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25 present during development and maturity in tissues of neuroectodermal origin as

well.

The term hyaluronidase refers generally and according to this invention to an
enzyme, which acts on hyaluronic acid, irrespective of activity towards other

30 substrates.

Hyaluronidase was first isolated from microorganisms and later from mammalian

testis which is now its main source (Meyer K. in The Enzyme, 1971, 307).
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during myocardial ischemia in rats, dogs and man (Maclean D. et al. Science,
1976, 194, 199). The degradation of the HA can be followed by the reduction of
tissue water accumulation, reduction of the tissue pressure and finally better
perfusion.
30
it has been shown that hyaluronidases as well as hyaluronidase containing
extracts from leeches can be used for other therapeutic purposes. Thus, hyase
therapy, alone or combined with cyclosporine, resulted in prolonged graft survival

(Johnsson C. et al. Transplant Inter. in press). Hyases ("spreading factor") in the
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25 hyaluronidase which is not influenced in its acvtivity by heparin and characterized
in that it has @ molecular weight of 53 — 60 kD dependent on glycosylation.
The new protein, which is called "manillase”, is glycosylated in its native form
having a molecular weight of ca. 58 kD { +2kD) and four glycoforms.
However, the non-glycosylated protein is object of the invention as well,
30 obtainable by enzymatic or chemical cleavage of the sugar residues according to
standard techniques. The non-glycosylated enzyme of the invention has a

molecular weight of about 54 (£2 ) as measured by SDS-PAGE.
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30 obtainable by the process steps indicated above and in the claims and which has

preferably a specific enzyme activity of > 100 kU/ mg protein. The term "unit"
relates below and above to "international units" (1U).
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| 81 SO/ Odd/, LJd IadéLIE{RC}O Oﬁ/l WO 00/ 77221 PCT/ EPOO/ 05181 The purification
of mani | f a8eO\STSREATEIRIORENISH was achi eved as described in detail in the
exanpi eg. Table 7 depicts a preparative purification scheme of manillase.

Tabl e 2 shows the process of enrichment of the protein according to the
i nventi on $henativegs wel asihe cegambipait preielHs) ey befused @sia medicament known

I eech which can be applied to patients directly or within pharmaceutical compositions.

Thus, it is a further aspect of this invention to provide a recombinant or native
protein as defined above and below applicable as a medicament and a respective

25 pharmaceutical composition comprising said protein and a pharmaceutically
acceptable diluent, carrier or excipient therefor.

The pharmaceutical compositions of the invention may contain additionally further
active pharmaceutical compounds of a high diversity. Preferred agents are

30 anticoagulants which do not inhibit or influence the biological and
pharmacological activity of the protein according to the invention. Such
anticoagulants can be, for example, heparin, hirudin or dicoumarin, preferably,

heparin. Thus, it is an object of the present invention to provide a pharmaceutical
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As used herein, the term "pharmaceutically acceptable carrier" means an inert,

non toxic solid or liquid filler, diluent or encapsulating material, not reacting
adversely with the active compound or with the patient. Suitable, preferably liquid
carriers are well known in the art such as sterile water, saline, aqueous dextrose,
25 sugar solutions, ethanol, glycols and oils, including those of petroleum, animal,
vegetable, or synthetic origin, for example, peanut oil, soybean oil and mineral oil.

The formulations according to the invention may be administered as unit doses
containing conventional non-toxic pharmaceutically acceptable carriers, diluents,

30 adjuvants and vehicles which are typical for parenteral administration.

The term "parenteral” includes herein subcutaneous, intravenous, intra-articular
and intratracheal injection and infusion techniques. Also other administrations

such as oral administration and topical application are suitable. Parenteral
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weight (based on a specific activity of 100 kU/mg), preferably between 0.1 and 10
mg/kg body weight. According to the application form one single dose may
30 contain between 0.5 and 10 mg of manillase.

The concentration of e.g. heparin when administered together with manillase is
typically 500 — 4000 U (IU) over one day, however, may be increased or

diminished if necessary.
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with the aid of MALDI, with isoelectric point of 7,2 to 8,0.



WO 00/ 77221 PCT/ EPOO/ 05181 15 of their different affinity to hyal uronan.

Thi s sel e‘gbg’ﬁ/gpz'fpar ation can be controlled by using of r‘&&*&%@&tﬁ of

di fferent Such separation wl|l Oenabl e one to bet

characterization ma receptors._ of bi E}I@o ical relevance (e. g. in oncol ogy)
s HA- matri&-!ér epa%ﬁo%(@@@rﬂ‘i’qfﬁaf’?ﬁ? afEeFDd described can be applied for
the: 1) purification of known HA-binding proteins 2) purification of
unknown HA- bi ndi ng proteins Shg identification of the new HA-bi nding
proteins 4) purification of HyRRYH heskasting Fagral r agnent's obtai ned by the
met hod described in the presksethesru@RBangadeshn a8 kghar acteri zed with the use
of nodern anal ytical nethods (NVMR, MALDI - MS) and applied in the research on
protein“protein interactions. Furthernore, these fragnents can be used in

t he research concerni ng angi og@Rgos ofinelliving aniesascul ari zati on processes
Short description of the fi u4 rRS:zinduoftresednimaddS- Pol yacryl am de Gel

El ectrophoresi s (SDS- PAGE - CBB staini gg) of the protein standard,

mani | | ase sanple (after Diol-Li Chrosphér 20 chromat ography). 1 - w de range
protein standard 2 - Manill ase, P4grgra@onof@edebdsse, 6 p.g 4 - Henogl obin) 40
pg zs Fia. 2:2: a) SDS- PAGH(CBBStarmnyg) and b)) SDS- PAGE - Western bl ot
of four manillase-active sanples (lines 3-64 after| HA - affinity

chronat ogr aphy. Rabbit P3- 2)A pol yti EhiSfehd689S. pept i de anti body was used in
this experiment. F, |1a-3: SDS-PAGE (CBB) of the followng sgnples: ~0 1-
LW MM - | ow wei ght nol ecul ar (Bi - Mani | | ase 3-[ N-d ycosi dase
F (PNGase F) 4- Manill | ase aftg‘rﬁ%?%g?%@ﬁ%)?rﬁm Gase F 5- nillase after
treatnent with O gl ycosi dase WO (f@MPrEEpitatpCT/ EPO0/ 05181 16 6- Manil | ase
after treatment with O gl ycosi dase agmthif@tonen ni dase 7- O gllycosi dase and
neur am ni dase 8- noljecul ar wei ght %‘?Lsg prestai ned BigRad) F ~~. 4:
Rever se- Phase- Chr ongt ogr aphy of s arg?i i bonucl ease standard b) manill ase
sanmpl e (specific act|ivi t?é)?e&o‘"l@ﬁil"ﬁﬁylfa%cipi@@“ Phyuperasiams of heparin on

hyal ur oni dase acti vijty of manil | as6trifugation dig)ysigmd

Stage Il - sample

10

Cation exchange EMD (SO37)*
Chromatography
Dialysis***
. i)
Con A -affinity chromatography
Dialysis****
1
Propyl — Fractogel chromatography*

Dialysis****
1
Hyaluronic acid fragments (HA) - affinity

chromatography
Dialysis****
\
Diol-LiChrospher — 140 000 WHO Units
chromatography****
{
Reverse-Phase chromatography

Analytic*****

1o




bovi ne testes hyal uroni dase (-

|eft ~0 F

pl asma: "9

bovi ne te te

X-axi s:

purified p
(corresponds
aci d seque
to SEQ I D
sequence o0
ID. Nos. 4
a reconbin
7)2s Fi a.

pl asnmi d fo}
i nvention

exanples d
physi cal p
and hosts

not ot herw

general ly
Exanple 1
experi ment
mani | | ensi {
met hods we
cation and
aid of Hep
Chr omat ogr
preparativ
results sh
ASephar ose|
fragnent s-
purificati
| aboratory

i Stability

#Y | ase (40),

90#3

~ - ) X-axis:
measur enent of hyal uroni dases |$éﬂgﬁ§

| U heparin;

(b) manilipase (-20C) (c) manillase

R ok L R

i.cinalis hyaluronldase (A

Y- axi s:

%)act|V|ty

S (d)

is

froms 1 kg of lepchAi@ads aci d

sequence of natlve nanlllase obt ai ned by sequenC|ng of the isolated and

V-V W - -G

JUI Inail I

’:i-‘otll

g N
mani | |

L
=) IIIIITI I I

Al ared
gmm@ll

ucl rot i (
ase cl of

Clioro

INuckgot

F&Ever/

jle (upper d/.hg\e
e (clo

\VA VAU | UIII

e 31):

Ag—t-re—t
%’ruri ﬁﬁl?&

) and an
corresp

vention

and am no
corresponds
no acid
bnds t o SEQ

)

:s38 78

cleoti
one

13: Yea

de (uppq
one 31

Vet

St expr ¢

15

fior
bSSi on

i ne
X §COL

5) and
F esponds
|| 8eF+
vect or f

dm no aci

to SEQ
12t Bac

or nanl

sequence of
D. Nos. 6,
1l o donor

ase The

UBL aTI
i nvent
YU d50,

b exper
andard

by —tire
on to t
bi @h38]i ¢
ment s
t echni

A

g

fotto
he gen
al 7omat

\nd i nd
ues we.

) 42657

re used.

tp 220

WO 0
2524 n

ot rab

g~ cXdal
eral mat

briabs,
cated i
1_kno

pl SN
erials,
expr.essi
n the ex
in the

vever, these
et hods)

bn vectors
hnpl es. | f
rior art and

3/77221
Imbét® o

t o _of

f| pr&d

17 PCT/ E}
m I

P00/ 05181
hary

IUI. UJI

I|s
lr|f|ed

1ad
IU \"ammvacy

N tpe; Py

anmonli

CALTT U

H{dfa
um sul

SHGe panv |

| 9fhopr O

ate pre

ced%0

S RTA ngtl
oo

a

The foll ow ng
cipitati (

)N procedure)

chronm
Comn.9A-
tvl -Se

ogr apmn
Sepbay 0
har gse

arti

e, 21y dr

Propy

Nty cnr
ophatdoi ¢
- _Pheny

onat ogr a

| - Butvl

| Nns8x act

hy with the
ion
- Fract ogel ,

e tr—fronriT
g? Hafidaliod O,
hce a reconbi
Nos. 2, 3) Fia
} a reconbi_nant
stigeIFia. 10: N
sapemptaripfer ase cl
rextraetion2pd geid gy ¢
PRI aseFi o~
] a l I IJEU I I'l
Dsuﬁfﬁta tlafllr 8604 he
ﬂﬁmmﬁhﬁﬁﬁ&mconpj
piresipitatioed in th
se _nentioned.s
hQatioh epghangaat erija
poRBPEPP Re mar ks
M-k GaF riod 4
LR o e
chosen’ and ve
P’x{dbﬁJifrfe% pange
&nﬁgavagm
phy (H C) on
tﬁvmeﬂleﬂ;tﬂrl c fg
fxagmients-Sepbarese ang
nnhr\v
P TSI UJ U \ LIL'an)

)Cusi ng
ampon
el M C

and pr g
um pr eg
aﬁﬁ Di @

par at i
|p|tat

| - 1%%cn

/e el ect

cat
odh

rophor esi

and!

FFEWEHEE WP N PN

i on exchd
al

s. The
inge, Con
ronic acid

(

atfipity GRFPARETARY o ¢
PBIOPEICI‘IIQ hgﬁm I

aoco LLIA (@l
was successful

P
|JIIC{I U—D

ag8o7 The

-l} b‘hl‘UI
- S¢
for thd

y used

GL UUI 01

phapos
puri f

-
Jll_y al C

P 1loba X

cation

¢

Mo ayr ©

Pre&fgr €4

for the
in our

of this (

| ycosi dase.




Al |
The puri
Exanpl e

preparations were carried out

W6 ﬁﬁ@ep

in the cold unl ess otherw se nmenti oned.

§y was done according to the scheme shown abpyggpdAiRisil) -

aration of the Startiyxg Material for the Purification;

Prepar at i Leeci 1885 Ln &R n{% ollected in
Bangl adesOh@wg'ri'e I me Fﬁte SB‘L rozenhang{Ninrggﬁé‘-‘sﬁ%flrle@Szl Se 0 to -80. They
were decapitated in frozmmmate Hvauneidght) @lvalifosiddseals "anfeluat l rg to ca.
5% of the|body. Exa”mlﬁldéanamatﬁl%sr G, 'm@zﬂcuBﬁpc eq-!’ﬁx@dx@&ahivam Hgﬂaﬁﬂ qm Leech
Heads In @ representhti vg g’ﬁ'“ atl on, .1 kg frozen | eec eadd were
honpgeni z¢d in a War t FOMAHHR olf"“'t‘bftd' 1 T BPa83% faci d
buffer pH}4.0 contai m ng 0, 025% t 1| e et en@B'ﬂFhengPﬁPN oBudds ehll qse (Mer ck
K&A, Art. WZJ.GT. The honmogenate was [StTTTed g ty—ard—tg
foll owi ng|protease’i phibitors were added i nmfedi ately: 30 1. PMSF1.}7
mg/ m 10. 0 | mWHOMBept i n10"B° Qg1 n p0. B2pM8. Pdpst asite A0. | ~gkHiol pI\J/kl.
EGTA380. 33 pghislilg O M~ p- APMSFA0| O smduflke?0. (0 PM WO 0/ 77221 18
PCT/ EP00/ Q2181 Stirring was.contihued for 4 thour in thelcold and
centri f ugddbemoesiy  pm ABF¥D i hut es. The |super nat ant | sdtigeresh
(super nat gntsps)pPAGEs Col Ihemsdgeduand | padixact ofi t|mo sesiyhesvaisbiaNtmany pates gquent | y
obt ai ned RQy %L?ictl ng t4|§|°yco"fdr,§§ue‘> Pekdils - The pool ed s;ptgdrkpm R S .
represent [Stage erial e{procedure fis summari zed  he flol | owi ng
schene: Stlarting nmaterial - Leech heads Honpgeni zati on (5‘°"‘“’°" Bctlion I+
Aci d preciipl mdletuti? Centgghfggatpon |15 lld~l Supestrepsddt |' ,Pelleh Wi alysis'
(Desal ting) 29, tragtion I1* Acig precipitation Centrifugation 2s
Super nat arft__| I¥5Bea) | bt (di scarded) *Activityl deternjnati and _bi dchemi cal
char act er i[zammianacif { he deERpinYs Wﬁas perfor med WPTTFPORYe qivet defermipadi lvi ty
det er m natfi ORequéntt bi gli ty reduction test and Bo protein ¢ontent
det er m natj-ea—CEZB0TPrer eeRCA TRt o 7385 T4 t+t wag—-t—@ﬁss | ble to
measure the pel,\iln yie activi 6xifﬂn the= I;&gj’cﬁﬁﬁ?nnaena' o edanse g the very
hi gh contdnt offlhenmogl obi k% &heasyred Wit h the hehbgl obiln det&r ni nft i on
Kit, Merck RKGIA  I385Ibipdind6PRfyREl] RS BhdiAgis. | MOr €eoVer, (ne hyal ur ohi dase
activity doul e e in|the k?_g pri or to the acid ss
pr eci pi tatllﬁ’ﬁmp%éc't’fl nal spaeC| fic agrf)?y?/l [gs (activity per ng of pfotein)
of these | WD 00/ 77221Perrmpgffe0s £ ammengsdt k act s were gbout 10- 30] WHO
Units. Accprding to .PDS- PAGE, the |cruglsrextripcts contained | arge apounts of
di fferent [proterhrs he—fa-ot—oRes—havRg—a—petecttar—watght—eot—32), 55
-60, 45, 31, 2%“"“22) 15 and 14-10.
reduction by no influence not determined no influence no influence
heparin
Stability
stable Unstable
at +4°C after 7 days 100% loss of
~ 75% activity retained | activity after 7
days incubation
stable Unstable relatively stable
at +37°C after 7 days 100% loss of
~ 60% acttvity retained | activity after 7
days incubation
stability stable Unstable
at +37°C in the after 7 days 100% loss of not reported not tested
~100% activity activity after |

presence of the

dog’s serum

retained

day incubation




s Exanple 4. - Amonium Sulfate Precipitation Procedure of the Stage |

Mat eri al Ne he amoni um sul fate precipitation procedur [ en as
the fi rstwgiaé@n%* the purification of _manillase and resul tg%wlﬁgoogdgg@-fol d
of enrichment of this enzyne. Enzymat]1'3cally inert material was precipitated
from St ag§hle asteribksdix theatableb yneaidinfaymiatios bo\activityadeternainatior ama sul f at e
(Merck KG&A) .to.36% w v, at +£4C. Thi,s, m xture was stirred for 1 hour and
centrifug Cheffic rcl'@faﬁil%rgr?go%s' di scarded. The supernatant was dial yzed

agai nst r uhai methdasiop Bttty detdrgiinaearahdidchetiihl 2hafRidizatioRiugsy 20 MM
phosphate buffer pH 6.0. The final specific activities of _these extracts

wer e aboutdepend of i ARt of sperirenp theaumgrqdegmplencTherefarage 11
extracts gﬂ&; #eftk js@écﬂ@si@érfg'é%eﬁd,@a bithd Sb&%&ri%%a‘lﬁ?iudeﬁﬁQHPEGc 'ssglgcat I on

Exchange romat ogr aphy e cation”exchanger was us In a batc sorption
node. An etepsefpurfigatiinal yzed sanpl e (stage 11) was incubated over ni ght

with 1 | FRract O%%#ing\&t%n%@on@&rgi% 'E]é?j‘is"h@d(]’ t%{:hanger, Merck KGaA, Art.

No. 16882. Afte ncubati on Wwas centrifugation, the cation
exchanger mas wagtieity detetminatiorbudrbédity redudtionftegtat ed agai n and

T S S A sk e Ml 0 L0 ST
colum gt L (e S3eoaeth wneTBSRARh R RULIGH sl R gonL el i 2 | neer

t he absor bance -Herd&flolimdetesmiratiohor ed. Mani | | ase was eluted at 0,15 to

0,18 M NaCl concentrations. The activities and protein contents of all

fractions Were - ARV %fe%'aaif%'tﬁ‘"&’é\c&yirsma‘%r%Stpool ed and dial yzed

over ni ght_agai ntrofthh edfohrmiiiifaten B9 PlefoclBCATHARBENG Sodi uMm azi de and
o] e

17 mg/m 30 trehal ose. Determ nation concentration of proteins,
speci fic acti vi-tSES - BAGHeWesterh Blot amti HoiDEAA¢BRogiobinyaitibodsy e carri ed out.

In spite of very good yields.(activi and high specific activity (WHO
activitly units ‘ﬁ%vﬁbd%tp"ﬂlpﬁyéf %‘,’rb&%{%%%&?&ge%o IU), a nixture of many
protei ns was stidchteihevmemtectéreningtion (E5gp! Picke Be&Emethh®) 00/ 77221

PCTI EPOO/ 05181 20 anal ysis of the sanpl’es. The cati on exchange

chr omat ogr aphy 8D % - PR&SE WesferirBiott atidiuntavCh&a83166 {rdibodyMer ck K&A,

Ger many) result iLn r¥, high rification . factor of - 10 to 50. This
step is very ef-fﬁ%%b’%‘?@ﬁ'%’&akﬁ%#ﬁ%ﬁ%ﬁ%“ﬁmri ties. Mbreover, we have
found that the lgD$hPAGE eWssterndiota artirpeptidefantibsdiesi tial step for

handling | arge vol Uﬁgs of stage Il supernatant (5 - 16 I). Examle 6: -
Concandfal i'n A'—'\é@'p rose Affnify Chromat ography The further purification

of the enzyme- rimBidiPebrieR determbindtich(Feere8 BT metfaid)done with the aid of
Con A lectin affini t¥ chromat ography. Commercially available Con io

A- Sephar ose froRPhaPé aWeistare ot -anti pepide antibadies was washed with an
acetic buffer 0.1 M+ 0.5 MNaCl pH 8.0; 0.1 Mboric acid + 0.1 % Triton X
100 pH 6.0 and finally with 0.1 Macetic buffer + 0.5 M NaCl pH 6.0. The
sanpl e was di al yzed overni ght against 20 nM acetic buffer + 0.5 MM NaCl + 1

1000 125 CopinRDG COAITRreA G BERRRYD e ek LTS P RHRSE 0B Bt acet i ¢ -
Thi s v 18 e e e B N i g
0.5 M or a-D-glucopyranosyl and sterically related residues. Manillase-active samples

showed two bands with almost identical RF values in SDS-PAGE. Longer SDS-

PAGE and different running conditions were used for better separation of the

30 bands. In these experiments two additional, weaker bands could be detected

(Fig. 2). The N-terminal part all of them (30 amino acids) was individually

sequenced and showed again no difference in the N-terminus. Following

deglycosylation with the endo-F-glycosidase (PNGase) it was observed that all

four bands resulted in a single band, with a reduction in MW of about 3.



met hyl - a- D- mannopyr anosi de. The el ution was continuously nonitored at 280
nm The O(gko 4 ctions that had been collected were assayeg§Rboosns181
hyal ur oni % activity. The activ fractl ons were pool ed and dial yzed

over ni ght agal nst .20 nM ate buf H 6.0 containing sodium azi de and
17 mg/m (hErRipisdis %t‘%?hﬁ)ﬁﬁﬁ%‘?\e elPSﬁth%d difineances an Elestrepheretic mahdity

SpecifiC agh yb b Bffepéndedan tﬁé’&l&/éosylaﬁf&ﬂ gp%?ﬁ aﬁggé%ﬁ'lo%%ﬁﬁ’e} SREM | ed out.

This step was very effective in renmovin rest The Con A
chr omat ogmapram @dendﬂﬂymsmﬁsgsaqmmqelirammm ;blastO;glycd’:hdasé act or
dlffered mat er.i al le 7: -
Propy| %%@ﬁgﬁfs%gggwp ! rﬁﬁg@fuo%ﬁ&eﬁ%@@ nggpqw;'f?‘g eﬂ@éﬂ‘ﬁ?ﬁ'ﬁi dase

active COYB)ATIp)&Ed r&asaltmbawemmmmh frett enantiiage adtaihy at l8astione! N-fiakepncent rati on

of 2 M Th es were then i ated 1 h at roomt rrperature with 150 m
Pr opy - Fr AUGBERACTERES BhGy [ T8 ShITHER CorRpiRatR SRS Gov i bodatccicg
1. 10085 Qﬂfﬁﬂhbbﬁéﬂhgg uaefh 0.1 M phosphate buffer pH 7.0, containing 2 M

[ f

anmoni um sul fate. After the incubation was finished the gel was washed
twice with the sane buffer, and the HPLC—Superformance (2.6 cmx 60 cm

col um 1 roteins

were el ut\nglIb %%é%%i Wﬂ?ggﬁ%géguﬁ‘h% rc&ﬁﬁteafﬁ%%ygj% #ﬁg@gy ns were

coldl ectﬁed Mtkmugh?ohemnzyrdamceamﬂvytydoablti%r?edeaigmé:m adﬁmmeztbd saté and (2 - 3 h)OI
and, then agai,nst uf f er 6.0. T actions. yere assaye
for hyal ur%% 89?@“53?? {ﬂhfp[i’ ﬁ%mg}? .@@%’?@'@L '90% ?@CQO'EFDB? AnMi% di al yzed
over ni ght Reginakre2harbtiefiged fatter Withftes held & MACDN akheBcsgfveighfzi de and
17 rrglm trehal ose. The protein and activity determ nation of the pools was

carried owf. mamléasmete"@a@dthtae@tsirofal\ﬂALﬂl Wag RBchat ogr aphy step was about
3to5 Asmll ambunt of Con A released fromthe carrier gel in the

previ ous step was renoved io together with other protein inpurities.

Exanpl as 8:HepaPindias e influense oy theadivity oathisjhyalur@osma(ﬁngl 8p Maniliasedel umm

d d
Fyal Ut oni cPay (0 ot AR Her Lo redich it ah A3 asss b 81 et pur s v
i s cont ai nthegamples dasEtippdrifiedomeai&saighoved Bery High stabilitinanedbyghhdat 4C
fter pH of HA containing solution was

in the presence of toluene, Ther

adj ust ed t’é%"?s’&ﬁd‘"g‘ﬂ ﬁ}e HAMRi*Y @980 37C bovine testes hyal uroni dase
(Merck KGaA; 700 WHO unitsl ng) was added. For 7 g of HA, 210 ng of enzyne
di ssol ved i medi ately before use in 50 ml of the above buffer were used.

Hydr ol y8i sTheapreparationsidti-efingy tasieesihigs mpndascaibed ihai literabirast ant
stirring, eag@sam ”Bio%ﬂm% ME/%H NGt %75533’3 28} 2’8@2%. HA- RSty \pgs vat er

bat h. The on nt X iIfied uhcetrl ugation tor 30 mn
at 10 000 Lgsedcfenmemwrﬁcpmme,fﬁtheccanﬂaagmhyajumadtermndmgaxotémsoc&rded and

t ant t.h Q. fil i gh I f
oref 1 er HEEophEaE OBk AR B Rare, B R i By A oot e  des
CHAGS) wasgd,22c32)drom etk éamé isbtircat The HALbiBdINg proten THABPY puulnﬁé@wht ration
ul ar cut off values as follows. (b)

nmenbr ane Am cont) wth different nol ?
Fracti é’fﬁat‘ihér?"bf’ thﬁ@fi ipRy mekr P‘af"ialsf'-’tsﬁg WrthandpsBistoghemical fidies GeRERiNiNBom t he
previ ous s aRydasution! drheE AyhIlFdHatd retBptals f0r f@e Oeﬁ%lt ;,/ab'eyltsrc‘?”éﬁcgn :

menbrane. Retentate was saved for other stu S \‘I)\:{‘ll [trate was
subj ect ed 1288, 188, $4000; Chan &f LI etrakt V.obGel. iFiolu 99701k 38%301Y or

whi | o the DABNgR WRRERsuO0R tr I B0 o S DR R . 18eR Rl | o ©°
ul trafiltratidgmstrbmoalgdt 2B, Bk D @iiho/nvesdri@s, 23 era282)dn the téasat e

cont ai niong HA- OGS, about 10 m of the
3

D

However, the method of the preparation of this gel developed in our laboratory
enables one to produce gels of exactly defined concentration of HA-fragments (1
to 15 mg/ml). This, in turn, enables one to use such gels not only for purification

of hyaluronan-binding proteins but also for their separation, by taking advantage



WD 00/ 77221 PCT/ EPOO/ 05181 22 sol ution, was used for further purification.
This fraction: HACS 3-10 was purified as follows and furt Tﬂgﬁ,gﬂﬂfgpr
coupl i ng“f‘boogéﬁ*arose (c) Purificatjpn of HACS 3-90 HA- 3-10 were

packed i 19 08 beRiergRTGE by oy 155 <ol BRGdias Saff e SabindlFt T 57

col um volbymngbfmmgmemtbqu diferevitiiengiur&ych sepeiatidniwill ienablei e tobt ai ned
f th f. ol harid ljed t
thi's. col uriErerRES e aE o sFeshiieret Helpda e 6vanes (e Moaneatea)

coll ected and anal yzed for the presence of HA oligosacchari des.
A igosaccharide containing io fractions eluted before salts (the latter

det ect ed wWiAHAKIRES Prepared aerRidiRgdo Shrimetiedednscebadicay he RPBIFGOYM af | o

menbr ane. wurmg{laﬁbﬁkmwﬂmlﬁdm ?Fbté_iﬂsdet erm ne the coupling efficiency
of the Sepharose (the sane ba was washed and suspended in water as

to prepar e2)aplﬁiﬁca6l<sm QW'}knONHdTH\*tblmﬁlm$pEﬂt$p&nS| on of Sepharose-HACS 3 -10

conj ugate an Srf'%u A 100 pl aliquots were w thdrawn
intripli cg)tg Wgéﬁégt#o . ginlf\n@ﬁa%r@lamst rifluoroacetic acid (TFA, Merck
KgaA) in t&fpaificatiorof byaredidasée. For hydrol ysis, the mixture were flushed

with argon and i ncubated at 100C for 16 h. At the end of hydrolysis,
sanpl eslt%were dried under nitrogen, re-suspended in 20 water and used for

the deter Tadtddiemt dBlAIRRSBITIHRAAMOJ WeBitiecfithe p Tééé?\ﬂrﬂéﬁiuﬂ?cérh@e ext ent
of uronic acid andﬁg ucosam ne_ deconposition for each t he hydrol ysi s,

control saniarestetized #ithithe uks elmodamLanalytien! 'EJAﬂmdS(Q‘lM@\dVWeDb S@ndded, and
i bat ed t b 5, 8,
o 11 and JEPRH e RARBLAAI ol Broliifler Sl E HPefiREORS B 0ve

Sephar ose gagmentstcmn bmdmmndbe]resemptﬂ‘rcmatmng #hgisgemssis asd ar e based on the
UA and gl ucosam n% 693% ées) Assay used The content of the uronic acid in
t he san%l eBeayascyarigalotPOeeSi]i ned according to Bitter T. and Miir H M,
Anal . 8i ochem, 1962, 4, 330 - 334. 30 The hexosam ne anounts were anal yzed
wi th the net hod of Rondl e CJ.M and Morgan WT.J., 8iochem J., 1955, 61)
586 - 593. Shomdeseriptipnof theigufedin; 05181 23 Exanal e 9: - Hyal uron| c Acid

Fragments ggphar 988K AMEAAEEYEHoSRREAS PSBS PROER! OB MKIng)

of the protein standard, manillase sample (after Diol-LiChrospher

20 chromatography).
1 — wide range protein standard
2 - Manillase, 4ug
3 - Orgelase, 6 pug
4 — Hemoglobin, 40 pg

25 Fig.2: a)SDS-PAGE (CBB staining) and
b) SDS-PAGE - Western blot of four manillase-active samples (lines 3-6)
after HA - affinity chromatography. Rabbit P3-2A polyclonal anti-peptide
antibody was used in this experiment.

Fig. 3: SDS-PAGE (CBB) of the following samples:

30 1- LW-MM - low weight molecular marker (BioRad)
2- Manillase
3- N-Glycosidase F (PNGase F)
4- Manillase after treatment with PNGase F

5- Manillase after treatment with O-glycosidase



The chromat ography matrices containing 8 to 10 nglnm were prepared as

i ndi cat edwglgp@7e4izyme contai ni ng sanpl e was dial yzed against 20 mM acetic s
buffer + 0.15 M NaCl pH 4.0 and applied to the 25 m HA- Sed’ﬂ/%"s”g’owfunn.
After washing with the same buffer) t el ution was done with the 20 nM
acetic buffer w shManlla$é after ttedthrgnaditeO-glytodiasie addaedraminidnest i ons were
tested in the hyal uroni dase-actjvity determ nation test, pooled, dialyzed
over ni ght agai ns?‘ MW%M@%@@“&H 6.0 containing to sodi um azi de
and 17 my/m  treBatRiculabieeigHitehariar AMNIMBEsYAibdd éﬂ&ﬁ%{g nation of the pools
was carried out. The purification factor of this chromatography step was
about 3. Efigqd:e Reverse-Bhase-Chamatographydfir omat ography is A 20 m active
sanpl e djal yzed j: (e was applied on the Dol LiChrospher

col um. g'I'he col u%ﬁ%\/{g@lf%#ee%%ﬁ rated with 15 mM MIIli-QH20 and washed
5mnwth 2 m vgtreanilldS8ecsanhple i(specific adtieityat40 ke/mgpl e was done 15 min

wth 20 mM_acej i uffer .pH 5.9 radi en 0 to. 5 Cl) ,and 35 mn with
or adi ont | oEiawg: Jatieive ot RepRtn a0 T b Tdsse G of Biaieng 45 5) ARG | The
zo fractions ver epasaicatbs fyallryaidas® i ¢lage activity. The active fractions
were pool ed and di al yzed overni ght against 20 mM phosphate buffer pH 6.0

Xi

cont ai ni ng sodi urk@Xisy8) ArBany Yrgxim 73Ny §8e. The protein and activity
det er m natiqg, &f %tggiliwbésd@ﬁeﬁf‘%ﬁﬁaﬂf@mgasg f itk EhGdgilal actof | 3. 25

Exanpl e "11: omat ogr ap urrtircation step can be used only
as the | ast one af@)manilEsedd’q)o (Wbonanittesene2®&Npl e devoi d of salts and ot her
protein inpuritie e. .0. i l.de protease inhibitors). The hyal uroni dase
activity was conpﬁ%éﬁ%wgﬂ%gﬁ’? @ecause mani |l ase is not resistance to

organi ¢ sol vents (g5esbvire fetes I8fatponitase [Y)aswl idinigy mediinake applied to the
RP 18e columm. The 0.25 mImnp fractions were collected. The elution was
done in the preseM@UGNIAEse (B) TFA and, gradient water to 99% of

acetoni trile was ysgsl: d%/gfgﬁgcmt]ofng e FAVRLES1gpanie used directly for

am no acid sequencing, M measur enent, carbohydrate structure anal ysis
and as st arkigr @: f &mipoacidi seguenee of naliveananjitaseeitained hyrseigueseing of the

00/ 77221 PCT/ EPOO/.Q e - ACT LVt erm.nation .- Turbidif
Reducti on Test Thésai%}gf]‘l@%ﬁﬁ@ggbgoé%ﬁ\ﬁ%ﬁﬁgg@ah%rﬁ%ﬁg'@?ﬁn%#%&ﬂ@n% th the Y
thur Pi dity re_duclti Qm%n?eaﬁusre(r‘]can'esﬁg?r@mmm_amlm,ayai | abl e grfe}oa_r gti ons of
aluronan (isolated fromthe different anima| tissues_an s, e.g,
hﬁman cord,é' s CLEBH§? “éﬁﬂ?rg"ﬁﬁ)aﬁr\ﬁir%ﬂ'inaa?é’ s?Oé’r?éi‘G-epﬁﬁdPﬁ%'BElﬁ‘ﬁf‘hi dages

from bovjne testemaifisel diénd @I3rRS21)PRRIMEEPSHEs toySEQID Neg) Bt3)ept onyces
hyal ur ol yt |Fc_us were used for establishing suitable activity assa
u_qbé

condi ti ons. - eNyslectidg (WRRer GReHANE 3T/ add srrBiansaiot PHaFPBbRAst parti al |y

purified in our |ahqy é—%@é a i ( C nmg/ M) was
prepared by di ssol Vi r:gés%eré{??l : Sdéir%ﬂh){bgﬁ%sggmfée)ﬂoﬁ QQP gﬁe’f'Ss Thi s
sol ution waBigdi0uiNeglestide (ypper $nes) andf drsinotasichsequeneataf atreopmbinadt 2 nyl ni

directly before the t.est. The : I QJ lies r iluted to an
appropriate amuntrg%'i'ﬁ%sr?z@}?@e W%SE%EE%%O%HBZBIWDﬂOSphat e
buf f er centEighing ©. dbli xpedsshmwentordbbmeaniiaged 77nM of NaCl (enzyme

di lution buffer se sapgples, 0.1 m hyaluronan (0.2 is

. Jo 0.1 Cff the
mg/ M) sol Figad2ivBagdancrriasmidfRumMantiage: ed 45 nminutes at 37C. The test

Fig. 13: Yeast expression vector for manillase

The invention is described in detail by the following examples. However, these

30 examples do not limit the invention to the general materials, methods, physical
parameters, compounds, biological materials, expression vectors and hosts etc.
used in the experiments and indicated in the examples. If not otherwise
mentioned standard techniques well known in the prior art and generally available

material were used.



was done in duplicate. The reaction was stopped by dilution with 1.0 nf of
al bum n reagent (0.1 % of albumn dissolved in 80 nM acet ilfcﬁlio(a/%ég mvi
sodi um ad¥Q VT2t f er, pH 3.75). After710 m n i ncubation a 0 C the
optical density at 600 nmwas read and’t he activity was expressed in WHO
(1U) unitEx 1 ¢Gapenel BemafiS).T- program) with a standard. The WHO

preparati Ine: Lesti o ., Bull. Wrld
Heal t h og‘q‘%‘%@%\ff@a"ﬁ@%@gﬁbﬁg‘& Hﬁsg‘!‘e'g'rea&s’gr@ aﬁ'ﬂé&% g@éﬁ&ga%:of_ Protein
Esti maf i oRlirddinarie manillerisis ioandentt establish thepwificetivrs pruzedaet er ni ned by
measuring_th | t.ravi ol et absorbance of splutions .at 2 nm The protein
concent rafrf‘ﬁgo'g}w"f'%@ %ﬁse‘ﬁeﬁer%?'aﬁggmgg%ﬂ;lamrﬂ??f%‘ Wé?ngF Prl?é'pé{FEg'bf Pi erce
m crongt h d0re, Baflos ahdiahion exeh éhrafato , i Exanpl e
14: - rT%DS—EIF:{)AC(QBE El ect rophoresi s El aeﬂgfophor esqrgﬁt\%mghg@%ﬂ%{%yt o]

Laenml i pwitbdbe i eiNderain-Fragtegel, £on AGsphatese, Hydrephebic dnlerastigel s wer e
used: 4t Y i 0 i | e % i.ng gel.
Sanpl es V\g:rhg%%%jrgg%% d tlgy%‘%?ﬂ%ﬁggfeﬁ%ﬁ%ﬁfkfg‘emte'sh%éltgweﬁo &Jgggi um dodecyl
sul f at e apcefaBativer isagiecdt fiegusing andprepamtive etectropiidi@8is7 7221  PCT/ EPO0/ 05181
25 vi sual Lzed affer stéx‘iaﬂi na@w’dt h Coommassi e. t%rti.l | i apt bléhe andfor ,Silver
staining (RECEFUISRMHNBhArREN d?\rﬁ\rng{upm?rie&qj'al@(gﬁﬁ?%e 1ange) L8RAsct ri ¢
Focusi iy Sephafises PropysPrictsdel HIC fapdUSibRGChidsphesamd Hyhrrdmeatidase
preparation, the protocol pravided by supplier (Pharnacia s adopt ed.

Fol | owi ng frR@mests ?PP?fé’Sﬁé*ﬁAx%Fso f CBFRH‘E%PQ’\?B V§f%\r°"1’1‘ﬁﬂ"% KE\A%BR ding to

Phar maci a ,pt: | Of th =M he X S i f i | mune
Sera of Rgggﬁ%ééﬁﬁoaf(tgnti - Cllgﬁi,ﬁ\aen?ﬁﬁenor?%bﬁgtrgnp({égﬁéia?glggf !aggartgg]bi t

ant i bodi esyasTuscessfbilt usas far therrurifigaionioithistolyaesidase. of the fol | ow ng

i mmunogensy, .C I ; . ) r j pepti de- KLH
conj ugat ez" Wgé&%@g@f?%%éﬁhgﬁtggpmm&gé |)tS Qn |l%%’l éﬁ?&ﬁéfﬁl&?’ ﬁg ‘he 14 am no
aci d N4 ermienmlrifipatidn whs dene btesrding et e/SeHameshawn absvelfiabsd).a wer e
purified on the Protein A Sepharose (Pharmacia, 17-0780-01) col umm
according to the standard Pharmacia instruction. The purity of the 1gG
saml es Wet@nille okeRropidrtn thé StartingMstéiPforans FakSHce Frepdrigaib € 17: -
West er n- | rmunobl of Assay 20 Suitable aliquots of the sarrpfes and

pre- st ai n&f Leeeft Beaddar ker of known nol ecul ar wei ght were subjected to
SDS- PAGE Hﬂﬁ%fa‘ RSHIIBRNY RecheP ESIeicd] MEhrigiRfZRA WL GhHIcatdRisaBEK-Tar ker
was used. e protein was transferred el ectrophoretically from

pol yachy!| drozea apeltber 6toBedrad -402Jo t80°i Thepwer ¢edapitated idifiozeo stade, the\VVDF)
menbr anes in ”r}% 'Béssence of tr nsfergbu{ﬁ’er Bor 100 2s mn. The PVDF
menbr ane WERIMHRT IR RIS ATRUBINGIRI 67y S PUNP ORIV PBS, pH 7.5 + 2% fat free
mlk) for 1 h at roomtenperature. Next, the nenbrane was incubated 2 h at
roomtenperature with the anti body, appropriately diluted with the bl ocking
sol uti on. Examniedbr xEaciins Rasedew Manlasedoosieatibaagd®) pH 7.5 and :
i ncubat ed r ; Femner I L } :

ant i -1 abbi [ S4SP S er 3 E POHAGHRE, Fhch e ey HERaE e hbRERNZEa
washed 25 waa YWaneg Biender viis2600en| ofcadch@. 1i Magktic adid tuiffer pHwt.0 iIsoBiBirfngl kal i ne

Phosphat asg Sathinftrsd Ihd' 17/ Lt BHaRss (BRI KGR AR NG 1 BETE)2d the

reaction.
The homogenate was stirred gently and the following protease inhibitors were

added immediately:

1. PMSF 1.7 mg/mi  10.0 mM
30 2.Leupeptin 10.0 ug/mi 20.0 uM

3.Pepstatin A 0.7 pg/ml 1uM

4. EGTA 380.35 ug/mi1.0 mM

5.p-APMSF 40.0 pg/ml  20.0 uM



WO 00/ 77221 PCT/ EPOO/ 05181 26 Exanple 18: - Am no Acid Sequencing The
sequence&@éﬁ{m nal 33 am no acid residues of the manilpEgerovasisebt ai ned
by Ednman H&Htion. After SDS-PAGE of® manil | ase-active sanpl es, the bands
were transferred onto PDVE .menbrane, stained with Coonmssie Blue, cut-out

t
and sequenSHFINGTW@s g%wugﬂifﬂbgggﬁh@%%c andsandrituged ehd9QGimm ford® ai ned

¢ h e ; ; ; . hy.
after the hﬂﬁﬁteﬂ.umé SGHrhaBneL ARt Gshpém%.ta%it;ibyw%so Sﬁ%ﬁgﬁﬁ gt}én%gﬁfﬁgfap y

Exanpl e 19: - pH Dependence of zyime Actl Vi ronrdase

i sol at ed f soperRtandiifubseqyrmlylabésined by autragtingdbe tisslies pellet.s | eech heads)
Sanpl es of i ] j I t were extracted either from
Hi rudi nari z-arlﬂg r?l [%@Zﬁ%?ﬁﬁ?ﬁh%g%ﬂfe%ﬁagléﬁgﬁtgﬁ eech heads and partially
purifi eds wiThe proeedirel in$uramatzediim tha fdllmwingsehenpe:t at i on and cati on exchange
~s chromat ogr aphy. Each sanpl e contﬁgﬁﬂ‘i r;f%t‘%glo VWHO unitslml was incubated at
20C) +4C and 37C at a range of pHs TOM 2. 6-t0 9.0 (20 mM acetic for pH 2.6
to 5; 20 nmM phosphate buffer for pHLl8eshdeads- The enzyne activity was
nmeasured after 1, 2 and 7 days incubati\gn periods. At both acid and

al kaline extremes of pH, inhibition of Mctivity to the same extent was
observed for both hyal uroni dases. Zpmdgstdesh, during | onger incubation
periods manill ase was nore stable then H rudo nedicinalis hyal uroni dase:
e.g. after 7 days incubation at pH 7.0t +4C and 37C - nanill ase retained
75% and 60% of the starting activity, respgctively. The Hi rudo nedicinalis
hyal ur oni dase i ncubated at the sane & 'ﬁ'g'f"ﬂeons was al ready inactive after 1
day. 25 Exanple 20: - Stability MAsidpeppiatiornf Hyal uroni dases in the
Presence of Dog's Serum (for hyal uroni dase isolated fromH rudinaria

mani |l ensis and Hirudo nedicinalis | eech heads) The 5 kU m sanpl es of

mani | i ase, Hirudo nedicinalis and behtegdiest €s ; 0 hyal uroni dase were
diluted with dog's or rat's citrated plasma to_a final concentration of 250
Umnm. Nékt, these solutions vvereéi ncubat ed at W20C, + 4C and +37C for O to
7 days. The controls containing the sane hyal uroni dases, diluted in buffer

were included in this nt. Finally, the hyalurondase activity was
measur ed. WO 00l ??2%#&%00/ 05181 27 Exanpl e 21: [He%nt am nating

Enzynme Activities At pagh-stage of the purification proced,ure for | eech
hyal ur oni dase, the preparation was checked for other enzynes capabl e of
degradi ng protein w t HPeE$ING} d of universal protease substrate (Boehringer
Mannheimp cat. no. 1080 733) s according to Twining S. Etraftbhnat . Bi ochem,
1984, 143, 30-34). Exanple 22: - Influence of Heparin Qp p'r'éé%lté%{?m dase
Activity C eavage of a hyal uronan by hyal uroni dases results i n the
| i beration of reducing sugars. The anmount of the |iberat ed, sugars was
measured colorinetrically by the io nodified nmethod of Park (Park J. &
Johnson M; J. Biol. Chem 1949, 989, 149). For the ned<ifg&ga¥M of the
i nfluence of heparin on the activity of manillase and ggovi ne tegges
hyal uronj dase) two activity determ nation were cagried out: one jpn.the
pr esencé of heparin, and second w thout heparin. ’é’épém%@gﬁidase §D§FFM es, 25
p.l (3.2 WHO units) were incubated 30 min at 37C with 25 p,| dfisdaided) hepari n
is (Liquem n, Fa. Hoffrmann LaRoche) solution, containing O to 24 units of
ih ﬁgﬁg;? i Olhagg'viglodel%érlmi%tiohry éfirlﬁ" Bi%@ﬁgmgc% &a@ét@ri%at\l’\o@xsofat g%gm%?eds \Fvgse

performed with the aid of activity determination -turbidity reduction test and

30 protein content determination (E2gq, Pierce BCA method, SDS - PAGE).

It was impossible to measure the enzyme activity in the leech homogenate,
because of the very high content of hemoglobins (measured with the hemoglobin
determination kit, Merck KGaA, 13851) and other proteins. Moreover, the
hyaluronidase activity could not be measured in the stage prior to the acid

35 precipitation. The final specific activities (activity per mg of protein) of these



continued for 30 mn at 37C. The reaction was term nated by heating for 2

mn at 10QC. , 100 pl of carbonate-cyanide solution and_J f
pot assi un’%ieoroyig ani de solution were added to the inacti vaPSﬁ’%gP‘g@?‘ The
sanpl es were 20 heated in a boiling wdt®r bath for 15 min and then cool ed

in an ice betdcts Weteabautdd-3OWHO piditsoAcéeding to SOBPAGE, $he émbe sol ution
was added to the react ggn m xt ur in 'bncubati on at RT, the

. ALt 15 .
col or devePHfRAS Gadta %rigg(fnéqurgéaf W&‘F%‘?t Broéinf‘?ré ¢ NaRNesdAYRNGAet er .
Sui tabl e bl ki 22T 568D £ 31119657 Nelaiehi@ each assay. The

expect ed reduci ng sugar (glucuroni’c 2s &ci acetyl'-glucosanmne) 1 to
15 pg) for the type of sanple under analysis was used as standard. Exanple

23. - Degl ycosylatio f e i |lase.,The sampl,es qf illase were
dogl ycody| EeaabEh FBlogl¥ sk B8Rl REBaa dhind Sthge HeteRg] 701 1)
accor di ng Nexs tiphmetonium isullateippecipTatdndeatedies Was icheseas titofiet stager
denaturing and native conditions. The O gl ycanase , neuram ni dase and

neur ani ni dabbe-pudfigatjanuefiganiiassaantbiesyitedine ddfield of eorichmenttaf tlsehr i nger
Mannhei m s% d prescriptions. Al sanples were characterized with the
SDS- PACE andactivity determ nation test. WO 00/ 77221 28 PCT/ EPOO/ 05181
Exanpl e 24Enzy@aticilyumert ovaterfal Wae pecipitdtéed frapr $tage ¢ orudecdaract by gddihg) For
expression in E. coli we used a nodified version of the plasm d pASK75,
whi ch cHr r Blewly slid ammepiim selifate etk KEafkior38 % ménat 44°C. Thipmirturepp
131-135 ~. i § i ' ; ni | et ween the
Xbal an Hi @stﬁegﬁfwe{s hs‘%éerm]n%é\?vﬁrllfgﬁg%r-ﬁ%:éoﬁteglpﬁéﬂtvg%&@%\r&p%%gf&%) sequence,
anot her nuktpernatant wais diglyiedeagainit authiff dedieizedwateadvermightearst 24p- t ag.

Li nker sequence whi.c cl.on i SKY, al. 1t 9 CTAATAAOG ACCOHAAAAA
A oy ony AR SRR M RRB e by eI 0. At s $naa S AT

G CGATAp CGtKebArACGvérel {BaUCEHAC 156 MBHDYShilss Acbsréingl toest S FHAGH taval

Al aLeuAl aG Gal fiooRl SS<I, Kpnl goal BenH. 179 , CITTCGCTAC CG AG-(AG GC AT
CGA ToATATHtased extractsEonae Ieige hts of dfrenh RIORIRRTC( ~G C CG TA GOF  ACH
TAA OCf CH# OCC ATG GCC CCC | 4~I yPheAl aTh rVval Ala@ n Al a Xhol 8ell P91
fioo47ttl 230 ATC CCT 0A_C3GI C&HA CCT GCA GCS ACC

GCf ATGA GAGEAZmOIRnT CACRIdAGhanyaGhrematagrafi3T G4 CGL' COG TCG

CGATACTG? Al ' ad_ | ~A| fi. SH sHi
SH SH o BVE SRR wER skl e rloadtandianahatie M eifle a0 O1Y 1
expr essi on diadyzedrsample fetage [lhwes incubatedmeesghtrwitht ¢ | Fractagal EMB'SCE a | and
3' Eco4711 ri,cti sites P od. T ef.ore,.the twg. priners 5'
ATC AP RARSBASY G h%?%f’A@%%@aKeG}i‘%}' @;?’ﬁ ; ARET taenGUGRERN RS, e e
used. The Reishpd d¢uentrifiigationyie cationeschariger ivae wisRel Iwithetbeduffey,stem i s

| nvi trogen) and sequenced. secaond step the manjl | ase gene was cl oned
i( nto t hegmg)gpqriifwt gp@r)}g a\r,lgd%%C,a-Superformace Solumn was Hiled With the gel. After

washing the column with 20 mM phosphate buffer pH 4.9 the bound proteins
were eluted from the column with the same sodium phosphate buffer pH 6.0
25 containing a linear 0 to 1 M gradient of NaCl. Fractions were collected every 3
min (9 ml) and the absorbance at 280 nm was monitored. Manillase was eluted at
0,15 to 0,18 M NaCl concentrations. The activities and protein contents of all
fractions were measured and the fractions were pooled and dialyzed overnight
against 20 mM phosphate buffer pH 6,0 containing sodium azide and 17 mg/ml
30 trehalose.
Determination of the concentration of proteins, specific activities of the "pools”,
and SDS-PAGE analysis were carried out. In spite of very good yields (activity)
and high specific activity (WHO activity units per mg of protein, corresponds to
IU), a mixture of many proteins was still shown by the results of SDS-PAGE



using the rectrictionsites 5 Cal and 3' Eco47111. After expressing and

provi ng t‘gé()%;sziz'i/i ty of this reconbinant manillase in a se?PQ&PE&;@lgpact I on

the His-t enoved and the start codon of the zo manillase gene was

directly fused.to, the o Al eader seduence. The priners, fgr this PCR

reaction iSig50f ¢ &éa@:&e%‘fg@e (v e@&@'ﬂ‘?‘&@ﬁd’f@ ﬁ??oa'g"’?CAC GGC
AAT CTC TF (ERCCS0, 650 Msrckk@EA, Gt HEh| t he
Bacul o Don':gra%gsm d (Fisg. 1(%’;®F(or gxpressi on (%‘W?ra%rﬁaﬂegs%gailvﬁfwﬂéhBacul o]

\c/;: [) us ex Prmmbﬁmrffwmmftmm {8260, Thiastep s Rag eifeviivelin rEdoting ﬁéﬁi@g@ﬁﬁb em from
i bco Life Techno i es was use T a section systemthe Honeybee
melitin |ém§rﬂ'§%@|ﬁ@ﬁ&¥em€ W&&au'efgff?aﬁihe b{E BFCEoiEs WRB NS UeEt 81 20

mani | | age iﬁﬁﬂ?st@ﬁ%ﬁl?aﬂdﬁh@‘léiyé%fuhfésr&%‘té%ecﬂ sQPermbtang ($- 183MH and 3" Kpnl
one single PCR reaction was carried out. 5" Priner: ATC 'CAT GAA ATT CTT
AGT CAA CGI TGC CCT TGI TTT TAT GGI' 5 CGT ATA CAT TTC TTA CAT CTA TGC GAA

AGA GAT T CCl .GAC 3, | . @3& The PCR product
was cl one(%—ix‘-. le e ‘%’&ng’?g@é’c’% %{'ﬁ%ﬁ%@g n) hgér?ﬁ‘a@éal@ ced. Then the
Melitin - Meefurthes euFificition ofdise ehzynesricnpools laftep EatidrBaxchaagéowasidong i o t he
restriction _sites 5'.BanH ,and 3. Kpnl (Fig. 12). Exanpl e 26: - struction
of the Ygaa‘é’tth ﬁfp?'gs‘g :%g’r\" éé%q'ﬁ Ia%{rﬁ%:hrég?t%gfﬁp%éx EPB’E'%?’BW"Y ﬁ@'@é’g used
the pi clyi aaIBHdHaréS freMPPIRSiaeR BisecRIMAL! M0UA0DANvas WasheBSithugt t he
expression vector for manillase we used CR is anplification nmethod of
ic

| the P
the mani || aeaficgariier O Wit B AMNAC kSO BriHiaasiceacic:e 0] % Taienehddd (5 EcoR

I, 3" Not | | 4 [ j [
(pprcor) . R HEARERRRR, Gfln P MddRE LORef P03 WNaCPRHAED! PAEsdiRiies i cac
ATT GCC GT@al@ad dvemight@gainahZ0 GTM aGelic BifferrAd. STTAM aG 6CEnKAC20!:Bsf or e

i ar s zecri MitieH 6L TS, “addig BRI WmReistied) 2 b0l dLCEn
expr essisoNARMIrAh apBehted B with &% £0 iré of NGO AIM wcétiy adid afier €0.599r astatin

2s fused to the onpA | eader s ence, s trapsformed into WB110 conpet ent
celI's. TheNagi ts! Qaéio'wjl r@'@%&r@"ﬂ\g@ I8 MaR. t he pronoter was t hen

| nduced byTﬁQ%@fgaQ%d BY Gesorptiod WhitHE aRAEHtRE shife KRR EBhRANIAg BBIM | ase

coul d be clea etected. . _ .
methyl-a-D-mannopyranoside. The elution was continuously monitored at 280

nm. The 3 ml fractions that had been collected were assayed for hyaluronidase
20 activity. The active fractions were pooled and dialyzed overnight against 20 mM
phosphate buffer pH 6.0 containing sodium azide and 17 mg/ml trehalose.
Determination of the concentration of proteins, specific activities of the "pools",
and SDS-PAGE analysis was carried out. This step was very effective in
removing the rest of hemoglobin. The Con A chromatography resulted in a 4-10
25  purification factor. This factor differed, depending on the quality of the starting

material.

Example 7: - Propy! Fractogel Hydrophobic Interaction Chromatography
To hyaluronidase active Con A-pools ammonium sulfate were added to a final

30 concentration of 2 M. The samples were then incubated 1 h at room temperature
with 150 ml Propyl-Fractogel EMD Propyl 650 (S) ®, Merck KgaA, Germany, Art.
No. 1.10085, equilibrated with 0.1 M phosphate buffer pH 7.0, containing 2 M
ammonium sulfate. After the incubation was finished the gel was washed twice
with the same buffer, and the HPLC-Superformance (2.6 cm x 60 cm) column



30 Exanple 27: - Ceneration of Reconbi nant Bacul oviruses and Manil | ase
Expression wth the Bac-To-Bac Expression System The donor #\gﬁ,ﬁmﬁspTDB
was t r anMBYWERY nt o DHLOBac conpet e?g cells which contai n t bacmd with

a mni-attTn7 target_site and the helper plasm d. The mni-Tn7 el ement on
t he donor WaSa¥RP#CEaThe aﬂ%'m)e@tq'es Weee > elugchmiin Pt Mwhoapg@tte buffeoptio/ 77221

PCT/ EPOO/ @5 &%, ggégnﬁfrbétld?@ vbéﬂ—g &'e\,@ryt:hﬁ,l. r&é@ﬂ?&.a&gl 3 ﬁgﬁ@f’aét'on

proteins provi asm dni €s con Fecomnbi nant
bacni ds mrwzedjwatan(z ed hand, tbeuggatmnt 20 mMehbspirate dofier ;Hrl@m Mleecul ar

ht t th
Fecobi nafEeiah R st Baid huah RRSEe Sl T Eetye SRR BB nsoct el .
xpr €551 Of ki L+ Exanil e 26 = Eylr osst on 1 b yeast: Jo b sure {0 haje
i nlto egr at ed° 5!‘1‘5‘ ﬁﬁEﬁ? "BQQZ 'B%/H?al trlell']\g o861 bhi? QEOt?fé\?é‘dtﬁf’t'B'éy g@e%'ﬂéﬂ%af for Hi s+

Mit" " - mut 3pd Bodls iwkd carfiédglite coI ony) i noculate 100 mM Mediumi a 1 | flask.
G owi ng condltlons are: 28 - rpm) up to OD 2-6. To induce

expr essi o hefpurification f'apméétm%@hr@maﬂ‘wféphﬂ@@amastabqut.laép Sotcamalg
| |
\r/gl 3‘;;!362%3&%‘6 F%P%Srﬁ%' sécf‘fr&ﬁ’{hg‘léghfé gﬁbgﬂ? ?gl»{%,l,&]cs gt%‘;&,gé&g géglcu ture

hours t® negether with nthec pradein impudtiessax 6 days supernatant is anal yzed by

SDS- Page and the activity assay. WO 00/ 77221 31 Patent C ains
PCT/ EPOO/ 05181 1. A purified protein isolated fromthe | eech species

Hi rudi nar i@a% Bl eRrpardtioni ofdyaleohit atidiiigatacttbhivé k¥finfty cajumral ur oni dase
whi ch is not uenced in s its act|V|ty’E heparin, chgracterlzed i n that

it has a if8l edardpPIvRisiq)hyalyronsy (H%M'@&wmteémy@we@d@m ion. 2. A
9' ycosy! atnﬁgmamceacm 7F RS URdohBA T 3128 bt RN dTREEGHE Blrge! ant of 58 (

io 3 non- gl ycos ated protein according to aving a
m)I ecuhar ooetaiting 6115MaCl 2)d 0.5.mM RDTAepH SaZ:b‘pndxmg overmgm ab#°Clrathes 1 - 3
havi ng an i soel ect.ri [

t of, ~s. 7.2,~ 8.0, .5. t di t
o ol 5i mm PISSepeiRE g Hibensrfies PHLSTHA sftiBinid spluBii WS PHESteH G s 1o
No. 1. 20 fig ot iy @gs:fbommaotnaeQésiwﬁyéumnfdd%@vwwc@xeaﬁc 766 C
enzymatic activity of > 100 rotein. 7. A process for isolating and

puri fyi ng WH® phityreghwas ad@d rFé’d 7|Sh° A 340 mgof@rwmprd@qhgedt he fol | owi ng

steps immediately before use in 50 ml of the above buffer were used. Hydrolysis was

20 allowed to proceed for 30 min at 37°C with constant stirring, and terminated by
heating for 5 min at 100°C in a boiling water bath. The reaction mixture was
clarified through centrifugation for 30 min at 10 000 g, denatured protein
containing sediment was discarded and supernatant filtered through 0.2 um filter,
on which a glass fiber prefilter was placed. Clarified solution containing HA

25 oligosccharides (HAOS) was fractionated by filtration through tree Diaflo
ultrafiltration membrane (Amicon) with different molecular cut off values as
follows.
(b)  Fractionation of HAOS by ultrafiltration
HAOS-containing solution from the previous step was filtered through 30 YM

30 Diaflo ultrafiltration membrane. Retentate was saved for other studies while
filtrate was subjected to the second ultrafiltration through 10 YM Diaflo
ultrafiltration membrane. Again, retentate was saved for other studies while the
solution passing through 10 YM was subjected to the last ultrafiltration through 3
YM Diaflo membrane. Thereafter, retentate containing HA-OS, about 10 ml of the
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20 water and used for the determination of glucosamine and uronic acid. To

determine the extent of uronic acid and glucosamine decomposition for each of
the hydrolysis, control samples containing known amounts of UA or GlcNAc were
included, and incubated under the same conditions.
Under conditions described above 5, 8, 9, 11 and 15 mg of HAOS 3 - 10 were
25 coupled per 1 ml of drained Sepharose gel in two independent experiments. This
results are based on the UA and glucosamine assays.
(e)  Assay used
The content of the uronic acid in the samples analyzed was determined according
to Bitter T. and Muir H. M., Anal. Biochem., 1962, 4, 330 — 334,
30 The hexosamine amounts were analyzed with the method of Rondle C.J.M. and
Morgan W.T.J., Biochem. J., 1935, 61, 586 — 503.
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10% & () - samples were diluted to an appropriate amount of enzyme (0.5 - 5 WHO units)
with 20 mM phosphate buffer containing 0.01% of bovine albumin and 77mM of
NaCl (enzyme dilution buffer). To 0.1 ml of these samples, 0.1 ml hyaluronan (0.2
15 mg/ml) solution was added, mixed and incubated 45 minutes at 37°C. The test
was done in duplicate. The reaction was stopped by dilution with 1.0 ml of
albumin reagent (0.1% of albumin dissolved in 80 mM acetic acid/ 40 mM sodium
acetate buffer, pH 3.75). After 10 min incubation at RT or 37°C the optical density
at 600 nm was read and the activity was expressed in WHO (iU) units by
20 comparison (SLT-program) with a standard. The WHO preparation of bovine
testicular hyaluronidase (Humphrey J. H., Bull. World Health Org. 1957, 16, 291-
294) was used as standard.

Example 13: - Protein Estimation

25 The protein content of column eluents was determined by measuring the
ultraviolet absorbance of solutions at 280 nm. The protein concentration of the
pooled fractions was determined with the aid of Pierce micromethod. The BSA
solution was used as a reference protein.

30 Example 14: - SDS-PAGE Electrophoresis
Electrophoresis was done according to Laemmli procedure (Nature, 1970, 227,
680-685). The following gels were used: 4 to 20% gradient or 12,5% separating
gels with 4% stacking gel. Samples were subjected to electrophoresis in the

presence of sodium dodecyl sulfate and 3-mercaptoethanol. Proteins were
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column according to the standard Pharmacia instruction. The purity of the IgG
samples were checked with the aid of SDS-PAGE and ELISA-test.
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Example 17: - Western-Immunoblot Assay

20 Suitable aliquots of the samples and pre-stained protein marker of known
molecular weight were subjected to SDS-PAGE as described above. A pre-
stained BioRad molecular weight marker was used. The protein was transferred
electrophoretically from polyacrylamide gels (0,8 mA/cm2) to immobile
polyvinyldifluoride (PVDF) membranes in the presence of transfer buffer for 100

25 min. The PVDF membrane was incubated with blocking solution (PBS, pH 7.5 +
2% fat free milk) for 1 h at room temperature. Next, the membrane was incubated
2 h at room temperature with the antibody, appropriately diluted with the blocking
solution. The membrane was washed with TBS+0.05% Tween 20, pH 7.5 and
incubated for 2 h at room temperature with (a second antibody) goat anti-rabbit-

30 alkaline phosphate conjugate, BioRad. The membrane was washed two times
with TBS+Tween 20 and incubated 10 min with BCIP alkaline phosphatase
substrate solution. Adding a stopping buffer terminated the reaction.
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Example 20: - Stability Measurement of Hyaluronidases in the Presence of Dog’s
Serum (for hyaluronidase isolated from Hirudinaria manillensis and Hirudo
medicinalis leech heads)

The 5 kU/ml samples of manillase, Hirudo medicinalis and bovine testes

30 hyaluronidase were diluted with dog's or rat’s citrated plasma to a final
concentration of 250 U/ml. Next, these solutions were incubated at -20°C, + 4°C

and +37°C for 0 to 7 days. The controls containing the same hyaluronidases,
diluted in buffer were included in this experiment. Finally, the hyaluronidase

activity was measured.
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For the measurement of the influence of heparin on the activity of manillase and
bovine testes hyaluronidase, two activity determination were carried out: one in
the presence of heparin, and second without heparin. Hyaluronidase samples, 25
ul (3.2 WHO units) were incubated 30 min at 37°C with 25 pl of the heparin

15 (Liquemin, Fa. Hoffmann LaRoche) solution, containing 0 to 24 units of heparin.
Then, 50 pl of hyaluronan (2.5 mg/ml) was added and the incubation was
continued for 30 min at 37°C. The reaction was terminated by heating for 2 min at
100°C. Next, 100 pl of carbonate-cyanide solution and 100 ! of potassium
ferricyanide solution were added to the inactivated digest. The samples were

20 heated in a boiling water bath for 15 min and then cooled in an ice bath.
Afterwards, 0.75 pl of ferric ammonium sulfate solution was added to the reaction
mixtures. After 15 min incubation at RT, the color developed was measured at
690 nm in a Shimadzu spectrophotometer. Suitable blanks and no-enzyme
controls were included in each assay. The expected reducing sugar (glucuronic

25 acid or N-acetyl-glucosamine, 1 to 15 ug) for the type of sample under analysis
was used as standard.

Example 23: - Deglycosylation of the Manillase

The samples of manillase were deglycosylated with the aid of PNGase F enzyme
30 (BioLabs Art. No. 701 L) according to supplier instruction. The deglycosylation

was done under denaturing and native conditions. The O-glycanase ,

neuraminidase and neuraminidase + O-glycanase treatments were done

according to Boehringer Mannheim standard prescriptions. All samples were

characterized with the SDS-PAGE and activity determination test.
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Lmkersequence which was cloned in pASK75.

Xbal

119 CTAGATAACG AGGGCAARAA ATGAAAAAGA CAGCTATCGC GATTGCAGTG GCACTGGCTG
TATTGC TCCCGTTTTT TACTTTTICT GTCGATAGCG CTAACGTCAC CGTGACCGAC

1PMatLysLysT hralalieAl alleAlaval AlaLeuAlaG

Cla EcoRl Sg) Kpni  Smal BamH|
179 GTTTCGCTAC CGTAGCGCAG GC AT CGA TGA ATT CGA GCT CGG TAC CCG GG
CAAAGCGATG GUATCGCGTC CG TA GCT ACT TAA GCT CGA GCC ATG GGC CcC
14% 1yPheAl aTh tValAlaGin Al 3
Xhot St Py Ecod4 711
230 ATC CCT OGA GGT CGA CCT CA GAC AGC GCTATGAGAGGATCGCATCACCATCACCA
TAG GGA GCT CCA GCT GGA CGT COG TCG CGATACTCTCCTAGCGTAGTGGTAGTGGT
Hind IH 1P Al aMatAr gGl ySar Hi sHi sHi sHi aHl
286 TCACTAATAGA
AGTGATTATCTTCGA
10P sHissvone-

10 To construct the expression vector for manillase it was necessary to introduce 5°
Cla | and 3" Eco47Ill restriction sites by PCR method. Therefore the two primers
5° ATC GAT AARA GAG ATT GCC GTG AC and
3° GTT GTT TCC GAT GCT AARA GCG CT
were used. The PCR product first was cloned into the PCR |l vector system

15 (Invitrogen) and sequenced.

In a second step the manillase gene was cloned into the modified pASK75 vector
using the rectrictionsites 5°Clal and 3" Eco47IIl.

After expressing and proving the activity of this recombinant manillase in a
second PCR reaction the His-tag was removed and the start codon of the

20 manillase gene was directly fused to the omp A leader sequence. The primers for
this PCR reaction were:
5° ACC GTA GCG CAG GCC AAA GAG ATT GCC GTG and
3° CAC GGC AAT CTC TTT GGC CTG CGC TAC GGT.

25 Example 25: - Construction of the Baculo Donor Plasmid (Fig. 12)
For expression of manillase in the Baculo virus expression system the Bac-To-
Bac™ Baculovirus Expression System from Gibco Life Technologies was used.

To get a section system the Honeybee melitin leader sequence was fused to the
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A& () - evardilée’gene and to introduce the restriction sites 5° BamHI and 3° Kpnl one

single PCR reaction was carried out.

5°Primer:

CGG ATC CAT GAA ATT CTT AGT CAA CGT TGC CCT TGT TTT TAT GGT
5§ CGT ATA CAT TTC TTA CAT CTA TGC GARA AGA GAT TGC CGT GAC

3’ Primer:

AAT GTT GAA GCA TAA GGT ACC

The PCR product was cloned into the PCR 1l Vector (Invitrogen) and sequenced.

Then the Melitin — Manillase Fusion was cloned into the pFastBac vector using
10 the restriction sites 5'BamHI and 3'Kpnl (Fig. 12).

Example 26: - Construction of the Yeast Expression Vector (Fig. 13)
For expression in yeast we used the pichia multi copy expression system
(Invitrogen). To construct the expression vector for manillase we used the PCR
15 amplification method of the manillase gene in such a way that compatible
restriction ends (5° EcoR |, 3'Not I) are generated for ligation into the appropriate
vector (pPIC9K). Therefore the following primers were used:
5° GTA GAA TTC AAA GAG ATT GCC GTG ACA
3° GAT GCT AAT GTT GAA GCA TAA TGA GCG GCC GC
20 Before transforming the Pichia Speroplasts the expression vector has to be
liniarized with Sal |.

Example 26: - Expression in E. coli

In the expression vector pPRG72, which contains the structural gene of Sarastatin
25 fused to the ompA leader sequence, was transformed into W3110 competent

cells. The cells were grown to a mid-log phase, and the promoter was then

induced by adding 200pg aTC /1. 1 h thereafter the recombinant manillase couid

be clearly detected.

30 Example 27: - Generation of Recombinant Baculoviruses and Manillase
Expression with the Bac-To-Bac Expression System
The donor plasmid pTD13 was transformed into DH10Bac competent cells which
contain the bacmid with a mini-affTn7 target site and the helper plasmid. The

mini-Tn7 element on the donor plasmid ca transpose to the a mini-atfTn7 target
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st *"10% "heiSer(plaghmiiF Cbities containing recombinant bacmids were identified by
disruption of the /lacZ gene. High molecular weight mini-prep DNA prepared from
selected E. coli clones containing the recombinant bacmid, and this DNA was
5 then used to transfect insect cells.

Detailed description could be find in the instruction manual of the expression kit.

Example 28: - Expression in yeast
To be sure to have integrated the manillase gene the colonies have to be

10 screened for His* Mut’-mutants
Using a single colony, inoculate 100 mi Medium i a 1 | flask. Growing conditions
are: 28 — 30°C, 250 rpm, up to OD 2-6. To induce expression, first cetrifuge the
culture, decant to supernatant and re-suspend the cell pellet in new medium
using 1/5 of the original culture volume. Add 100% methanol to a final

15 concentration of 0,5% every 24 hours to maintain induction. After max 6 days
supernatant is analyzed by SDS-Page and the activity assay.
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58 (£2).
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3. A non-glycosylated protein according to claim 1 having a molecular weight
of 54 (£2).
4, A protein according to any of claims 1 — 3 having an isoelectric point of
15 7.2-8.0.
5. A protein according to any of claims 1 — 4 having the amino acid sequence

given in Fig. 7 and SEQ ID No. 1.

20 6. A protein according to claims 1 — 5 having a specific enzymatic activity of
> 100 kU / mg protein.

7. A process for isolating and purifying the protein as defined in claims 1 - 6
comprising the following steps
25 (0 homogenization of heads of leeches of the species Hirudinana
manillensis with an acid buffer and centrifugation,
i)  ammonium sulfate precipitation of the supernatant of step (i),
iy  cation exchange chromatography,

30 v)  hydrophobic interaction chromatography

(

(

(iv)  concanavalin A affinity chromatography

(

(vi)  affinity chromatography on matrices coated with hyaluronic acid
fragments

(vii) gel permeation chromatography, and optionally

(viii) enzymatic or chemical de-glycosylation of the purified protein.
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