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CHONDRO TI NASE PRODUCTI ON | N RECOVBI NANT PROTEUS
VULGARI S STRAI NS Field of the Invention *: Thi s
invention relates to the preparation, identification, and isolation
of a plasmd %ﬁyﬁv odes for the production of larg &ﬁ
chondroi ti nase chondroitinase Il proteins in fgarls
cells in the 5 absence of natural exogenous chondroitinases | and |

i nducers such as chondroitin sulfate Background of the Invention

Chondroi ti nases are enZHONDRI ! MBI
chondroitin sulfate, a conpon&* ‘ nRA :-glycans that nediate
the attachnent between the retlna and the vitreous body of the human

eye. ExarrpIeS(gI ]; glﬁhoEdro”tlnase enzynmes are chondroitinase ABC,
which is erium Proteus vulgaris (P. vulgaris),
1> and chondroi tinaserhfs WikdhionP! QuaedsDYed: BhE Cffibrat
Chendroitinases ABC and AC function by degrading rakion

pol ysacchari de iiehticieation) dicdbapidy sFCahPlasifid that ecsidsLXeT,
wi t hout degrading the protein core. Yamagata et al. (J.
Bi ol . Chem 24Fhssxrogtiony®f laxgegampunssi of tdhondooitivase of ehdt he

chondroi ti nase ABC
chondroitinase II proteins in Proteus vulgarisg cells in the

5 absence of natural exogenous chondroitinases I and II

inducers such as chondroitin sulfate.

Background of the Invention
Chondroitinases are enzymes of bacterial origin
10 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. Examples of
chondroitinase enzymes are chondroitinase ABC, which is
produced by the bacterium Proteus vulgaris (P. vulgaris),
15 and chondroitinase AC, which is produced by A. aurescens.
Chondroitinases ABC and AC function by degrading
polysaccharide side chains in protein—po]:ysaccharide
complexes, without degrading the protein core.
Yamagata et al. (J. Biol. Chem. 243:1523-1535,
20 1968) describe the purification of the chondroitinase ABC
from extracts of P. vulgarie. This enzyme selectively
degrades the glycosaminoglycans chondroitin-4-sulfate,
! dermatan sulfate, and chondroitin-é-sulfate (also referred
to respectively as chondroitin sulfates A, B, and C which

25 are side chains of proteoglycans) at pH 8 at higher rates

1



-fromextracts of P. vulgaris. This enzyme sel ectively degr ades

the glycosam noglycans chondroitin-4-sulfate, dermat an sul f at e,
.and chondroitin-6-sulfate (also referred to respectively as
‘chondroitin sulfates A, B, and C which 25 are side chains of

pr ot eogl ycans )y, 8 at higher rates - WD 96/ 4 SO6/0

PCT/ US96/ 08509 Gheddsis than it degrades chondroitin or hyaluronic asg?gd.
The products of the degradation are high nol ecul ar wei ght

unsaturated oltlgosatthaeigtedes shdndraitin upsathyaduednic acid. The
di saccharide. However, chondroitinase ABC does not, act on 5 )
kerat osul fate, HR§RAMGTSorohelhei (depragatipn are high woleculaygaweight

chondr oi ti nases pi d, | f hon-sur gi disruption
of the att achrrenlk:ugftl{%%te% 013"@%% ?ggggﬁbdecfy tle?% ur al If'rgsﬁtr?g o] he

eye, thereby  aisaddirigeat i BGrevimV éhoﬁaréi@masrer ﬁsesclbeglynot 2eR€ onf OF

10 exanpl e, Hageman, U.S. Patent No. 5,292

Chondroi ti Base kesdCosulifate, h!m:gmatoedhepamstln sulfatehondroitinase | in
the present invention. P. vulgaris : chondroitinase | mgrates with
an apparent nol ecul ar masyses of chepdrgitiinases kmeludr rrapishl \emedific

SDS- PAGE. The ap rance of,.a doupl et DS- PACE resol ution of
chondr oi ti nase ngﬁgs non-surg:bcé%]n rdé‘ﬁﬁl"?'éif? Sé’lfo e gpttaggmept f) thenem

50: 4, 1057- bl et presents | ot
chondroi ti nase | é%%%gé@@ tfjpegrada ron pro%tg'?ap Jﬁf che % a‘e”%tb%

facilitating removal of the wvitreous body. See, for

10 example, Hageman, U.S. Patent No. 5,292,509.
Chondroitinase ABC is designated as
chondroitinase I in the present invention. P. }zulgar.is'

chondroitinase I migrates with an apparent molecular mass
of about 110 kDa when resolved by SDS-PAGE. The appearance
15 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,
20 08/428,948, 08/428,945, and 08/428,947, £filed April 24,
1995, (Attorney's Docket Nos. 0646/1B017US1-0646/1B017US6)
now pending. Commercial chondroitinase I protein
preparations contain variable amounts of this 90 kbDa
~ degradation product and an additional 18 kDa degradation

25 product.
Another chondroitinase, chondroitinase II, has
also been isclated and purified' from P. vulgaris.

Chondroitinase II is a polypeptide of 990 amino acids with



-Patent Application Nos. 08/431, 068, 08/428,949, 08/428,946, 20

08/ 428,948, 08/428,945, and 08/428,947, filed April 24, 1995,
.(Attorney's Docket Nos. 0646/ 1B017US1-0646/ 1B017US6) now pendi ng.
Commercial chondroitinase | protein preparations contain

vari abl e anbugicesbeskhi s 90 kDa degradati on product p sﬁybsﬂw

addi tional 18 kDa degradation 25 pr oduct . Anot her
chondroi ti nase, chondroitinase Il, has al so been isol ated and

purified from Pany@pparest molecularCmasg: &ivt iSPSsEAGE pE abput ypidt kBa. of
990 ami no acids with

96/ 40938 Its molecular mass as determinedppy g@gym@%y and lager
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spectronetry is ghitohd?27 raRghebtivdBp20  ChondddhitfhSse ' @3pedidsvel ¥n
Chondroitinase Il has an 5 | soel ectric point of 8.4-8.45. Its

enzynmati c &cti viilspellectric poihitstafnd®t.4FBo4’ . bults ceqdewedritcamgtivityhas of
chongroitinase _, . |. _Chondroitinase | endolytically cleaves |
prot eogl ycans t ddistinct Eremyy butcFRNRETETERTY S Shati @ chondrpdkingge ot

L R o ¢ o R SIS BY GhH RIBISE LS el el LRl g
tetrasacchari de gyaphide! 8n@lpFoandr @libh8Reriadl, 068! LBD104s at least two
other products which are thought to be tetrasaccharides.
10 Chondroitinase 1II digests at 1least one of these
tetrasaccharide products of chondroitinase I digestion of
proteoglycan.

Native or wild-type P. vulgaris bacterial strains
typically do mnot ©produce significant amounts of
is5 chondroitinases I and II under ordinary growth conditions.
Wild-type strains of P. vulgaris can be induced to produce
detectable 1levels of chondroitinase by providing an
inducing substrate, such as chondroitin sulfate, as the
sole carbon source. However, chondroitin sulfate, which is
20 obtained from shark cartilage, is expensive and available
only in 1limited guantities. 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

25 and II production.
¥ Thus, there is a need in the art for P. vulgaris
chondroitinage I and II production that does not requiie

exogenous inducers.



-pr ot eogl ycan. Native or wild-type P. vulgaris bacteri al

strains typically do not produce significant anounts of 15
.chondroitinases | and Il under ordinary growth conditions.

Wl d-type strains of P. vulgaris can be induced to produce

det ect abl e | e\gg9sspbsgchondroiti nase by providing an POk O8k00
substrate, such as chondroitin sulfate, as the sol e carbon source.

However , chondr0| tin sul fat e whi ch s 20 obt ai ned from shark
cartllage I S expPuRany : only in limted
guantities. AI ternati hondr

genes in E. coli can be e%ﬁ?é’&% %%§91531’U¥H§ﬁ SIS ISOF{S §’§°‘e‘§<‘pﬂﬁe§ on
systemw th an af tdnfd gralan land pLP*- 15'2&du\9ﬁ£ch‘€‘9ﬂcﬁﬁe§|éﬂ:ﬂdl%rﬁiisﬁutf'e t of

chondr oi ti nase | product i on ere is
a need in the arlbréﬁ.rde'a. vrﬁh@aél Plasmids arh@@kotbi 8gafsfoRiwild-type

production that does not require exogenous i nducers.
3. 5 VB 0604003&4d P. vulgaris cells. The transformed cells
PCT/ US96/ 08509 Summary of_.the | nvention Pl asm ds

pLP[err]-1531, \PFRIRe FBHeSRaRGHaE0 thPn RERGuCtion °f|°%w=rcrltmes I
o el 1920 WL Do5ToRe AN A™SF n e gprence PBR AL
cell's. = The tragadurBih Eﬁbﬁéro:.t:.nases I and II inducers. Additionally,
the transformed P. vulgaris cells, in the absence of
10 exogenous chondroitinases I and II inducers, produce the
respective enzymes in amounts in excess of those produced
by wild-type P. vulgaris in the presence of exogenous
chondroitinases I and II inducer(s).
Starting plasmid pLP?3-751 and intermediate
15 plasmids pLP*-770, pLP*-1512, pLP3-1263, pLP?*-1508, pLPz;
1510, pLP?*-1514, pLP?-1518, and pLP?*-1525 are also provided.
These intermediate plasmids are typically used in the
preparation of pLP?-1531 and pLP3-1521. A BglII/EcoRI
fragment of about 3970 bp derived f:c.'om. pLP?*-1512, a
20 EcoRI)SmaI fragment of about 2550 bp derived from pLP?-1514,
and a BgliI/Smal({Aval) fragment of about 6520 bp derived
from pLP2-1518 are further disclosed.
Also contemplated is the use of transformed P.
vulgaris cells to produce chondroitinase I and/or II. The
25 P. vulgaris cells above are cultured in a bacterial culture
medium and in the absence of an exogenocus chondroitinase I
and II inducer. The cells are then harvested from the

culture, and the chondroitinase I and/or II enzymes are



produce DNA encodi ng the production of chondroitinases | and Il or

chondroitinase | in the absence of natural exogenous
chondroitinases | and Il inducers. Additionally, the transforned P.
vul garis cells, in the absence of 10 exogenous chondroitinases | and
Il inducers, Psliesast he respective enzynes i n anou 'ﬂwg ess of
t hose produceﬁf by wild-type P. vulgaris in the presénce o o

exogenous chondroitinases | _and Il inducer(s).

Starting pl asn decoteRiect.r | - 7Biefeadblyi, nt choreltiicditdnabés I @ndAsniIls are
pLP[err]-770, pLP[err]-1512, pLP2-1263, pLP[err]-1508, pLP[err]- :
1510, pLP[err]-158@ovened &¥ |- 1518, and pLP[err]-1525 are al so provi ded.

These internedi ate plasm are_typically _used,in,the reparati on
of pLP[err]-1531 and pLP| g‘sﬁ’] ' Broparig, Bl | EISEI h°m°9?§3‘h’gnt °

about, 3970 bp degiMmads p PICY: v I, f t

about 2550 bp de?i’lved E(fe.?(;% ptg'[z%rr -'1%%2,%ogena%%g%ba gall Iplhflggnggll(s,éx\%gl)
fragment ofs aboutt.$520 bp derived frompLP[err]-1518 are further

di scliosed. Al so contenplated is the use of transforned P
vul garis cells to produce @ondeadingmatbel homggenate. offfe & 5negatively

vul garis cells above are cuJtured_in a bacterial culture nmedi um and

in the absence ofPaFFesk RRIMAR SHARGS HefiRe cpromatographif | $UBRRFhc &
The cells are th@ﬂapar v ecei fc;sq.@ivéig charg'e(%'ilI t rr%’te‘}%g thgomprising

chondroi ti nase | “and/ or Zynes ar
4 chondroitinase I and chondroitinase II in the homogenate
io form a non-covalent bond with the negatively charged
support ; .
(¢} affinity-eluting, in pools, the

chondroitinase proteins from the support with an aqueous
solution of chondroitin sulfate at a pH 7.0-9.5;

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

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

20 The proteins can be further purified by metal

chelating chromatography.

B [} E D 13 ! [} E !1 n »
Figure 1 is a schematic illustration of the
25 preparation of pLP?-1518 from pLP?-751.
Figure 2 is a schematic illustration of the

preparation of pLP’1531 from pACYC184 and pLP?-1518.
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recover ed. Preferably, chondroitinases | and Il are recovered by
{(a) preparing a clarified honogenat e of harvested P

vul garis, the honogenate having a pH of 5.8 to 5 7.4;

(b) loading th nate onto a negatively charged cati on exchange
resin chronatoﬁ?gﬁﬁﬁggsupport so that any positivePGT/USYE8c(

pr ot ei ns conpr|5|ng chondroi tinase I and chondroitinase Il in the
honbgenate 10 f.Qrny ' e negatively charged
support; ) y ) I n pool s, t he
chondroi ti nase proteins frra ﬁi‘&eiﬂpﬂﬁfrénmém e%n:owaeeus constructDlafd on
of chondroitin sulfate at a pH 7.0-9.5; 15 (d) Ioadlng t he
affinity eluted npﬁrnhosisn fpvopsoducmg lapge oquantitiies ofchamrdreitinase I

chr omat ogr aphi ¢ su por to leld an unbound el uate; and

(e) recoverirm)aq I PIRERRS; 10 FFofeus) vulgaris. chondroi tinase |1

pr ot ei ns |g t he unbound eluate. 20 The proteins can be
further pufified by metal chel ati ng chronatography Bri ef

Descri ption of the Drey ‘
illustration of the preparatlon of p rom pLP[err]-751
Figure 2 is a schematic ichoatireitiomsef Theand chondroitinase II are

a schematic

Ny

enzymes produced by P. vulgaris that catalyze the breakdown
of chondroitin sulfate, including that present in
10 proteoglycans. The physical and enzymatic characteristics

of each enzyme are summarized in Table 1.

. e
TABLE | I
Chondroitinase I Protein and Chondroitinase i1 Protein

5 110 xDa 112 kDa n
SDS-PAGE ~110,000 daitons ~112,000 daitons n
molecutar weight
Electrospray mass spectrometry | 112,527 4 25 daltons 111,772 1 27 daltons
Laser desorption mass 112,508 < 20 daltons 111,725 - 20 daitons

20 spectrometry
Isoelectric point/s pH 8.35 and pH 8.45 pH 8.45
Amino acid composition absence of cysteines, rich in serine | otherwise similar to 110 kDa “
Release of di and 4+ -
oligosaccharides from
chondroitin sulfate

25 Digestion of tetrasaccharides not - ' +++
digested by chondroitinase 1

N iRt

30 Wild-T 2. Vulearis Strai

Wild-type strains of P. vulgaris accumulate easily detectable levels of
enzymatically active chondroitinases I and I only when grown in a culture containing

6
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prepar ation of pLP[err]1531 from pACYC184 and pLP[err]-1518.

WD 96/ 40938
PCT/ US96/ 08509 Detai |l ed Description of the Invention
The present invention enconpasses constructs and met hods for
produci ng | ar ties of chondroitinase | and LS i n
Pr ot eus vul ga?i?g%&%sd Chondroi ti nase | and Ch%‘#\rél?%%]ﬁr)]d;se I
Chondroitinase | and chondroitinase |l are enzymes produced by P.
vul gari s that casmésogendnb chdmdenitimghee\hand II inducer, snth as chondmbitin sulfate, assthié §alé €,
I ncl udi ng t hat pr esent in 10 prot eogl ycans. The physical and
enzymat i ¢ char actabossounce. Growth ofwﬂﬁ-typasﬂnaimﬁ}lham@gasmmmaivﬁﬁhduﬂ saciabl e
1. TABL
Chandroi ti nase | idackrféuch as)FofErample] it b Fioh MelliumRiotadiifly Afany carbon sources or
110 kpa 112 kDa SDS- PAGE ~110, 000

dal tons irr alrh#hirf4l Sheditini SURaining, for exam Flb%lﬁdo@&ﬂaas\éld&ﬂﬁm%&ﬁﬁé rENRA T Y
112,527 [err] 25 daltons 111, 772[err]27 dal t ons Laser desorptlon

mass « 112,6508 [ﬁffnhgﬁ’aﬁcgib}aaammeaé&n&i’a%oﬁ%faﬂonaﬁslﬂ%ké PBFn%EuvnyAm i

| soel ectric point/s . and pH 8
aci d conposition absence of cysteines rich in serine otherwise simlar
to 110 kDa Rel ease of di and +++
- ol i gosacc | from :

The genes encoding both chondroitinase I protein and chondroitinase
II protein are present on a P. vulgaris genomic DNA sequence of about 30 kb in
10 length flanked by EcoRI sites, which is contained within a cosmid clone designated
LP2-751 (see Example 1 below). According to the present invention, DNA encoding
P. vulgaris chondroitinase I and/or chondroitinase II protein(s) is cloned into a
plasmid tbﬁ replicates in P. vulgaris cells. Preferably, the plasmid is engineered so
that the chondroitinase I and II genes are placed immediately 3' to a sequence that
15 serves as a constitutive promoter. A promoter is a DNA sequence that stimulates
transcription of the gene sequences that are located immediately downstream of, i.e.,
3' to, the promoter sequence. A constitutive promoter is a DNA sequence that
stimulates trans{:ripﬁon of downstream sequences (for example, chondroitinase I
and/or II-encoding sequences) independent of the presence of exogenous

20 transcriptional inducers.
The promoters or constitutive promoters of the present invention may
be derived from the native chondroitinase I promoter typically present upstréam of the
chondroitinase I gene in wild-type P. vulgaris cells, if the promoter sequence is

engineered so that regulatory sequences involved in induction of expression by



-25 Di gestion of tetrasaccharides not +++

di gested by chondroitinase | 30 Wl d-Type P. Vulgaris
_Strains Wl d-type strains of P. vulgaris accumul ate
easily detectable | evels of enzymatically active chondroitinases

I and |1 only‘%\g}@%om in a culture containing
PCT/US96/08509
%40938

PCT/ US96/ 08509 an exogenous chondroitinase | and Il inducer, such
as chondroitin sexofeions indacers)suctodse for example, chondwohin sulfata) mre absenDodt dre @bt
w |l d-type strains of P. vulgaris in nmedia w thout such an

i nducer, such asfunétivhale XAltsphatively the prontiterne whichechbmiroitinge famy/Tl gonds are

sources or in a mninmal nedi um containing, for exanple, glucose
as_a sol e carbortiskedinag corhprise uiisther khown constithifive pRonate¥ that@fiithla@s trdfiscription
det ect abl e accunul ation of chondroitinase | or |l activity.

Constructs in P. vulgaris, such as the Bma&nge?mﬁn&oahagpb ﬁxg?ﬁﬁogags%} igpase |

protein and chondroitinase eln are prese

\égIOgR?r!s;stggnom @Ellﬁtef ?ﬁ%g&wpﬁugﬂﬁpcfége%plﬁlg%mdemgnatez}mhbﬂ’%sed >
encod g - bt BETAF e, UoratRichl, Mok Sl i 1 Ve,

Dl gari's bel s, E%@%%%’Mmﬁoﬁs?’im B prabi S hat ot blerolognus ¢ e
15 erves. Eommeh i 0, Aped, nﬁ\%@honﬁsridwm#’ Poitbe a0 SRR QI o

that stinul ates tran rlptlon of he ene ea(i_ttjences t hat are

| ocated i mredi at ’@F?mms‘??’éaﬂf’ that, are wel in the (See, for example,
10 Maniatis et al., Molecular Cloning, Cold Spring Harbor Laboratory, 1982).

In additioﬁ to promoter-linked chondroitinase I- and/or chondroitinase
II- coding sequences as described above, plasmids suitable for use in the present
invention include sequences that allow the plasmid to replicate to high copy number
in P. vulgaris, as well as sequences that encode a selectable marker. Selectable
15 markers may comprise gene products that confer resistance t;) tetracycline, ampicillin,
chioramphenicol, kanamycin, or streptomycin. Preferably, the chondroitinase I
and/or I-encoding pla'.;mid includes a gene encoding a chloramphenicol-resistance
trait, such as, for example, chloramphenicol acetyl transferase. Examples of suitable
plasmids include without limitation pBR322, pNEB193, pUC19, and derivatives
20 therefrom. (New England Biolabs, Beverly, MA).
A plasmid encoding chondroitinase I and/or chondroitinase If protein
under the control of a constitutive promoter is introduced into P. vuigaris cells.
Suitable host cells include any strain of P. vilgaris, including without limitation wild-

type P. vulgaris (for example, ATCC strain 6896), mutant P. vulgaris strains such as



-3' to, the pronoter sequence. A constitutive pronoter is a DNA sequence

t hat stinulates transcription of downstream sequences (for
.exanpl e, chondroitinase | and/or |I-encodi ng sequences)

I ndependent of the presence of exogenous 20 - transcriptional

I nducers. The pronoters or constitutive pronoters
of the presen?"%%%@ﬁ?ion may pbe derived fron1the%ﬁyp
chondroitinase | pronoter typically present upstream of the

chondroi ti nase IthdierRsdribettih A SY [Fatet Applichtioh N« 09/476,261 ika R ™ HO5
sequence is engi neered so that regul atory sequences involved in

i nduction of expafursd # 0646/0B123). Introduction of the plasmid may be achieved by an:
7 Rty docst ) pa y y sy

PCT/ US96/ 08509 pNA  transforiA6IE Héthod Wﬂg{o% EHaR 38, fih £X°RR! Example,

chondroitin sulfate, are absent or are n funct i ona
Al ternatively, t H?wer t wﬁhﬁﬂ=*?£?cﬁﬂﬂ bd:0asee | d Iﬁ ﬂﬁﬂ are
| i nked may conpreli%gggér%o erork%%]m constl [ vg‘{b%?ig%o e‘?f tcﬁg{]' st nul at*és
transcription < 'gm 3 1 ter, reqi on of
ot her P. v%l gar ieéecgg%%%t}dng‘cr’ %eﬁ‘é&’i&%% J"%F%‘%%PEM&I?% ) Wg@"%é’ﬁﬁ ‘Fﬁﬁenes
that, for exanple, confergresistance to.antjbiotics .. ch ags, for
exanpl e, chl or anpheni col , S 8?8#%#@?“ %qﬁ@#WWW§9#?WMQ€#%¥ﬁéi93
The sequence of hoth. the ol ogous chon I tj nage pronoter. or that of
het er ol ogous Pl?“sm‘ds’ W%%?"gecﬂ% %@%fé?‘tﬁ‘%e?@ﬁ“ﬁﬂ? PTOROISTS, $ins,
and substitutions,, usj.n L. _necogbinant DNA net hods that are .
wel | -known i n t chig .bY(l@éi%&', rping individye £. vulgayis cultures Wit pach;plasgid, gelecting
Mol ecul ar C oni ng, Cold Spring, Harbor Laboratory, 1982). . .
In addition to prassiormants, apdamalyzing the wansfosmauts for theirpreguctionefshondrpitinass
Il - coding sequences as described above, plasmids suitable for use in the
present 10 I and/pr qhondsaitingse| 10 ot daglinpipary assessment pHeelative qhondraitinaseo
replicate to high copy nunber in P. vulgaris, as well as
sequences that epredngtion (asavhent foslexamplek @ pest®csetof prometer deletions is analyzed),
colony screening methods can be used.
In one embodiment, the native chondroitinase I upstream region
(including the presumptive promoter) is subjected to exonucleolytic cleavage with, for
15 example, Bal 31 to generate a nested set of 5' deletion mutants. The mixture of
mutants is used to transform P. vulgaris. The library of clones is spread and subjected
to screening for chondroitinase production in the absence of an exogenous inducer.
Suitable screening methods include, but are not limited to, those that
detect colonies that either bind chondroitinase-specific antibodies or that catalyze the
20 breakdown of chondroitin sulfate or proteoglycan. Colony immunoblotting assays use
well-known methods such as those disclosed in, for example, Harlow and Laue,
R Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory (1988). Detection
assays that depend on chondroitinase enzymatic activity include, without limitation,

the chondroitin depletion method described below and colorimetric assays that detect



15 mar kers may conprise gene products that confer resistance to
tetracycline, anpicillin, chl or anpheni col , kananycin, or
streptonycin. Preferably, the chondroitinae I and/ or

1 -encoding plasm d includes a gene encodi ng a chl oranpheni col -resi stance

trait, such astfg%oggFarrp! e, phl or anphei col acetyl transfera;&rm%%es of

sui tabl e asm ds i.nclude without limtation pBR3

pUC19, and derivatives 20 therefrom (New Engl and Bi ol abs, Beverly,
MA) . chondroitinorchondr&iﬁﬂh?dtﬂiydiseﬂﬁﬁdismmﬁglﬁéﬂﬁﬂtmﬁﬁbfbnﬁ@dh@r
chondroitinase Il protein " under the control of a constitutive
promoter is int relibiﬁﬁﬂunﬂépletii}n) vArgbd ised &€ P of the stages in initfal idedtification ahd
cells include any strain of P. vulgaris, including wthout linmtation wld-
type P. vulgari Ssﬁﬁs&iueﬁ%lﬁhb%nnﬁ%%?b@dsﬁhﬁ%@ﬁhﬁn%lﬁm P. vulgaris
strains such as 8
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Preferably, 5 . troporatlon is used to achieve effective uptake
of DNA into P. vm"&ﬁﬂgsﬁg'f’ ‘cel | s. Sel ecti on of
useful and preferred chondypiti d/or |1-encodi

pl asnmi ds, including sel ect{1 J’?"ﬁé T‘R%aﬁﬁféaPB@%%WY¥FWW°
pronoters, is achi eved by transformng individual P, vulgaris

cultures with eadferlajescoptaining gither sich or casamino agid-gyppleznented mi
analyzing the transformants for their productlon of chondroitinase 10
| and/ or CGHdndr ofackingshondroitiy siifaty and/orNragegylgalactosaming: The filtrs:may, eomprise

chondt oi ti nase production (as when, for exanple, a nested set of
promot er del et i omslons papen) pitwesliulose, or polyvinglidiens, diffuerides i preferabbh BYIRAN be
used.

(Schieicher & Schuell, Keene, NH). The optimum colony density for this step is

about 1000 per plate.
(2)  The filters are then transferred from the plates to a solution that
15 permeabilizes and lyses the cells on the filter, so that chondroitinase polypeptides are
released from the cells and become fixed to the filter.

(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.

20 (4) Finally, specifically bound antibody is detected using any

enzymatic, fluorescent, radioactive, or other detection means well known in the art.

Goat anti-chondroitinase I antibodies are prepared by (a) purifying P.

vuigaris chondroitinase I from an E, coli strain that expresses chondroitinase I from

10



-In one enbodi ment, the native chondroitinase | upstreamregion

(i ncluding the presunptive pronoter) is subjected to exonucleolytic
.cleavage with, for 15 exanple, Bal 31 to generate a nested set of 5
del etion nutants The m xture of mutants is used to transform P
vul gari s of clones is spread and subjected

scrgenlng for bﬁ%ﬁ@&%ltlnase productPon in the abgence of aﬂcgﬁgﬁgﬁ%%s

i nducer. Sui t abl e screeni ng net hods include, but

are not |imited gh@vertheRidniMsmid (as disclosed il U.SChatéiitla gﬂizﬁﬁoﬂhatOWSMS bi nd
chondr oi t nase-specific ant| bod| es or that catalyze t br' eakdown:

afel FPERS\Z\EI Ha'?ho sfsg h as those gl scl oséq?soé?&h?or ‘exa lr’?%# tlaﬂﬁow angSe
I

L : Bbtio

L%Bgéatpry (198§f&9ihec?ect r‘Paénlh% H%sélus{/ﬂgi‘tsﬁ Cﬂﬂg{i@?% dﬁfhﬂ({@)

fhgnchlnEjlrg?tS?n %%%Who@%scrl gwl‘%\%&%nﬁwﬂ#orl netrl c stshays

J{,\gagéfiggg resulting emulsion into goats. Rabbit anti-chondroitinase II antibodies are prepared

PCT/ US96/ 08509 ndroiti r .chon i tin dro Ei t her
screeni ng net hod’Y((P}TWHHBB’FE? oltmase ﬁrﬁ'@ﬂ OI'EI %?e"txﬂﬁﬁ?escan
be used at any of the stag s.ininitial ideptifjcation and ,
subsequent col orf#® i FAmoAD QYR CRRTEISIE: *‘?’B‘P’é‘n? ascgisglosed in the 003

I n one enbodi nent,_ an antlbody-aased screening nmethod is used to

identify P. vul paplication) and(Banixing the pusified chondenitinase 1iwithsRreund'sadjpvant "é‘@en
when an exogenous inducer such as, for exanple, chondroitin
sulfate i s abserifoculasing fhecresylting eraulsion into rabbitys Brageduses fob thegwsification and
(D) P. vul.garis cultures are seeded onto filters that are placed onto
agar plat 88 contamnlysingf antitiedies arecthosgrwelldmammin thecirti- suppl enent ed i ni nal
medi um 10 | acki ng chondroitin sulfate and/or N acetyl gal act osam ne.
The filters may conprise Inapreferred embodiment of the antibody screen, P. vuigaris colonies

are grown on Nytran filters that are placed onto agar plates containing "20-10-5"
medium, v.vhich includes 20 g/1 tryptone, 10 g/l yeast extract, and 5 g/l NaCl. After
spraying the bacterial colony-containing filters with a solution of bovine serum
15 albumin to block background sites, the filters are ﬂoated. on liquid chioroform for
several hours or placed on chloroform-saturated paper, releasing chondroitinases and
binding them to the filter in 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
20 (BioRad), and (3).color reagents to visualize filter-bound peroxidase (BioRad), In
parallel, colony-purified untransformed wild-type P. vulgaris cells are grown on
medium lacking and containing chondroitin sulfate to serve as negative and positive

controls, respectively, for the screening procedure.

11



‘nyl on, paper, nitrocellulose, or polyvinylidiene difluoride, preferably

NYTRAN (Schl ci cher & Schuell, Keene, NH). The opti num col ony
.density for this step is about 1000 per plate.

(2) The filters are then transferred fromthe plates to a solution that
15 per LLizes and |yses the cells on the filter, sao_ that
chondroitinaggﬁggbé eptides are rel eased from t he TEYTYE0Y
becone fixed to the filter. . (3 The filters are.
t hen i ncubated with speci Kotoniea thabdispley deiectahi¢ amiounts of chondroitingse! Inati/or I
chondroitinase | and/or chondroitinase Il, such as , for exanple, goat

anti - usingthisrassay iarespicket, dihitéd; oemogulated on phatds] and the entire detection
anti-chondroitinase Il antibody. 20 (4) Finally,

speci fical | y boupdcainte isaepeated. Eeteral eeles if ooloay purification are perfoifpd i tifs
fluorescent, radioactive, or other detection neans well known in the art.

Goat anti - chondr e A%l b paft culk@di oTeacl RdividuBPd At 1)obtaedPur i fyi ng P.
vulgaris chondroitinase | froman E. coli strain that expresses

chondroitigase | from In another es iment. 2 chondroifin . i o
10 VD 96/ 409 3% mother embodiment, a chondroitin depletion assay is used to identify

L ey s
i S e M
o EY?n;n?P?chgg?Pﬁgﬁg%lel ant zldi r; ar iy r epar P b é
Eﬁlr)i fying P. vulﬁ'ﬁ&f’g‘ E"ﬁgﬁﬁr‘& J'bes‘llﬁ r n°E‘?m’§g\ iBrQthythe tfﬂéfs( a)re

expr esses chaondroiti na Il from an over. expressin | asm d (as
di EC| osed X°n then'amredtoplatesconta?n?ngagarsupplemenmdw{thsm%ofchondxgoignsmwlmf

and a protein synthesis inhibitor at a concentration effective to inhibit protein synthesis
on the filter-bound bacterial colonies, preferably 100 ug/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 chioride (Sigma Chemical
15 Co., St. Louis, MO). This treatment causes .chondroitin sulfate to form 2 cloudy
precipitate withip the agar. Colonies that elaborate chondroitinase I and II produce

an obvious clear zone surrounding the colony that is easily visualized by eye.
Chondroitinase-encoding plasmids that appear by the above screening
assays to provide detectable production of chondroitinases I and II in the absence of
20 the exogenous inducers chondroitin sulfate or N-acetylgalactosamine are analyzed for
chondroitinase production in a quantititative manner. Individual colénies are
inoculated into small-scale (3-5 ml) fermentation cultures and incubated at 30-37°C
with shaking. Samples are removed at different times afier initiation of growth, cells

are disrupted using a French pressure cell, and the amount of chondroitinase protein

12



-application) and (b) mxing the purified chondroitinase Il with Freund' s

adj uvant and I nocul ating the resulting enulsion into rabbits.
.Procedures for the purification and 10 anal ysis of antibodies are

those wel |l -known in the art. In a preferred

enbodi nent of | body screen, P. vulgaris colonies re grown

on Nytran fil tvg‘rgga at are placed onto agar plates containi rfémuf - 10-5"

medi um  whi ch includes 20 g/l tryptone, 10 g/l yeast extract, and 5 g/l
NaCl'. After and enzymsticoactivity ishfedsmed Gu tl cell Homoyeraes! alUstfDplhsthideage Wi t h
a solution of bovine serum 15 al bum n to bl ock background sites, the
filters are fl oathesk tBat rbsult i the pRIGBERINUTER felst 0.2 chondroitinase Q¥B¥If units BESAYS

pl aced on chlorof ormsaturated paper, releasing chondroitinases and

bi ndi ng them to i ofi bacRfial Gultie. | MHERIaBlS ék?febﬁéﬂ %of Oéhondroitinase 1 and/or
chondr oi ti nase- produci ng colonies. The washed filters are then

i ncubat ed sequengiopbdoitingbe udidg the PRAMNE bf the present inventidn Y&l ;)gl%%ﬁglgm!ion

anti bodi es, (2) peroxidase-conjugated rabbif{ anti-goat anti

Bi okad), a&nd (3 ,F-mgsg ' ' Al Lok . ldase
EB: oRadg. i%n ( Afﬁwo'g% , cﬁ%ﬁ?%‘%?ﬁ%‘&"ﬁ%%%&m wi'Izl-type

P. vulgaris cells are grown on medi um | acki ng and cont ai ni ng
chondroitin sulfate to serve as negative and positive control s,
respectively, for th i ng procedure.

11 WO

PCT/ US96/ 08509 .s l.oni es that. display detectahle
amounts of chondr oi ti nase 1 &hgpdsgitipgse Ia%ﬁlfenzymagpw&u?q;f@ ﬁ@ﬂ@gﬁ?@a :

pi cked, diluted, re-inocul at ege on pl.ates, and the enti r§ detection
procedure is rep¥d8Ht stam may, dp hengpesaeity (i e;.rtp ORtam3, Pure Juixwre of ned

in this manner, until a pure culture of each individual strain is
obt ai ned. 10 5 chondroitinase I and II) angl the, corpprified-cazymes&ig, suitable om Byeoiny ifpr

depl etion assay is used to identify
example, vitreal disinsertion.

Although a variety of methods can be used to isolate and purify native
chondroitinases I and II, a preferred affinity chromatography includes:

(a)  preparing a clarified homogenate of mutant P. vulgaris cells, the

15 homogenate having a pH of 5.8 to 7.4;

() loading the homogenate onto a negatively charged cation
exchange resin chromatographic support so that any positively charged proteins
comprising chondroitinase I and chondroitinase 1 in the homogenate form a non-
covalent bond with the negati§e1y charged support;

20 (c) affinity-eluting, in pools, the chondroitinase proteins from the
support with an aqueous solution 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

13



-chondroitinase | and/or |I-producing colonies. In this procedure,

- mut ageni zed P. vul garis cultures are seeded onto filters as
descri bed above, and the filters are pl aced onto agar plates
containing either rich or casam no aci d-suppl enmented m ni nmal _ ,
nediun1|ackingwphondr0|t|n sulfate. After overnight growth, the filters are

10 t r ansYV2OpANSE o pl at es cont ai ni ng agar suppl enent ed m’ﬂs’é'“ﬁ’a’of

chondroitin sulfate/m and a protein synthesis inhibitor at a

concentration effective tge) nhidebberil ?Qﬁ@éﬁbﬂ&ﬁﬁﬂd&%i&dchondmiﬁmsen'@r&%s

filter-bound bacterial colonies, preferably 100 [err]g/m tetracycline.

Af ter in the Whkdun@ eluh@! about 4 to about 8 hours, the filters are

renoved, and the plates are fl ooded with about 10 m each of

0.5% cetyl pyri di ni um chl ﬁ)ﬁlﬁ&ﬂﬁeﬂ?ﬁﬁﬁﬂf '

MO). This treatment cause?‘ugﬂondrmtl n sul fat ele?g %ngtrﬂrﬁa C ﬁ%maioﬁﬂbﬁy

preC| pitate withi, &1 the agar. Colonies that el aborate chondroitinase |I and
.produce an obvious cl ear zone surrounding the colony that is

;e)?:tislmyd\s{if glt | ;;e)geg)r/ eyet t{e) above sc eenlll%bémnd eloate &%%ﬁ,’g&?ﬂg@nﬁ%%ﬁgi "
the. exogenous. | nEIEERE g Sronn BBt oh b R et B ool PEBB i ne ar e

anal yzed for ndr o] t.i na roduct i on | n a antititative
nmanner. | ndivi dual col oni 22) iu%mgw?tﬁag BRGSO e o small-scale (3-5
m) fernentation cultures nd i ncubate tg?]at 30 37[err| wth
shaki ng. Sanpl es are rem) afecqyering, itiation of growh,
cells are disr ul%t ed using a French pressure cell, and the anount
of chondroitinase protein the copurified proteins can be separated from each other by

12 WD 96/ 40938

PCT/ US96/ 38509 additional progess stepsinvolving furthey icatjon exchenge shramatography. c The
honogenat es. Useful plasnmds are those that result in the

production of at indisidually parifiedprotedristcan he @sedcinirefiosyotherithan these obfained|by the
unit of bacterial culture. Preferably, expression of chondroitinase |

and/ or copurification procedure.

15 The following examples illustrate the present invention without

limitation. All cloning steps are in E. coli unless otherwise indicated.

20
A. Assembly of a Chondroitinase 1 and II Protein-Encoding DNA Fragment
The overall strategy was to create a DNA fragment containing the
chondroitinase I and II genes but lacking most of the upstream regulatory region. It
was desired that the final fragment be flanked by BglII-Smal sites so that it could be

25 inserted into 2 plasmid vector containing appropriately placed BgIII and Smal sites.

14



chondroitinase Il using the plasm ds of the present invention results in

t he production 5 of at least 0.5 chondroitinase activity units per
Alerr] unit of bacterial culture. Purification
The chondroitinase | and Il enzynmes produced by a transfornmed P.

vul gari s stral n rra4x93be co-purified to honogeneity (i.e., to_obtain a pure
m xture of 8 chondroitinase | and 1) and the co- puPFFPEEO892y nes

are suitable fpr use in, for ) exanpl e, vitreal disinsertion.

Al though a vari ehyciRhdiSRinaReeeisrWasifitifiPéhotiered B iaives AR Wis¥ashahbIE
chondroitinases | and Il, a preferred afflnlty chromat ogr aphy i ncl udes:

(a) prepar i NGy Pachie qiﬁﬁéﬁgmgonngenate of nut ant P vulgaris cells, the 15
honbgenat e having a p to 7.4; (b) loading

t he honbgenate onto a ne

sin
chronmat ogaphi ¢ support s%%ﬁ any p05|t|ve y cf?&m'sﬁﬂ W%%Qm
o "“"”ﬂf Yigwdd %km%ﬁ%r?hﬁ{&ﬂéﬁneg M%ﬁ&%ﬁ%ﬁfﬁ%rm ]
(c) ¢ affinity-e in odr0| n, roteins fromthe
support with an q@“@n‘ﬂ Effgtn'e at a pH 7.0-9.5;
(d) loading the afflnlty eIuted r ot oolso oan ani_o ange
resin chromat ogr aphi ¢ supp§ @?%‘P‘g Gﬂ‘%‘ﬂl‘f a(ﬂ-ﬁ')%gﬂ which
13 96/ 40938
PCT/ US96/ 08509 contains & ~30kb P vulgaris gemm‘(BFA“#%ﬂ?PmWsmmm nase

| and chondroitinase |Il_proteins
insert contains an internal EcoRI site, EcoRI digestion results in recovery of the

inserted DNA as two EcoRI fragments of 20kb and 10kb, which are arbitrarily
10 designated as left and right, respectively. The entire chondroitinase I gene is located -
on the extreme right side of the 20kb DNA fragment. The chondroitinase II gene is
located immediately downstream to the right of the chondroitinase I gene. The
proximal portion of this gene is at the rightmost end of the 20kb EcoRI fragment,
while the remaining, distal, portion of the gene is on the 10kb EcoRI fragment. The
15 coding sequence for the chondroitinase II gene extends rightward and terminates about
2300 bp to the right of the EcoR1 site. Approximately 240bp further downstream is
a unique Smal site.
pLP%-751 also contains a 10kb Nsil fragment that contains the entire
chondroitinase I gene and the proximal portion of the chondroitinase I gene. This
20 fragment maps to the right side of the pLP?-751 20kb EcoRI fragment, but extends
400 bp further to the right into the adjoining 10kb EcoRI fragment. Therefore the
10kb Nsil fragment contains the internal EcoRI site described above.
The overlapping 10kb Nsil and 10kb EcoRI fragments from pLP2-751

were subcloned as follows. pLP?-751 was digested with Nsil, and the 10kb Nsil

15



1 n the unbound el uate. The proteins can be further
purified by nmetal chel ati ng chromat ography by 5

(1) contacting the unbound eluate with a nmetal chelating affinity

chr omat ogr aphy support to bind further the chondroitinase proteins;

(2) ~eluting ¥ appropriate solvent; and (3)
recovering thewck:)tﬁg’n rgsoi ti nase proteins. mmwmﬁg’éi red,
the copurified proteins can be separated from each other by 10

addi ti onal pr ocdragmente peasi risaldted napdf whonkdr ingata PIBER4c [irriyative h (Inteamatignalphy .

The individually purified proteins can be used in ratios other
t han those obt aiBietclinplogice, Inc., New Haven, 0@ T containing anNgif wled.uThis step yieldeg
The follow ng exanples illustrate the present invention w thout

limtation. Al gplasmio Jesigrepel HF?TT70 (Figureck) ipLBh 720 wasther digested withiBcoRW¥d.
Exanpl e 1: Construction of A Plasmd for the Expression of

Chondr oi tinases th rétfiéelaboit3760 bpefugisiquéncédupstream DNA that presumabl-cofaimsthe! y of
a Chondroitinase | and Il Protein-Encoding DNA Fragnent

The overal k St I afe@giome geded i’ 8! éhoRdrbiNbade! G hnd® POEMIP | dMJ of Hrt of the

chondroiti nase | and I'l genes but | acking nost of the upstreamregul atory

regi on. e gulat '8 tﬁeﬁatpr&&ﬁs i cR2se énaaﬂmm&oginﬁeaﬁwsm dy

Bgll | -Snal It couI d be I nserted i nto

‘{2“ or containi “ﬁhd%%k‘?%h%@ééﬂeﬁﬂa@ﬁﬂ’ylﬁﬂ&'aheﬁwﬂcﬁﬁah IftikkS3 Swere ligated to the
dephosphorylated ends. The resulting plasmid was designated LP>-1512. Immediately
downstream of the BglII site are the presumed chondroitinase promoter -35 and -10

10 . elements beginning at nucleotides 40 and 62. The start codon for chondroitinase I is
at mcleotide 119. The chondroitinase I termination codon is at micleotide 3182, and
the start codon for chondroitinase H is at position 3238. The DNA contains an EcoRI
site at position 3974, corresponding to that contained in plasmid LP%-1514 (see
below), and extends to the Niil site at position 4363. Accordingly, digestion of pLP%-

15 1512 with Bgili and EcoRI produced an approximately 3970 bp fragment containing
the entire chondroitinase I gene and the 5' proximal portion of the chondroitinase I
gene.

In parallel, plasmid LP*-751 was digested with EcoRI, and the 10 kb
EcoRI fragment described above was cloned into the EcoRI site of a pNEB193

20 derivative (New England Biolabs, Beverly, MA) to yield a plasmid designated LP2-
1263. This plasmid was digested with Aval and self-ligated, to form plasmid LP-
1510. This step removed about 7450 bp of DNA downstream of the chondroitinase
Il coding sequence. pLP%-1510 was then digested at a sole vector-derived Aatll site,

filted in with the Kienow fragment of DNA polymerase I, dephosphorylated, and a

16



WO 96/ 40938

PCT/ US96/ 08509 The chondroitinase region was initially engi neered

.in halves and then was reassenbl ed to achieve this result.

The steps used in construction of the Bglll-Snal fragnment are illustrated
|n Fi gure 1. figure, chondroitinase |-encoding at ed
"110 K" VMBmhugﬁd chondroitinase Il-encoding DNA is degkéﬁ§$ 112 K"

The startlng plasm d was a cosm d clone designated pLP[err]-751, whi ch

cont-ai ns a ~30KplP linker W lightede At GitENAThe esltingf plasniia dddaigniied RIP2- 3514

Since the insert contains an internal EcoRl site, EcoRlI digestion
resul ts in recqéfifaihs @h appibximately 2550 bp! EtRRI/SREI(ANKY) diSert eontdiamiihe’ 3'af@Nt s Of

20kb and 10kb, which are arbltrar|I;’p 10 ¢ designated as left and

ri ght, respect igsefioh of thecidiioitfhasd )i'tinase | gene is |ocated

on the extrene right side of the 20kb DNA fragnent. The chondroitinase I

gﬁgﬁd?iiti nase | ggﬁgat%dmwﬁmwﬁggtwﬁhﬁas geﬁe I's at
ﬁngralr In?% thstelgtilsi gpor %%C%P gene I'S onplﬁelsfsl%t%%ﬁeh?%gnent The
15 o AR o bk A, hesifata Lt ST o b BBty ¢
oLPL or 1] 751" ol g g pEhal YRE RER b compine e chonfboiiPa Lo B e ;o

chondroi ti nase ene and the proximal portion of the chondroitinase |1
gene. This *fragment maps to the right side of the pLP[err]-751
20kb EcoRI fragrrent, but extends 400 bp further to the right

I nto the adjoining 10kb EcoRl fragnment. Therefore the 10kb Nsi |

fragnment contains the internal EcoRl site described above.
The over F8ppi ng 10k B-Neanstrestion uf@P.cxulgarisiixprrsgom Yeetom pLP[ err] - 751

wer e subcl oned as foll ows. pLP[ err]-751 was dlggested with Nsil, and the
10kb Nsi | PACYC184 (ATCC #37033) was engineered to gerve as a

receptor for the BgllI-Smal (Aval) chondroitinase fragment described above. The
steps of this construction are shown in Figure 2.
pACYC184 was digested with Aval, after which the ends were filled
15 in using the Klenow fragment of DNA polymerase, dephosphorylated, and ligated to
a synthetic BglIl linker to form plasmid LP*-1508. This plasmid was then digested
with HindII, filled in, dephosphorylated, and ligated to synthetic Smal linkers to form
plasmid LP>-1525.
In a final step, pLP%-1525 was digested with Bglll and Aval and was
20 dephosphorylated. The approximately 2850 bp fragment (including the origin of -
replication and chloramphenicol resistance gene) was then ligated to the Bglll/Aval
insert containing the chondroitinase I and IT fragment to yield plasmid LP%-1531. The
E. coli strain carrying this plasmid is designated L14136.

C. Construction of an expression plasmid for chondroitinase I:

17



- WD 96/ 40938

PCT/ US96/ 08509 fragnment was isolated and cloned into a plBl 24
_derivative (International Bi ot echnol ogi es, Inc., New Haven, CT)

containing an Nsil linker. This step yielded a plasmd designated

LP[err]-770 (R géﬁﬁé% pLP[err]-770 was then digested with

to renove abou p of unsequenced upstream DNA that pres

contains the regul atory gene for the chondroitinase operon and

possibly all or part of t Acchondroitinase I only cotisartin ws dlsophiepegredsbyt inseirting 4 Bglie s

proteins at the 5 -end of the chondroitinase | gene. The EcoRV

ends wer e dephospSphily(bositivsh 3424) fragmedntifom HIgR*HI512 inkeBgilVEphEdiesysl deivativet he
dephosphoryl ated ends. The resulting plasni d was designated LP[err]-1512.

| mredi atel'y of pACYCHB4Rstidhaoiitainb alugmﬁﬂétktmpmcmhamfeewrspﬂl site

chondr oi ti nase pronDter -35 and -10 el enent s begi nning at

nucl eot i des 40 Wﬁh&ﬁAmlmﬁacytﬁﬁe-ﬁme%nmm plasmidip 2

nucl eoti de 119. The chondroitinase | termnation codon is at nucleotl

3182, and GO ntaBiedGh %ﬁ’k&ehﬂiiﬁoﬁ is at position
5 0

3238. The DNA cont I'ns an E? ﬁ?ﬂ QP te at position 3974,

corresponding to that contained in plasntd LP[err] 1514 (see

bel ow), and extends to the Nsil site at position 4363. Accordingly,

di gestion of pLP[err]- 15 1512 with Bglll and EcoRl produced an
approxi mately 3970 bp fragnment containing the entire
chondroitinase | gene and the 5 proximal portion of the chondroitinase |
gene. In parallel, plasmd LP[err]-751 was
digested with EcoRl, and the 10 kb EcoRl fragnment descri bed
above was cloned into the EcoRl site of a pNEB193 20 derivative (New

Engl and Bi ol abs, Beverly, MA) to yield a plasm d desi gnated LP2-

1263. This plasm d was digested with Aval and self-ligated, to formplasmd
LP2- 1510. This step renoved about 7450 bp of DNA downstream of
t he chondroitinase Il coding sequence. pLP[err]-1510 was then
digested at a sole vector-derived Aatll site, filled in wth the
Kl enow fragnent of DNA pol ynerase |, dephosphoryl ated, and a

16
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"WD 96/ 40938

PCT/ US96/ 08509 Bglll linker was ligated at that site. The
.resulting plasm d, designated LP[err]-1514, contai ns an
approxi mately 2550 bp EcoRI/ Smal (Aval) insert containing the 3" distal

portion of th oitinase Il gene. I nal
step, the 3978‘«%&%“% | / EcoRI fragnent isolated from plasm dPCT/gE&/ogsoL
LP[err]-1512 as descrl bed above was_ cl oned |nto pLP[err] 1514 that had been
digested with + Prihhsformnation Oroteus © uloiri lesg d, desi gnated
LP[err]-1518, has an ne,.J.w finase I 2 gpré&tion glll-SmaI (Aval)
insert that contains the chondroitinase | and || gene fragnent.

10 B. Const pryfehi Milgdis strafhs IM\248@ (wild-Fypey /RISLOMOYek1ibii
Pl asm d pACYC1l84 (ATCC #37033) was engi neer ed t(o serve as a ting

receptor for th@oﬁﬂ&hb&éﬁﬁéssiﬁﬂ?&hbn&‘%ﬁﬁﬂ&@j%r@ﬁ%ﬁsf&ﬁ&ﬁ%ﬂi 144874 usiginébove.

The steps of this construction ‘are shown in Fi gpure 2.
pACYC184 s di g§ Hﬁ%igo Gwfival . after which the ends were filled 15
in using the Kl enow ment of DNA pol ymerase, dephosphoryl ated, and

:_:D?Zlﬁ (ra]d 5208 Thi s pl asm@%}@%gﬁ%&&@&%&&&%ﬁkﬂ'ﬁ@@&ygmm
filled in, dephgﬂ@ﬁ&bﬁfﬂ3ﬁ@m%aﬁm}eo&wﬁn%8ﬂs 1er:ilstoform

p:_g[s(ranr (rj] LE[5§r5r1Nas di gest ed 1 _and Aval and .

8ephosphory| at e §OUSPHf: gebg Pg’glfﬁﬁﬁ?ne% w?‘#’ﬁ‘g W@Fﬂé%ﬂqgwyﬁl gin
*lgated to the Bppeommed 150-foit & FpEA, diterian Ao e@ﬁbg‘é@é.t!‘ﬁzse |
Strain catfying thi% pl asBedmpomHER parE r@aﬂ%m&mmmm& 266t of

washed cells were mixed with 1-10 pl of DNA (corresponding to 0.1-2.0 ug DNA)

in a 0.2 cm cuvette and pulsed at 2.4 kilovolts using a 25u Farad capacitor with a 200
Ohm resistor. The electroporated cells were then inoculated into 2ml of 20-10-5
medium, and the cultures were incubated at 37°C for about 75 min, after which they
15 were plated on 20-10-5 agar containing 25 pg/mil chioramphenicol. 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/mi
chloramphenicol and grown overnight at 37°C. Glycerol was then added and the
20 strains were stored at -70°C.
The plasmids transformed were pACYC184, pLP2-1521 and pLP?-1531.
Strain L1.2480 transformed with plasmids pACYC184, pLP*1521 and pLP?-1531 were
designated strains 114202, 114198 and L14192, respectively. Strain 112492
transformed with pACYC184, pLP%-1521, and pLP?-1531 were designated strains
25 L1LA4119, 114107, and 114142, respectively.
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C. Construction of an expression plasmd for chondroitinase 1:
17 WD 96/ 40938

PCT/ US96/ 08509 A chondroitinase | only construct was al so
prepared by inserting a Bglll to Sphl (position 3414) fragnment from
pLP[err]-1512 ighQ 111 -Sphl digested derivative: of pACYC184 which
contains a Bglll Iinker at the pACYC184 Bcll site; the Sphi sPEHUSS6R85

internal to the pACYCl84 tet racycl i ne-resistance gene The reslting pl asm d
is desi gnat edExaiiplé 8] - AR $sis of Strain LL4093.

The plasmid-transformed P. vulgaris strains prepared as described in

Exampie 2 above were analyzed for their production of chondroitinases Iand II. The

growth medium was casamino acid-supplemented minimal medium containing 25

5 pg/ml chloramphenicol. Incubations were performed at 30°C and samples were taken
at 7 and 24 hours after initiation of growth. The sMg cell densitites were about

105-107 cells/ml. In each case, cells were collected by centrifugation, disrupted ina

French pressure cell, and subjected to chondroitinase enzymatic activity assays. The

results, expressed as activity units/Ag,, units of the culture, are shown in Table 2.

10
TABLE. 2
CHONDROFTINASES 1 AND I PRODUCTION
15 i b 1o L | 7uOURSAMPLE | 24 HOUR SAMPLE
U/OD. | U/OD U/OD U/OD
‘fCHONI |CHONI |CHONI |CHONH
L12480 |112480 | NONE 0 0 o o.m*J
L14202 |L12480 |pACYCiss 0 0 0.02* 0.02*
L14198 |L12480 |LP%1521 0.8 o 1.9 0.02*
L14192 |112480 |LP-1531 2.08 0.45 2.85 1.43
L2492 |112492 | NONE 0.4 02 0.55 0.44
20 LIA119 |LI2492 |pacyciss | o041 0.13 0.6 0.46
LIA107 |19 | LP%1521 1.14 0.05 2.59 0.32
LIA142 |LL24%2 | LP%-1531 1.39 0.72 3.96 1.93
T g e
25

pLP2-1531 confers increased production of chondroitinases I and II in both
constitutive and regulated Proteus host strains. Plasmid LP2-1521 confers increased
production of chondroitinase I only. Thus, in a regulated strain background high

20
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18 WD 96/ 40938

PCT/ US96/ 08509 Exanpl e 2: Transformation of Proteus vulgaris
wth a Chondroitinase | and I'l Expression Vector
Proteus vulgaris strains LL2480 (w | d-type) and LL2492 (exhibiting
constitutive Lon of chondroitinases) were transforne | sm ds
using the W&p!{ﬁ%!ﬁkollow'ng procedure. QK¥hﬁﬁ%ﬁ£$
overnight culture of each straln was inoculated into 20-10-5 nedi um

and i ncubat ed atlev®H| eff riabe 1 fuee’ setn} bueso ichowlicidnase Mierobteradd. Oliba The
cells were coll ected by-centrifugation and repeatedly washed in
col d distilled wohstitutive seyiny\pLP*-1521 confers highllevelCof chondrofinask Ildmd 16w lebeisn
cold 20% gl ycerol and stored frozen at -70[err]C 10

El ect ropor at i on ¢fieBondfsifimise Bl THe giéﬂtﬁuﬂéf@&u@ﬁﬁﬂasglﬂ @ahis shif iCatiriblitable
washed cells were mxed with 1-10 [err]|l of DNA (corresponding to 0.1-2.0
[err]'g DNA) mexpressidwoxﬂﬂaeaﬁhﬁwa:pgw Ogé&d at 2.4 kilovolts using
a 25[err] Farad capacitor with a 200 mresistor. The

el ectyroporgted cells were then inoculated into 2m of 20-10-5

medi um and the cultures were incubated at 37[err]C for about 75 mn, after

whi ch they 15 wer etpd "‘ﬁ’qe Oertiindd p‘g %ﬁet{:%. ]g{dm

chl oranpheni col . After overni ght I ntu pl on dt [err

chl or anpheni col A Vre Eéﬁg one
col ony of each té“ J:a?&c’)r rrant%{v(e/g st ea ed or arrp“lhenl ct%'l agar.
Individual col %%Wo%s LPaR f) nOCHn%nGiP | e sugges%gmemselv&uo

medi um containing 25 [err
those skilled in the art in light of the above detailed description. All such obvious

10 variations are within the full intended scope of the appended claims.
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-chl or anpheni col and grown overti at 37C. dycerol was then added and the

20 strains were stored at -70C The pl asm ds
.transformed were pACYCl84, pLP "l d pLP[err]-1531.

Strai nLL2480transfornmed with p W pLP[err] - 1521 and
pLP[err]-1531 W8 5640038 designate s LL4202, LL4193 J”L4192,
respectively. Strain LL2492 transformed with pAC (,I_ )
pLP[err]-1521, and pLP[err]-1531 were designated strains 25 LL4119,
LL4107, and LL4Mihatisclapmed:i vel y. .

19 WO 96/ 40938

PCT/ US96/ 0B509 ExamThe Basmidal $5751. of Chondroitinases | and 11

Pr oducti on The plasm d-transfornmed P. vulgaris
strains prepared as described in Exanpl e 2 above were anal yzed for
t Heir production of chondroitinases | and Il. The growt h medi um"
was casam po aci d- suppl engnt edry# plisid pIB&y79n containing 25 5

[err]g/ m chloranphenicol. Incubations were performed at 30C and sanpl es
wer e taken at 7 and 24 hours after initiation of growth. The
starting cell densitites were about 10[err]-10[err] cells/m. In
each case, qcells were col §ect eﬁetﬁ%fﬁﬁ ation, disrupted in a

French pregsure cell, and 'subj ecte tg r(:'Eio roitinase enzymatic activity
assays. The results, expressed as activity units/Alerr] units of

the culture, are shown in Table 2. 10
CHONDRO TI SES | AND ||
7 HOUR SA 24 HOUR gAI\/PL{E ?EX fragment comprising an about 3970 base pan'

100U, i e o i e S

0.01* LL4202 LL2480 pACYC184 0. 02*
0. 02* LL4198 LL2480 LP[err]-1521 0. 8 0 1.9
0.02 1 5. The plasmid pLP%-1263.
1 | 6.  The plasmid pLP2-1508.
1 7. The plasmid pLP?-1510.
1 8. The plasmid pLP>-1514.
1 9. A DNA fragment comprising an about 2550 base pair

2 EcoRI/Smal fragment derived from a plasmid as defined in claim 8.

1 10.  The plasmid pLP>-1518.

22



LL4192 LL2480 LP[err]-1531 2 08 o 45 2.85 1.43

LL2492 LL2492 NONE 0.55 0.44 2 0
LL4119 LL2492 pACYC184 ““H 0.6 0. 46

LL4107  LL2492 LP[err]- 152|J| I L ||||L|a|||l|J||f||Hﬂl> 05 2.59 0. 32
LL4142  LL24 LP[err]-1531 *0.72 1.93
*at or bel ow I%f?om%{ o? det ection 25 pLP[er?ﬁ’?’?\fP%nfers
i ncreased production of chondroitinases | and Il in both

constitutiye and regul at efi. Pr & DINA fraginestdofiptising Ehasmtctsn@merl}mlﬁgn.
confers increased production of chondroitinase | only. Thus, in a

regul ated 3trai isnlad Xmmﬂsﬁndﬁta&wedfmma lasmid as defined in claim 10.
20 WO 96/ 40938 P

PCT/ US96/ 08509 | evel s of chondritinase | are seen, but no
chondroitinase Il is observed. In a constitutive strain
pLP[€rr]-1p21 confers hi g | evileSpifnid spstinase | and |ow |evels’

of .chondroitinase Il. The productlon 0 chondr0|t|nase Il inthis strainis
attrubutable to expreSS|on fromthe chronosomal copy of this
gene. 5 The above nentioned patents,

applications, test method a ?Ilcatlons are hereby

i ncorporatéd by reference'n t ew&?rety Many

vari ations of the present inventl on wi | | suggest thenselves to
those skilled in the art in Iight of the above detailed description. Al

such obvioys 10 vau at |££12. an cew t hltg aI I Iden%egm%aopﬁngf t he

appended clai ns.
2 13.

1 15. AnE. coli cell as defined in claim 14 having ATCC accession
2 number 66839 (LL4136).

1 ' 16. A wild-type P. vulgaris cell transformed with a plasmid as
2 defined in claim 13.

1 17. A P. vulgaris cell as defined in claim 16, wherein said cell
2 produces chondroitinase I protein and chondroitinase IT protein in the absence of an

3 exogenous chondroitinase I and I inducer.
1 18. A P. vulgaris cell as defined in claim 17, wherein said inducer

2 is selected from the group consisting of chondroitinase sulfate, N-acetylgalactosamisne,

3 and a combination thereof.

23
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pL
4.
fr
5.

P[err] 770

WO 96/ 40938

V\hat is clained: 1. The

pEnge C e | 7 s

Pig conpri si *ng “antabbut® 3970 base 2 mml

agrrent der| ved ¥ roma plasmd as defined in clai m 3.
The plasm d pLP[err]-1263.
) 1

2

19. A P. vulgaris cell as defined i in claim 18, wherein said inducer
comprises chondroitin sulfate.

20.  The plasmid pLP%1521,

21. ADNA fragment comprising an about 3420 base pair BgliI/Sphl
fragment derived from a plasmid as defined in claim 20.

~ 22.  AnE. coli cell transformed with a plasmid as defined in claim
20.

23. A wild-type P. vulgaris cell transformed with a plasmid as

defined in claim 20.

24. A P. vulgaris cell as defined in claim 23, wherein said cell
produces chondroitinase I protein in the absence of an exogenous chondroitinase I

inducer.

25. A P. vulgaris cell as defined in claim 24, wherein said inducer
is selected from the group consisting of chondroitinase suifate, N-acetylgalactosamine,
and a combination thereof.

26. A P. vulgaris cell as defined in claim 25, wherein said inducer
comprises chondroitin sulfate.

24
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1 6. The pl asmd pLP[ err]-1508. 1

7. The plasm d pLP[err]-I51I0: 8. The plasmd
pLP[err]-1514. 1 ‘DNA fragment conpri si ng an
about 2550 base pair 2 Hm"l IHHI l IlHH nt derl ved froma plasmd as
defined in cl g %g . q,fq.}dgmsrsag 1518.
22 % 40938 PCT/ U896/ 08509
11. A DNA fragnent conprising an about 6520 base pair Bglll- 2 Smal
(Aval ) fragment derived froma plasmid as defined in claim 10. 1 .
12. The plasmd pLP[err]-1525. - 1 13. The plasm d
pLP[err]-1531. 1 27. A P. vulgarit4ell as Befified in0dlaimCH8, | whietein shidr oetid
with a plasmd as defined in claim 2 13.

2 produces at least about 2 to about 5 times as much chondroitinase I and chondroitinase

3 II proteins in the absence of said inducer than does an untransformed wild-type P.

4 4 vulgaris cell in the presence of said inducer.

1 28. A method for producing chondroitinase I protein and

2  chondroitinase II protein, said method comprising:

3 (@  culiring 2 cell as defined in claim 16 in a bacterial

4 culture medium and in the absence of an exogenous chondroitinase I and II inducer;
5 (b)  harvesting said cells from said culture; and

6 ()  recovering said chondroitinase I and chondroitinase II
7 from said harvested cells. '

1 29. A method as defined in claim 28, wherein said culturing

2 comprises growing said cell in a medium selected from the group consisting of rich

3 medium and minimal medium containing glucose as a sole carbon source.
1 30. A method as defined in claim 28, wherein said recovery
2 comprises
3 @ preparing a clarified homogenate of said harvested cells, the
4 homogenate having a pH of 5.8 to 7.4;

| 5 (ii) loading the homogenate onto a negatively charged cation
6

exchange resin chromatographic support so that any positively charged proteins

25



-1 15. coli cell as defined in claim214 having ATCC
accession 2 nunber 66839 (LL4136). 16. A
wld-type P. vulgaris cell plasmd as 2 defined in
claim 13. ul garis ce as defined in
aimis 1 ﬂlﬂllﬂﬂﬂlﬂlmlll»ﬂ garis cel| as defined |

claim16, whergplesmsd cel | pr'bdusces chondroi tinase pephsktsgo 2Nd
chondroitinase Il protein in the absence of an 3 exogenous
chondroitinase | and .l inducer. 1 18. A P. vulgaris

cell as defi ned comprising chaititoitinase di and chomiroitivase dF i in the homogesmate édrmca @on-f r om
t he group consisting of chondroitinase sulfate, N acetyl gal actosam ne, 3.
and a conbBnat i wovalentrbond with the negatively charged support;

23 WD 96/ 40938

PCT/ US96/ 08509 1 (iii) affinity-eluthf}, in pddls;.the/cHopdifoitinaseprioteiss i thiged i n
claim 18, wherein said inducer 2 conprises chondroitin sulfate. 1
20.  The 1pl asm sippdrPivith h-adliedbs solutioh of chondroitin sulfate at a pH2710-9.5; ADNA
fragment conpri Sglﬁ?]g an about 3420 base pair Bglll/ Sphl 2 f ragnent

derived frygm a plasm d asggpl i peding SidAhffihily cfkted protein pools from step (iii) onto an
12 anion exchange resin chromatographic support to yield an unbound eluate; and
13 (v)  recovering the chondroitinase I and chondroitinase II proteins

14 in the unbound eluate.

1 31. A method as defined in claim 30, wherein step (v) comprises:
2 . (1)  contacting said unbound eluate with a metal chelating affinity
3 chromatography support to bind further said chondroitinase proteins;

4 (2) elting with an appropriate solvent;

5 (3)  recovering said chondroitinase proteins.

1 32. A method for producing a P. vulgaris cell that produces
2 chondroitinases I and II in the absence of an exogenous chondroitinase I and II
3 inducer, said method comprising transforming a wild-type P. vulgaris cell with a

4 plasmid as defined in claim 13.

1 33. A method for producing a P. vuigaris cell that produces
2 chondroitinase I in the absence of an exogenous chondroitinase I and II inducer, said
3 method comprising transforming a wild-type P. vulgaris cell withaplasmic&s defined
4 in claim 20. |

26



1 22. An E. coI| ceII transforrred with a plasmd as

defined in claim 2 20. 1 : P 23. A wild-type P.
vulgaris cell transformed with a pl asmd as 2 defined in claim20.
1 24, A P. vulgaris cell.as defined in claim 23,
wherein said cell produces chondroitinase | proteinl sence
of an exogenoug’ @ﬂm oitinase I 3 I nducer. “pé{}uég%sﬂ’ i
25. A P. vulgaris cell as defined in claim24, wherein said inducer 2

is selected fromthe group consisting 2 chondroitinase sulfate,

N acetyl gal act osam ne, 3 and a conbi nation thereof. 1 _

26. A P. vulgaris &ell as defined in claim25, wherein said inducer 2

conpri ses chondr0|t

24 .
PCT/ US96/ 085094 4d 27. AP 3 I def i ned
in claim 16 y 2 pr oducespp about ? % bout 5
times as mucll andip Ko EGSRY t | naseg Il prot\eIns in the
absenge of d'(')'—_'—'t_""'%';? bd WlpldP 1963 P. | 4
vulgaris ¢ ; q@%
OF 112Kd GENE)
e b FRACHENT AvaT
va
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1 28. A nethod for producing chondroitinase | protein

and 2 chondroitinase Il protein, said nethod conprising: 3

(a) culturing a cell as defined in claim16 in a bacterial 4 culture
medi um and in the absence of an exogenous chondroitinase |I and Il inducer;
5 WO 96/ (b) harvesting said cells fromsaid cul ture;
and 6 40538 (c) recovering said chondr oi BGHR808503,
chondroitinase Il 7 fromsaid harvested cells. 1

29. A method as defined in claim28, \M}?ein said culturing 2 .
conprises growing said cell in a nmediumsSéTected fromthe group consisting

of rich 3 medi um.and mEEHRE! nedi um cont ai ni ng gl ucose as a sole

car bon source. 30. A method as defined in claim28,
wherein said recgv rny'lf onprises 3 (1)

prepard ng a clayified honogenate of said harvested cells, the 4

honogenat e havijng a @EK@{_%B 8 40 7.4; 5 (1i) loading
t he:honobgenat e lont o i velly charged cation 6 exchange resin
chr ondt ogr aptigrsupport so thaf any positively charged proteins

25 WD 96/ 40938 .
PCT/ US96/ 08509 ' 4l g'manchondroi tinase | and chondroitinase |1

i n the honobgenat e I adn- 8 coval ent bond with the negatively
charged support; 9 (tii) affinity-eluting, in pools,
t he chondroitinase prot eﬁ‘f&l’,ﬁf t he

RI

syl pe2isis  YRSTY
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7.0-9.5;
pool s fr
support

recoveri
t he unbo
claim 30
contacti

upport w th an aqueous solution of chondroitin sulfate at a pRemp
11 (iv) loading said affinity eluted progg

omstep (iii) onto an 12 ani on exchange resin chronmat ograph

to yield an unbound eluate; and 13 - o

ng the chondroitinase | and chondroitinase || protei nsEqioN
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(57) Abstract

Plasmids pLP2-1531, which encodes chondroitinases I and II, and pLP2-1521, which encodes chondroitinase I, are provided. These
plasmids are used to transform wild-type E. coli and P. vulgaris cells. The transformed cells produce DNA encoding the production
of chondroitinases I and II or chondroitinase I in the absence of natural exogenous chondroitinases ¥ and II inducers. Additionally, the
pansfonnedP.vutgariscellsmmcabsenceofexogenouschmdmiﬁnaseslamnmmmempecﬁwmzymsmamounts
in excess of those produced by wild-type P. vauigaris in the presence of exogenous chondroitinases I and II inducer(s). Starting plasmid
pLP2-751_and intermediate plasmids pLP2-770, pLP2-1512, pLP2-1263, pLP2-1508, pLP2-1510, pLP2-1514, pLP2-1518, and pLP% 1525 are
also provided. These intermediate plasmids are typically used in the preparation of pLP2-1531 and pLP2-1521. A BgllI/EcoRI fragment
of about 3970 bp detived from pLP2-1512, a EcoRI/Smal fragment of about 2550 bp derived from pLP2-1514, and a BglIl/Smal(Aval)
fragment of about 6520 bp derived from pLP2-1518 are further disclosed. Also contemplated is the use of transformed P. vulgaris cells to
pmduce.c_hmdmitinaselandlorn.'rheﬂ valgaris cells above are cultured in a bacterial culture medium and in the absence of an exogenons
chondroitinase I and II inducer. The cells are then harvested from the culture, and the chondroitinase I and/or II enzymes are recovered.




