.5% cetyl
pyridinium chloride (Sigma Chemical Co., St. Louis, MO). This treatment
causes chondroitin sulfate to form a cloudy precipitate within the agar.
Constitutive mutant colonies that elaborate chondroitinase 1 produce an obvious

15 clear zone surrounding the colony that is easily visualized by eye.

Transf 1 Constittive M
It may be desirable to increase the production of
chondroitinases I and II further over that seen in the constimtiv.e mutants
20 isolated as described above, or selectively to increase or decrease the
production of chondroitinase I or chondroitinase II. For this purpose,

constitutive mutant strains isolated and characterized as described above can be



20 colony purification are perfornmed in this manner, until a pure

Eulture of each I ndi vidual nutant strain is obtained.

WO 96/ 40897
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Chondr oi ti n DepiveiscaessSer eeni ng Assay PCT/USS6/08593
anot her enbodi nent, a chondroitin depletion assay is used to
identify chondroitinase | and Il-producing colonies. In this procedure,
mut ageni zed P. vulgaris cultures are seeded onto filters as described
above, 5 and the filters are placedl®nto agar plates containing
either rich or m ni nal medi um | acki ng chondroitin sulfate. After
overnight gromh, the filters are transferred to plates

cont ai ni ng agar supplenented with 5 ng of chondroitin sul fate/ m

and a protein syntfafbéranodifiedby aunsfornmtion with DNAtplasmids émeoting ofor @xample,
I nhibit protein synthesis on the filter-bound bacterial colonies,

preferably 100 1Qchondroitingde’ 1 &idvdr dhohdroRingde! N undé¥ thelcohsludTahé amiveor about

4 to about 8 hours, the filters are renoved, and the plates are
flooded w th aboutg hwdéfﬂtm%% ﬂlﬁ)tego?%)lﬁﬁ&di ous promoter. Ph¢ péHed eHdbdms! vokt de
(Si gnma Chem cal fﬁb Thi's 1)greapment g causes

chondroitin sulfat w éﬂ’ 3 Wloari
laztx@ ) aris
Constitutive nutant colonles a or ate ondr oi't I nase fl pr ocfuce an

V'Sl zed b eye, Eeade BRIC ALl 4 LR B et Vi

cosmid clone designated LP2-751 (see Example 1 below). DNA encoding P.
vulgaris chondroitinase I and/or chondroitinase II protein(s) can be cloned into
a plasmid that replicates in P. vwigaris cells. Other plasmids may encode
regulatory or other proteins that alter the transcriptional or translational steps
10 - in chondroitinase expression. Suitable plasmid vectors are provided in
concurrently U.S. Serial No. 08/481,179 (attorney docket no. 0646/0B122).
Alternatively, the constitutive mutant cells may be
subjected to insertional mutagenesis to selectively inactivate the chromosomal
chondroitinase I or chondroitinase II gene. Any of these manipulations are

15 well-known in the art of recombinant DNA technology.

The chondroitinase I and I enzymes produced by a
constitutive mutant may be co-purified to homogeneity (i.e., to obtain a pure
20 mixture of chondroitinase I and IT) and the co-purified enzymes are suitable for

use in, for example, vitreal disinsertion.



It may be desirable to increase the production of chondroi ti nases

t and Il further over that seen in the constitutive nutants 20
i sol ated as descri bed above, or selectively to increase or decrease.the
production of chondroitinase | or chondroitinase Il. For this purpose,

constitutive nwo®skosstrai ns i sol ated and characterized as deFETUSEMO85¥ Oy e
can be VWO 96/ 40897 . . :

PCT/ US96/ 08593 : - 18 -
further nodified by transformati on with DNA plasm ds encodi ng, for exanple,
chondroitinase | and/or chondroitinase |I51%nder the control of the native
chondroiti nase pronoter or a heterol ogous pronoter. The genes encodi ng both
chondroitinase | and chondroitinase Il proteins are present on a P.

vul gari s 5 genom ¢ DNA sequence of about 30 kb in length, which is
contajned within a c oAlthshghl|aovaeieryacti myethddscbah B2 -usédl to(iselste Bedinpl e 1
bel ow). DNA encodi ng P. vul gari s chondroitinase | and/or

chondroi tinase | lpufifyohstive(chbndroitinkses ¢ kA H(la ipféferred affinity chromafgdephy d t hat

repliecates in P. 'vulgaris cells. Oher plasm ds may encode
regul atory or ot hghndd Abfdes that alter the transcriptional or
transl ati onal steps 10 I n chondroitinase expression. Suitable plasmd

vectors are provided in Sa) Coﬁ}%ﬁr&télﬁlﬁédshoﬁfg@hﬂé of ButaflBp 481, 179

(attorney docket no. 0646/ 0B122
Al ternativelky, the,constitutiye n I . subjected to
I nsertional kmJt a #&5’1’é@‘oﬁ‘e@%@?@ﬁﬁ%ﬁ’%%gﬁ%&%m onosonal
chondroitinase | or chondroitingse Il gene. Any of these manipul ations are
15 wel | -known in the art ré@ﬁ‘ﬁ?ﬁﬁﬁmaf%m&%é&v% charged

cation exchange resin chromatographic support so that any positively charged

proteins comprising chondroitinase I and chondroitinase II in the homogenate
form a non-covalent bond with the negatively charged support;

10 {c) affinity-eluting, in pools, the chondroitinase -
proteins from the support with an aqueous soluﬁon of chondroitin sulfate at a
pH 7.0-9.5;

(d) loading the affinity eluted protein pools onto an
anion exchange resin chromatographic support to yield an unbound eluate; and

15 (e recovering the chondroitinase I and chondroitinase
II proteins in the unbound eluate.

The proteins can be further purified by metal chelating
chromatography by
(1)  contacting the unbound eluate with a metal

20 chelating affinity chromatography support to bind further the chondroitinase

proteins;

(2) eluting with an appropriate solvent; and



Purification The chondroitinase | and |

gnzynes produced by a constitutive nmutant may be co-purified to
honogeneity (i.e., to obtain a pure 20 m xture of chondroitinase |
and 1) and the co-purified enzymes are suitable for use in, for
Exanpl e, VitreaWOd6MeEertion. WO 96/ 40897 PCT/US96/08593
PCT/ US96/ 08593 ' . : -19 -

Al t hough a variety of nmethods can be used to isolate and purify
native chondroitinases | and I, a preferred affinity chromatography

met hod i ncl udes: -20- (a) preparing a clarified
honogenat e of mutant P. 5 vul garis cells, the honobgenate having a pH
of 5.8 to 7.4; (b) loading the honpgenate
onto a negatively charged cation exchange resin chromat ographic
support so that any positively c@rgexgcovering the chopdroitinasesproteins: i si ng
chondroitinase | and chondroitinase Il in the honogenate forma
non-coval ent bond w th t he negatIfudekiyed; iz epparifiethproteins cah(be separated from

(c) affinity-eluting, in pools, the chondroitinase ' proteins from
the support with aaclhamebsadditiotial proceds steps ibobiing frther éatiof edéhange

pH 7.0-9.5; (d) loading the affinity eluted

protein pools ont Qpafmatography. The individually purified proteins can be used in ratios other

5 than those obtained by the copurification procedure.



ani on exchange resin chromat ographi c support to yield an unbound el uate;

and 15 (e) recovering the chondroitinase | and
chondr oi ti nase Il proteins in the unbound el uate.

Jhe proteins can be further purified by metal chelating

chr omat ogr aphyWe@w6/40897 (1) cont a@CTAPIE/PRS93
unbound eluate with a netal 20 chelating affinity chromatography
support to bind further the chondroitinase pr ot ei ns;

(2) eluting with an appropriate solvent; and WO 96/ 40897

PCT/ US96/ 08593 -21- - 20 -

(3) recovering the chondroitinase proteins.

| f desired, the copurified proteins can be separated from each

ot her by additional pr 0Ccess steps i nvol ving further cation exchange
chromat ogr aphy. Y EMBODIMENT®Ee used in ratios

other 5 t han those obtalned by‘the copurification procedure.
WO 96/ 40897 The following examples illustrate the
PCT/ US96/ 08593 P present ventiop,

without limitation.
Procedure A: Preparation of goat anti-chondroitinase I
5 antibody
Chondroitinase I isolated essentially as described above,
which was 99.4% pure (as assessed by SDS-PAGE) was combined with
complete Freund's adjuvant in a 1:1 (v/v) proportion and emuisified. For the
initial immunization, 5 mg of chondroitinase I was inoculated into goats
10 intradermally. At one-month intervals, the animals were boosted with
progressively smaller amounts of chondroitinase I (1 mg, 500 ug, 250 pg) in
incomplete Freund's adjuvant administered intramuscularly. The animals were
bled every month, and the appearance of specific anti-chondroitinase I
antibodies was assessed by Western blotting, which showed reactivity with a
15 single protein band corresponding to chondroitinase 1.
Procedure B: Preparation of rabbit anti-chondroitinase I1
antibody
A 1 mg/m] solution of chondroitinase II purified as
described above is combined with complete Freund's adjuvant in a 1:1 (v/v)
20 proportion and emulsified. 200400 ug of the emulsion is inoculated into
rabbits intradermally or subcutaneously. At 30 days, an emulsion comprising a

1:1 mixture of the chondroitinase II solution as above and incomplete Freund's



The followi ng exanples illustrate the present invention wi t hout
Fimtation. Procedure A: Preparation of goat
anti-chondroitinase | 5 ant i body

Chondroitinase | isolated essentially as described above, whi ch

fvas 99. 4% pur e wessmsEssed by SDS- PAGE) was conbined with — PCT/US96/08593

conplete Freund's adjuvant in a-1:1 (v/v).proportion

and enmul sified. For

t he initial inmunization, 5 ng of chondroitinase | was inocul ated’
into goats 10 intradermally. At one-nonth intervals, the aninals were
boosted with progressively smal | €22 anpunt s of chondr0|t| nase | (1

ng, 500 [err]g, 250 [err]g) in I nconpl ete Freund's adjuvant

adm ni stered intramuscularly. The animals were
and the appearance of specific anti-chondroitinase |

bl ed every nonth,
ant i bodi es

was assessed by \Wadjueant ibprepared gind inkculated intadbie rabbits as/aboye.niAti30«day 15

single protein band corresponding to chondroitinase I.

Procedure B: Prepgjitefvals) tlief anihilbiate bled,iand i sbramtis teated for anti-chondroitinase -

ant i body A1l ng/m solution of
chondroitinase || padtitolg. as descri bed above is conbined with
conplete Freund's adjuvant in a 1:1 (v/v) 20 proportion and

enul sified. 200-400 [err]g of the enmulsion is inoculated into

rabbits intradernally or subcutaneously. At 30 days,

a - f
i nconpl ete F&eund l%(aﬂlpfef

an emul si on conpri sing
s above and

The following procedure was used to isolate chondroitin-

sulfate-independent chondroitinase-producing mutants of P. vuigaris.

A. Mutagenesis

Wild-type P. vulgaris cells (ATCC 6896, designated

10 strain L1.2289) were grown overnight at 37°C in 10 ml of 20-10-5 medium. 3

ml of the ovemiéht culture were inoculated into 100 ml of fresh 20-10-5

medium and were grown to a density of 1.3 Agy units. The cells were

recovered by centrifugation and were resuspended in fresh medinm at a

concentration of 4x108 cells/ml. Nitrosoguanidine (Sigma Chemical Co., St.

15 Louis, MO) was added to 5 ml aliquots of the cells so that the final

concentration of nitrosoguanidine was 30-500 ug/ml.

Mutagenesis was for 10

min at 37°C. The cells were pelleted, resuspended in fresh medium, and

grown at 37°C for 2 hours to allow for fixation and segregation of mutations.

B. Immunoscreening

20 Mutagenized P. vulgaris cells were diluted and plated

onto Nytran filters at a density of 2000 colonies/plate, and the filters were

placed onto glucose-containing minimal medium agar plates. Fifty filters were
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adjuvant is prepared and inoculated into the rabbits as above. At 30-day
intervals, the animals are bled, and the serumis tested for

ant i - chondr oi t | Wex96/40897 |1 anti bodi es. 5 Exanpl e PCT/USPESE%t i on
of chondroiti nase-produci ng nutants . The

foll owi ng procedure was used to isolate chondroitin-

sul f at e-i ndependent chondroi ti nase-produci ng nutants of P. vulgaris.

A. Muit agenesi s -23-WIld-type P. vulgaris cells
(ATCC 6896, designated 10 strain LL2289) were grown overni ght at
37[err]Cin 10 mM of 20-10-5 nedium 5 m of the overnight
culture were inoculated into 100 m of fresh 20-10-5 medi um and

were grown to a deghaed shddhcibated/t 80P for24 BoursthThe €ilters wereé geplica plated
recovered by centrifugation and were resuspended in fresh nediumat a

concentration of 4pidiastér]age plaesEontaiiriph 705 T0S! aieidibint) Swhich SeFe nbbatedat Co.

St. 15 Louis, M) was added to 5 mM aliquots of the cells so that the
final cweewﬁmmmtmm%m 30-500 [err]g/m .
Mut agenesi s was for mn at 37[err]C. The cells were pelleted,

resuspended in fresh rredl um andrpe ereﬂﬁ'ﬁ?é@vﬁ{h §Z$lﬁﬁ61]&';9% &,/p)ours to

allow for fi xat i on and segregation of nutat
ngoag;ge | ut eé’%?i'mﬁ plpmtalaumin (Sigma Fﬂqﬁy’tr r@?’s am?ﬁ%h%?e#sl ty of
2000 o0 01 €5 1o g Al s B Bl s
and to fix the chondroitinase proteins to the filter. The filters were then placed
on TE-saturated paper for 5 min (TE = 10 mM Tris-HCIl, pH 7.4, 1 mM
EDTA). The lysed colonies were dislodged from the filters by repeatedly
10 rinsing the filters in distilled water while blotting.
The filters were then incubated for 2 hours at 22°C with
goat anti-chondroitinase I antibody prepared according to Procedure A at a
1:5000 dilution in 10mm Tris HCl, pH 7.4, 0.1% Tween-20, 1% Bovine
Serum albumin, and 0.85% NaCl. The filters were then washed in the same
15 buffer lacking albumin, after which horseradish peroxidase-conjugated rabbit
anti-goat antibody was added at 1:4000 dilution (BioRad). After incubation at
22°C for 2 hours, the filters were washed, and bound antibody was detected
using the 4-chloro-naphthol reaction. Positive colonies appeared purple against
a background of essentially colorless wild-type (non-chondroitinase-producing)
20 colonies.
Thirty-six positive signals were observed in the

immunoblot screen and aligned to the master plates. A region of the plate
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pl ated and incubated at 30[err]C for 24 hours. The filters were replica

pl at ed onto nmaster agar plates containing 20-10-5 nediu whi ch
Wer e i ncubat ed WO 96/40897 30[err]C for 5 hours and then st or RF/U96M3%3 1 | C
for later use. . The filters were sprayed with
a solution of 7.5 % (wW V) 5 bovi ne serum al bumi n (Si gna Chem cal '
Co., St. Louis, M), and then were pl aced on chl or of or m sat ur at ed
absorbent paper for 2 hours to |yse the col-®ies and to fix the

chondroitinase proteins to the filter. The filters were then pl aced
on TE-saturated paper for 5 min (TE= 10 MM Tris-HO, pH 7.4, 1 mM
EDTA). The |ysed col onies were dislodged fromthe filters by repeatedly 10

rinsing the filt ercorresponding tol thel sigmdl ewas\recdvered| byt plugging the appropriate area of
The filters were then incubated for 2 hours at 22C with - goat

anti - chondr oi t i nas ghelmasfér phae with i widecend of @ siérile pipetts’r The plugewss plhced
1: 5000 dilution in 10mm Tris HA, pH 7.4, 0.1% Tween-20, 1% Bovi ne

Serum al bumi n, andsfly ﬁﬁﬁﬁé)?& 1&&@&&:&&%%&@@ the 6slls\\eThb @Gspefisibiicwerene 15
er

buf fer | acking al bumn whi ch hor seradi sh peroxi dase-conj ugat ed

rabbi t gfaﬁy @,170&(;4000 di lution (BioRad).
After incubation a?ﬁ&ﬁ%ﬁ’l‘@ i%for ours thefllters wer e
washed, and kound anti body

4- chl or o- napht hol reaction. g%ﬁgé'?g?mﬁ%%e p rpI e agai nst

a background of essentially color]ess wld:t
(non-chondroi ti nase- produci ng) (81% %lﬁn&mﬁedasmSecnonBabove were

Thi
irty-six positi vgl %dgor}lall\bsnramxlxet&le ré)@a)ssgo\‘/,ed 'f‘heilllters were placed omto agar plates in

rich agar 20-10-5 medium, and the plates were incubated at 30°C overnight.
The filters were mfmd to agar plates containing 5 mg/ml chondroitin
10 sulfate and 100 ug/ml tetracycline and incubated for 6 hours at 37°C.
The filters were then removed, and the plates were
flooded with 10 ml each of a solution of 0.5% (v/v) cetyl pyridinium chloride
(Sigma Chemcial Co., St. Louis, MO). Positive colonies produced a clear
zone (indicating chondroitin depletion) in a background of white precipitate.
15 _ D. Results
100,000 P. vuigaris colonies were subjected to an initial
screen using the colony imn_lunoblotting technique described in section B
above. Of these, 36 were found to be sfrongly positive, and 23 were judged
intermediate in constitutive chondroitinase production.
20 The chondroitin depletion assay described above was

used to identify positive colonies during subsequent rounds of colony



i mmunobl ot screen and aligned to the master plates. A region of the plate
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corresponding to the signal was recovered by plugging the appropriate area
of t mwooeraaseT plate with the wide end of a sterile PCPUSIABSBhe
pl ug was pl aced into 3 mM glycerol and vortexed to di sl odge the
cells. The suspensi ons were divided into 3x1 m portions and
frozen at -70[err]C. 5 C. Col ony Screening by
Enzymatic Activity -25- Suspensions of cells
identified as in Section B above were plated on Nytran filters as
above. The filters were placed onto agar plates in - ri ch agar

20-10-5 nedium and the plates were incubated at 30[err] C overnight.
The filters were tpurifisdtiont cPhreocalouies, desigrtedcOI2485 N L1492, and N1.2498)wrei ti n
10 sulfate and 100 [err]g/m tetracycline and incubated for 6 hours at

37[err] C. chosen for further analysis (see beloW)e filters were then renoved, and
the prates were flooded with 10 m each of a solution of 0.5%

(v/v) cetyl pyridiniumchloride (Sigma Chential Co., St. Louis,
MO . Positive colonies produced a clear . zone (indicating

chondroitin depl eW: C R oR BB o

D. Results ‘ : y

wer e subj ectgd to(’}ﬁﬁﬁ%@b&% screen using the col ony

I mmunobl ottihg te ed in section B above. O these,
36 were found to be strongly positive, 23 re judged

intermediate in constitutive choh&béetqﬁggmpéﬁ%%% was performed on

constitutive mutants identified as described in Example 1. The rich medium

consisted of 20 g/l tryptone, 10 g/l yeast extract, and 5 g/l NaCl. The
minimal medium consisted of 6.0 g/l Na,HPO,, 3.0 g/l NaHPO,, 0.5 g/1 NaCl,
10 1.0 g/t NH,Cl, 4 g/l casamino acids, 0.2 g/l MgSO,, 0.02 g/l FeSO,~7H,0,
and 0.05 g/l nicotinic acid. Glucose-containing minimal medium had 5 g/1
glucose; both chondroitin-sulfate-containing minimal medium and rich medium
had 5g/1 chondroitin-6-sulfate.
0.2 ml of an overnight culture of each strain was
15 inoculated into 5 ml of each growth medium. The cultures were incubated for
7 hours at 37°C, after which the absorbance of the cultures at 600 nm was
measured. 3-ml aliquots of each culture were collected by centrifugation, and
the cells were resuspended in 3 ml of 50 mM Tris-acetate, pH 8.0. The cells
were then disrupted by two passages through a French Pressure mini-cell at
20 18,000 psi (SLM Instruments, Urbana, IL). The cell homogenates were then
centrifuged at 12,800 X g to remove cellular debris, and the supernatant was

recovered and assayed for chondroitinase I activity. Some of the samples were



20 The chondroitin depletion assay descri bed

above was used to identify positive col onies during subsequent
rounds of col ony WO 96/ 40897
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purification. Twoeesisesd7oni es, designated LL2485, LL2492, and LRCEPIOSPE/OBRB e
chosen for further analysis (see below). . Exanpl e 2: Conpari son

of chondroitinase |I and Il production in A -
shake flask fermentation analysis was perforned on constitutive

nutants identified as described in Exanpl e2§.- The rich medi um
consi sted of 20 g/l tryptone, 10 g/l yeast extract, and 5 g/l NaC . The
m ni mal medi um consi sted of 6.0 g/l Na[err]HPqerr], 3.0 g/l NaHPO err],

0.5 g/l NaC, 10 1.0 g/l NHerr]d, 4 g/l casam no acids, 0.2 g/l
MySO4, 0.02 g/l Fg Qs hdyel -fH: mso 1 acfyiey. ?ﬂér&uﬂéoﬂ{hbcm:ﬁ%mﬁussxamd
A ucose-cont ai ni ng m ni"mal I um 5 | ucose; both
chondroi tin-sulf | diumand ri ch medi um had
5g/| chondroiti naﬁgﬁ’aﬁﬁ?ééhimrﬂfﬂ)ﬁmloﬁe 0.2 m of an
overni ght culture of each strain was 15 i nocul ated into 5 ml of each
growt h nmedi um The cultures wer e |ncubat ed for 7 hours at
37[err] C, aft pr=wircihr—tire—ssascranee—e o= ' opvpe "
measured. 3-nj_ ,
and 5]
E CHONDROITIN CHONDROITIN
| GLUCOSE | SO, S0, |
112289 |  wild-type 0> 0.088 0* 0.173
L12480 wild-type o* 0.269 0* 0.153
112485 constitutive 0.574 0.366 0.433 0.285
10 class I | .
112492 constitutive 0.927 0.490 0.602 0.423
class I _
112498 constitutive 0.297 0.243 0.325 0.448
class I .
*not detectabie

15 .
Example 2 demonstrates that Class 1 mutants show elevated

chondroitinase I levels compared to chondroitin sulfate-induced wild-type cells, but
produce even more chondroitinase I activity when grown on glucose minimal
medium compared to chondroitin sulfate minimal medium. Class 2 mutants produce

20 lower chondroitinase I levels than Class 1 mutants, but produce equivalent amounts
of chondroitinase I on either glucose or chondroitin sulfate when evaluated in a

minimal medium.

SUBSTITUTE SHEET (RULE 26)



the cells were resuspended in 3 m of 50 mM Tris-acetate, pH 8.0. The cells
were then disrupted by two passages through a French Pressure mni-cell at

20 18,000 psi (SLMInstrunents, Urbana, IL). The cell honbgenates
were then centrifuged at 12,800 X g to renove cellul ar debris,
and t he super naWon6/40803 recovered and assayed for chRETIUSH6HAKSse
1 activity. Sone of the sanples were . WO 96/ 40897

PCT/ US96/ 08593 - 26 -

al so assayed for chondroitinase Il activity. The results of the

chondroi ti nase | assays are shown=-i2& -Tabl e 2 bel ow.

TABLE 2 CHONDROI TI NASE | ACTI VI TI ES (unlts/A[err] of

cul ture) STRAIN DESCRI PTI ON M NI MAL
M NI MAL. + RICH RICH +

CHONDRO TI' N CHONDRTh# iphoportion of chondroitinase IthatremamedassoﬁhleﬂiOSE
S err] S err] LL2289 w | d-type 0*
0.088 0* with the celldreldtit@ to that réleabéd Gnto the supérnstaityR@ied among e Class 1
0. 269" 0* 0. 153 LL2485 constitutive O 574
0.366 0. 43gutants. Su%nzﬁm for example, exhiblfehfhscﬁsﬂ-lbuuon oﬂ—i—gﬂ-@% of cell-
constitutive 0. 927

cl ass | LL24Q80ciated: igﬁ,,}@ 0. 325
0. 448 crass || *r%t det ec BI e ssgﬂ%&da

Exanpl e 2 degonst t e
cho%rmtl nase I ?%%to choagk%mtl n sﬂﬁ?g Iﬂ:ﬁaesemg)gw Fdﬁ ype

cells, but . increment in chondroitinase I activity released into the supernatant.
Strains L1.2485 and 112492 also express chondroitinase II

independent of chondroitin sulfate induction. In one comparative study, strain
112492 and the wild-tjpe strain LL2480 were grown in glucose-containing minimal

10 medium. No chondroitinases could be detected in the 112480 culture, while strain
L1L2492 produced 1.17 U/ml chondroitinase I and 0.6 U/ml chondroitinase II. In a
second study, wild-type strains 112289 and L1.2480 showed no detectable synthesis
of chondroitinases whén grown on glucose, while strain 1.1.2485 produced 1.69
U/ml chondroitinase I and 1.39 U/ml chondroitinase II. |

15



produce even nore chondroitinase | activity when grown on gl ucose m ni nmal
fredi um conpared to chondroitin sulfate mnimal nedium dass 2 nutants

produce 20  |lower chondroitinase | levels than Cass 1 nutants, but
produce equival ent anounts of chondroitinase | on either glucose or
thondroi tin sul fwategMeseen eval uated in a m ni mal nmedi unPCTAUSE/08593
SUBSTI TUTE SHEET (RULE 26) = WO 96/ 40897
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The proportion of chondroitinase | that remai ned associ at ed W th
the cells relative to that rel eased into tkh@8supernatant varied among the
Class 1 nmutants. Strain LL2492, for exanple, exhibited a
distribution of 1.58:0.06 of cell- associ at ed: super nat ant
activity. In contrast, stra| n LL2485 exhl blted a 5 cel|: suer nat. ant

chondroi ti nase |

I ncrement in chondroitinasg essioney
Strains LL2485 and LL2492 al so express chondr0| ti nase 11

i ndependent of chondroitin sul f #greld lgarisOitrain LL2492 WY fRaisforink® withady ,

strain LL2492 and the wild-type strain LL2480 were grown in
gl ucose-contai nin 1aimal 10 medi um No chondroi tinases coul d be
detected in the L culture, while strain LL2492 produced 1. 17

study. i | o- Pype S Rd0Y g drdtais; DAl BB Ateale of o sin wes incEBRA.
of chondroiti naseg, e 803 abdind bl iisiB8Ra of it 'l Gk 8535 B4 - ©9
| 0.5. The cells were collected by centrifogation and repeatedly washed in cold
distilled water; they were then concentrated 150-fold in cold 20% glycerol and
stored frozen at -70°C.
10 Electroporation was performed using a BioRad Gene Pulser.
200p1 of washed cells were mixed with 1-10 ul of DNA (corresponding to 0.1-2.0
g DNA) in a 0.2 cm cuvette and pulsed at 2.4 kilovolts using a 25x Farad
capacitor with a 200 Ohm resistor. The electroporated cells were then inoculated
into 2m! of 20-10-5 medium, and the cultures were incubated at 37°C for about 75
15 min, after which they were plated on 20-10-5 agar containing 25 ug/ml
chloramphenicol. After overnight incubation at 37°C, chloramphenicol-resistant
colonies were observed. At least one colony of each transformant was streaked onto
chloramphenicol agar. Individual colonies were then inoculated into 20-10-5 liquid
medium containing 25 pg/ml chloramphenicol and grown overnight at 37°C.
20 Glycerol was then added and the strains were stored at -70°C.
The plasmids used for transformation were pACYC184, pLP*-
1521, and pLP%1531. The P. vulgaris strains transformed with the plasmids were

designated strains L1A4119, LL4107, and L14142, respectively.



U'm chondroitinase | and 1.39 U nl chondroitinase II. 15 VO
96/ 40897 '
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Exanple 3. Transformation of Mitant Proteus Vulgaris with a Chondroitinase
| and |1 ExpreWo wsmossect or Pr ot RGEUSIGMESY | s
strain LL2492 was transforned with a . plasmd 5 using the

foll owi ng procedure. An overnight culture of each strain was inocul ated
into 20-10-5 nedium and incubated at 37[err]C until the cultures reached an

Alerr] of 0.5. The cells were col_éggt ed by centrifugation and
repeatedly washed in cold distill wat er; they were then
concentrated 150-fold in cold 20% gl ycerol and stored frozen at

-70C. 10 El ectropor atlon was performed using a
Bi oRad Gene Pul ﬂmle4 A mxed with 1-10

[err]| of DNA ( Jlind 3 ' ina0.2cm
cuvette and pul sed at 2.4 Ki | S usin err Far aci tor
with @ 200 Ohm resi stor The FP‘B 5’?!%@(5‘“5% %Pwﬂggd#@g

into 2m of 20-10-5 um andthecltur r.e 1pc at r]C for
about 75 15  Exgmple P WEE @R lﬂ?&ﬁ‘ ﬁcfi‘w% %&,ﬁ?‘[‘ﬁi
containing 25 [err]g/ni chl oranphenl col. After overnight .

i ncubat i on at 3Thegiopth megdipm, wasgasaming acid-supplemented minimal megdigm fontaining.
observed. At |east one colony of each transformant was streaked onto

~chl or anphefi col 2hggiml chiemmphenigol. clacuiations wereperformed so¥iiCandsamples WeEs 10- 5

liquid
taken at 7 and 24 hours after initiation of growth. The starting cell densities were

10%-107 celis/ml. In each case, cells were collected by centrifugation, disrupted in a
French pressure cell, and subjected to chondroitinase enzymatic activity assays. The

results, expressed as activity units/A600 units of the culture, are shown in Table 3.

10
TABLE 3 |
CHONDROITINASE I AND Il PRODUCTION l
7HOUR SAMPLE | 24 HOUR:SAMPLE
15 STRAIN | STRAIN | PLASMID
BKGRND uU/0D U/0D U/OD UIOD
CHONI |CHONXI |CHONI |CHONIL
112492 {12492 | NONE 0.4 0.2 0.55 0.44
114119 |112492 |pAcycis | 0.1 0.13 0.6 0.46
4
114107 |LL2492 |LP-1521 1.14 0.05 2.59 0.32
L14142 |112492 |LP-1531 1.39 0.72 3.96 1.93
20

Al patents, applications, articles, publications, and test

methods mentioned herein are hereby incorporated by reference.

SUBSTITUTE SHEET (RULE 26)



medi um containing 25 [err]g/ m chl oranpheni col and grown overni ght at

37[err]C. 20 A ycerol was then added and the strains were stored at
-70[err] C The pl asm ds used for
t.ransformati on were pACYCl84, pLP[err]- 1521, and pLP[err]-1531.

The P. vul gari swWox964089% transforned with the plasm ds were PCT/US96/08593
designated strains LL4119, LL4107, and LL4142, respectively.
WO 96/ 40897
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Exanpl e 4: Anal ysis of Chondroitinases | and@4 Production
The plasmi d-transforned P. vulgaris strains prepared as in Exanpl e

3 above were analyzed for their production of chondroitinases | and 1|1

The growt h nmedi um was casam no aci d- suppl enented m ni mal medi um cont ai ni ng
5 25 [err]g/m chl or anpheni MMdny variatibust ofcthe present invention withisuggestO[ err] C
and sanpl es were taken at 7 and 24 hours after initiation of

growth. The start iheghsél0ts todhessiskilles invitieaart in light of #2(aBbvel detdilel'deberftiohs/Stkch
I n each case, cells were collected by centrifugation, disrupted in a

French pressure Cgivious¥ifiafibtial 106 wWSin' the TP Bikrided & %fﬁﬁzakg@ﬁdeﬂcm gvity
assays. The results, expressed as activit?ﬁﬁnits/ 00 units of the
culture, are shown in Table 3. 10

CHONDROI TINASE | AND |1 PRODUCTI ON

7 HOUR SAVPLE 24 HOUR SAMPLE 15 STRAIN  STRAIN  PLASM D
BKGRND U oD U oD ‘U oD - Uuaob

CRON | CHON Il  CHON | CHON |1 LL2492 LL2492 NONE

0.4 - 0.2 0. 55 0.44 LL4119 LL2492 pACYC18

0.41 0.13 0.6 0. 46



LL4107  LL2492 LP[err]-1521 1.14 0.05 2.59 0. 32

L4142 LL2492 LP[err]-1531:  1.39 072~ 3.96 1.93 20
Al patents, applications, articl mm) m ' ' and test met hods
mentioned herein are hereby i ncorﬁ m "nﬂmﬂgmnce' VO 96/ 40897
PCT/ US96/ 08593 WO 96/40897 C L oM s« - 38CT/US96/08593
Many variations of the present i'nvention wll suggest t hensel ves to
those skilled in the art in light of the above detail ed description. Such
obvi ous variations are within the full intended scope of the appended

cl ai ns. WO 96/ 40897 -31-

PCT/ US96/ 08593 - 31 -

VE CLAIM 1 ' 1. A mutant Proteus vulgaris cell,
wherein said nutant 2 cell, when grown in the absence of an exogenous

chondroi ti nase | MEBCLAIMnducer, 3 produces chondroitinase | protein
and chondroitinase Il protein.
. 1 1. A mutant Proteus vulgaris cell, wherein said mutant

2 cell, when grown in the absence of an exogenous chondroitinase I and II inducer,

3 produces chondroitinase I protein and chondroitinase II protein.

1 2, A mutant cell as defined in claim 1, wherein said
2 inducer is selected from the group consisting of chondroitin sulfate, N-

3 acetylgalactosamine, and a combination thereof.

1 3. A mmtant cell as defined in claim 2, wherein said

2 inducer comprises chondroitin sulfate.

1 4. A mutant cell as defined in claim 1, wherein said

2 mutant cell constitutively expresses said chondroitinases I and II proteins.

1 5. A mutant cell as defined in claim 1 comprising a class
2 1 mutant cell, wherein said Class 1 mutant cell:

3 (a) when grown in rich medium in the absence of an
4 exogenous chondroitinases I and II inducer, produces substantially about the same
5 amount of chondroitinase I as does a wild-type Proteus vulgaris cell grown in said
6 rich medium further comprising a chondroitinases I and II inducive amount of said

7 inducer; and



4 1 . A nmutant ceftas defined in claim1,

wherein said 2 |nducer S s roup consisting of
chondroitin sulfate, mm“ and a conbi nation
wut ant cell as defined in
593

t.hereof. 4 1

claim 2, wherei wose48972 |nducer conprlses chondroitin sulf

4, A mutant cell as defined in claiml1, wherein said 2 nmut ant - cel
constitutively expresses said chondroitinases | and Il proteins. 1

5. A mutant cell as defined in claim1l conprising a class 2 1

mut ant cell, wherein said ass 1 nutant cet32- 3

(a) when grown in rich nmediumin the absence of an 4 exogenous
chondroitinases | and Il inducer, produces substantially about the sane 5

amount of chondroitinase | as does a wild-type Proteus vulgaris cell grown
insaid 6 grich mediumfurther corfpyi swhgngrewmincasimino acidssupplemented

i nduci ve anmount of said 7 i nducer; and WO 96/ 40897
PCT/ US96/ 08538  minimal medium in the absence of said inducer, produces a greater amiéint of 8
(b) when grown in casam no aci d-suppl enent ed 9 m nimal medi umin

the absence gf SaicflofdiGhtinie I thindibis 3HdImitif ¥R 'groWiPin Hichthedium in the absence of

11 said inducer.

1 6. A mutant cell as defined in claim 5, wherein said
2 inducer is selected from the group consisting of chondroitin sulfate, N-

3 acetylgalactosamine or a combination thereof.

4

1 7. A mutant cell as defined in claim 6, wherein said

2 inducer comprises chondroitin sulfate.

1 8. A mutant cell as defined in claim 5, wherein said
2 mutant cell releases into a culture medium at least a portion of said produced

3 chondroitinase I protein, chondroitinase II protein, or a combination thereof.

1 9. A mutant cell as defined in claim 8, wherein said
2 mutant cell releases into said culture medium up to 30% by weight of the total

3 chondroitinase I protein produced by said cell.

1 - 10. A mutant cell as defined in claim 1 comprising a Class

2 2 mutant cell, wherein said Class 2 mutant cell:



10 chondroitinase | than does said mutant cell grown in rich mediumin

mfaﬁgsggff gfs dé%i nedS?indc: gtjlrjr::gr ”“lulmlluuui"“ " ull i nducer is Sél ectéd
fromthe group consisting of chondréitfn sul¥atse, *N- 3

acet yl gal act osantne6/48897a conbi nation thereof. 4 1 PCT/US96/08593

7. A mutant cell as defined in claim6, wherein said 2 I nducer

conpri ses chondroitin sul fate. 1 8. A nutant -
cell as defined in claim5, wherein said 2 mutant cell releases into a
culture nmediumat |east a portion of said pfB3luced 3 chondroi ti nase |
protein, chondroitinase Il protein, or a conbination thereof. 4 1

9. A mutant cell as defined in claim@8, wherein said 2 mut ant cel |

rel eases into said culture mediumup to 30% by weight of the total 3
chondroitinas® | protein produced by (sniwhengirown in cdsamino acid-supplemented
10. A mutant cell as defined in claim1l conprising a Cass 2 2

ggt ant cell, aher enifinsintedfin w6 the abEindé"bf &P EXogenous chondroitinases I and IT inducer,
5 produces less chondroitinase I than does a Class 1 mutant cell when grown in said
6 casamino acid-supplemented minimal medium in the absence of said inducer; and
7 : (b) when grown in rich medium in the absence of said
8 inducer, produces about the same amount of chondroitinase I protein as does a Class’

9 1 mutant when grown in said rich medium in the absence of said inducer.

1 11. A mutant cell as defined in claim 10, wherein said
2 inducer is selected from the group consisting of chondroitin suifate, N-

3 acetylgalactosamine, and a combination thereof.

1 12. A mutant cell as defined in claim 11, wherein said

2 inducer comprises chondroitin sulfate.

1 13. A mutant cell as defined in claim 1, wherein said
2 mutant cell produces chondroitinase I protein at a level of at least 0.2 chondroitinase

3 1 activity units per Agy absorbance unit of bacterial culture.

1 14. A mutant cell as defined in claim 1, wherein said
2 mutant cell produces said chondroitinase I and chondroitinase II proteins at a ratio of

3 chondroitinase I:chondroitinase II activity units of from about 50:50 to about 80:20.



3 : \d) when grown | n casam no

aci d-suppl enented 4 m ni mal ne e of an exogenous
chondroitnases | and |1 inducer, mfﬂﬂﬂ (ﬂn mg chondr0| tinase | than
does a Cass 1 nutant cell when gr. lcn sal * casam

aci d- suppl ement wie 96i4089mal nedi um--n the absence of said i nduce??f"éq?&’”“?s

(b) when grown in rich nediumin the absence of said 8 i nducer,
produces about the same anount of chondroitinase | protein as does a C ass
9 1 nmutant when grown in said rich nediumin the absence of said

i nducer . 1 11. -3 nutant cell as defined in
claim 10, wherein said 2 i nducer is selected fromthe group consisting
of chondroitin sulfate, N 3 acet yl gal act osam ne, and a conbi nati on
thereof. 4 1 12. A nutant cell as defined in
claim1l, wherein said 2 i iducerA celhpaving ATOCacdessioninumbert 55693, 3 1
13. A nutant cell as defined in claim1, wherein said 2 mut ant cel |
produces chomdroi (LD2485]! protein at a level of at least 0.2 chondroitinase
3 | activity units per Alerr] absorbance unit of bacterial culture. 1
14. A nutant cell as defined in claim1, wherein said 2 mut ant cel |
produces said chondroitinase | and chondroitinase Il proteins at a ratio of
3 chondroiq i nase |I: chondr0| t| ase &WHJMKWS%WWE 50: 50
to about 80: 20. 40897

PCT/ US96/ (_)85%’3 [L1.2492]

1 17. A cell having ATCC accession number 55689.
2 [LL2498)
1 18. A mutant cell as defined in claim 1, further comprising

2 a chondroitinases I and II expression plasmid, wherein said plasmid directs the

3 production of chondroitinases I and IT in said cell.

1 19. A mutant cell as defined in claim 18, wherein said

2 expression plasmid is pLP?1531.

1 20. A mutant cell as defined in claim 1, further comprising
2 a chondroitinase I expression plasmid, wherein said plasmid directs production of

3 chondroitinase I in said cell.

1 21. A mutant cell as defined in claim 20, wherein said

2 expression plasmid is pLP?1521.



34 - 1 A cell having ATCC accessi on nunber

i‘?’gglaccgsm on[ htrzrﬁgrS] 55690 2”"'“' Hmuuu)ulll " IIIIl e A cell having
17. A cel |l having ATCC acceES| 6n fiunber® 55689.

18. A nut ant we9d40889 defined in claimi1, further corrprl Si ngPCJZ"s”’“sgs

chondroitinases | and Il expression plasmd, wherein said plasmd directs
the 3 production of chondroitinases | and Il in said cell. 1

19. A mutant cell as defined in claim18, wherein said 2 expressi on
plasnmid is pLP[err]1531. 1 -35- 20. A mut ant cel
as defined in claiml, further conprising 2 . a chondroitinase |
expression plasmd, wherein said plasmd directs production of 3
chondroitinase | in said cell. 1 21. A mut ant

cell ,as defiped in claim20, w2.einAsuaethbd for producing Pewdgenis chondraitinase I
pLP[err] 1521.

2 and chondroitinase I proteins, said method comprising:

(a) culturing a mutant cell as defined inclaim 1 ina

bacterial culture medium and in the absence of an exogenous chondroitinases I and

(b) harvesting said cells from said culture; and

3

4

5 11 inducer;
6

7 (c) recovering said chondroitinase I and chondroitinase
8 II proteins from said harvested cells.

1 23. A method as defined in claim 22, wherein said

2 culturing comprises growing said cell in 2 medium selected from the group

3 consisting of rich medium and minimal medium containing glucose as a sole carbon
4 source.

1 24. A method as defined in claim 22, wherein said

2 recovering comprises

3 @ preparing a clarified homogenate of said harvested

4 cells, said homogenate having a pH of 5.8 to 7.4;

5 (ii) loading said homogenate onto a negatively charged
6 cation exchange resin chromatographic support so that any positively charged
7 proteins comprising chondroitinase I and chondroitinase II in said homogenate form

8 a non-covalent bond with said negatively charged support;
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SS.T/ usiegfﬁgg for producing P. vul JJI"“IIHW«M”“IMI'IILse | - ;-and' '

chondroitinase Il proteins, said method corprisi Ag:* 3
{a) culturing awowsasercell as defined inclaimlina 4 RCTAISE5/P8593
culture nediumand in the absence of an exogenous chondroitinases | and 5

[l inducer; 6 (b) harvesting said cells
fromsaid culture; and 7 (c) recovering
said chondroitinase | and chondroitinase &36-11 proteins fromsaid
harvest ed cel | s. 1 23. A nmet hod as defined in
claim 22, wherein said 2 cul turing conprises growing said cell in a
medi um sel ected fromthe-group 3 consisting of rich nmediumand m ni nal
medi um cont aigni ng gl ucose as a s(ni)e aﬁiﬂnymlut:hg,mpnpb.lsmdchondrmtmaseprotems
24. A nethod as defined in claim?22, wherein said 2 recovering

conprises 3g from the support with an %udoué solutivregfachbidgoitin Gulfite fat @ pHLDOHENat e
of said harvested 4 cells, said honpgenate having a pH of 5.8 to 7.4;

5 11 (i) (iv) 02 YbddthgSaidafifilP daiea pRoteit pboks ﬂ@ﬁ%tdp\(ﬁi)y
charged 6 cati on exchange resin chromat ographi c support so that any

AORARESS, clr}argegl n saanamhogﬁﬁgnate ?W{dﬁ&pﬁi&%ﬁﬁ&iidﬁ@ﬂ%‘lmﬁaﬂm cluate;

chondroi tinase 11 rm
13 and
14 (v)  recovering the chondroitinase I and chondroitinase II

15 proteins in the unbound eluate.

1 25. A method as defined in claim 24, wherein step (v)
2 comprises:
'3 (1)  contacting said unbound eluate with a metal chelating

4 affinity chromatography support to bind further said chondroitinase proteins;

5 (2) eluting with an appropriate solvent;
6 3) recovering said chondroitinase proteins.
1 _ 26. A method for in situ detection of chondroitinase I

2 production by bacterial colonies, said method comprising:

3 (a) culturing said colonies on a membrane filter on
4 a first semi-solid bacterial growth medium;

5 (b) transferring said colony-containing filter to a

6 second semi-solid medium, wherein said second medium comprises chondroitin

7 sulfate;



8. a non-coval ent bond with said negatively charged support;
o O A S
(Fii) affinity-eluting, in pool's, said chondroitinase proteins 10
fromthe supporwOowssésoznn aqueous sol ution of chondroitin sul f CE/SO6HBSHH

7.0-9.5; 11 (iv) Ioadlng said affinity eluted
protein pools fromstep (iii) 12 onto an ani on exchange resin
chromat ogr aphi ¢ support to yield an unbound eluate; 13 and 14

(v) recovering the chondroitinase | and el3@ndroitinase Il 15

proteins in the unbound el uate. 1 25. A

met hod as defined in claim?24, wherein step (v) 2 conprises: 3

(1) contacting said unbound eluate with a netal chelating 4 affinity
chromat ograpBy support to bind furth@) saincubationshie fitmasaidsod idiund for
(2) eluting with an appropriate solvent; 6 (3)

ecotsr g <9! d clamend 6Asim el gpitprice hpsratyr o slow i o chondroiti

?:;:t ° 1:3: t S?ngl sal &?gwfggﬁlgﬁ?g%dn%?%d?ﬁ? ter on 4 a first

sem -solid tiilct erial growh medi um (@  removing said filter from said second medium;
12 (¢) contacting said second medium with a solution
13 containing an agent capable of causing the precipitation of chondroitin sulfate within
14 said medium; and
15 ® visually observing said second medium, wherein
16 appearance of a zoné lacking said chondroitin sulfate precipitation signifies said

17 chondroitinase I production.

1 27.  The method as defined in claim 26, wherein said
2 bacterial colonies are derived from the group consisting of wild-type P. vulgaris,
3 plasmid transformed wild-type P. vulgaris, mutant P. vulgaris, plasmid-transformed

4 mutant P. vulgaris, and plasmid-transformed E. coli.

1 28.  The method of claim 26, wherein said filter comprises
2 a material selected from the group consisting of nylon, paper, nitroceliulose, and

3 polyvinylidene difluoride.

1 29. The method of claim 26, wherein said second medium

2 comprises 5 mg/ml chondroitin sulfate.



5 ' (b) transferring said col ony-contai ni ng

filter toa 6 second sem -solid nmedium wherein said second nedi um
conprises chondroitin 7 sulfate; WO 96/ 40897

PCT/ US96/ 08593 37 -

{c) incubati vgooadossr il ter on sa““l“lelmm“r““lmmor 9  PCRUSHAESY, ent
time and at an appropriate temperaturé té alfl oW |gest| on of chondroitin
10 sulfate in the vicinity of° each of said col onies; 11

(d) removing said filter fromsaid second nedi um 12

(e) contacting said second nediumwi th a-&88lution 13 cont ai ni ng an
agent capabl e of causing t-he precipitation of chondroitin sulfate within
14 said nedium and 15 () visually
observing said second nedium wherein 16 appear ance of a zone | acking
sai d chondroittin sul fate preci pi3Dat i The sieghuidfofedaimzD6] whetein said agent comprises
chondroitinase | production. 1 27. The et hod
as defined inp cl atéﬁ:gﬁldﬁﬂmaﬂaiaai d 2 bacterial colonies are derived
fromthe group consisting of wild-type P. vulgaris, 3 pl asm d
transforned wild-type P. vulgaris, nmutant P. vulgaris, plasmd-transforned
4 mutant P. vulgaris, and plasmd-transfornmed E. coli. 5 1

28. The neyhod of claim 26, whagrei &é&ﬁ%%@ﬁpﬁﬁﬂ?ﬁ&a‘i%ﬁﬁ-chondmiﬁmsel

2 antibody.



East Allison Avenue, Nanuet, NY 10954 (US). RUPPEN,
Mark, Edward; 6 Lea Court, Gamerville, NY 10923 (US).

(74) Agents: MATTHEWS, Gale, F.; American Home Products
Corporation, Five Giralda Farms, Madison, NJ 07940 (US)
et al.

a material selected fromthe group consisting of nylon, paper, grmpe coPy
nitrocel lul ose, and 3 polyvinylidene difluoride. 4 1 . +AR
29. " The nmet hod of claim 26, wherein said second medium 2 conprlléérs (5
g/ m chondroitin sul fate. _

- 38 - 1 30 The nethod of claim 26,
sai d agent conpri MGT 2 ce ' LG mkglmlzmoTl ,
L1 ] onpri.sin oat _ant1 -chondrol ti nase y :
3L A oM hh R oRAT ArePIdASIGN BB iSHED UNDER THE PATANT COOPERATION TREATY ®ch
(51) International Patent Classification 6 : (11) International Publication Number: WO 96/4‘0/897
15/01, 1/20, C12P 21/00, C1 A2
551221‘;1’ CSQK’ 16/40 // (C12N 1,’20’ (2:(1!211 (43) International Publication Date: 19 December 1996 (19.12.96)
:37)
y (21) International Application Number: PCT/US96/08593 | (81) Designated States: AL, AM, AU, BB, BG, BR, CA, CN, CZ, |
v mns&nu,mrs.mm,xr,m.mm&w.
(22) International Filing Date: 4 June 1996 (04.06.96) MD, MG, MK, MN, MX, NO, NZ, PL, PT, RO, §5, SI,
2 SK, TR, TT, UA, UZ, VN, ARIPO patent (KE, LS, MW,
SD, SZ, UG), Eurasian patent (AM, AZ, BY, KG, KZ, MD,
(30) Priority Data: RU, T3, T™M), European patent (AT, BE, CH, DE, DK, ES,
08/476,261 7 June 1995 (07.06.95) Us FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent
v (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD,
TG).
(71) Applicant: AMERICAN CYANAMID COMPANY [US/US];
Five Giralda Farms, Madison, NJ 07940 (US). ,
Published
(72) Inventors: LOTVIN, Jason, Amokd; 985 Roosevelt Avenue, Without international search report and to be republished
Union, NJ 07083 (US). KHANDKE, Kiran, Manohar; 120 upon receipt of that report. :

(54) Title: CHONDROITINASE I AND CHONDROITINASE Il PRODUCING MUTANTS OF P. VULGARIS

(57) Abstract

Mutant Proteus vulgaris strains are provided that, when grown in the absence of an exogenous chondroitinase I and I inducer, produce

P. vulgaris chondroitinase I and chondroitinase II proteins. The mutants typically produce chondroitinase I and II proteins in the absence of
exogenous inducers and in amounts in excess of those produced by wild-type P. vulgaris strains induced with such inducers. Two classes of
such mutants, Classes 1 and 2, are disclosed. Class 1 and class 2 mutants differ in the relative amounts of chondroitinases I and I produced
when cells are grown in casamino acids - supplemented minimal medium. Additional phenotypic variants that release chondroitinase I
protein into the culture medium are provided as well. Also contemplated is a method for producing P. vulgaris chondroitinase 1 and
I proteins. The mutant cells described above are cultured in the absence of a conventional exogenous chondroitinase 1 and II inducer,
after which the cells are harvested and chondroitinase [ and II are recovered from the harvested cells. A method for in sitz detection of
chondroitinase I and II production by bacterial colonies is also provided.




