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BACKGROUND OF THE I NVENTION 15 1. Field of the Invention. The present
invention relates to a nucleic acid segnment having a coding regi on segnment
encodi ng enzymatically active Streptococcus equisimlis hyal uronate

synt hase (seHAS), and to the use of this nucleic acid segnent in the
preparation \%nt cell's which 20 produce hyal ur ona3®Juslyr2002se and
its hyal urom %\m uct. Hyaluronate is also known as hyal uronic acid
or hyal uron Rei ef Description of the Related Art. The incidence of
strept ococcal |n ectlons is a myjor health and econonic probl em wor | dw de,

particularly in devel opi}g2onAL Y& g Igﬁpﬁ&g ;é¥R§4% is due to the
il ected e

ability of Streptococca acterla to grow unde body' s
phagocytic cells, i.e., macrophages and polynnrphonuclear cells (PVMN\s).
These cells are responsible for recogni zing and engul fing foreign 2 30
July 2002 m croorgani sns. One effective way the bacteria evade surveill ance
is by coating thensel ves with pol ysacchari de capsul es, such as a hyal uronic
acid (HA) capsule. The structure of FiA is identical in both prokaryotes
and eukaryotes. Since HA is generally 5 noninnunogenic the encapsul at ed

bacteria do not elicit an i mmune response and are, not targeted
for destruction. Mreover, the capsule exerts an antl ffect on

PWMNs in vitro and prevents attachnment of Streptococcus ages.
Precisely because of this, in Goup A and Goup C Streptdgﬂévl, the 10 HA

capsul es are mmj or virul ence factors in natural and experi ment al
infecti 88s. Group A Streptococcus axe responsible for numerous human
di seases including pharyngitis, inpetigo, deep tissue infections, rheumatic
fever and a toxic shock-1ike syndronme. The G oup C Streptococcus
equisimlis i~ responsible for osteonyelitis, 15 pharyngitis, brain
abscesses, and pneunoni a.
BACKGROUND OF THE INVENTION
15 1. Field of the Invention.
The present invention relates to a nucleic acid segment having
a coding region segment encoding enzymatically active Streptococcus
equisimilis hyaluronate synthase (seHAS), and to the use of this
nucleic acid segment in the preparation of recombinant cells which
20 produce hyaluronate synthase and its hyalurconic acid product.
Hyaluronate is also known as hyaluronic acid or hyaluronan.
2. Brief Description of the Related Art.
The incidence of streptococcal infections is a major health
and economic problem worldwide, particularly in developing
25 countries. One reason for this is due to the ability of
Streptococcal bacteria to grow undetected by the body's phagocytic

cells, i.e., macrophages and polymorphonuclear cells (PMNs). These

cells are responsible for recognizing and engulfing foreign



Structurally, HA is a high nol ecular weight |inear polysaccharide of
repeating disaccharide units consisting of Nacetyl gl ucosam ne (A cNAc) and
glucuronic acid (A cA). The nunber of repeating disaccharides in an HA

nol ecul e can exceed 30,000, a 20 M>10". HA is the only gl ycosam nogyl can
synt hesi zed by both mammal i an and bacterial cells particularly Grougs A and
C Streptococci and Type A Pasturellasmu.itocida. These str&0hdulyRE2HA
which is secreted into the nmedium as well as HA capsul es The nechani sm by
whi ch these bacteria synthesise HA is of broad 25 interest nedicinally
since the production of the HA capsule is a 30 July 2002 very efficient
and cl ever pt i to rveill ance by the immune
System i (et B A R G AP Byt ey e
hyal ur onat e isybyyhass:inlyi ¢cherged vbeen thopalyzedhini deheapbaisszn Buserdar gne. |t
is believed that the synthesis of HA in these organisns is a nulti-step

process. | nitPAFFIHG AGOT VES) WAL HY of PAFFHFETE CprifcdFsbientiBR ¢heNAC or
UDP- G cA. Thigni srdialoved hy shongation waieh invel ves;al terpate ,addition
of the two sugars to the growi ng ol'igosaccharide chain. The growl ng“pol yner
i s extrueded ddhimonmgentihe yHeasneammibrahdaregiiandofndtheltéeld aangnduieo t he
extracel lul ar space. Although the Fi A biosynthetic system was one of the

first membrfEPRBERr @561 y_3HTCchEPF s nt MEti CAFFEhTdy o8t (tRstaucting -

mechani sm ofy ElAvsy NS capb s Skl AL Wel dpnHRgessioedse Fhics BRY: 08§
because in vitro systens devel oped to date 15 are inadequate in that' de
novo bi osynthigios apd pirAvéras notabeemtactospkestedcclhetdi neatpbigaf. HA

pol ymer growm h is still a matter of disagreenent anong those of ordinary
skill in thePEESeRAPEEPLTF Of THE ' nhGEAT RaF1UEEBb I F 58P IHe theduci ng
or nonrgduci pg -gpdyQfs 20 %B?oﬂ%%f@uc@pfﬁ%kg-inFHeEéJ}%'irEi}{deex%ﬁ{eﬁ@aﬁs

remai n concerning (i) whether nascent chains are |inked covalently to a
protein, to UbRcsioct®. a ¢iqipd Al Steepredbate afei rewhetshele cfriai nsmar®@is
initiated using a priner, and iii%l t he mechani sm by which the mature

pol ymer is eXtTided* 15 6dgh* 1 e pias a2 rEiiFafe o‘l‘“pgﬁ’eq%trg‘b‘?%cﬁtﬁﬂé’? 25
Under st andi ng, ¢he iBREhani-shuofc HAVDE Qevnt hesdis fmexah LW synromQ Jrid: | Y
2002 devel opnent of alternative strategies to control Streptococcal and
Past urel | a i afegt cofgepyocortaisfaguingmi I st trer prroveskle HAr hasebeeiitdent i fi ed
iii virtually every tissue.in vertebrat es and has achi eved wi despread use
in varidus cg'f‘ PEI EES o A B a T TRE S Fro 0 nStaBPY 5nd appropriately as an
intra-articul ar matfhicxus4ng, emgat and i n ©ye Swbdedyiar Thaes@ientiihigr
literature has al so shown a transition fromthe original perception that HA
is primarilypralyzssitesids reftaprabt Bonpdrentharade hen et ors bt iaaf efv N-

connective tB%égﬁﬁﬂﬁggs-ﬁm£ﬁ?cﬁ§@éyl§u951&§&%939eﬁﬁéahﬂ%APf The number
of repeating disaccharides in an HA wolecule can exceed 30,000, a

20 M,>107. HA is the only glycosaminogylcan synthesized by both
mammalian and bacterial cells particularly Groups A and C

Streptococci and Type A Pasturella multocida. These strains make

HA which is secreted into the medium as well as HA capsules The

mechanism by which these bacteria synthesize HA is of broad

25 interest medicinally since the production of the HA capsule is &



10 bacteria to a recognition that this ubiquitous macronolecule is

dynam cal ly involved in many bi ol ogi cal processes: from nodul ating cell

m gration and differentiation during enbryogenesis to regul ati on of

extracel lular matrix organi zation and netabolismto inportant roles in the
conpl ex processes of netastasis, wound 15 healing, acrd inflamration.
Further, it is beconming clear that Hiis highly metabolicaPPyulced@e and
that cells focus nuch attention on the processes of its synthesis and
catabolism For exanple, the half-life of HAin tissues ranges from1l to 3
weeks in cartilage to <1 day in epiderms. 20 It is now clear that a single
protein utilizes both sugar substrates to synthesize HA. The abbrevi ation
HAS, for the I-1rl synthase, has gai ned wi despread support for designating
this class obeenzyhbs:ieMar kodi tieelr atay suecesgirabtgrochar agt erd zedaddhe HAS
activity from Str.q]qt oco&)cug gyj]cl)“glenes and di scovered the enzynes's 25

menbr ane | oc&PFYEERCARY TP FEHOF rE®sATs for sugar nucl eotide precursors
and My2' . Prehm fipung tdhatn&dieBgaby NGadraAiambsie %dﬂ@rialsqze‘iy.EYbﬁo% cells,
was di gested by hyal uroni dase added to the medi um and proposed that HAS
resi des at tBezpradyalwiarbtarrentPase ivbieh baadbeSehheealizaf $o Showedstdhat HAS
activity_cofractionated.w t | asma rape nmarkers.in e.

ol i godendr og"F ORe Cél | SFWSl%Eegiseggﬁbwﬁg% hi gh Vﬂ&&e,ﬁlf thDIH.g P miPeheous! y
extruded t hr eughnidie mERORANE Hsptp ddoecext r acediatlian ispates( Bindiggneke t he
cell capsule in the case of bacteri a£ as gl égosam' no%';é{ca.n synt hesi s
proceeds. Thi®® #Hotfe-adf PHHUSHHE hEEP sCITRGHGURR #shy Forfofetinvwed 2y nce
nucl ei ¢ aci dgy oLt &InNSn; ANGnld RIS a8 &l 06 Sydali besk 28d L0 (e, qugleys.,
endoplasm c reticulum Gol gi, cytoplasm or mtochondria. The extrusion of

t he grow ng chaigrdwihg dligogsxdahacedid whain.spaeegadwiagabdlgwsr fiexextruded
unconstrai ned polyner growth, thereby achieving the exceptionally |arge
size of YA, \ifEPEas "EEnA ABRNTCBIF YN tRELPS §F t ith &£°6bI §Pd o Hostbeol g
conpart ment 13Uk th J1iaM Lpddae ovenabby amReut b eGR4y dbg R ¥pBrs
formed. Hi gh concentrations of HA within a confined |unmen could al so create
a high viscoseft yelenviiormemmoirhat e géncrbéy sheicbherdeousyrfrbet ot heathorganel | e
functions. Several studies attenpted_to solubilize, identjfy, and purify 20
HAS from st rai WS 8¢ St“l(;‘gpt‘?)ecc 885‘@‘? h& ke 8" C55461 at® c8attof ™ é’gl?zvel | as
from eukar yot ifaecetbsa. At RoMgh vkhe: SluEERL0CO6GALy @t MEDSbed to date

ol i godendrogl i oma enzynes were successfully detergentsolubilized and

st udi ed, 1%f f or¥s irgdpardtey idntheti 9o MAS PoPsynibeRkY it ddyhay notolheenl ar

cl oni ng renai ped cessful for 25 decades. Prehm and Mausol f used

peri odat e- oxi %?%oéngri%%%% CA or UDP-A cNAc to affinity |label a protein of
-52 kDa in streptatecdakectidd il WA2Q02 ynenbyanes tibatsttor purnddeed witt h

HAS. This led to a report claimng that the Goi'l?. C streg:t ococcal HAS had
been cloned, AhFAEFSRBE"UATSTY GREERIY RTTEABOGE I THP s R ady- fa19%dot &*
denonstrate expLessboRc@fardBeAChbhYS vay Bt haserand i ARYNAVE- AGLt 1) k¥a GJroned a
5 peptide transporter. Triscott and van de Rijn used digitonin to

sol ubi | i 2e HASh¢ rowKing &t dedocalFuneinmanes duasEpngctanpen fappaerniag dé Rijn

and Drake sel ectively radiol abeled thre treptococcal nenbrane pr i ns of
82 35 and 27 RS reRE RSO GEE B LRRISHEEI T, JTRIBLANE BANE
protein was i loASo Aslsliawindeatnediat) howewviesthelAShadat ualel ynittiatedusig t o be

the 42-kDa protein. ‘Despite these efforts, progress in understanding the
regul ati on and REEReN SPE 6FLir FheyPRAGEF ™ RS VBESR PR aTE Y 8t BR1YEEY KT nce
there were no Jgmleggul ar,pralies for FLAS: MRNA, O HAS: PROLEl 4Ly e SRIcLLs .

br eakt hr ough occurred in 1993 when DeAngelis et al. 15 reported the

nol ecul arzscl onindgrarehdihgr acter ingahpoismof of heH&r cuipspnsiasépt ocnccalllgene
encodi ng the protein HasA. This gene was known to be in part of an operon
required for bacterial IiA synthesis, although the function of this
protein, which is now designated as spHAS (the S. pyogenes HAS), was
unknown. spHAS was subsequently 20 proven to be responsible for HA

el ongati on and was the first glycosam noglycan synthase identified and

cl oned and then successfully expressed. The S. pyogenes HA synthesis operon
encodes two other proteins. f-tasty is a UDP-glucose dehydrogenase, which
is required to convert UDP-glucose to U.~P-d cA) one of the



25 substrates for Ii A synthesis. HasC is a UDP-gl ucose pyrophosphoryl ase,
which is required to convert glucose 1-phosphate 30 July 2002 and UTP to
UDP- gl ucose. Co-transfection of both hasA and hasB genes into either
acapsul ar Streptococcus strains or Entexoccus faecalis conferred themwth
the ability to synthesize HA and forma capsule. This provided the first
strong evidence that HasA is an 5 HAg4synt hase. The el usi ve”—bimymase gene
was finally cloned by a transposon nutagenesi s approach, in which an
acapsul ar nutant Group A strain was created contai ning a transposon
interruption of the HA synthesis eperon. Known sequences of the transposon
all owed the 10 region of the junction with streptococcal DNA to be
identified and then cloned fromw ld-type cells. The encoded spHAS was
5-100 ident beadicpaenr fomalyerabt reast radgh b coyadhasess anght388cdadeniyi cal to
t he Xenopus | aefis protein DA2 (devel opnental |y expressed during
gastrul ati oﬁi‘?“ﬁﬁ‘f&%g HREET O ResithABhT%t " tHE PFAESSSt5 DeA ngelis and
Viei gel expresseqit hga@Ctiawa I aeoiicpant iﬁp%ﬁtmelﬁicwewm@m%% ;and
showed that this single purified gene product synthesizeS high H A when |
i ncubat ed i mevidhretes t IndDRsGachiaved WidRspEeeMAcse titenebyoshawiing:dihat bot h
glycosyl transferase activities required for HA $ nt hesis are catal yzed by
the sar® 20 BPBEETRO"&s "PPF SPCBP B GOBCHFROTES = 1% <8 P A SASEE o ( he
al nost  si MulLapgousphianiicf beatipn,af seedyyotie LiASHCDNASY {1996 by four
| aboratories revealing that HAS is a nultigene fam |y encodi ng di stinct
i sozymes. Twesgasessi{aMAS] tandsiGanSPyoreke ogidigliellypeticeesyer édat HAnenmal s
(29-34), and_a a’grhilrdagege HA %gmmggu I ater 25 dé SCov re%.a A second
st rept ococcal “§E=1AS oF *Si T éptococeus. “gr38®iuly 2 "gUsioh Pi v
hyal ur onat e coyRédase, diasueoOwaheennf eund capshiles dhecérvegnt ieRrabai ng cl ai med
and di scl osed herein. As indicated, we have also identified the authentic
HAS gené fr ot ' St FepPIFiddenstfuitdin thisguiserngyacrenel esaMAS 9r ot ei n
5 has a high, ) eve j Lty (ﬁggr i y r.cen 0 e, spHAS
enzynme. Thi sdyingkélnéﬁl?%,i %%é%?ﬁn I'S iﬁ%%elgg%(fe%ln Z%ee%gﬁgé %%uoe'& g%%—\g tg’g‘%e does
not cross- hyenidi gxydadibhe sk ASf genrer.dBpbr anes npr epasB@dgéiadsE. ol |
expressi ng reconbi nant seHAS synt hesi ze HA when both substrates are
provi ded. THEHEIEYs ° L0 EFAFFFH M Ral2 T HE SHEAIEFT T VPEFE W 2PaAHST e et al.
clai mng to have: glongd he Gaup LnbS WaSMEQNT. o nfartunatel Yo sever al
studi es have éenployed antibody to this uncharacterized 52-kDa streptococcal
protei nst o imeadhygatnd whitammasidyel | 8vechetro e reukeryrdhipcclHAS. tidram® and
Ki mat a used expr.ession _cl ani ng in a, nutant nous l15 manmar y carci noma cel |
line, unable*% 211% FE5PRE 1R LY GCEL BhE E HdaFi F5r Splitats Ve hahhdSt8h HAS
CDNA ( MHASI ) +Bulilcenese gk entd ¥entdHa sHA asirddresbsideel | rdcnégadphe e@nsepar at e
cl asses that were conplenentary for H- synthesis in somatic cell fusion
experi ment s, hakfgdé st iafgHh Rat t kisUeasindeRrigempy sPel Weehf e iy efifiit et tTwo of
t hese 20 cl asse i i;ned. sone HA synthetic activity) whereas one showed
none. The Iaf?ed?aygg{‘réqa&ldﬁgg%%s used in transient transfection experinents
Wi th cDNA preparad fieoabéhelgar embal aceldget prodent ivkyl bzesd mgke pigatei n
that restored HA synthetic activity. Segruence anal X_ses reveal ed a deduced
primary struStRFEFEF 5°pfBtErAtet Moo 2Bk PRPWERALDriEd cf8l Mendifane
,tgpoi ngI Slt M hzats%TLk}fkast g nSP AR s JIHAS L pb S 3 0% | fantih £alngt OnisPHASsand 55%
identical to : e

of enzymes. Markovitz et al. successfully characterized the HAS

activity from Streptococcus pyogenes and discovered the enzymes's
25 membrane localization and its requirements for sugar nucleotide

precursors and Mg®*. Prehm found that elongating HA, made by B6



g 30 July 2002 sane nonth this report appeared, three other groups

subm tted papers describing cDNAs encodi ng what was initially thought to be
t he sane nouse and human enzyme. However, through an extraordinary

ci rcunst ance, each of the four |aboratories had discovered a 5 separate HAS
i sozyme in both species. Using a simlar functional cloning approach to
that of Itano and Kimata, Shyjan et aj. identified the humB0 hdy@008 of
FIAS 1. A nesenteric |ynph node cDtdA library was used to transfect nurine
mucosal T |ynphocytes that were then screened for their ability to 10
adhere in a rosette assay. Adhesion of one transfectant was inhibited by
antisera to CD44, a known cell surface 1-i A-binding protein, and was
abrogated directly by pretreatnment wi th hyal uroni dase. Thus, rosetting by
this transf &6lant FefuPlterFt§gnbrnesyalwrnidage AdsEngrandesegdenci gl of t he

i bl i i fied. |y, |t ) t ed
umn 1+ LS BRI SOTGr Eh Pram S Pot Sl DAV UBE I - TRE: MBS “TebPd As

reported by scheatwwo agsougisyvebomryenns dict feityi soterghbnaddaey: @needana 578 or
a 543 amno acid ororein. HAS activity has only been_ denonstrated for the
| onger for mmePHTBAS IR TEATE HE AV1SECAH LGP HEREL P PoRS of SpHAS as an
aut henticc HA syn Sgsahh16£0i f yne L depnt it , and
NodC (ag(S-CJchwgﬂ?ransferggehﬁggdﬁaﬁgo%%?gcﬁgr%Fﬁugﬁggg%%ﬁﬁ%{f§@§?§er et
al. used a ddégenen dtte RENPGEReapprotinh ekoradedhelar mpase ebhryonakbNtheencodi ng
a second di stinct enz¥ne,.mhich S des%ggated.zg mMHAS2. Tranpsfecti on of
MTHAS2 cDNA Gotto CEEUCEI I'F dii%ctdF dR" nBOE"$Fr8dud R GIPSaR 98 ¥ coat
detected by @mparti&! groxehysi Ofhis h0aB08) Whs2N0RA852Y, ub NRkeRYRY OVi di ng
strong evidence that the Fi AS2 protein can synthesize HA. Using a simlar
approach, Wnanrabelemd evarrigoe hhuslaicermedda honeteihet alanBr dilnidDNérd | brary
to identify hsHAS2. Fulop.et al. independently used a sinmlar strategy to
dent 1Y 5 GRS H Rk TS B 1 1 P U Eae e IS ohel1 SV dary
synt hesi zi NngoH mitcrh6hdtiscal Peoersssioh 80r o £AIhyScRORNARYMS expansi on
in the pre-ovulatory follicle. Cunulus cell-oocyte conplexes were isolated
fromm ce i nwEdicgeel YLt £8RCY A9 &LLAYF 4RT OVACREBFA NefcPelymhef Broet MA
synt hesi s begins,...a Pt - ynt hesis is j.ust begi nning
(3 h) or alrg%%%bgp%ng%YL?aqﬁ§.eggg%%gpgﬂﬁaégé?%a?gggAgé %%NAHﬁgga%bsent
initially butoesipeessedfabyiiighis eMehsn 3 dohgd atreposuggedi ichgpdhaknt
transcrigtion of HAS2 regul ates HA synthesjs in this process. Both hsHAS2
are 5521%m n6°%d dd™th FEnGVRTHAI2ETE 080 1DEhRt Ralt e nringe TP sEBE8d15 ani no
acids |ong ?Hi%%ohé&(@ﬂaf&%né 8t h-ﬁl_w&ilhdnvm‘:&hfi'n%d&l&ge@xrgd?ﬁdaepl'sgsczleggg' Nb_St
recently Spicer et al. used a PCR approach to identify a third HAS gene in
manmal s. TheanhHASY iiscos&in epgiBBhephivbet aeidy Pondelatdr¥dus 56r <udr28%
i dentical, res eCtHle%%ﬁ g%nanASI, 20 mMMHAS2, D342, and spHAS. Spicer et
al . have al sG*F0EAIN 260 T He T hree human and nouse genes to three different
chronosones (HASIsdverhsGuudilfs ARtdalpted o solhS2it®, ha&hyic§, /dHaCHiriky ; HAS
3 to hsChr 16 /mChr 8). Localization of the three HAS genes on different
chronpséfes A8 F1R8 apirdaratic € 6P AR T biRfhBate eheRtrB Pt ©iciASS
suggest 25 thatithisrgane.fidlfdkicd S\l entr @Bty Nale 30ZyNRS apPeaised by
duplication early in the evolution of vertebrates. The high

murine oligodendroglioma enzymes were successfully detergent-

solubilized and studied, efforts to purify an active HAS for
further study or molecular cloning remained unsuccessful for
25 decades. Prehm and Mausolf used periodate-oxidized UDP-GlcA or

UDP-GlcNAc to affinity label a protein of -52 kDa in streptococcal



11 30 July 2002 identity (-30% between the bacterial and eukaryotic HASs
al so suggests that the two had a commopn ancestral gene. Perhaps primtive
bacteria usurped the HAS gene froman early vertebrate ancestor before the
eukaryotic gene products becane |arger and nore 5 conplex. Alternatively,
t he bacteria could have obtained a | arger vertebrate HAS gene a% gel et ed
regul atory sequences nonessential fqf enzyne activity. Th Ny eba y of X
| aevis DA2 by Dawi d and co-workers played a significant role in these
recent devel opnents, even though this 10 protein was not known to be an HA
synt hase. Nonet hel ess, that D&2 and spHAS were 30% i dentical was critical
for designing oligonucleotides that allowed identification of mammali an
HAS2. Ironically, definitive evidence that D2 is a bona fide HA synthase
was report ed"FRF§SF CBRT tRePHiiLd 69 etitBSIASH (ThéS MEfnE? ifaReB3ti abdpims, when
DeAngelis a ChRyut XPr g egabj rohejn, i least  (‘an
organi smt hzr}?] a?a%gt &g%lt?h(gs?%%%gﬁ%g%ﬁ% sho\/\)lltxaa(rj&atrgheae{?1 %tlgg%'t hme}éicge‘é'a%—m when
i sol at ed nendbrfamesnaied yprostodedusy t h THie t swudyubsdinatiesto Magasnaarde Kr ei |

al so showed that |lysates fromcells transfected with cDNA for DXA2

synt hesi ze ePBFELENT felP8 BF-20 FAN'RGW ERAM S2YUrRiTEhLY sSieretme  DG42
can) theyefosseibe desisgpatad Xkl ASct THE! €.l & GARHDR=H ediei&d, sty uct ural
features shared by all the HAS proteins, including a |large Central domain -
and cl ust er ss@fub2l8zq HaRSTrembItaneterocrehiveapeargssoc pat &t idenwirns &&n bot h
t he am no 25da icaral%%xgr Egdgelofcttgee }pr c;td% : ‘Ehg ¢ ntralt domai n, which
conpri ses up®f o HBLT TRES pFEEEH & MraletiSUFar TR JFGERFRFOcCah July
2002 sequencgsmbrhebmklikisoniraips iheasatal ybd ¢ikegi-orsasfutrhgi@nzyge. This
predicted central domain is 264 am no acids long in spHAS (63% of the total
protein) ands@@Rs3e8 test dues PINPaA rProheireukd yidtS-c HAS meemrer lates4- 56% of
the totgl prolell. Jhe exach nuber, and 5 eriGnigiion of fenbrane domains
and the topological organiza iYori-of extracelTular and i RtTacer! ul ar | oops
have not yet beemeexpes i nenrbal | yrmdeter nimedréer any HASerSpHASJ S ca<HAS
fam |y menber that has been purified and partially characterized. Initial
st udi es usi n§eEPIASPAI 4] PeILHSHhES parR e Fusi 'Gif pFHEIrASLY Atlatiatde t hat
the N term nug, C&erLm s, (and L0 JAE08,LERLE alnsdomBl B OfiaS @re. in
fact, insi deggﬂ%e ctel F spHA% as 6 cysgeﬁees, wher eas HASl,IA I—I%gét,%lgihd HAS3
have 13, 14 andhaliérCyseniesirdues, orespedt iiviel yp93Twbeof Dehegd i€y setr egi.dues i n
SpHAS are conserved and identical in I—|ASld and 1-iAS2. 15 Only one conserved
Cys resitdue FEPPULIT AT "Phe“Sdire pusei Bl (/€S58 171 "4BMAS) "1 “ATF fthe HAS
fani |y nmenbersyeddicechRY Ja8e HhBa$eAchal p CY s Miase. Madif ieat vy Bdown
sul fhydryl poisons partially inhibits enzyme activity. The possible
presence of dicsef idePdngs o eHsEondesiifpe aidroR2efemilt HeasyrnCpssisesi dues
needed for ana}itpxéugh the function of this protein, which 1s now designated as
spHAS (the S. pyogenes HAS), was unknown. spHAS was subsequently
20 proven to be responsible for HA elongation and was the first
glycosaminoglycan synthase identified and cloned and then
successfully expressed. The S. pyogenes HA synthesis operon
encodes ‘two other proteins. HasB is a UDP-glucose dehydrogenase,
which is required to convert UDP-glucose to UDP-GlchA, one of the
25 substrates for HA  synthesis. HasC is a UDP-glucose

pyrophosphorylase, which 1s required to convert glucose 1-phosphate



20 the nmultiple HAS functions noted bel ow has not yet been el ucidated for
any nenbers of the HAS famly. In addition to the proposed uni que node of
synthesis at the plasnma nenbrane, the HAS enzyne famly is highly unusual
in the | arge nunber of functions required for the overall polynerization 25
of HA. At least six discrete activities are present wthin the HAS enzyne:
binding sites for each of the two different sugar 30 Jul 80200y 268021 eot i de
precursors (UDP-Ad cNAc and UDP-d cA), two different glycosyltransferase
activities, one or nore binding sites that anchor the grow ng HA polyner to
the enzyne (perhaps related to a B-X, -B notif), and a ratchet-1ike transfer
reaction that noves the 5 growi ng polyner one sugar at a tinme. This |ater
activity is likely coincident with the stepw se advance of the pol yner

t hrough t he medbvaheto AIDP-gllutdrese fCanetangfisstiand opebbepshatahend Bsspyet

unknown, are Irle_gent c; nei%hrrelgti vek{ s%gl I &I otein rangi ng in size from 419
(spHAS) to 588 TXHARE)® arfino: atide 10 A EREUGHCRI 1° THE v ar | Hicg°eHdence
supports the reengl iisicontd:hat Gy widie cBPHASL PIOLBI &y rithek S4F Uhr£E (oL, HA

bi osynthesis in bacteria or in vitro, it is possible that the |arger
eukaryoti c HASCIRGHIey MddBarevared SaetLigpt AYFeRE GifpOPRIT teomPrekds.arSi nce
the eukagyotig L;}#@g@%@t eins are -40% 1| arger than spHAS, their 15

addi tional proteln domains could be involved in nore el aborate functions
such as intracel | thar etuaivel cka ngyattthskoogine zatasonf inaagul atloasd obyenzyne

activity) and nediating interactions with other cellular conponents. The
unexpect ed fi‘FEPATLIFAFIRERES LT BPFRACT pIi@ KReChebY AEP AT ZOtaRhE5owncodi ng

di fferent syntbases, $L5QaghYes UBRAY hEnd Re: SIREOLAY 1 ONSERSYS, oL, HA, I s an
i nportant regulator of cell behavior and not sinply a structural conponent
in tissues. Hyushesis lopssot harknewx smmthsss tlietiid elrdnspwee &IndMeanehknown,
cl oned HAS (spHAS) to recognition of a nmulti %ene fam | ¥)et,hat prom ses

rapi d, rdner G825 REE Y Y1 b FFEBIRFRAERS DR SLUPe utffer stidridy of
the synthesi s.;aRd BLRLOMWr A Wif-cypldcd3Dislul ¥n2002-& exaP! &e @is6d 0sed
herei nafter are the sequences of the two HAS genes: from Pasturella
mul t oci da; anidief2)c@artanecfamaliues areat chilbreldvat visass apPEICViddnt iThe
presence of hyal urongn synthase.in_these systens_and the purification
G e of ¢S 5 Attt 1Behl haRt it Moo L Raca T a) L prs
i ndi cates an dquAbyl idayct@4aubhf y @thel Sohat @nnuGkeigkAGt SEQURNGEHe .
encodi ng enzymatically active hyal uronan synthase in many different
prokaryots c afrPngetaf aedir teigel Geseirseest FeptBEare uscedirispm | §p81A8t fai n
D181 synt hesi an rele al Uranig; aci g . d.nvest | have
used this strglgcﬁjeanghgc%ggA t?ré%?téococacus byog%ne@?%%lﬁé,&snﬁgﬁ}%géssm and
Alll, to st udyyhdthesbiesnidhes] $irofvhétA anadbd@edc Har acter iwzeh tUp@-GlcA and
HAsynt hesi zing activity in ternms of its divalent cation requirengnt,
precursor (UDPPGHIREC and“UBS2Y c APt i ztg‘f“fon?o%rhd Yptrim TTET?SE
Tradi tional | yactiAihassbesquipe@paseduc onprnss @ lafebyat s0)-ak1 80 fKOMMkt her
rooster conbs or extracellular nmedia from Streptococcal cultures. One
met hod wa? ch Ragtdigen adeferop@dopeiedpiephtiong Fals seathebeghtaghef o &haf
cultures of I-iA-npr g it reptococcal . hacter| t No.
4,517 205 desiih %sggﬁﬁkt%%??%?@ ﬁ‘?le&\fﬁg%% gt ﬁkgry&l% nkEBs M- 1006

by four laboratories revealing that HAS is a multigene family

encoding distinct isozymes. Two genes (HAS1 and HASZ2) were quickly
discovered in mammals (29-34), and a third gene HAS3 was latex

25 discovered. A second streptococcal seHAS or Streptococcus



20 producing Streptococci are fernmented under anaerobic conditions in a
C02-enriched growth nmedium Under these conditions, HA is produced and can
be extracted fromthe broth. It is generally felt that isolation of HA from
rooster conmbs is |laborious and difficult, since one starts with HArn a

| ess pure state. The advantage of 25 isolation fromrooster conbs is that
the HA produced is of higher nolecul ay wei ght. However, pr@&Paluit 2882 of HA
by bacteri al 15 30 July 2002 fermentation is easier, since the HA is of

hi gher purity to start with. Usually, however, the nolecular weight of HA
produced in this way is smaller than that fromrooster conbs. Therefore, a
techni que that would all ow the production of high nolecular weight 5 HA by
bacterial fermentation woul d-be an inprovenent over existing procedures.

H gh nol ecul asquieiight i HAyhasranavk deyntanet Yhadf nsisefddn apphd Cald QBStRe

rangi ng fromcosnetics to eye surgery. Due to its potential for high

vi scosity andiVesthPyPeirecoifiaed Bind disclppediberetits particul ar application
in eye surgery as,a £enl.aced®ul ff. YiLd §OUS ik Uk dnHAubAS. QLS been. used
to treat racehorses for traumatic arthritis by Intra-arti cuT ar I ecti ons
of HA) in shafiangGeogam asrepioacbrdcanrgyisndlin (aeNm)ietye oferROSHREEn
products due to its physiochem cal properties of high viscosity and its
ability to 15M%%thi'h oYt % ooy perPuad™atety me. PRt £9i AhAugust
of 1997 the UssuasFegs-and Brig iA88NeY, apReoyed 1Ehe, use et ndi I ar
wei ght HA in t%streat ment of sever (garthri tis through the%%j%‘g%g gﬁgof
such hi gh nol e¢fifSagengidples MY dirpecthyhridize tchéhaffmbiSedepdi nts. I n
general, the high rmgol ecul ar _wei,ght HA thzt 20 is .erqjl ogelg%tnhe better.
This is because HAEBTNESoRTSHREESSTIY FndPeasBe R 1S KE“RAVM48E St8f8cul ar
wei ght of thegjmdicwh dslaka Hing0I DowBr <0BéEeuLeSatd) fR& 180Ut 8Re results
Unfortunately, very high nol ecular weight HA, such as that ranging up to
10', haslbeenceififriictihat tbe gipraier bypredr péritanginy itl abl @lpsoimt tomave
procedures. 25 c‘)l'o dag ress th slﬁsor otwher di {Jfgocrl.élutitesl, there ils a need for
new met hods aft EONSEF Ut 8Pt hat “c47° BE I ed "t BHOAUTY ‘HASHERA NG 9128 30
July 2002 oneng¥e BREEBoySIDEOMBHIPROPAIi LI BShetN c 85201 SRl PiiFdk¥cli-a€ase of
preparation. In particular, there is a need to devel op nethodol ogy for the
product i on of PFafj&r CanonisEs igiter vhatt wgelBRIARYRT ¥ B AP TvR: ightASnd
relatively pure n,l . n omer.cial > avaj | .Jhere is yet
anot her need to E?%‘E?ea%% 193\\% o%ééréet% olér&sg’é@ %%ﬁ?ﬁe%r% uugtalntt)nr?oo “HA
havi ng ai1sodi meedksi zerdisinai dritli dDing, Hdediso agnwiedsizasHAHAchaliong te

nodi fied structure c ~Aa",~ > . The present invention addresses one or nore
short comi ngs i* 10 PERRSHA " TRAAGR FRE SIDP ndREADNA tBORMBTOY§e S PUT it ed
nucl ei c acid sggmepicihavikngsaicodhpg neghon Lpcegidg Qnzyemt igakl ywactive
seHAS is disclosed and clained in conjunction, with nethods to produce an
enzymat i cal | y ceepisreentirAy sipst Wasentizasineln sematiet ¢rods fhekoruskpry itpetsnucl ei ¢

acid segnent in the preparation of reconb nt | 1.s _which produce HAS
and its hyal ur%ﬁ??:s%lcrigdp?)artoahglte.aSIi‘htﬁlsr?eiptm?%nzfng%bjre%lroef%'t #g’op?fgg)éen ©

i nventionot 0 prle¢kée naipdsiddedomdiclresentaet it seqireinty, havé NG sacKOGhegd egi on
encodi ng enzynmati cal lé active HAS. It is a further object of the present

i nvention to prE¥ deTae 202 &0l haktney #F ot SSthi’ch “FART tRIEs ta3pifert tat

ongl eic acid sggueffe AVl Do oRRYAPaFLIE AR BACQALBE: SNZUIRL i6a]dte 86} 1 Ve

a single protein that restored HA synthetic activity. Sequence
analyses revealed a deduced primary structure for a protein of -~65
25 kDa with a predicted membrane topology similar to that of spHAS.

mmHAS1 is 30% identical to spHAS and 55% identical to DG42. The



It is still a further object of the present invention to provide' a
reconbi nant host cell transformed wth a reconbi nant vector which includes
a purified nucleic acid segnent having a 25 codi ng regi on encodi ng
enzymatical ly active HAS. 30 J aly 2002 It is yet another object of the
present invention to provide a nethod for detecting a bacterial cell that
expresses HAS. It is another object of the present inventi @& July g00Ri de a
met hod for producing high and/or | ow nol ecul ar wei ght hyaluronic 5 acid
froma hyal uronate synthase gene, such as seHAS, as well as nethods for
produci ng HA having a nodified size distribution and/or a nodified
structure. These and ot her objects of the present invention wll becone
apparent in light of the attached specification, clains, and to draw ngs.
BRI EF SUMVARPTEF "PRED | NVENTTRBRT ThaPRRAEERnt Chiepe PEheh PFRUpISY sybtiteed
application gof [o¥oTpanlM I 0 AV e.or re probl ens
in the art OE%Pﬁ)%gl ur oni %f%c%gﬁ?%g%g%fﬁi 8%50 l\{)hgg%ﬁ r(t)%ug% Bl %e

addr essed 13:hehsangghotdre apd dluatn enzemed U®egewodir, atimticlgeian ecidosegimgt havi ng
a coding region entcaodi ng thg egzggat ifcal li’ active Streptococcus equisimlis
(seHAS) hyal UrGHET €7§ynt 1888 §Bn&"® atg8nel PPIPLIEIeHI &3F o L ERO VSR ER na

bi osynt lesi sgephbr & eiAS;: gofmeas et RNgdcfdLom DNA of an appropriate

m crobi al source and engi neered into useful 20 reconbi nant constructs for

t he preparation Bfingaaaptnfler furetpersdarianiog afprcaryeacqubatt iofi esanmof t he
HAS enzyme itselt. The ent. Lnvention.enc sses .a novel _gene, seHAS
The expressi‘_’(l)nﬁie(l!)(}m?t1 a|h's Sggﬁ%‘ Sor ?21 al'?igxsmwlte @}%Pﬁ BRC &8Pt ngglb‘std‘ccal
3roup A and Greepntesicr apns) nbye RIbON| HibBgrA WAk ansd0to 8SGAPIRE RBrine
phagocytosis and i nmune surveillance. The terns "hyal uroni c acid synt hase",
"hyal ur onat e"PAthas éYTPRIRYARa SRR PntitasE T egREd "HIR thedg ahillytpoo?
synthasg, arg.sednint ercha geg%ay. t O,Aqg§§iranb%fa%n§nqég;?sfte@@gmp% GTer | zes
a gl ycosam nogl ycan pol ysacchari de chai n conposed of alternating glucuronic
acid and N atstiphigédiciogamtrieesagar 443 4, BaandceBl Iswfhiakied biflgnd er m
"seHAS" describes the HAS enzyne 5 derived from Streptococcus equisimlis.
The present PIRFEATI on*EbncdErns2 P08 Fed| AEF BT And PEhar SFEFer ™At i oM GF a

hyal uronate gu.hyahiviani c ashd sydtbaseqoepe.nePNAoaRd gehe RLaduct
(Fit'~.S) , as may be used for the polynerization of glucuronic acid and

N acet yl gl uces=iienés | @it ¢irt-heCloning and sequencing of the responsible cDNA

15 identified hsHAS1. Itano and Kimata also reported a human HAS1
cDNE isolated from a fetal brain library. The hsHAS1 cDNAs
reported by the two groups, however, differ in length; they encode
a 578 or a 543 amino acid protein. HAS activity has only been
demonstrated for the longer form.

20 Based on the molecular identification of spHAS as an authentic
HA synthase and regions of near identity among DG42, spHAS, and
NodC (a B-GlcNAc transferase nodulation factor in Rhizobium),
Spicer et al. used a degenerate RT-PCR approach to clone a mouse
embryo cDNA encoding a second distinct enzyme, which is designated

25 mmHAS2. Transfection of mmHAS2 ¢DNA into COS cells directed de

novo production of an HA cell coat detected by a particle exclusion



| 0 gl ycosam nogl ycan hyal uronic acid. The present invention identifies the
set-L~S |l ocus and di scl oses the nucleic acid sequence which encodes for the
enzymatically active seHAS gene from Streptococcus equisimlis. The HAS
gene al so provides a new probe to assess the potential of bacterial

speci nens to produce 15 hyal uronic acid. Through the application of

techni ques and know edge set forth hepein, these of skill 130 Jlig2002 w ||

be ably to obtain nucleic acid segnents encodi ng the seHAS gene. As those
of skill in the art will recognize, in light of the present disclosure,

t hese 20 advantages provide significant utility in being able to control

t he expression of the seHAS gene and control the nature of the seHAS gene
product, the seHAS enzyne) that is produced. Accordingly, the invention is
directed to {d¥@yi SealebPrproli @ifRUEt fdngdeiched Qh@@itgleSWBLomnC@?rbas a
codi ng region encoding 25 enzymatically active HAS, whether it be from
prokaryot i c omtegréFy tA-c Yoinigcessimtias fmprpashi Hasahsaase Ydvagenzyme, and
30 J aly 20021 ed ene, .i s_one found.in both eukaryotes and sone

pr okar yot es S.C%Igﬁag(?y%t égx%%rgeé‘e;éla%()%ﬁ%%c% grl %ﬁaffc}'e tﬁA%ﬁaw‘F&ug}‘W%‘ HA
synthase genmsidphatr @an bsigepheyad wBegonnesdilan siddietpecd nuaRtipn. 5 HA
synt hase- encodi ng nucl eic acid segnents of the present invention are
defined %as DEEHGZ sbl afBY fiFetrr tHicAl CHFSADSOHEIIGT &6 ¥ctBMAlsuch
that they mayhckeadld ynmeal bl aked biod.ec0Rhi nank. PNAGeEONLANES. .
Accordi ngly, "as used herein, the phrase "a purified nuclelc acrd segnent”
refers to a Oifarségnent 1bei pot-atvedafome flllckel at @dndhesoresDitRky 08

genom ¢ DNA and retained in a sg%}'& rendering. it useful for the practice of
reconbi nant TEEHITTGE % % (TN 24E T HEhe™FEHRATEY £EGPE et E2E i8S ak ed DNA
fragment, or o@QMRGLP! ck&le, IbefddeASHl SyndHRIagS Wik Usd 1RCOLAAY qLij,0g such a
fragment. 15 A preferred enbodi nent of the present invention is a purified
nucl ei ci@aci dwesesgrigntsyhawisig &s dodkngegiegion @nbbdimgleszdymabpaanty (acti ve
HAS. In partgful ar, t he p§rif' ed nucleic acid segmg)r;t engodes .t he seHAS of
SEQ I D NO: 2 Bt t he'BirTT iF8a HucH e Wei%d WEGneRt oFpPt sé8 Handel Bbti de
sequence in agcardancs With 196Q 4 B-20, N d: -ABeddiehg &rhedi ROt gfcibhe
present invention conprises a purified nucleic acid segnment having a codi ng
regi on encodPhgHaSz yranlatds| A atrithes HAS akl & REOfrAS-f | Bek el azei d

segrent is capable; of JyPridi 2LAgf Qkhg NuSk eohl e seauengg; of; SEQ,I D
NO 1. ’

15 amino acids long an 95% i1dentical to hsHAS1, which 1s 578 amino
acids long.

Most recently Spicer et al. used a PCR approach to identify a
third HAS gene in mammals. The mmHAS3 protein is 554 amino acids
leng and 71, 56, and 28% identical, respectively, to mmHASL,

20 mmHAS2, DG42, and spHAS. Spicer et al. have also localized the
three human and mouse genes to three different chromosomes (HAS1 to
hsChr 1¢/mmChr 17; HAS2 to hsChr 8/mmChr 15; HAS3 to hsChr 16/mmChr
8). Localization of the three HAS genes on different chromosomes
and the appearance of HA throughout the vertebrate class suggest

25 that this gene family is ancient and that 1sozymes appeared by

duplication early in the evolution of vertebrates. The high



25 The present invention also conprises a natural or reconbi nant vector
consisting of a plasmd) cosm d, phage, or virus vector. 30 July 2002 The
reconbi nant vector may al so conprise a purified nucleic acid segnent having
a coding region encoding enzymatically active HAS, In particular, the
purified nucleic acid segnent encodes the seHAS of SEQ ID NO:2 or the
purified nucleic acid segnent conpri34s 5 a nucl eoti de sequdnidy 2602
accordance with SEQ ID NO:1. If the reconbinant vector is a plasmd, it my
further conprise an expression vector. The expression vector nmay al so
include a pronoter operatively linked to the enzymatically active HAS
coding region. 10 In another preferred enbodi nent, the present invention
conprises a reconbi nant host cell such as a prokaryotic cell transforned
with a recontPaamttyvdctdr). PrrEeecofbibrartrifdcBBE: PWelygssC atihin idlised

nucl eic acid t [ a.godi eqgi e [ enzymaticgll,y active
HAS. In partfgg ar, ﬁﬂ%xpggfffgg ?ggn%c?gﬁgxhgggggggﬁ%n?%ghcodg%rEﬁ@ seHAS
of SEQ | D NOp2imititveebpetreirfa egsntped eihe HES dhepegfmnt aROBpPriEesracmugkeot i de
sequence in accordance with SEQ ID NO 1. The present invention al so
conprises a PBEBAIATMETHCTHOSY® BHIATYOSIfehe s PERFUSHR HSFBTE cLagerT arddrsect ed
with a reconbiRandy VegtQnlive@PPrnsi g 8r PHELRI LR 00 LR LE A01,d, Segnent
havi ng a codi ng regi on encodi ng enzymatically active HAS. |In parti=<ul ar,

t he purifi ed veutélmiatealBid gseq ekt delrt od exothet yHASTWENCBEQudriosNBa A aar t he
purified nucleic acid segnent conprises a nucl eotide sequence in accordance
with SEQ I D NGF1°"%E 2 %%%EY’is to create a 25 specifically nodified seHAS
gene that encodesrianaeszy ey ictak] Yaevizlp@Q Yynuw20Q2aacd-sgrddAS, canabl e of
produci ng a hyal uronic acid polymer having a nodified structure or a

nodi fi ed size gitgrifiisant oirleThe thees esretrtn deret GIments + Iveen compohsesisa
reconmbi nant haqst cel i.ch i tropor dto ihntr ce a reconbi nant
vect or :lg)t o] 5F’rtorr‘iglrr1 ggS%tngrﬁc'!tW%hggs%gcaeﬁ \Q&) %gharséeéor%g)f‘ﬁgﬁlﬁevsésa%hratn%ﬁﬁ71' ncl ude
a purified nugldei epprs d weegmedds hawéitgcal codisngceegical epeddidRGigning
enzymatically active HAS. In particular, the purified nucleic acid segnent
encodes the sTHASMeFlesEEsD Ngt2abtoveHe iRt iEi et ivtic PEi Banrdld agehhEht
conprises a nucleatide SRGUENCE N.AG6daNCEe Wddh Q49548 M ge
enzymatical ly active "HAS nmay al so be capabl e of producing a yafuronlc acid
pol ynmer havi ngyrahieelifasedesirtadtanle oftea wodidfisedvesize «ff sheiNpdnbdn I N yet
anot her preferred enbodinen%%lthe present ipnvention conprises a_reconbi nant

host cel 1° whi t#P3Y8°¢ r ARSHUBET Nt th BB PEEEADI REAESTELIOF WATYRIPAET udes a

purified '1UC|§4dEe§ﬁi£L $ELHPENin organism that cannot synthesize HA) and showed

that it synthesizes HA when isolated wembranes are provided with

the two substrates. Meyer and Kreil also showed that lysates from

cells transiected with ¢cDNA for DG42 synthesize elevated levels of

20 HA. Now that its function is known, DG42 can, therefore, be
designated X1HAS.

There are common predicted structural features shared by all

the HAS proteins, including a large central domain and clusters of

2-3 transmembrane or membrane-associated domains at both the amino

25 and carboxyl ends of the protein. The central domain, which

comprises up to ~88% of the predicted intracellular HAS protein



havi ng a codi ng regi on encodi ng enzyTnatically active HAS. In particular,
the purified nucleic acid segnent encodes the seHAS of SEQ ID NO:2 or the
purified nucleic acid segnent conprises a nucl eotide sequence in accordance
with SEQ ID NO:1. The 20 enzymatically active HAS is al so capabl e of
produci ng a hyal uronic acid polynmer having a nodified structure or a

nmodi fied size distribution. The presgpt invention also conmB0 dely 200Rurified
conposition, wherein the purified conposition conprises a pol ypeptide
havi ng a 25 codi ng regi on encodi ng enzymatically active NAS and further
havi ng an am no acid sequence in accordance with SEQ | D NO: 2. 22 30 July

2002 | t dj P L C : t f det ecti
2 DA Spoci o e Er] B ke B aRes o e (1) 0B e g e B EMEs (2)

contacting tihadsiadsarg] eeminal donpumni f4 eds nchei-idei Thrgegieptiag Ng3s
accordance with SEQ ID NO 1; (3) hybridizing the 5 DNA sanple and the
purified nudfefkedatat sxptent) (398r 2By 3R8r FEHGUES ARG drzef eskiphiericand (~)
detecting thesCRambas (The Rl e8eite iBVENI 0 81)SO GREPLLARS n8mPR! Nog for
detecting a bacterial cell that expresses nmRNA encodi ng seHAS, conpri sing

t he steps oferigtyaipnadhimagbranbabtrarinalandgibe samplogic{ Rproamnitzaciémgs at 10

| east one nucleic aci.d fron&th.etbact rilal cell sanple with purified nucleic
aci d segmentSfHAEREOHERNCE Wi t1TEEREF HY RO 1o AFBFI dPSF ng¥the Bse | east
one nucl ei ¢ agledimdtttalie Quehied ruelfiycuel d segnent thereby forming a
hybri di zed conpl ex; and (4) detecting the hybridized conpl ex, wherein the
presence of the $5HA/bYd di ZF chamdllex merbdmdihest inge dfeen bacifedalangt rai n

that expresses encodi SeHAS. The. present. I nvention also. conprises
met hods f or %aerttelég!fl%g&ﬁreacg‘?%lszéa%e 0 lgil%)%esftusdtelﬁisug%nip /ﬁlbﬁgvgﬂ. I'n

particui@r, phwephetdd cophi $RSrushNgitdieaotbi gaaucltaet ileses@tuborth in
Seq. ID 20 Nos.: 3-8 as_probes. These oligonucleotides would a 'allow a
practiti oner t¢risear chphndeddrget eae- lesent off suHAS orespHASdar. a cel |
The present_i.nvepiio urt C rd th far duci hyal uroni c
acid, ccnpri §r|15nlg%ct EFée sct%éfpjié o%%fl?g?ndt ?ngﬁ%n%’a‘gg%re%ﬁrl [ e’d%ﬁ‘g% e‘%{‘ acid
segnent havi ngsaa haodi 139 Legimniennediragid@rzy neddpeakiye1act | e HASHNEO a
host organi sm wherein the host 23 30 July 2002 organi sm contai ns nucleic
aci d segnent SYRAEBHIYRG ShAPHRS ARAI CHSFFotliéRd Uberd eNadn 2R WS- B8R, (2)

grow ng;the BOSS QEIAHS R I P R UM 110 seEL£he takhonbe; @t dicand (3)
recovering the secreted hyaluronic acid. 5 The nethod may al so I nclude the

step of extraeti hg spids3ednetél bhyal WkSOramidyi dedbegm t hEhmedhaymizs anel | as
the step of puri fée/ii[agggt he extracqtile%d hé/al uronic acid. Furthernore, the host

or gani sm may “§ect YSPOEE UPEHHEY SR PRI AT OF Bhi RO ISR R EA ¥ ze
modi fi ed hyalidhOflitG @@dyehe activity. The possible presence of disulfide bonds
or the identification of critical Cys residues needed for any of
20 the multiple HAS functions noted below has not yet been elucidated
for any members of the HAS family.

In addition to the proposed unique mode of synthesis at the
plasma ﬁembrane, the HAS enzyme family is highly unusual in the
large number of functions required for the overall polymerization

25 of HA. At least six discrete activities are present within the HAS

enzyme: binding sites for each of the two different sugar



10 The present invention further conprises a pharnmaceutical conposition
conprising a presel ected pharmaceutical drug and an effective anount of
hyal uroni ¢ acid produced by a reconbi nant HAS. The pharnaceuti cal
conposition may have a hyal uronic acid having a nodified nol ecul ar wei ght
pharmaceutical conposition capable of 15 evading an i nmune response. The
modi fi ed nol ecul ar wei ght may al so pjgduce a phar maceut i cal30cdHp@802i on
capabl e of targeting a specific tissue or cell type within the patient
having an affinity for the nodified nol ecul ar wei ght pharnmaceuti cal
conposition. The present invention also conprises a purified and isol ated
20 uct el . A5 oSEMONGRAOCHN NAnBIEYIBL ALl ¥oBGING SELDS, MgLe 1 he
nucl ei ¢ aci d"'sequénce s (a) the nucleic acid sequence’in accordance with
SEQ | D NO: 1; glylepsgivpne ferdser \acatiel wiet, achd sequerceasintiong e teactric aci d
sequence in accordance with SEQ ID NC: 1; (c) nuclejc acid sequences which
vrill hybri cR¥EOF ot i @rosing EPePRIYIEE dtF (FPECTHHENRE AR H TSERFIDRC? 1; and
(d) nucleic @6i dy no24eB0 2AH! ¥ 2008 SAGUENGER MY ¢hadd dn fyhr hdi&ecto the
conpl ementary nucleic acid sequences of SEQ ID NO:1. The present invention
furt her £onpgisesgapqiymeficsd sumhr solaat vk .nUiitliei nteri abtdegtens Idenaby sti ng

essentially of a nucleic 5 acid segnent_ encodi enz ticall ctjve HAS.
The present FORVEREFDN ‘5‘1%’0tgﬁnﬁ?‘?pé"ggeaﬁd‘fa%fa?g;%”hﬁu ¥ga eraé{‘ﬁ‘}/@gg Fit
consi sting egsgnitihal |y 9h arnugksé Crasddoaegnai miieags ngerseklASshavi ng a

nuclei c acid segnment sufficiently duplicative of the nucleic acid segnent
i n accor dancenigfowS8EGteDpREsentt én a Fohadiyepysiestinmetein raesimgot vgical

property of g?é:rgdg&ggéémntg%%g?}ééﬁl Iaé{in%cgéiv > HAS. The nucleic acid

segnent may Sedue he presént i nvention al so conprises a
purifiedgnucl ei ¢ @eheugeFHENEhbaw AJaB] £ et 8ghdecglpforeBCost rRgnenAyBAL i cal |y
active HAS, 15 wherein the purified nucleic acid segnent is capable of
hybri di zi ng tbat henlyudiheoEPdRS sexpieht els nreste bt aivce Piti PHOSSEERGTHSNER 1.

BRI EF DESCRI PTLON OF THE SEVER' L V1 EVS,CF, THE. DRAVLAGS, ELG. bodepht s ¢hat
Hk an

cross hybri diZ5tTon Betiween sé SpHAS genes does not occur. 20 FIG 2
figuratively rdeplgterbhes r etatpedness wiltdebtkdnebot tdmwnpbagdseri ainandhe

eukaryotic HAS proteins. FIG 3 figuratively degi cts evol uti Qnary. .
rel ati onshi pSUEABYRF Sondrof PEAES KiFowAt Sy af UF on8RISy nthds e PRI G “Hidepi ct s

the ~ 1A.si ze flii51Ld Ut 006 DI QSMEEHs DYoVRS HAUSnS1RA0IRCRERI Shbeptacoccal
HA5 enzyrres. 25 30 July 2002 FIG 5 figuratively depicts the

over expr essi ofungtiesmrosbimant SetiaSeihdl apHASIfctngc@ingd, localization,

regulation of enzyme activity, and mediating interactions with
other cellular components.

The unexpected finding that there are multiple vertebrate HAS

20 genes encoding different synthases strongly supports the emerging

consensus that HA is an important regulator of cell behavior and

not simply a structural component in tissues. Thus, 1n less than

six months, the field moved from one known, cloned HAS (spHAS) to

recognition of a multigene family that promises rapid, numerous,

25 and exciting future advances in our understanding of the synthesis

and biology of HA.



FIG 6 depicts purification of Streptococcal HA synthase. FIG 7 depicts a
gel filtration analysis of FIA synthesized by 5 reconbi nant streptococcal
HAS expressed in yeast nenbranes. FIG 8 is a Western bl ot anal ysis of

reconmbi nant seHAS using specific antibodies. FIG 9 is a kinetic analysis
of the HA size distributions produced by reconbi nant seHAS and spHAS. 10
FIG 10 graphically depicts the hydrepathy plots for seHAS 3@niulyp 2802 ct ed
menbrane associated regions. FIG 11 is a graphical nodel for the topol ogic
organi zation of seHAS in the nmenbrane. FIG 12 is a denonstration of the
synthesis of authentic HA by 15 the reconbi nant seHAS. FIG 13 depicts the
recognition of nucleic acid sequences encodi ng seHAS, encodi ng spHAS, or
encodi ng both seH&S gxamRiHASiesiafgdsreeindtces| prporidel estiaessantl R FI G

14 depicts oljgonucl egtidesused,fqr cifi.c PCR 20 hybridization,
DETAI LED DESCHI PTI ONSGE - THE T NVENT &(lg of o’"r”é%‘é% di n"‘}“%g {'ft’ I%‘a’t?{"e%’ﬁ’é’
enbodi ment obutherianvenibirenld rvidesaibdcvi-i) i s tie herewsAer séoafah hadndnhe

invention is not limted inits agglication to the details of construction’

and the arrafgBhRAR® 38 Breshbve FENPRY S8 PERFitAR I Iha"E olac04F rige
descri ptggn Qaldddishr 8{:80halsB £hG R PGS a1 TS drRVERMERR 1R:capabl g of

other ? ability to purify and isolate nucleic acid sequences encoding
enzymatically active hyaluronan synthase in many different
prokaryotic and viral sources.

Group C Streptococcus equisimilis strain D181 synthesizes and

10 secretes hyaluronic acid (HA). Investigators have used this strain

and Group A Streptococcus pyogene strains, such as S43 and Alll, to

study the Dbiosynthesis of HA and to characterize the HA-
synthesizing activity in terms of its divalent cation requirement,
precursor (UDP-GlcNAc and UDP-GlcA) utilization, and optimum pH.

15 Traditionally, HA has been prepared commercially by isolation

from either rooster combs or extracellular media from Streptococcal

cultures. One method which has been developed for preparing HA is
through the use of cultures of HA-producing Streptococcal bacteria.

U.S. Patent No. 4,517,295 describes such a procedure wherein HA-

20 producing Streptococci are fermented under anaerobic conditions in

a CO,-enriched growth medium. Under these conditions, HA is

produced and can be extracted from the broth. It is generally felt

that isolation of HA from rooster combs is laborious and difficult,

since one starts with HA 1n a less pure state. The advantage of

25 isolation from rooster combs is that the HA produced is of higher

molecular weight. However, preparation of HA by bacterial



30 July 2002 enbodi nents or of being practiced or carried out in various
ways. Also, it is to be understood that the phraseol ogy and term nol ogy
enpl oyed herein is for purpose of description and should not be regarded as
limting. 5 As used herein, the term"nucleic acid segnent” and "DNA
segnent” are used interchangeably and refer to a DNA nol ecul e whi ch has
been isolated free of total genomc of a particul ar sp&f ady 2062r ef or e,
a "purified" DNA or nucleic acid segnent as used herein, refers to a DNA
segnent which contains a Hyaluronate i 0 Synthase ("HAS') codi ng sequence
yet is isolated away from or purified free from unrelated genom c DNA,
for exanple, total Streptococcus equisim]|is or, for exa manmal i an
Féghe

nPI e,
host genoni ¢ BRRNEIHSPUTRSAR THI A FRe P& BN P 9 EopRIRSegnent s

and smal | er firagneptsa0fy, SHeRveegMERd solddid a2l soidrecerbimaniauesd ars, 15

i ncluding, for exanple, plasmds, cosm ds, phage, viruses, and the |iKke.
Similarly, aiBRAwseghemmadseprihannghat firesl zaosteorcqei f | BrEreEPXS gene
refers to a DNA se nt i ncludi i ng. se nces i,sol at ed

subst ant i al | FEN& mr%(k)l‘r"‘nto oﬁgg anlg ﬁt@% Po%(‘:lgglrornl ﬁg%@ﬁe‘%&éf“% BrEEi n
encodi ng sequeByeSacteRibhiferi@npecs) wbhrd berdn igeneentst bsed @kt Higmplicity
to refer to a functional protein, polypeptide or peptide encoding unit. As
will be undeP=¥68H™®3 those in the art, this functional termincludes
genoni ¢ sequenceg; £ DNA seAUENGRS A aRMALDALT angiet NRLgol, oFsqlated
substantial ly away™ 25 from ot her codi ng sequences"” neans that the gene of

i nterest, Inapgliicachses seHASgifoErentdeenst igsi €¢ cants\ypaety of Dtdaeoced ng
regi on of 30 July. 2002 t he DNA se%nent and that the DNA segnent does not
contain | ar gBOYBEERINECD Mgk THSFPSItEc ADP r iy THSRi RICTIREBCHTYs Four ge
chronmosogal &5 a0MeRt8: Q101 %l%;&it:g@faﬂ QRalyJ8NeSe R aPNA £RAhOGe0EgNS. O
course, this refers to the segnent as originally 5 isolated, and does
not excl ude geémesouer £éoild ng Heedgirongldcatoeen adebeld thotrert imremiisenakoy | ef t
in the segnent by the hand of man. Due to]perlain advaqé?ges associ at ed
with the usetB‘F“%artdﬁaaf‘V et S BUrBEER TR TIPRET S Al 2 6 HE VDSt
advant ages UR@Bah $@l ati@ri10fnd, hend1AS geneidd0t Hoskat ¥obesaweshmases. 10
pyogenes, S. equisimlis, or P. nultocida. One such advantage is that,

typi cal ly) edkargiosiecksmgrbPreagrriequel 818 gaPFILdant 2 sbdts PRASItt Fonal
nodi fications that can._only be, achi eved i eukaryoti ¢, hast s wil

t end toq%inife%ﬁéPéﬁﬁfféﬁ%ffftV”E#pgﬁvgﬁuEE?Vb?rc %%&Sg%iﬁ§Séu eﬁéo¥Lat i's
obt ai ned. Morneeverhet lvose obodl Saralr dixugr ygekdy |agprotdre e wsiel lofl ildeghy
realize additional advantages in terns of tine and ease of genetic

mani pul at i on WHEFRLAF prARAY yt 18 Wiz yrergeRE 75 SE3aTht LB Ye SehpTBEd.
These additiongl ;agvani-ages dueel H&fh BledNaremsgnofud sakatd19n i9fc ane
prokaryoti c gene because of the relatively small size of the genone and,

t herefore) 2(ffleeteddipdeds andongenerstr déni phet tHecebrr @spyrdiAg-fgénoni ¢
l'ibrary and (b) the ease of ni pul ati.on.because_t overal | size Qf the
codi ng r&yi onlgofeméﬁﬁ?'% arrr)‘fotblggt%lgneallthéssfantl)?clazlgﬁt y Sso\r{rlgh%nr v&ﬁgo?%yt he
absence of i n{gdeh§es Rbthherdmeradd rohecya@dueighaf of hthesehtiS igear Ha . e. ,

t he enzyne) requires posttransl|ational 25 nodifjcations, these would best
be achi eved i R° Fm‘zqoépculez% in the solution. Unfortunately, very high

molecular weight HA, such as that ranging up to 107, has been
difficult to obtain by currently available isolation procedures.
25 To address these or othexr difficulties, there is a need for

new methods and constructs that can be used to produce HA having



30 July 2002 prokaryotic cellular environnment (host) from which the gene
was derived. Preferably, DNA sequences in accordance wth the present
invention will further include genetic control regions which allow 5 the
expression of the sequence in a selected reconbi nant host. O course, the
nature of the control region enployed will generally vary dependi ng on the
particular use (e. g., cloning host)genvisioned. In parti c30 duly i ments,
the invention concerns isolated DNA 10 segnents and reconbi nant vectors

i ncorporating DNA sequences which encode a seHAS gene, that includes wthin
its am no acid sequence an am no acid sequence in accordance with SEQ ID
NO: 2. Mor eo¥gd .ori Roft heprpadsd peobart 188hRdh NS eat &¥e phpYEP -0, LOPEEr NS

i sol ated DNA segnments and reconbi nant vectors incorporating DNA sequences
15 whi ch enBBRRETat¥he ThEETFHMGdeshart BER need &A1 ¢rYedeb dresbodnee t he

am no acid o : 0 . dA, _and.Ln. particular.to _an HAS
gene or cDNZ?gcl{glr@r E%iéﬁg??\lg%’?oggt eerp m%:a&ggu%@lg&&?g}%ﬁlyi }su?L—LiAyl?—cd‘\la’éxarrpl e,
where the DhMAigegnert worlavéctDds @neodes thahulils |ergbic HASCqmet&ial1yor S
intended for use_ in expressing the Ei AS 20 protein, preferred sequences are
Chose whi cha¥pelabdeent THEFG &S ¥BF FBPYRSTI AeSEQEPDPRO2DIE NER| d¢telapi d

segnent s hayj n S cliLy :ARY beyhSQql y net hads
descri bed h\é‘rhgl?}rﬁd&% e Fggm%pi Egé%%%ég@eggeﬁ%i glla%@%s:blsg%ag%%ﬁh%lﬁeSEQ I D
NO: 2" neans dihatibuhéoselillence 25 selistaantifahdwingorr espofisi tsoractpeet i on of
SEQ ID NO: 2 and has relatively few am no acids which are not identical to,
or a 29 3d ‘mdg 2002 biologically functional equivalent of, the am no

aci ds of SEQ I D et RPreddift Fiﬁﬂ@ﬂﬁ'i@noh@&ieg_@éé %n&uaﬁtﬁﬂ_éalshggiﬂ:o\ﬁ%ﬁtia is well
understood in the art and is further defined in detail herein) as a gene
havi ng 18 sedrencd -e3SENg | wECPPL BN BN brairol pEYSEQ HUDiflBe nulednchdibat i s
associated with th% abi ity of prokaryotes. to grod ce or. a hyal uronic
. segment having a codling reglon-‘encoding enzymatically active seHAS

acid coat.

is disclesed and claimed in conjunction, with methods to produce an

enzymatically active HA synthase, as well as methods for using the

nucleic acid segment in the preparation of recombinant cells which

15 produce HAS and its hyaluronic acid product.

Thus, it is an object of the present invention to provide a
purified nucleic acid segment having a coding region encoding
enzymatically active HAS.

It is a further object of the present invention to provide a

20 recombinant vector which includes a purified nucleic acid segment
having a coding region encoding enzymatically active HAS.

It is still a further object of the present invention to
provide a recombinant host cell transformed with a recombinant

vector which includes a purified nucleic acid segment having a

25 coding region encoding enzymatically active HAS.



For instance, the seHAS and spHAS codi ng sequences are approxi mately 70~
identical and rich in the bases adenine (A and thymne (T). SeHAS base
content is A-26.710, C19.13% G 20.810, 10 and T-33.33% (A/'T = 60%.
Whereas spHAS is A-31.34% C- 16.420, G16.34% and T-35.8% (A/T = 67% .
Those of ordinary skill in the art would be surprised that the seHAS codi ng
sequence does not hybridize with thespHAS gene and vice ve3Gauly@ooRite
their being 700 identical. This unexpected inability to cross-hybridize
could 15 be due to short interruptions of m snmatched bases throughout the
open reading franmes. The inability of spHAS and seHAS to cross hybridize is
shown in FIG 1. The | ongest stretch of identical nucleotides comopn to
both the seHAS anatt‘ﬁey§g%téﬁﬁi%@e%re(ﬁ’lﬁeﬁlf‘egr?%e‘ﬁnF-?"?Uiﬁﬂc‘Ffe(PFPWék% I'n
addi tion, the, yekyod bl hehReAYENESS 2 M deh 1 f QLD L_ﬁgée La0L

hybri di zati on conpl exes than G C rich sequences. Another possible

expl anati on coul dIbeig hetothperabjare sfetépapresenet timesitabn Aso giro¥sdd i bot h
sequences that coyld hybridize in a m.saligned and_unstable manner. This
woul d put the‘“estg‘ﬁgxsg%rrld’rs?ﬁiﬁﬁg‘ggbh%h saé’&Z%?lclg’g BUtSY-2F r el BYplMEshect to
each 25 of her zcild@rehya A8G1LEASIaREY 4R hREORRRE ] idyn0hs MBAUYCtiVe11 as

hybri di zati on. 30 30 July 2002 Because of this unique phenonena of two
genes encodi nteiheds irsPtfiuchna iR 2ging demdiésdd notre IsdFhyitedpailaed 6fx
crosshybridizing t@.one another, it is beneficial to think of the clained
nucl eic acid segnent 1n terns of its function; i.e. a 5 nucleic acid
segnent whi ch encadese einzyseidrcabasracéi tae hyakuronaiensydi Rase beChig Of
ordinary skill in the art would _appreciate that a nucleic acid segment
encodi ng enzyfeRIEEF| yRactighe Fﬂj'altg?oﬁ'a‘faéh§9nﬁﬁa%%lﬁayl%nt@iaﬁm@onswved or
sem -conggrvegr Qilggi_tuti ons to the sequences set forth in SEQ ID NCS: 1
and 2 and yet sti be 10 within the scope of the invention. In particular,
the art is replete with exanpResr cihMmmracoF tisener@ENabolity t o make
structural changes to a nucleic acid segnent (i.e. encoding conserved or
seni - conserved aniT§ REE EUPYERERY O "%ﬁl&hgté}ﬁplllﬁ?ré‘é’é‘r?/g TREQURERZY At i ¢
or functional pkp aetinthbYy S€€slRingX8HAP! & okl RrshbBdmelirdlene” ARt NQe Aci d
Substitutions in Structurally Related Proteins. Pattern Recognition
Approach. " J. hkblurdBiig| acXDA(HRY) 1 9r k@28t {r98Bfh¢se proptewy dirmgatidresihed
obser ved )EXChAngsall Lbly, ghaRuLn0acld, $:0g RALIS 1AW YLt GLaugs, coul d

coding region encoding the enzymatically active Streptococcus

equisimilis (seHAS) hyaluronate synthase gene, a gene responsible

for HA chain bilosynthesis. The seHAS gene was cloned from DNA of

an appropriate microbial source and engineered into useful

20 recombinant constructs for the preparation of HA and for the
preparation of large quantities of the HAS enzyme itself.

The present invention encompasses a novel gene, seHAS. The

expression of this gene correlates with virulence of Streptococcal

Sroup A and Group C strains, by providing a means of escaping

25 phagocytosis and immune surveillance. The terms "hyaluronic acid

synthase", "hyaluronate synthase", "hyaluronan synthase" and "HA



20 Leu and Met, (iii) Lys, Arg, and dn, and (iv) Tyr and Phe."]; (2)
Niefind et al. "Amno Acid Simlarity Coefficients for Protein Mdeling and
Sequence Alignnent Derived from Main-Chain Folding Anoles.” J. M. Biol.
219: 481-497 (1991) (simlarity paraneters alloy am no acid substitutions to
be designed]; and (3) Overington 25 et al. "Environnent-Specific Amino Acid
Substitution Tables: Tertiary Tenpla;gs and Prediction of BOcldy 200! ds, "
Protein 31 30 July 2002 Science 1:216-226 (1992) ["Analysis of the
pattern of observed substitutions as a function of |ocal environnment shows
that there are distinct patterns..." Conpatible changes can be nade.] These
references and countl ess others, indicate that one of 5 ordinary skill i.n
the art, gi veynthapatl edxs aced setprahergeaddul to nékerrshbstnt edyoers taad
changes to theJ[ nucl ei ¢ acildcéssegluencle wi t hqut ¢ angi ng ,jts functiqgnality.
Al'so, a subsPTHFE*RuA SR A Ly TERt PHEY B Kt Gl P deiPTRAAIaRE retain
its enzymati g @Gtia¥ihy dMublrdnggaddid and ts ab3AYh h&sAhede PALRRE, AR Yyet
still fail to 10 hybridize thereto. The invention discloses nucleic acid
segnents encadd nf éngyhiikegal | yhactrve WEERST oReawibynt hiags HAS swidfBeand
SpHAS. t hoygh. .s HAS are 70%.i dentical and both encode
enzynatﬁ%alIggﬁg?%cg§ﬁ§g&ﬁ%%ﬁ§?8g§3ﬁ?ﬁﬁ%@?gf%éy do not cross 15 hybridi ze.
Thus, one of ordimhary wieskht i nibhentabh Wahéemppr efricat eisdat. isybstihut i ons
can be made to the seHAS nucleic acid segnent listed in SEQID NO 1

wi t hout devi 8PRTRY6aE33dEN 1He2 S¥BpErAREe Aralivie UBP ichacist s¥ae sk arsat i on.

St andar di zed [ I ' ' ' bst.i tuti
andardi ze ﬂlﬁ'ﬁ %%Q%ng{owgé '3(&29(,% . s GRS Neahgié‘cg/ f@?‘ézh% 8O e FHPRYILULT ONS

are present ed ABLE | “30 Ju 200
of glucuronic acid and N-acetylglucosamine into the
10 glycosaminoglycan hyaluronic acid. The present invention

identifies the seHAS locus and discloses the nucleic acid sequence

which encodes for the enzymatically active seHAS gene from

Streptococcus equisimilis. The HAS gene also provides a new probe

to assess the potential of bacterial specimens to produce
15 hyaluronic acid.

Through the application of techniques and knowledge set forth
herein, thcse of skill in the art will be able to obtain nucleic
acid segments encoding the seHAS gene. As those of skill in the
art will recognize, in light of the present disclosure, these

20 advantages provide significant utility in being able to control the
expression of the seHAS gene and control the nature of the seHAS
gene product, the seHAS enzyme, that is produced.

Accordingly, the invention is directed to the isolation of a
purified nucleic acid segment which has a coding region encoding

25 enzymatically active HAS, whether it be from prokaryotic or

eukaryotic sources. This is possible because the enzyme, and



Am no Acid G oupConservative and Sem - Conservative Substituti ons5NonPol ar R
G oupsAl ani ne, Valine, Leucine,lsoleucine, Proline,

Met hi oni ne, Phenyl al ani ne, Trypt ophanPol ar, but uncharged, Rd ycine, Serine,
Thr eoni ne, G oupsCyst ei ne, Asparagi ne, G utam nelONegatively Charged R

G oupsAspartic Acid, Gutam c AcidPositively Charged R G oupsLysi ne,
Arginine, Histidine 15 Another prefejged enbodi ment of t he 30 sy 2002
invention is a purified nucleic acid Segnent that encodes a protein in
accordance with SEQ I D NO: 2, further defined as a reconbi nant vector. As
used herein, the term"reconbi nant vector" refers to a vector that has been
nodified to contain a nucleic acid segnent that encodes an HAS 20 protein,
or fragment irndeedoftheTheeneecairhi srent fawect oin neytibeethnrivhess dehd nedmals an

e: cpression veiyor 89npr}a%2?o@.pronnierkogerative%é | i nked to said HAS
encodi ng nuch eI € ags f'se% YRR FUT EHET MPrEt EPrEPRAD IR FrshEhut here
present invem i Ominss@ Hosds aehl, camds. ragashidant widhBcaidLcarpi Qﬁ‘Ft

vector conprising an 25 HAS gene. The preferred reconbi nant host cell nmay
be a prokarybwiestéer| . In anot her enbcdi nent, the reconbinant host cell is
a eukaryotic cel ed h .0, the t.erm.”engine d".or, "reconbi nant "
cell is éljntendedlﬂ'f\o%?)zars(lt SS%O%ég?I “‘.“g’t%%mﬁf%:ﬁ gée é%(%r%bfjﬁalr;ﬁe RIEE™ Such as
a gene encodimgndASn s dbented as neddgetkoldbedfeeefdr eort&NGhhefddatcel | S
are distinguishable fromnaturally occurring cells which do not contain a
recombi nant | §* i AERSHTc el ERGF nEBeed el Ps BplitHuSaprErylsatpdhvbng a
gene or gene J | od h_th n f. ma
Reconbi nant | iefoﬁgggﬁ%eg&%eﬁ%gﬁw Sr'ei ?ﬁer r%%(%q%gt ﬁtes ?8?% g?loeéné “gene, a
copy of a gepbrase genpuridiiedi miclencladd gemesitposéfcroned adNaACSHneho a
pronoter not naturally associated with the particul ar introduced gene. 5
Wiere oh® dedfPrefof (R 28 HEEt 2 RhER TRIAS: PEFATOBET 2 218 Fasribedused to
produce reconhi pant,ddA SYRERARE . +] LsEBY BS-adyanta0eous &0 LIBLOM A8
prokaryotic system such as E. coli, B. subtilis, Lactococcus sp. , Or even
eukaryoti c systemgrusachsash ypeadvd or Qe fese dfanstdscostar yisoMrdiC MAQr een
nonkey kidney cells, VERO 10 cells, or the like. O course, where this is
undert aken i £XAPTI  gePefar 15 °he cdds Pgﬁf‘%ldt’ FBEERY ¥R AT SHPREYE "Jene
under the conrttRla Gkagreences which are functional in the sel ected
alternative host. The appropriate DNA control sequences, as well as their
construéfi on and hiaefaredgeractament wél thekReRAeEnitvFet e 155 &yrifiiedussed
in nore detai [ I red. L .
synthase-encé%ﬁgg&%ﬁ%9§é§%gﬁ%ghgﬁg%ﬁ%rgﬁﬁg u ghgﬁg%ggaﬁgﬁggéTmﬁﬁ%ﬁ#yin t he
art functionalckyvasunsi gi ns piruieplacatihen porifredplnuedais’  aciki chgeddtow
replication of contiguous sequences by the garticular host. Such 20 origins

al | ow t he pr &&FaET o %fseé%tsraf:h?%%xs%r%’lzy Fotht i 28d FaRd THpFteatf iy

chimeric segnRRLSnONcdiip@s s, nidwhi & Hiusitat hase: ONerReaUant 88o afte
ligated. In nore preferred instances, the enployed origin is one capable of

replicatdoon i¥:Bacterial hosts suitable for biotechnol ogy applications.

however, for nDreAhgts{esrr:atérJ\bloEi}{mé)rIt of the present invention comprises a

purified nucleic acid segment having a coding region encoding
enzymatically active HAS and the purified nuclelc acid segment is
capable of hybridizing to the nucleotide sequence of SEQ ID NO:1.
25 The present invention also comprises a natural or recombinant

vector consisting of a plasmid, cosmid, phage, or virus vector.



25 cl oned DNA segnents, it may be desirable to alternatively or even 34
30 July 2002 additionally enploy origins recognized by other host systens
whose use is contenplated (such as in a shuttle vector). The isolation and
use of other replication origins such as the Sv40, pol yoma or bovine

papill oma virus origins, which may be 5 enpl oyed for cloning or expression
in a nunber of higher organisns, aregell known to those 080 Jubyi %/ skill
inthe art. In certain enbodinents, the invention may thus be defined in
terms of a reconbinant transformation vector which includes the HA synthase
codi ng gene sequence together with an appropriate replication 10 origin and
under the control of selected control regions. Thus, it wll be appreciated
by those of T8Ri FECTRIFHE HPFLVhARYoRHE cRBRMSCnAyPHe fidsddrudedptadid t he HAS
gene or ¢ i f : i SC. l.ynmer ase
chain r ea([:)l\li% g%h%rt Iﬁ%?%@ap%%ﬂgég\%& fg ’F%&rﬁgiﬁ’@%g%ceﬁgg%tﬁ’éa i'ch
contain full 15 pompkeimiiks, ofhegenesfieor milAsc factith sequambesncoties Gleces,

i ncluding other strains of Stre Eococcus or fron1e%§gr¥otic sources) such
as CDNA I brssHPROT 859 £8d19:¢ %$ Frd1UE St 58 PG F RF 8T Beeh SPayr Hesenpl oyed
for theggener al.08,0faeDNACHEAITBRL SickO-RGEOT FANCERY D kBey Pregent,, :
invention. Thus, the only limtation generally on the 20 particul ar nethod
enpl oyed f orreohbirsokatviegho¥ sishat nlemidol idt eshnubbmiheraciodsrisieowind encode

a biologically functional equiyalent HA synthase. Once the has been
isolated it ?’%’rFfsg’aot“ed'etcg&ret he&%\?vi ERPE 882 ct Bt Ve dFer .aHWr ﬂﬁ%#‘icﬂ‘? &ny
cl oni ng vect@oncad: Bee MaveYLd ihRe@2of € bZHmaAUYaNI BYASLive BROCQBEARCE W th

the invention. Typical useful vectors include plasmds and phages for use
i n prokaryot¥egien3d5 30 July 2002 organi sms and even viral vectors for use

| n eukaryotic or ganisMhn. FXAIBLES JiNCLUAR; RIK22%:H,  BSA...! CCQIRL an!

Ex
| anbda,” Sv40, polyoma, ad%ngg?rus, bovine papilloma virus and retroviruses.
However, it ésmpheséevedrifmatbipant i odtarceadvantagas W lgrodhdoldt ekyibe

reallzed transformed with a recombinant vector. The recombinant wvector

includes a purified nucleic acid segment having a coding region

encoding enzymatically active HAS. 1In particular, the purified

15 nucleic acid segment encodes the seHAS of SEQ ID NO:2 or the

purified nucleic acid segment comprises a nucleotide sequence in
accordsnce with SEQ ID NO:1.

The present invention also comprises a recombinant host cell,

such as an eukaryotic cell transfected with a recombinant wvector

20 comprising a purified nucleic acid segment having a coding region

encoding enzymatically active HAS. In particular, the purified

nucleic acid segment encodes the seHAS of SEQ ID NO:2 or the

purified nucleic acid segment comprises a nucleotide sequence in

accordance with SEQ ID NO:1. The concept is to create a

25 specifically modified seHAS gene that encodes an enzymatically



5 where vectors capable of replication in both Lactococcus or Bacill us
strains and E. coli are enployed. Vectors such as these, exenplified by the
pSA3 vector of Dao and Ferretti or the pATI9 vector of Trieu-Cuot, et al.,
al l ow one to performclonal colony selection in an easily mani pul ated host
10 such as E. coli, followed by subsequent transfer back into a food grade
Lact ococcus or Bacillus strain for pmgduction of HA. These 3{ dulp@@0g@n and
wel | studied organi sns used in the production of certain foods and

bi ot echnol ogy products. These are advantageous in that one can augnment the
Lact ococcus or Bacillus strain's 15 ability to synthesize EIA through gene
dosaging (i.e., providing extra copies of the HA synthase gene by

anpl i fi cati opytigiedlidy cpReriesPbmrofuciddi 2 ihnyAtréreacid pphgregabavinhen

avail ability_of. HA,pL&C [ The .i. pher en LLLE f_a bacteriumto
synt hesi ze Fﬁgclatjr?égléso lé(Eiéé’;)teu%rrne'-"ntm(g:)gl?Jher og'b%e ?EEL#%%Iungtoan of extra copies,

or 20 anplificatiman, ppésdnlte iptagibsl flidhef atdrnipesstdiea i réddmBiMitasgsgene.
This anplification can account for to a 10-fold increase in plasm d copy

u
number and, ffY é’f‘ﬁ?ké,lsﬁjrécmpﬂﬁ‘i‘f?ag‘é PERAUCE Y TRGABRYDANATYSCR®T iprocedur e

that would fupthalc AHGNERRL bR $¥DI N 19E HaRGL2R.AOR%BYFRRE &écfﬁtas a
insertion of nultiple copies of the gene into the plasm d.  Anot her

t echni que wophdifiird wdeléint expidt Eagmdite hEdE1lg 36c8dintul neg26 2egexdénd nt 0

chronosonmal DNA. This extra anplification ul d_be especially feasible,
since the bac?f’maa\zllc%ﬁ’s%‘iw& gerd BiFacH s nbli Pufg&segn‘é“%&éﬁé‘ﬁ‘-%s, t he
chronobsonal digahesiaeehOrsdufis eaplseyeth e br aAsfieChut i@ ehoSicikhat is
selected for clonal 5 screening purposes such as E, coli, through the use

of a vector whad segmedpabierigps expradestide shauangselt agcDNAn¢a wible SEDoSsen
host. Were eykaryotj.c source .su as_der or_synovial fibrqgblasts or

r oost er 1§onbaige'l&F)S{i s Jgﬁ?pl%nf ?etlocﬁgyw Tcitlc‘igglm‘sfe b pa;lcf’@eea F%‘i’atbﬁgl P§ by
preparing a @RNAudidel ariyaldlhirS ciscicapsivadr Uividd £ mbsicidy ssalationrof MRNA
fromthe above cells, followed by preparation of double stranded cDNA using
an enzyme w tthmpdikiesesiindserilppas® activity and ligation with the

sel ected vector. o] si_bLlities . il e n in the art
for the prepar ati%r%{t 'té%g cFos[u P!ékésliljr?gnalgédoedé@é&' Zﬁ% 5%%983%0%\{%?%% r?flques 15
are believed doapbeseappd | cabimbinahcprieker cetl t eclhum gue tmnwebves raver se
transcription. Once a popul ation of double stranded cDNAs is obtained, a
CDNA | i brPar y FeSOBP HIRACedST 177t 1t cBe l BTHUEES HOSPT Y S BBPLEE BEchAfgids, such
as by ligatiofJiRL0at REa r&gg&@t@nae%@ﬁ%remaamlw Gatian il .t hey
appropriate host. Due to the high 20 nunber of clones that are obtained)
and t he rel atpargienbsr ofhs eueehiedgnidede arafbeadgent «ricofes thy seHas of

techni ques sejf_fo erei_n, .one . desire to ennl e. _expression

vect ors, such}’% %%ﬁ({]% ~°grt Itff E nl‘ragﬁe,g andr or. ,&gef %%gﬁ%}g@cﬁogﬁllnsﬁ”aﬁd

expr essi on scr@froagdol seRindecl imeaccAaiahee cantai remt hew @obodi merdes, t he
i nvention concerns isolated DNA segnents and reconbi nant vectors that

i ncl ude % t hi Arteticallyaggvs AP 2932 seetivahte 4 RTRAUERRT dcir eEgteéhce
_essen“ all'y a§c§c?t pcgﬂﬁnteb 'h@viSEJQ :JL Dmmf]ied-r@%r&&f\ﬁ]et‘ essent h@dilf¥e§-38§€é forth
in SEQID NO:1" is used in the same sense as descri bed above and neans t hat
t he nucl ei c adiskrséguemce substantially corresponds to a portion of SEQ ID
5 NO 1, and has reIl at i vele)[(\tf ew codons lwhi ch are not irdlef_r]]_téc%lm olion
functional |y equi VaFeREe TS THE ebdbRs 08RG T R THRe TEPRs ’
"functional | ywagtkdvak gatp GREO' chdpdtsietoNorbhided &ep&lypkor edpAS nhhat
encode the sane ami no acid, such as the six codons for ar%i ni ne or serine,
as set f@Pth icAAIMbIFesion gAEPHINg e faicaldy active HAS and further having

an amino acid sequence in accordance with SEQ ID NO:2.



10 codons that encode biologically equivalent amno acids. It wll also be
understood that am no acid and nucl eic acid sequences may i ncl ude
additional residues, such as additional N or C-termnal am no acids or 5
or 3' nucleic acid sequences, and yet still be essentially as set forth in
one of the sequences disclosed 15 herein, so long as the se uengf ets the
criteria set forth above, including 4fe nmaintenance of bi oP g'iub/ 0(got ein
activity where protein expression and enzyne activity is concerned. The
addition of term nal sequences particularly applies to nucleic acid
sequences which may, for exanple, include various non-coding 20 sequences
flanking either of the 5 or 3 portions of the coding region or nmay

i ncl ude vari ous Imterhdr sebedimeas; W dhvertdoknowwpriieencc metingd o genes.
In particular, the am aci d sequence of e HAS gene i ukar yot es
appears to gst?ﬁflﬁlgl ﬁrrg@r "PRaN°t hat T ound }tHe pT6RAr Yot é%? ‘%%aAP’ran f or
the degener agy &imglhe gHNGbAaE9HS B PRA lsaRS1L QAR Y Q8 SaTLrGeNser ved
substitutions, sequences which have 38 30 July 2002 between about 40% and
about 80% eridoyIMsPEf & Ascyrdaneewst £HEuID 3094 anth)abvkriddedss cheeven

et Dbl 0 R ROel ol FARS e S TE R A Promat HEEEL iR are

"essenti al | wyasi&etedf 66iigles; i ahdSEE |dathier fig~thSeppuphees whi ch are
essentially the sane as those set forth in SEQ ID NO. 1 may al so be
functional |y defTife8rage¥eleEices™ L FAPELtHpANIEBF ToybRsdicsing at o a
nucl ei ¢ aci grent tal i ; I 1. I
standard orqbla‘e%gs stricﬁggn‘%agy%%rgig%%gﬁgéﬁ%éﬁ.Easzﬂ%'t ggﬁglistlgﬁ&}red 10
hybri di zat i crrependi:t i(ohbrklitingea welckekirownello stiwise ¢F) skitdctiingtdre art
and are clearly set forth Herein. The term",sﬁ)ar]:rdlﬂrd hybri dj zat i on

condi t i¥¥ns" HESHSVY RETEA, 2558 U8t 10 PAESE PhE S hFREPL oM | iRvAS Eihsder

whi ch subst apfchahly £Q8p! SRBLAr ¥nNUgd&ir8add duws@omenss i | ko fror m-st andar d
Wat ~on- Crick 15 base-pairing. A nunber of factors are known that determ ne
t he speci fi cibridizbintdhngtotedsrbeiainzat¢ionacxlehd ddieppirifeapenalere, salt
concentration.. the presence of agents, such as. forman de and di yl

sul foxi de, t#&q eﬁegc-%ﬁn('if % eée]%g%%ﬁ?%dgt hat lﬂékr)rex{%ﬁﬁgﬁ AR azhrﬁmta& li ke.
When it is cosM-eaphat efk t halrighodd efomd@enucligire ACtHe Sp@MRALS ¥E | Ende used
for hybridization, for exanple fragnments between about 14 and about 100
nucl eotides, hgulidiaed renperatis ~irdispeier retl domdrteoid forahybER?k zati on

wi |l include %pe%-s MP&@&digg-%nQ&s'tdat urally, the present invention

e .
al so enconpas segnent s Ich are conpl enentary, or essentially
conpl enent ary) t cheheesegtiencentsieh 1ot doniphi SEQnd hoNE. for dMiekelgs asé d
sequences whi ch _ , ,
presence of either seHAS or spHAS in a cell. 1In particular, the
method comprises using the oligonucleotides set forth in Seg. ID
20 Nos.: 3-8 as probes. These oligonucleotides would a "allow a
practitioner to search and detect the presence of seHAS or spHAS in
a cell. .
The present invention further comprises a methed for preducing
hyaluronic acid, ccomprising the steps of: (1) introducing a

25 purified nucleic acid segment having a coding region encoding

enzymatically active HAS into a host organism, wherein the host



39 30 J aly 2002 are "conplementary" are those which are capabl e of
base-pairing according to the standard Pl atson-Crick conplenentarity rules.
As used herein, the term "conpl enentary sequences” mnmeans nucleic acid
sequences which are substantially conplenentary, as may be assessed 5 by

t he sanme nucl eoti de conparison set forth above, or as defined as being
capabl e of hybridizing to the nucleiggacid segnment of SEQ I3 Julp2002The
nucl eic acid segnments of the present i nvention, regardless of the | ength of
t he codi ng sequence itself, nmay be combined with 10 ot her DNA sequences,
such as pronoters, pol yadenylation signals, additional restriction enzynme
sites, multiple cloning sites, epitope tags, poly histidine regions, other
codi ng segneBtganiand cohealikeucssth idiat stf@inks O¥REling! @RGkesMBY i VAl Y
considerably. It is therefore contenplated that a nucleic acid fragnent of
al nost 15 an{*PEHgt HPRet Béc s H?%‘ro?lcw t 1) t OV BY ditel Bewjt I9rpreiser abl y
being limte - s e ' use, i n e

r econbi nant %N%%Sﬁgfoggl%e%g?ﬁial lék%ﬁﬂhﬁgﬁdélggabégﬁnég?%%%gggtﬁgﬁ this

i nvention i ssactedegdrhyethrnonitheecigarti cul ar nucleic acid and amno acid

sequences 20 of SEQ ID NO.1 and %. Recgg%%nagt vectorﬁ and isol ated DNA
segnent s°may t her eFor'® W& J3¢1 P PR LA EhEPRIAS R dPhg SFETAGARY t Fatrsel ves,
codi ng regi oRgcheasd ngasetaatedeal tbat LiNse@funadi fid Catis0pge i&eghﬁf basi c
codi ng region, or they may encode | arger pol ypeptides which neverthel ess

i ncl ude HAS- epodifiyndedihonsxorachay B lanewdeabidl oducbhdrymofranctliconakt

equi val ent protgiqg1%5 Qgg%%@ggﬂm@%&q:hafg va %%né aano acidsafe uences.
40 30 July 2G09°E6i™ MAdtance- vk “HAVE Faund " tHar A RE 2% ARt Sar®fi ed
hyal uronat e syathasa fiiBa twenakberc syst.ens: (a) the gramnegative bacteria
Pasturella nultocida (SEQ ID NO:19); and (2) chlorella virus PHCV-1 (SEQ I D
NCS: 7 arid 8). TheThiy eBEFRESCofITNGRY IANo A RSNt IPABELIF9F theBamagewhiseens and
our ability t jfay..a the_h K from.t hese .t wo

di fferent syéggﬁégy%ﬁchgggégﬁTQa%i%ﬁ%%lgg%gu§¥$§gg§§tf%glgfﬁgﬁﬁgl8?c acid
sequences encgdiengienapowit ofl hyalaedriveadifaptydonad byyantheasebinkhe wpapsul e of
Carter Type A P. nmultocida (SEQ I A NO:19) was | ong suspected of containing
hyal uroni ¢ acii§- PRATEREF T FRERISOA VT "hEHA st naseiored! havitdoei da | ed
to interesting 8RZy ol odGak, didfat eprasaPalveend idnand.: {he 56HAS apd SPHAS
proteins. . P. multocida cells produce a readily visible extracellular HA
capsul e,1:and siaddegtareitmnestresapnoeecoctiad nefliSed avéepElyrerighpmey e lss,

menbr ane preparations of the fow gholera.gatho%enlﬂgre ested. .In early
trials, crudePmsibfafe PPAHCEHE Gér i PERCTORT ulFFPHY Sni Rt FaTP i Bhe 2
possessed ver ypddawit avitlste 0fr UPPOLGNAGHdrneRde Rt VAN hadidqGhC€Affinity
incorporation into HA[-0.2 pnol of G cA transfer (pg of proteins)-ih-1]
when assayed &ffiéfec®rtiifie8neelScH Paret 9% RBRFAFR - iR AsTAPAR iR ept ococcal
HAS activity. The@pzymR. bt OMfent €Qh 3105 tdinb NG oL EL YIRE PAN 2N@SARLASM d was
also recalcitrant to 1solation at first. These results were In contrast to
t he easi by deteclteldl ecadmimtuesnobtemicnéthd rommBti eptlgcoccive byirsd, nwhare

met hods.

the nucleic acid sequence is (a) the nucleic acid sequence in
accordance with SEQ ID NO:1; (b) complementary nucleic acid
sequences to the nucleic acid sequence in accordance with SEQ ID

NG:1; (c) nucleic acid sequences which will hybridize to the

25 nucleic acid in accordance with SEQ ID NO:1; and (d) nucleic acid



An alternative preparation protocol using ice-cold |ysozyne treatnent in
the presence of protease inhibitors in conjunction with ultrasonication

al l owed the substantial recovery of HAS 41 30 July 2002 activity from
bot h species of Gram negative bacteria. Specific activities for HAS of 5-10
prmol of G cA transferred (ug of protein)''h'' were routinely obtained for
crude menbranes of wildtype P. nultogida with the new met h88.Julh2@Pe
absence of UDP 5 A cNAc, virtually no radioactivity (<1% of identical assay
wi th both sugar precursors) from UDP-("C| G cA was incorporated into higher
nol ecul ar wei ght material. Menbranes prepared fromthe acapsul ar mutant,
TnA, possessed no detectable HAS activity when suppl enented with both sugar
nucl eoti de RGEREY whfsatalnokytkdasiows) ehdlrbmbl dden@bbpranal ¥sigqusi ng a
Sephacryl S-200 colum indicates that the nol ecular mass of the majority of
t he "C- | abel=egvprenfuet FThiRe¥:2ed in vitro is ae x 10" Da since the
material elutes Ln 't id . val ue caorrespon to a HA

nol ecul e corrposel(rjg%f gg?yﬁ%éas%wﬁgg%%on%}%gga fﬁ?‘%rlﬁ(régdu%t }ns-ld%gdsear’i’gi tive to
St r ept onycesidwgated anctlase adi g estinait boisikeshe teaBent hKFOobEasQuETaat ment .
The paraneters of the HAS assay were varied to maxi m ze incorporation of
UDP- sugdr s i#tid peFrsacRaiind v Yyreifgl hoortverBfbr anes. Strept ococcal
SpHAS requires : e thi |l i d. i.n the
TRt al dssays of PP oar g nan snce e R e A TE RS s
relatively asdgmeet fecomipting. Bsd¢amt8ablyl nf Ta nseleipe abid fegsemi tehcadingpt i num
at pH 7. The HAS activity was linear with respect to the incubation tine at
neutral pH f&HASE P EaEt2 %uﬁl.el?hséc%rﬁ%@e%@%ﬁﬁfé%}ﬁﬂ Juptlcative jofethes gt

hi gher ioni c stiepgthsabecamse the addisd e e 180 mMd Nagl, tp, 2,30 J a
|y 2002 the reaction containing 50 nM Tris, pFi 7, and 20 nM Myd 2 reduced
sugar ircor ppesteiseiohy o£50%e Théokmtiahl | emompawi f PLi tancoflitdie fpaHAG was
assessed at pH Under ﬁt al-fre Scon?' ti ons in thc? gr esence of EDTA, no 5

i ncor por at i oR" O F At 01YaBeted Precuf LorUFnt's potySSELHr iMg¥ WES Betdect abl e
(<0.50 of maypimlseghertrl.). t~In2' gave the highest incorporation rates at
the | owest ion concentrations for the tested netals (My) M, Co, Cu) and
Ni] . Myz' gave dBeuRresG9 oftVERRiWh21sSCPRRAIGER oh MYGEf agd 1Ociicdapigher

concentrations, z, .o NLp : NQr I 0 ctivity
(200 or 9% r Sgnbeg%t P?/‘g nf, ao?“?#ﬁ%mé’gggﬂg%) E?%)'lﬁg %é%éﬁ%%esg%%1 i ed
with 10186t 4 GH2reitetle: paaCtiederuciatdeeaedid regnang 10capdiQie26f apor20zm@' My2"
with the nenbrane preparation resulted in al nost no incorporation of |abel
into pol ysacCRaFhd@UFLEPEHe oTeWEPTNIYY G318 thiSERafP dRat act eri zati on

of the pmHAS was RRIZOHEBERIrR1&NDFPHES 8RR 0f vMaZ or The: BhRfivag affinity of
the enzyne for its sugar nucl eotide precursors was assessed by neasuring

t he apparent | Cr, Figal de depliicorgier atressn hgbr{di€pt Qe Aediweén HpeHBSCRNAG | nt o
pol ysacchari deH)Q@s m)niéor ed at varied concentrations of UDP-G cNAc or
UDP- G cA, sp genes does not occur.

20 FIG. 2 figuratively depicts the relatedness of seHAS to the
bacterial and eukaryotic HAS proteins.
FIG. 3 figuratively depicts evolutionary relationships among
some of the known hyaluronan synthases.
FIG. 4 depicts the HA size distribution produced by various

25 engineered Streptococcal HAS enzymes.



20 respectively. In Myr'-containing buffers, the apparent |1Cr, val ues of
-20 ~~Mfor UDP-G cA and --75 ~Mfor UDP-A cNAc were determned utilizing
Hanes- Wol f plots ([S]/v versus [S)) of the titration data. , The V'~x

val ues for both sugars were the sane because the slopes, corresponding to
1/ V'~x, of the Hanes-Wolf plots were 25 equivalent. In conparison to
results from assays with Myz', the ? , 43 30 July 2002 3alJuly 26032

UDP- G cNAc was increased by about 2 -%Os to -105 ~-M and the V', ~ increased
by a factor of 2-3-fold in the presence of M~ , The HA synthase enzynes
fromeither P. nultocida, S. equisimlis, or S. pyogenes utilizes

UDP- sugars, but they possess 5 sonewhat different kinetic optima with

respect to pH afdCmet dFSVTRAT YebefaRHTE Hifd OXRFSFHTGE81°TRE BrPfRberdr e nost

active at pH.das howeysins thez PpbiAS reportedly displays nore activity at
slightly acidic pH and is relatively inactive above pH 7.4. The pnHAS
utilizes Mh2' noii€-ef fdepiiens Ippri himathp 'ofudtheaptichectal Wit syntdesay 10
condi tions, but e identity of .the physiological t cof act.or .in the
bacterial cell iéﬁunt%ge I.Ctgl/raf %%lrrgé]r’t?rs? Ao? iaﬁ‘g%}’ Vi H‘SS&LFHHP@%SW‘[} Pt he

st rept 0goCCecomizivaRe Mipeprd@EchUGhsheliRssbhah Yadst hshnthieal beit smaller
effect of Mh~' was maximal at -.10-fold | ower concentrati ons than the

optimal Myr® contént Batd énWestearprdkSanslvappaeemerymbintas sHBSUDPLsLgar s

nore tightly than 5li.dne nmeasured | CM val ues for the pnHAS in crude
menbr anes arséjtegﬁguctsgggbdoiéfd' | ower for each substrate than those obtai ned

fromthe HAS fourub.i B 9br epkogsadeaknapmisanesthd®Orsid® dbbiabubDRd cA and

500 or 150 ~. M for_ UDP-d cNAc, respectively. 20 By kinetic anal yses, the
V', ax of thePTIAERES R sTemcrPi vt ﬁ?%ﬁnﬁﬁgiﬁ%-pr esence of M2' than Myr',

but the JUDP- G cNAG Kig Jvaluie ey &egffé@sa@ﬁgh%hgﬂth B 8SEAY S st [ 4 he

former 1on. This observation of” apparent |owered affinity suggests that the

i ncreased popredectanbobranat esstesanet ragiortso better binding or the M~ 25

i on/ sugar nucl eotide conplex to the enzyne active site(s). Theref orfe, it is
(0]

possi bl e t hat IVhFIG'eﬁha“ﬁc%§r§8?1jeca&t‘ﬁ%%ﬁlrfe‘ﬁ”cf’i‘%Wpoh%l:?f)orﬁﬂn?zm

seHAS in the wewmbrane.
FIG. 12 is a demonstration of the synthesis of authentic HA by
15 the recombinant seHAS.

FIG. 13 depicts the recognition of nucleic acid sequences
encoding seHAS, encoding spHAS, or encoding both seHAS and spHAS
using specific oligonucleotides and PCR.

FIG. 14 depicts oligonucleotides used Efor specific PCR

20 hybridization.
DETAILED DESCRIPTION OF THE INVENTION

Beﬁore explaining at least one embodiment of the invention in
detail, it is to be understood that the invention is not limited in
its application to the details of construction and the arrangement

25 of the components set forth in the following description or

illustrated in the drawings. The invention is capable of other



step, alters another site/structure of the enzyne, or nodifies the
phosphol i pi d nmenbrane envi ronment. The gene sequence and the protein
sequence of pnmHAS are shown in SEQ ID NO:19. Chlorella vin.is PBCV-1
encodes a functional glycosyltransferase that can synthesize a

pol ysacchari de, hyal uronan (hyaluronic acid, HA). This finding is contrary
to the general observation that virusgs either: (a) utilize3galy 2002

gl ycosyl transferases to create new carbohydrate structures, or (b)

accurnul ate host cell glycoconjugates during virion maturation. Furthernore,
HA has been generally regarded as restricted to aninmals and a few of their
virul ent bacterial pathogens. Though man~ pl ant carbohydrates have been
char act er i zefhodiekitiebrHE NRing prelcat esh aratogikasoRs awi eusloyshggn  det ect ed
in cells of plants or protests. The vertebrate H aS enzynes (DXA~, HASI,
HAS2, HAS3)A SErEpttache caheFak R e Ry hede (RIpIRspa Bhdnd di9aSi ntimge sever al
regi ons of enSLin | aLi AncLle i t st randed DNA
genone of v?f%s%?%%d]/&l Pg%a%%%ipﬁlr# Blﬂ% s%ff?%gggﬁtgrgrell Flgd \(}siq'l %ﬁ%f,n%tn%a%

[ ope: ~ r eadiegpddedned 1iA98Rg.Accessi on #442580), encoding a 567 residue

protein with 28 to 339 amino acid identity to the various fiASs was
di scovet ed. Thi $5pr5E8i RETE WedPGnifEl c(’i‘l}iﬁ&glfcﬁqu eFFEEDF T udPHA ¥Wint hase) .

The gene seg venCodi g i PBQAMnglshiyt SnPLOE&! BoSLENERBEANS Sfiyn i n SEQ
ID NOS: 7 and 8. PHCV-1 is the prototype of a famly (Phycodnarviridae) of

| arge (i 75- 189 bhrenli swtade) Fobyhelr &btabl aepmaifoDrn@iviar usesitiiair
replicate in certain_unicellular, eukaryotic chlorella-like green 45 30
Sty 2007 APBRL PECERRFForfe "EURE BT 2DV SEoPUSERAS, PPT GHEMBROS ne. and
a |ipid compeagMeofatrdectnside bite Ruhehc ghyOORLALLId apsid-odhie PBCV-1
genone is a |linear, nonpermnmuted 330-kb dsDNA nolecule with coval ently

cl osedibai r Siyntkasrts. ("BABYs expddng i sequtedacyelt atd nigcdefed seguelicen, tdre A98R

gene product shoul e an_integral. _nmenbrane .pr in. Jo test this
ypot hest s. FEERIRS e ASEE vam BrbRhc e Ry el £ BRI ahdetthe

menbr ane fr agtkplodtReudSEay ednfials & RIcacktanoly, ddeRalmAnasd Jdbbnid cNAC
were incorporated into the pol ysaccharide by the 10 nenbrane fraction
derived fromN@e| |I@cépfrhrAiHg Ethe RIBR PENESBIT A" pl3aSnPYP SpTVItAS:n] aver age

Speci {1 ¢ aCljuh{: 29,pORIeS: G.EA LLASKE! 0, 0161 6B MhnbUloct0l, by

sanpl es from contr ol c0.0 prol es G cA transfer/~g protein/mn). No
activi typ wasirdetiétdedfon etkhep30l tbdsnifdsactdsohdof pbedd s virarst ormiedhar t h
pCVFi AS. .

like.

Similarly, a DNA segment comprising an isolated or purified
seHAS gene refers to a DNA segment including HAS coding sequences
isolated substantially away from other naturally occurring genes or

20 protein encoding sequences. In this respect, the term "gene" is
used for simplicity to refer to a functional protein, polypeptide
or peptide encoding unit. As will be understood by those in the
art, this functional term includes genomic sequences, CcDNA
sequences or combinations thereof. "Isolated substantially away

25 from other coding sequences" means that the gene of interest, in

this case seHAS, forms the significant part of the coding region of



15 UDP-d cA and UDP-G cNAc were sinultaneously required for polymerization.
The activity was optimal in Hepes buffer at pH 7.2 in the presence of 10 mM
MhCl ~, whereas no activity was detected if the netal ion was omtted. My2'
and Coy' were -200 as effective as Mi2' at simlar concentrations. The

pnFi AS has a simlar netal 20 requirenment, but other Fi ASs prefer 2'. The
reconbi nant A98R enzyne synt hesi zed g@7pol ysaccharide with 3f J@%Zﬁ

nol ecul ar wei ght of 3-6x106 Da which is smaller than that of the Fi A

synt hesi zed by reconbi nant spFI AS or D&A2 xIFIAS in vitro (~10" Da and
-5-8x106 Da, respectively; 13,15). The 25 pol ysacchari de was conpl etely
degraded by Streptonyces hyal uroniticus HA | yase, an enzyne that

depol yneri zeSFPRA g%!“‘weﬁ‘&t' andy £h3p Sy PIDGESTERY ROEGr BPY \FIER LR ddrae

gl ycosam nogly:GaRas SUsH achenakldcandishondapid | mnaPBQGh i af eqted,
chlorella cells were exam ned for A98R gene expression. A

--1, 700- nucl eotangeo@BREtazmsty | pt  efpearfedetbional 1§efeq or podt -¢adfiegt i on
and di sappeared by 60 mn after. infection indi ing that A98R js _an early
gene. Conseqﬁ%?ftol"‘%,' %P&ﬁsee'f rtléﬁ?ir(?%gr? rt8mtr%tﬁeni%§}‘esc G ant” PRESAPLAT ect ed
chlorel la celisiaweae Ansayesd nat HQ1886 g8RedloR AOShgi FiRGhE ORboraddA
activity. Infected cells, but not uninfected cells, had activity. Like the
10 bacteri al £y, dar iverricsalbl AgRt MOBRe aggyeR: brathohapeélof meor por ati on
fromUDP- [1'(C A int ysa [ d n h ~' and

UDP- G cNAc. Thi s%‘ru %di% a%eePg%%prg%%%'ag\g% gpg%q%gaga&ggkby% Pg%sgjf

Di srupt ed PBg¥eXaryiorionsorads noonel wikS ldgblwideplidd tBBCedt iadvectie@s
chlorella cells were anal yzed for HA pol ysaccharide using a highly specific

' 251 - | abel ed"PRR bRt HGBr dtfei e BT RS 0 CEPFIVACS80 SHAll 90 fin

post -i nfgcti DoGHYA ged. aHRSHANL aby BTONMS 0 .HAOnQLHucHC’&d%E&%CH%_ from
uni nfected alfgae or disrupted PBCV-1 virions. The | abel ed HA 20 bi ndi ng
prot ei n al sothat eraptiedlly.t bukatvactcianfzgotedagetdgmiat HQnahik=30 pogr-
post-infection, but not_healthy cells. Therefore,. a gonsi derabl e portion of

the new y syrtRESIZEE RA FEAYEHREATRT dEPHas FImEBHY | 28d 3V olit e cel |
surface of theyhpfactedodl 9agnisThe1 xbh@cel 1 iiar v idAgees-net i B} ay A1y
obvious role in the interaction 25 between the virus and its al gal host
because neit lrakapyeture Hai ynthase seagqueratuihePtaedal t ¥eeedvby. ivheFtidifng

ei ther testicul.ar 30. Jul. 002 hyal uropidase .(.465 units or tree FAA
pol ysaccll‘ci’ari d& df' 1007 f&l;f#ﬂ_l% ti'%"ﬁa ?]htex'% %ipj) lég%lﬁ' % a]tlﬁg algéé\k/lﬁr{ag} ga%vl?é’tga ess'ay. The
PBCV- 1 genoneiml serfiasofddihé oaall @abes of hakenetixodearfipulatiddDPRKare a
dehydr ogenase (UDP-A c DH) and a gl utam ne:fructose-65 phosphate

am not r ansf erBSEITCRAT) enpPE: €5 PR SCUAVe FP LeUBIRIGrEd | nfReeTRbliEieR! a
requi red preclySQL.far ;HAIBIOSYNtdMeSEsse GFALCEANRI &5 of HHOLQR$6: £ Bhgsphat e
i nt o gl ucosam ne-6-phosphate, an internediate in the UDP-A cNAc netabolic
pat hway. Bot hbefaushese tRBG1htgenies smallkeitehef AIBBIHABe and thpredssed early
in infection 10 and. encode enzynatically activ roteins. The pr e of
Ul 1 ple2bnzy s THEHE FIBT beyht RESTS At Ry T ndP e Bent Gt o e
producti on nNusipseRVend@n(y)Nprs teaaBt dimahi@nat ot bechidee tBy cdverefl tshee
chlorella viruses.

of the coding region of a prokaryotic gene is significantly smaller
due to the absence of introns. Furthermore, if the product of the

seHAS gene (i.e., the enzyme) requires posttranslational

25 modifications, these would best be achieved in a similar



HA synt heses of Streptococcus, vertebrates, and PBCV-1 possess 15 many
notifs of 2 to 4 residues that occur in the sane relative order. These
conserved notifs probably refl ect domains crucial for HA biosynthesis as
shown in FIG 2. The protein sequences of Goup C seHAS, G oup A spHAS)
murine HAS1, HAS2, flAS3, and frog HAS are shown aligned in FIG 2. The
alignnment of FIG 2 was acconplished2®0 using the DNAsi s md0t l{h\f@ QZI gnnment
program Residues in seHAS identical in other known HAS fam |y nenbers

(i ncludi ng human HAS1 and 2, not shown) are denoted by shadi ng and
asterisks. The am no acids indicated by dots are conserved in all nenbers o
the | arger I e Y, e di anpond synbol indicates the
25 highly c%ngg%%%gi%yg%gﬂﬂ%frr esfdﬁffn%%% (hﬁwsap) be Cri i‘“%%ltrl\‘téoﬁere’%z%
activity. ThRerapgt.oxi mte m d-points of pr edl cted nmenbrane donmai ns 4g 30
July 2002 MD1 throu h IVD? are indicated with arrows. 7Cl indicates Xeopus

| aevis, and MM d abis TIPS cEATUENCERe gito rACCEFARNGH | WEitht FIBe PREEARTHASS and
other enzymeg, bhaiors mib%lrz.ﬁel( ?mLimsegemLyst@ﬁeP@f qu§§on! meé#PE’IP&Qar
precursors are 5 al so being discovered as nore glycosyltransferases are
sequenced. Ehanp*zesasnehmfetba@teqwrade telal mb@@e@ynﬁchasa}anftumgal. ad
bacterial chitin synthas he various HASs. |ﬁgifi cance of these

d
simlar strParal it | su\,:/\? Iclr} Bé%o(f?éltﬁ%]r & dpparsh O%Fs tFrE&dt Hensi onal

structures ofarg yegsaddihgnsdrer eses paccibnuhat @ee 10(FHG, 31daphst solde
evol utionary relationshi ps among the known hyal uronan synthase. The

phyl ogenet | cenviigdonyfd F I G 3 was gener ated by the Higgins-Sharp algorithm

usi ng the DNAsi s_mul_t aaf|£la ent Rro ranr}veT[,jleO caI Ccuelr?itsel%oiﬁé%én
percent ages are Fhdie at = eac tanch of the deno rogram

segnentyy of éé‘!ﬁheﬁl‘.@&&fcﬂt remahamveamrgpmrmﬁtaggmw Yeduénetd @nakn

equi val ent HAS proteins 1nd peptides. Such sequences may ari se as a
consequence #CEGdBnSTRFuBtRhcfhahd "FLesi sHdI Netd valenAFidhisdiease known
to occur nat [ S t ro t hus
encoded. 2C %Ftaaéérl}régr\%%/e 36%’&%& ?%%%IC%I&S%%kg%eﬁﬁgruoggld?ls %C?Ileggﬁfl des may
be created vim dtrerappttizailbonemiodi eearhi vantinkbhNA itcec hanodeagy, iddlanbd ch
changes in the protein structure may be engi neered) based on consi derations

of the propeP¥t €BE R réimrﬁSO“éR:H“aEt b&ich %)%GﬁﬁF%&tlﬁaWi‘@eé HeSrGhed by
man may;de iphiaducedat i olgh tihe applideat i amiaf 1 &5 siihe-Aiiheci @nce

nut ageneai s techni ques, e.g., to introduce inprovenents to the enzyne
activity or tbeamngerdici Styql@fncehef HASAS g#9e 30" WA y aRG02 mrcsttlephalorwt o test
HAS nut ant s |n gégler to erxa%}(ne er_l?kgase actJ VI té/oc%tccﬁshee WQLE}EH'

Level . Also, ® T¢CcHanges t o"¥hé ng CEEREREE T T EE Y
producti on omeA ha Bgarp vaen diviid@d c5é 2MAdieinehD Ul 08cr BnsddedCh UrAk
configuration. One of ordinary skill in the art would appreciate that the
HAS codi ng ségbeHtdPSarrperitanPputatidderdtdattranier 1t &¥prowtice &t diPfer ed
hyal urogate yawféepwtmeanséqugﬁcééa%m@ée wmchpgpguggg}&lam yLanicc acid
havi ng differing polyner sizes and/or functional capabilities.” For exanpl e,
t he HAS codi mprid seqgEente Neay-be altered in such a nmanner that the

hyal uronate synthase has an.altered sugar sypstrate s eC|f|C|ty S0 t hat the
hyal uronate synt h%‘é@ec‘l‘:eaﬁcég ﬁe%‘%'wtﬁy uﬂ?m@“ Eﬂh"l’s‘{) Yol yrer™Y ge

i ncor por at i ngi sa1dt&d &5eNiheS ke HEddd %e§<§lﬁ|&>eash<ﬁ:e@ﬁew BeS [ ri Nt N GR¥gpenad ed
sugar or sugar derivative. This newy incorporat ed 15 sugar could result in
a nodified hy‘aqsﬁpé#iﬂeha@isdsﬁ‘avﬁqifghdiff fSERefR NCuAtteaRal tiRtosRe t9eeRenet

hyal uro I i S I, rge e ul ght,

or bothry As é%SQg§£%p1 ecc{gg%lé 0513 o%g gf o 3loﬁ2§§/ %ffé? fmnoe'?hg%ar?gégl ven

t he HAS codi ngelsequehgesew change saaid/ omls}ubsta tndd ohdencaealbetavads t@ t he
HAS codi ng sequence

°in the



20 such that these desired property and/or size nodifications can be
acconplished. 'Table Il lists sugar nucleotide specificity and nmagnesi um
ion requirenment of reconbi nant seHAS. 50 TABLE Il Sugar nucl eoti de
specificity aad 30 July 2002 Magnesiumion requirenment o

reconbi nant aeHAS5HA Synt hesi s* Second Sugar nucl eoti deUDP- j1 C] G cAUDP-
' d cNAcpresent (~M dpm (% dpm (%®290None90 (2. 1a)8 (1. 290y Q0ORAC

(300) 41 34 (1009 - - - - - UDP- G CA (-120)----- 635 {1009 15UDP- G ¢ (160) 81
(1.9% 10 (1.5% UDP- Gal NAC (280)74 (1.70)19 (2.9% 20UDP- Gal A (150) 58
(1.4% 19 (2.9% UDP-G cNAC + EDTA3L (0.7%----- UDP-G cA + EDTA----- 22

(3.40025* Menbranes 813)24 ng_prot ein) were incubated at 37C fer 1 h
wi t hei t her P2012@MUbP- FOFEEPRRIc RIpIValeBk 19 BpR) B 3084w BOFERY HPG cNAC
(2x10° dpm) whhe radifel ghel,edysygay; Avp) e%dc@?o?ﬁls:)’%#\ﬁ%glé L Ng prgsence

of t he i ndi cated secondnonl abel ed 'sugarnucl eot | synt haseactivity was
determ ned asddesworodbidithet het sypgl icduroier 88£iHe terdacandietreefl, akruct ure”
as used herein denotes a hyal uroni c acid cont ai nig&2 a sugar or

.d. pol yner .
derivative rfofSROCHFEITY ¥ SGAMETST Fﬁ%e“r‘iéi‘]cfryala?‘/yse(’fcéﬁﬁli g P8I ¥&&cchari de.

The term "mgisf tpsh SisZ8sdHShEdDULLRAN e 85AMH ) W BSoSYVRESI S BEodixal uronic
acid nolecules of a size distribution not normally found 40 with the~native
enzyne; the EBngknedwedusirde 8oifd ¢obe- nuch smaller or |arger than normal.

Vari ous hyal uronj S, a%g:a%r gdu%thg %feHg%fLreléi n j zCeOCg%ve application in the
areas of drug deffvery°and the gefderati o of: an 307 FUTYF P02 2enzy ne

of altered sigp#ekimfetanmdie igomiicaedawi rhea iRyahdibapee sachthofadifferi ng
size. Applications in angi ogenesis and wound healing are potentially |arge
i f hyal ur oni &Yaére ol ynerPSobPasthsarted kddosactifar Fdbs 18an B@%nEide i n good
quanti tjes. Aother Bar il sulages anplbcal iomd or smal b dval i qnic aci d

ol i gosaccharides 1s in the stabilization of reconbi nant 'human protei ns used
for medi cal paurpesesnd A-gRj&x (AFDb @M t Ithsse hofpoot enary kisihehrcrel ear ance
fromthe blood and_a short biological half |ife. One present solution to
thi s probl entT%s Y¥18olpl B2 48T | Ehid &8I &H8Ri EPIh ST Sr €vent Pt he

protein fromheing,claanethd Bmd henci Ll atd 98400 akapid! YneVeLY, Rl |
nol ecul ar weight hyaluronic acid i's well suited for this role and woul d be

noni Mmunogen?es dddnbiwedonpdtsblirexptargeinaml eoultarcwesghtbriiysduconidc aci d
ot echeg, 10 Bnckid 3o PR SHRLTEL b 3ol 8L s b et gl gerot el
open reading frames. The inability of spHAS and seHAS to cross-
hybridize is shown in FIG. 1. The longest stretch of identical
nucleotides common to both the seHAS and the spHAS coding sequences
is only 20 nucleotides. 1In addition, the very A-T rich sequences
20 will form less stable hybridization complexes than G-C rich
sequences. Another possible explanation could be that there are
severall stretches of As or Ts in both sequences that could
hybridize in a misaligned and unstable manner. This would put the
seHAS and spHAS gene sequences out of frame with respect to each
25 other, thereby decreasing the probability of productive

hybridization.



One cf ordinary skill in the art given this disclosure woul d appreci ate
that there are several ways in which the size distribution of the

hyal uroni ¢ acid pol yner nade by the hyal uronate synthase could be regul at ed
to give different sizes. First, the 20 kinetic control of product size can
be altered by decreasing tenperature, decreasing tine of enzyne action and
by decreasing the concentration of ogg or both sugar nucl e80ilkidy 2002t r at es.
Decreasing any or all of these variables will give | ower anounts and

smal | er sizes of hyaluronic acid product. The di sadvantages of. 25 these
approaches are that the yield of product will also be 52 30 July 2002
decreased and it may be difficult to achieve reproducibility fromday to
day or batch to batch. Secondly, the alteration of the intrinsic ability of
t he enzyne to syn | Z€e | arge hy.al uroni Ld product. Changes.to the 5
protein can be ené?ﬁ%lesfeed&by@}gl%co&r}%ﬁ gn%ﬂﬁ%ﬁ G ec nor[wc?gy‘“f’enlerslcIe‘gl PR
substituti on, peleéhs orhietd addit0isonideht 5@@cinbk C bahdOcaginds ©er ceyed t he

i ntroduction of prosthetic ‘%{oups t hrough net abolic processing). Such

changes that PEEAFLZHH9 &P i AtSr iaReFRe 1 v s GwdienehSimd ¢Bultdithe?f athow nore
reproduci bl e conteal ngk1d1aldi @NLeganik d 181 28y ok0 skkneLi& sgpans. . The final
hyal uronic acid size distribution 1s determned by certain characteristics
of the emzynepudleat gadlkysegnepamhichukarodesi enzyaatidslin acheves bgaiemeeatAnDng

t he 20s of resi dtgles absool utglc’édconservelgll bet ween t he zére t ococcal enzynes
and the eukar §EY"E5Ryal WPoRarE siHrhEEEY PHEl% 3F s W18 2F et ot BRG ds at
15 uni que poshth@neithaticeatrale Qhcgdgat éuzyiniaf:h@ms;ea&me%ﬁ&&%nw@

hyal uroni ¢ acid pol yner that the enzynme can nake. Specific changes in any
of these residwaganngy cauerinacepradivei et RS tchasepieddedsss iane idAs product

having a nodifjed size distribution. i-neered ci:anges to seHAS, SpHAS
pnHAS, or cvl—i&getﬁwe%egcé%sr ésaeéeP? tél ilﬁtrEliﬂ:gsllrfscﬁé&fe'ze1 3?32% afnﬁeyﬁf/aﬁtdfa)n% acid

t hat theienzywecigian chakea:dpaf &f e hkhenvayaleronic acid is rel eased, wll

provi de powerful means to produce hyaluronic acid product of smaller or
potential |y |argerfisi Per{ifadat he thgt i 98" erfyneepletpj nultly ekamgges nofecul ar
wei ght hyal Urg?& if?;%ge@%iﬁﬁféo degraded w,Lh &%%gk&'t% ByRlyconi dages to
make | ower nolfecular wei ght hyal uronic aci d. Thi's practice, however, is
very difficul tseg@ent 56i.30 *nbyd2@02Zcachi-ede arepreaducidsiekvdd) afidooneiqust
meticul ously repurify the hg/al uronic acid to renove the hyal uroni dase and
unwant ed di geSEPHT PO s2PAS SHOWRTRIEFFG I S, *AFEIUr6nan SYRTHES8 can be
engi neergd to 2cpraduce Ryal Yoenidaasid pelyneisieof i fier emnighbzecihn
particular smaller, than the normal w | dtype enzyme. The figure shows the
di stribution &ubpitgitiess (i¥n miStkheongadly Daletlohed Frebatim-e 8f Pwiteenl ar

wei ght) for a3eries of ABMAS-RNZYIeS,10a6h. 0f Ml £ Juas, endbpeerad by site
directed nutagenesis to € a Single armino acid 10 change fromthe native
enzyne. Each hasoadilid fes etie Qyisdeivae eeSidlgeatiaptaced whidb Al@amdi nedeThe
cluster of five curves with open synbols represent the follow ng spHAS
proteins: wil dtppes. e AU PAPs S86A Peafid 1080%A ¢ The I¢ |a|ngd/agi:r ds
represent,  he pOOLLY v2xpr 596022284 POk &R, WHLh: )8 ¢ p!%@@{é.hﬂl Iy)
active. 15 The filled triangles is the 0280A spHAS protein, which is found
to synt hesi ze ¥efucth swahkl er"amangerofd HAmpbsLity~Epsf fivdantshefomoPrateienzy me

or the other varjants sh . This reduction to practice shows that it is
feasible to en@?dﬁgé?gtﬁ%é)\{\g}gf‘ ﬁ?%%ft%%?}?ﬂ%%g lvenz?)ﬁ%mt 08 g}tl léls?(z)édhng
desired range mfoldA.produeh .shzes. 2Tbendd -Q9sethsr) EIHLAGsitanshewEb& genes
encodi ng hyal uronate synthase can al so be mani pul ated by site directed
mut agenesi s t o2prydaBnaacthAphet hitdpns At tredrsaned] desPr ed PERTgeIB?™ H. A

product SLZES. er  al. “Environment -Specific Amino Acid Substitution Tables:

Tertiary Templates and Prediction of Protein Folds,” Protein



Structurally nodified hyaluronic acid is nQ different conceptually than
altering the size distribution of the hyaluronic 25 acid product by

changi ng particular am no acids in the desired HAS or the spHAS.
Derivatives of UDP-A cNAc, in which the Nacetyl 54 30 July 2002 group is
m ssing UDP-A cN or replaced with another chem cally useful group, are
expected to be particularly useful. Jhe strong substrate s@cduly @003 nust
rely on a particular subset of am no acids anong the 20%that are
conserved. Specific changes to one or nore of 5 these residues creates a
functional synthase that interacts |less specifically with one or nore of
the substrates than the native enzyne. This altered enzyne could then
utilize alternate natural or special sugar nucleotides to incorporate sugar
derivatives designed to allow different chem stries to be enpl oyed for the
foll ow ng 10 purposes: (i) covalently coupling specific drugs, proteins, or
toxi ns to theécismcactued-Rye nbAR) ed” Mpdlaromic e datbsryerfereisegyved ar get ed
drug deliver radi ol ogi cal_ procedures, et.e. (il) caval.entl ross_|linking
t he hyal ur on?"[?bcs%c}“fﬂmlnt%saei %rlr1 8°8t?152rl°§%1p68§’ 153 mgngcﬂ?oé'\?e%éa%ggﬁ?r%r ot her
t hr ee di nensksnalisbimiapetieahs 15 Webtbati bDN@GRANGY shbabe paaperti es, and
(iii) covalently linking hyaluronic acid to a surface to create a

bi oconpati bl e fi ITRF&? ??%ﬁﬁ?’éfféri‘n‘Bzf@t‘%?]i%Sc‘éW%Ssol’b%wé‘ﬁﬁi KT e@et of produce
hyal uronic acj.d. r Lnst anc h r raj f ubtijlis

cont ai ni ér'lg t%gg?gggpﬂ%%‘iggﬂe&eag&\%él ﬁ’fgl ?ﬁlté@%g?ité ?%ﬁo%gug?cets'h%gs‘%ar

nucl eoti de pmrekassbstsituVdorshase chingesbactky nackircacid sequdncequiambly used

in the biotd4ch in‘dust,rg for the production of products for human use. These
bact eri a wer EMPP@Hded aéu’i“itrlgf‘ag‘e?h'er attt6R’ pf of BESPEEt o r " HE 1GedEEAt i on of

a bacteri um afl@. fonky UGSyl SLRALEL aaqa%ét@iha{&e@ng%ﬁq@ugééiv&b?n
presently available using a wild type natural strain. W put in nultiple
copi es of thedehgesmgd toS5H30nddhlre20X Forewxanyide yethpeel1BaGiilll us

subti Zis straips. were constructed to contain one or both of the

St r ept OGBCcug‘YBﬁb%gﬁegheg%ﬁ%s for hyal uronan synthase (spHAS) and

L1DP- gl ucose dehygif-ogenaseiod haike€sdsets ki1 chcad e sshawtd Nedaddigg! | - B.
Based on a sensitive 5 comrercial radionmetric assay to detect and
quantitate HErzivasigsliet artiivRedyehwtonahie SYRHEHIAFeW t hSHBSh JenesPHpStrain
#3) makes an retes. i nt.0 Lum.. T t | n.,or strain
wth just thgu%gﬁu rog%%seangen%lﬁ%?r%gfnmﬁi) nggggltﬁggt %ﬁi:ﬁ%& e§%Jr%§|ﬁn #2,
whi ch cont ai nezjyustidahey s ptHASeganelatonreemekeshddd, bideyordoy rkds dfbsef what
strain #3 makes. Agarose gel el ectrophoresi s . showed that the HA secreted

into theSmedi MRTBFI T M5 #P PN BF 1Y bt CuHaT 2neivgitd appreciate

that substitutions can be made to the seHAS nucleic acid segment
listed in SEQ ID NO: 1 without deviating outside the scope and
claims of the present invention. Standardized and accepted
functionally equivalent amino acid substitutions are presented in

20 Table I.



TABLE I'1-B 15 20 25 Strain Number Cel | sMediun(*)Strain with genesCel |
density (Asoo)(ug HA per m of culture)100hasB4. 82435SpHAS3. 93=>10>250SpHAS
+ hasB3.2 (*) Most HAis in nmedia but sone was cell-associ ated; HA was
determ ned using the HA Test 50 kit from Pharnaci a. 56 30 July 2002 These
experinments used the streptococcal pronoters normally found with these
genes to drive protein expression. 132is expected that t he 38cky 20@2 i on of
strains with the spHAS or seHAS readi ng franme under control of a B.
subtilis pronoter would yield even nore 5 superior results. The vector used
is a Gampositive/E. Col.i shuttle vector that has a nmedi um copy nunber in
B. subtilis and a gene for erythronycin resistance (enabling resistence to
8 ~g/m in B. subtil.is or 175 ~g/m WABLEI coli). The B. subtilis host
strain used is 1A1 from BGSC _which has a tryptaophan requirenment but 10
otherwi se i § W | dtapme asnid caeuspor ul %t e. Coddsegrawvive and ddhipr oducti on was
in Spizizens_Mninmal_ Mdia plus tryptaephafonggnyasiee Subgeitwlienent s|and
erthromeci n [(nogldd R cFupst h was at 321gegeeesalGeksi Lsidsnbh Vi gor oys
agitation until the medium was exhaustddoleu®@ne, Proline, Methionine,
Phenylalanine, Tryptophan

" ~

Polar, but uncharged, R Glycine, Serine, Threonine,
Groups Cysteine, Asparagine, Glutamine
10 Negatively Charged R Groups Aspartic Acid, Glutamic Acid

Positively Charged R Groups Lysine, Arginine, Histidine

15 Another preferred embodiment of the present invention is a
purified nucleic acid segment that encodes a protein in accordance
with SEQ ID N0O:2, further defined as a recombinant vector. BAs used

herein, the term "recombinant vector" refers to a vector that has

been modified to contain a nucleic acid segment that encodes an HAS

20 protein, or fragment thereof. The recombinant vector may be
further defined as an expression vector comprising a promoter
operatively linked to said HAS encoding nucleic acid segment.

A further preferred embodiment of the present invention is a
host cell, made recombinant with a recombinant vector comprising an

25 HAS gene. The preferred recombinant host cell may be a prokaryotic
cell. In another embcdiment, the recombinant host cell is a
eukaryotic cell. As used herein, the term "engineered" or
"recombinant® cell is intended to refer to a cell into which a
recombinant gene, such as a gene encoding HAS, has been introduced.

30 Therefore, engineered cells are distinguishable from naturally

occurring cells which do not contain a recombinantly introduced

gene. Engineered cells are thus cells having a gene or genes



hours). 15 This denonstrates that these bioengineered cells, which would
not normally make hyal uronic acid, becane conpetent to do so when they are
transfornmed with the spHAS gene. The seHAS woul d al so be capabl e of being

i ntroduced into a non-hyaluronic acid producing bacteria to create a

bi oengi neered bacterial strain capable of 20 producing hyaluronic acid. A
preferred enbodi nent of the present 88vention is a purified3@dulyd2002 on
conprising a polypeptide having an am no aci d sequence in accordance with
SEQ ID NO: 2. The term"purified" as used herein, is intended to refer to an
HAS protein conposition, wherein the HAS 25 protein or appropriately

nodi fied FIAS protein (e.g. containing a [HIS]6 tail) is purified to any
degree rel atptxeduget ttdraggiufhg apd ofgiamo Rpcgrbipapobp inbredusadlasnss at e,
i.e., in thij el ati v Ol i Wt hin ryotic cell
extract. HA %gget%gihﬁgrr%% neqﬁh%oféé%iﬁfo%ngﬁ rgtéagltebc%c‘g{})g% agt%?né)lmll(é)
chlorell a vigets, oraviEntinsped genss ppefnithcfantjacehd 3o & nfreabesk hbssues,

i sol at ed subpopul ation of 5 tissues that contain high |l evels of hyal uronate
in the extrZEEMTAH Y 2HAIARSY ARG (HRE PRRECULRT vbinFFc"%é’eQnW'to t hose of
skill ig the artyhekB dddlbsOfest BE WeLaestdboitd 08 HEE 5O tddStaNce, the
reconbi nant seHAS or spHAS protein makes up approxi nmately 10s of tﬁe t ot al
menbr ane pr okegi fpeofused cld | profiugar i feceubHASE pHdt edymtbarposit | oay 106e

t herefore al SO rtef ers to amg% pept.i ge hatvi ng tthe am'}po ac[‘Ei d sJ[e,quence of
SEQ I D NO: 2 2 FEEIFPEM the BT rdmreht Y Hr - Gnf ¥ o™ ey Watur 871y Sccur
(FIG 5). TwuBtngid, OLidN@cBEQILES] ,OBrQafvehh@lkﬁ%&c%e?ﬂ@%ﬁh@rasf}Fe%m:genom C
DNA, or a cDNA, one nay proceed to prepare an expression 15 systemfor the
reconbi nant 9sr EpHIeELi BAsHRTt RTMASA PricaRi FFeeTheONkRYi Hemey g ldf . DEEA
segnent.s) fox,expr Lon in a prokaryoti [ eukaryoti st em may . be
perfortr%éd bycetlg%hnoﬁzzég lgie}%éra?f ycc%ﬁ%%m “?‘89? h%sleS (l)%/ &s"iéil(éfgé/kleﬁ ?)éc“b i nant
expressi on. JdiSramy e sdecessbukbybexyy esseda i siyreukas yeineC uedgy essi on 20
systens, however, the inventors aver that bacterial expression systens can
be used for IWETP} ePfar at§BHR 0TS HABIFr 3381 PUFpbRYEL. it {the peelessed t hat

bacteri al exaqrt@%;me}%é,gt.ul &%ématpgwpm\é@ SV APLEYES s QRN EUKAL YAt C

expression in ternms of ease ef use, cost of production, and quantity of
mat eri al obtad mbdit lrenetmucc26n EHnd pim,i bregenomnldly willeptoaoire ahemtxl ur onan

synt hase (seHAS and spHAS) is show {'n Taple I'll and FIG 6. Fractions from
VaI’iOUSlS 58a5‘3611§ﬁ\11v 06% more detail rereinbelow.

In preferred embodiments, the HA synthase-encoding DNA
segments further include DNA sequences, known in the art
functionally as origins of replication or "replicons", which allow
replication of contiguous sequences by the particular host. Such

20 origins allow the preparation of extrachromosomally localized and
replicating chimeric segments or plasmids, to which HA synthase DNA
sequences are ligated. In more preferred instances, the employed
origin is one capable of replication in bacterial hosts suitable
for bictechnology applications. However, for more versatility of

25 cloned DNA segments, it may be desirable to alternatively or even



stages of the purification schenme were anal yzed by SDS-PAGE on a 12.5% gel,
whi ch was then stained wth Coomassie Brilliant Blue R250. Lanes: nol ecul ar
wei ght markers; 1, whole E.coli menbranes containing the reconbi nant
seHAS-H6; 2, insoluble fraction after 5 detergent solubilization of
menbranes; 3, detergent solubilized fraction; 4, flowthrough fromthe

Ni - NTA chronatography resin; 5-9, fi3ge successive washes of30thdy 2802m (two
colum vol unmes each); 10, the eluted pure Fi A synthase which is a single
band. ThBLE Il 10 15 20

St epTot al Speci ficTotal Yi el dPurificationProteinActivityActivity(% (ug) (nmol/
ug/ (nnmol (-fol d)hr. UDP-Ad cA) Menbr anes36901. 036491001. OExtract 21282. 247251292
. 2AF fi ni t y38d88001418y e@plamArigingsrenogpbsadby vehet rtoes f orstans omosé  host
cells with DNA segnment s e Cé)d(isggh I;IIAS\SiM\/i‘_jIL lsh{?{ vei gecta onveni ent neans for
obtaining a HAS pr oterm T i'§"at 6 pr oposedt hat~ ¢ , genoni c sequencej,
and conbi nat i ongnkhedBat iombad skt AObendOre@Ukat Yt bELEXRr 8851 80 +hAS 25 the
host cell wll, of course, process the genonic transcripts to yield
functional ARNA fRALYORANST aP?bime BEBLPIBReVATUAItiINERS enWidhneay b t he
present_.inventd i haod I I sition conprising
growi ng’ a rgr(%%i@g}i‘l3 ﬁaﬁ?pﬁgﬁﬁg’eﬁ%)é%%p%rg?éél %g ﬁn\%%trg!rjpt‘ﬁggp Igr?ég?fé’ssmﬁ' protein
whi ch i ncl udes w30laknewr 1o deisd sEaurahseryi Rkadcandarcarwi t TnSEQdaPnN~: 2 or
functionally simlar with conserved or sem -conserved am no acid 59 30

July 2002 cRERETe Ffie RSt ITVEPFIMR IT2 e Yrowf GREEI e diiditFBRsCperni tti ng

hucl ei ¢ aci deeXisi8ak 0P AREcIHRL Bh NvddtadUeki N 1 holJaawed, by gcouerLy of the
protein so produced. The production of HAS and ultimately HA "I ncluding the

host cell, codthd i o pergquettd ngogetibkei vidti ah ST ExpPPESHicOmeppl cdtdion
production and recovery wl]| be known to those of skill in the art in |ight
of thePresEtIH saé‘ldog%?eé SFE ﬁ?é‘tg%ll—ﬂé ﬁ%]ﬁa@?egpcﬁnfﬁ% &S hene protein
product HAS) andrih,t he Jiet hadsoesesidiedy haned Be diefierd ede host§kor the
expression of hyaluronic acid are 10 prokaryotes, such as S. equisiml.is,

and ot her suwithablweams river Be ofsed He Spradpt BeoEdbigenpeani eNA, Homevght dft i s
al so known that HA rg%ydpe syn}ehesgozreg by .het er.ol ogous hast_cel |.s expressi ng

reconbi nant TR BYHITHASE " SUCH ds Spec ag menbar s of t e BabT1iugs oF
Ent er 0COCCURT-OCR EyRIRUESE BN EhidnegeBUSay. bA oBShnpd efitchedodtash £
expressi on. of the
15 complements of genes or cDNAs from a number of sources, including
other strains of Streptococcus or from eukaryotic sources, such as
cDNA libraries. Virtually any molecular cloning approach may be
employed for the generation of DNA fragments in accordance with the
present invention. Thus, the only limitation generally on the
20 particular method employed for DNA isolation is that the isolated
nucleic acids should encode a biologically functional equivalent HA
synthase:
Once the DNA has been isolated it is ligated together with a
selected vector. Virtually any cloning vector can be employed to

25 realize advantages in accordance with the invention. Typical

useful vectors include plasmids and phages for use in prokaryotic



15 HA synthase of the present invention is a bacteria transformed with the
HAS gene of the present invention, such as Lactococcus species, Bacillus
subtil.is or E. coli. It is simlarly believed that al nost any eukaryotic
expression systemmay be utilized for the expression of HAS e.g.,
bacul ovi rus20 based, gl utam ne synthase-based, di hydrofol ate
reduct ase- based systens, SV-40 based}5adenovirus-based, 30 July 2002
cytonegal ovi rus- based, yeast-based, and the like, could be enpl oyed. For
expression in this manner, one woul d position the codi ng sequences adj acent
to and under the control of the pronoter. It is understood in the art that

25 to bring a coding sequence under the control of such a pronoter, one
posi tions t 9E98M18H5020T VAR Y ANSTESERES IRTi M A8t PURTEPEES SEIRRSTS. 60 30

July 2002 trgagsidtianak geasi ng f4ame-«ebmlHanPrakehy, Retyess; ahgut 1 and
about 50 nucl eotides "downstream of (i.e.. 3" of) the chosen pronoter.

Al so, Sacchadenyciesiscelyeiingirepijbemt vexyyr esdimtrvettumessy Stoewager suech as
PYES2, will also pro e HAS under control of.the.5 GAL pronoter as shown
in FIG 7. ﬁsege’?wé’ﬁg;%‘atth%%“ ﬁ‘gfasfpi&é‘“éﬁ%"gfn%l%géﬂﬁ%%"’b“&&gab? AeFEESADI nant
yeast using JieepPYVeStot asdpatiie o 1PN at@en Wihh tdoR- FaehoanduDRyG eNAc,
the enzynme nakes hi gh nolecul ar wei ght HA. \Were eukaryotic expression is
cont enpl at edBacdAéusmsrraiissend (F-t ¢plc&Fpyem#dsYe®e to i ncorporate into the

cont emp at ecRac BRI =415 . 1 u
poryadenyl atton Srigrfore SEEHE AXAFal e BSATRE 0 O EPRE ABR i T

t he origi nalaml eaecktaegoenhe gaymiscaddtyr dtherpalyrude addi kion 3ibe dos pl aced
about 30 to 2000 nucl eotides "downstreant of the term nation site of the 15
protein at atDIETEPTh PPPDY COORY HFIEFIORI bh AelAfHat iMgRirykated host

cont enp at edg {hats Vi I gl | xo@maegfb;%bggcmﬁzﬁele/ra%gﬁgp%%@kh o 96&4% can be

used in connection with the expression of S in accordance herew th.
Exanpl es of @refeelacibcoetils lornesifldns expais ShngpridAScciiAoc6f HA .heTirsesent

invention include cell lines 20 typically. enployed for eukaryotic
expr essi on stth ké?é“%”\‘sgf‘“dAtw‘i”fJZOSt”ﬁgg%Z’,rg S H@%‘g,l”a%f fyesstiguet cos- 7,

RIN and MDCK.£8ldin! i@ addlisgoVediho88RebabditrbNClidee the abepsagEouy ovi di ng
a reconbi nant host bearing the reconbi nant DNA segnment encodi ng the HA S
enzynme and capabh&t ofnexgrressiongnt hehenFarecoqaylt ri mgct hlusr edarbi mant host

R A N
extra copies of the HA synthase gene by amplification) and/or
inclusion of additional genes to increase the availability of HA
precursors. The inherent ability of a bacterium to synthesize HA
can also be augmented through the formation of extra copies, or

20 amplification, of the plasmid that carries the HA synthase gene.
This amplification can account for up to a 10-fold increase in
plasmid copy number and, therefore, the HA synthase gene copy
number.

Another procedure that would further augment HA synthase gene

25 copy number is the insertion of multiple copies of the gene into

the plasmid. Another technique would include integrating the HAS



61 30 July 2002 hyal uronic acid; and separating and purifying the HAS
enzyne or the secreted hyaluronic acid fromthe reconbi nant host.
Generally, the conditions appropriate for expression of the cloned HAS gene
or cDNA will depend upon the pronoter, the vector, 5 and the host system
that is enployed. For exanple, where one enploys the lac pronoter, one wl|
desire to induce transcription throBgh the inclusion of a 3hddy 2902 hat
will stinmulate |ac transcription, such as isopropylthiogal actoside. For
exanpl e, the cloned seHAS gene of the present invention is expressed as a
~1S6 10 containing protein in E. coli as shown in FIG 5. Where ot her
promoters ar gefPi¥e Enrohddrb ENbnABL efhial SxBY ReNeeded: 40 JoQdyce, or

ot herwi se up-regulate transcription. FIG S depicts the overexpression of
reconbi nant ser¢sSadhd feppitS €. nsice ghe . bavbetirdnBA prottdiass gebagsiperid ane)
were 15 fractionated by SDS-PAGE usi a | 0a (w.yv) aqel.under reducing
condi ti ons. fﬁ%ﬂgel q\rllvaé'slomset arned Wwet ha%OSHﬁ%"?ls’ém%]r LPéQ%REL??(Y,e phHt8gr Hphed,
scanned, andegpEilt alcetetisishgcd BRE eGULAr cixhitnas CsePessanaordensif pet er
(model PDSI P60 ) . The position of HA synthase is nmarked by the arrow.
Lane A i § natryeerdpRAS(PCEREpSYR: 28 Bnecadli stipPuaht Fve weHAS; a lareoE i S

r econbi nant 3 i ol X e.V.is vector alone.

St andar ds uszgw@?e&%&%}ga%é F%&gﬁp}?ﬁ?%h%\%ﬁﬂ S LKD@ ot rtllhea%‘(?fsf“il dsto

obt ai ni ng expr essiheme ofa t heksyyothasesocuoere widtd peefdsmialy desky@vior provi de
an environnment that is conducive to HA 25 synthesis by including

appropri at e GEREPIBAED AT GORHAFNES EELRFEr e THEYBR 03t Kbkl dedirestigar

nucl eoti de prp%syéeﬁpmcigmfmmf%r%w bona @&I%QyJulrxizqg%JEgéqaout

cont ai ni ng substrates for thé precursor-supplying enzynes, such as

N- acet yligl ucadast ney ot sgilagtos ant neR{xd ©iNAC tbe &boMHsgelamsd gblucwese 6 C) .

One may further desire to jncorpcrate theNgene in a host which 5 1is

defective in AFRBYEAZYHe hy' g onfi 488 SO Hit "End" pfrodlie 1 SPntHissF2ed by
the enzyme widL, oot hesdegeadadyi Rohhe: gmdiodm: fur Lher BDIce@ hast, Wwoul d be
chosen to optim ze production of HA. For exanple, a suitable host would be
one that produsedodsapgesipidntitd egeofvaihebleugad mowhebt itde prefor sbes to
support the HAS 10 enzy nd .allow it to praoduce l.arge quantities of HA
AR A e s b s S

t echni ques | ngdeUdlieDgevadt agemes bfp Dicab@e 0N Nadek e DNAL teehnohegynvdResgenes
for the sugar nucl eotide synthesizing enzynmes, particularly the UDP-G c
dehydr ogenas " ¥egat réa e Bprotic e CUBPAPIA2 G 8 Wb e Strawiest @lrE5 and
i ncorporated jn g vector akong Wi 4 he HAS ene; or GPYA) A i gE&r ed
enbodi mrent of the present invention 1s a host containing these ancillary
reconbi nant genepoed cDMAsvigndst heudnpls fuycdtigonicaf imlhesehgemspyppodhret s

t hereby allowi ng for jncreased production of HA. The means enployed for
Gl tr g of THEHOE GBF IR RET 20 T FRUCEE L3F bESHar ¢ PEULARY KIS ol
For usefsd deh@ides, o2NQ1BRYs Wit (Lo fiRhided, t RRadik 86! Q81H @ vOT edbeS.ofPat .
Nos. 4,517,295; 4,801,539; 4,784,990, or 4,780,414; all i:~corporated
herei n by ref eregsméng Whaiee usbekar 9ot FPrRdshY | shenfrdpéaiessifel 487
equisimlis, gne .may desire;t f n .00 ac i g, 25
under anaer ob?%ze%lcr)’ﬁd?% g‘ﬁg qeﬁqézr@e%#%*e%%o%%u&ggw V%rgcgcflg.' éﬁ%&‘s al | ows
for a greater xptoduchton, oGerlA tahdrorindar &Her abe cclondgt Ar@ngxpression

screening of cDNA clones.
25 In certain other embodiments, the invention concerns isolated

DNA segments and recombinant vectors that include within their



63 30 July 2002 Another consideration is that Streptococcal cells grown
anaerobically do not produce pyrogeni c exotoxins. Appropriate growth
conditions can be custonm zed for other prokaryotic hosts, as will be known
to those of skill in the art, in light of the present 5 disclosure. Once

t he appropriate host has been constructed) and cul tured under conditions
appropriate fox the production of HA37one will desire to sejfhdaly@00Be HA so
produced. Typically, the HA will be secreted or otherw se shed by the
reconmbi nant organisminto the 10 surrounding nedia, allow ng the ready
isolation of HA fromthe nedia by known techni ques. For exanple, HA can be
separated fromthe ceIIsl and debris by filteri and in_conbination with
separ ation fFom the *nedia by pf eCiprt ?%??%?agﬂ’c&ﬁoﬁfest Sorcih i SBRnkhol .

Ot her preci pic:at i ormeagent 9 esp&ldidel Pragapic rootyant seoUGhNaS:aGget Qne, or 15
quaternary organi c ammoni um salts such as cetyl pyridiniumchloride (CPC

A preferred ¥edhfi G fARSE sHT AEeF6RiRsE RiROves agdsteatsedhph theSnuPadic No.
4,517, 295, i S| - i r reFerence) in_which the
organi ¢ car E%gﬁl\?%ag%}% SP%IQ% ngg%@ge({g?%gé crz’l'ngs F% %d%%’%% Ph tHE Bhcteri al
suspensison ato:theastichaf reherifvelyefdaicoadns Whechrithltoagatdieadcigl causes
the bacterial cells to clunp_and die and facilitates the ease of separating
these cel | s IRFCIRYIYarEY "GebRE s tPr bR I9RICH @ EdEER r '8 ¥or bdudihe Tépam

clarified sunghalaihnySeAne el ehathand (ledl ¥2ad.q! po rarRye.d Al ecul ar
wei ght 25 contam nants i ncluding the organic acid. The afor enerit ohed

procedur e uttHatzeschbiét thei emme hmdogh atidt esuctassettbes dant@bishsigror 64 30
July 2002 0.22 .um gore size filters. ration is continued until the

Diafjlt
conduct i vi t y*SF ¢ Re ol SO &écﬁﬁas%tgo”é 0% ratBy 2658 FpEgEDNEs. The
concent{nAt ededddnisSt A ehPbdabesh ¥ cafd) BguBR18XE s ndf o ds€agent grade
et hanol or other organic solvent and the precipitated HA 1s then dried by
washi ng wit h et hdahovildndlgackumnderisedod | yaphiphincedcid amihmuelalccobind . The
HA can then Qee ure%diag%%l VJ.endcliuQe %dgotr.at e buffc?r, pH 3 an %Pr,eci itated with
CPC or certain other ‘organi ¢ ammoni um salts such™Hs TEFAB 387t Yeder
trimethyl anponidiiniD dwesideas@d:usi o ot ndcdey aesd sCahsids, Heyer
precipitated H Ais recovered by coarse filtration, re suspended in 1 M
NaCl , diafil EetddParmFseBRtddt ratt 82k ASTFUAR IREe efesbeitsatentrst fitscdbesd
referenced patant, Jhechesyl tantediBnks nfe'eLL%eSéreirttau%%qtag&qtﬁea%gx to be
converted to an appropriate salt, dry powder or sterile solution, 15
dependi ng onitderddesi ted snthtgsanceA oiTypbtadic&2netotoeibngicneertdynghbes hods
VWhi ch May Be Enployed If cells w thout form dable cell menbrane barriers
are used as RORTSTeFIRECFEPFINSPEATERT i3S LAY &8 SUECHRPYT hetCardiGArn
phosphat e preegi pidratihon nRihatesWeldrc koo 140 4530865 OftoSkildieid thegart. 20
However, other nethods may al so be used for introducing DNA into cells such
as by nucl eaBeHRFRES| dﬁ‘,icgat‘ﬁaﬁni €O i prafplee| éoctifor wiions peotepiiagt
fusion by 1.Ql kst . Bi.oparticle, Lvery syste vel by
DuPont ?g 985’%935%5%;5%%1}%%8? %t?‘egs(?{]gthf% hg %?Pantp%ﬁ/tétgg% ?@sqge h‘fog 1%9
t ransf or mat i arg2&n efrf mey emeyudd fvapi@isatyoiringl ceddueneds ,c@hl & whe cdthogant ai n
subst anti al ctell wal | constructions are used, the preferred method of

0 occur within genes. In particular, the amino acid sequence of
the HAS gene in eukaryotes appears to be 40% larger than that found
in prokaryotes.

25 Allowing for the degeneracy of the genetic code as well as

conserved and semi-conserved substitutions, sequences which have



65 30 July 2002 transfection is calciumtreatnent using calciumchloride to
i nduce conpetence yr el ectroporation. Construction of suitable vectors
containing the desired coding and control sequences enpl oy standard

| i gation techniques. Isolated 5 plasm ds or DNA fragments axe cl eaved,
tailored, and religated in the formdesired to construct the plasm ds
required. Cl eavage is perfornmed by t3&ating with restricti @0 duly2002( or
enzynmes) in suitable buffer. In general, about 1 ~g plasm d or DNA
fragnents are used with about 1 unit of enzynme in about 20 ~cl of buffer 10
solution. Appropriate buffers and substrate anounts for particul ar
restriction enzynes are specified by the manufacturer. Incubation tines of
about 1 hourPeitesy-abeuy 403k abres BAF 1 &F TeraubEETURSLY prhotusen rBoytenpved
by extracti W 0d 4:angd.,-c r e ' id.S_recovered
From t he aq?&é&mﬁﬁﬁggcé%%ngﬁy@p??le‘g(ig% Pg%?%%b%\np't r?%gtg%%ngflg&tll ]EL %I Hit ends
are requir echbotthed Prieplmatl orridss twhéak edefigient beali nottde @afcladSt dewi ddh 10
units of Pol ynmerase | % e%om%,%%henol -Qh%orofgrmext_ract ed, and et hanol
preci pi t at e®ERGR N9 dat't oh PEpBraianiat eity R dthicnorieriidtht 85 ofet hertesi r ed
conponents, sikt@lipynenc .t aldqaeRckd OhONId@6Hi8E 1y 4R eNBehi NYrALE
treated with about 10 units T4 DNA |igase per 0.5 ~g DNA. Wen cl eaved
vectors are asedcashcédnp6RniB) Nl ey IFésasbf ukungriprellontdeféehedjadd on of
the cl eaved vector by pretreatnent. wth bacterial alkaline phosphatase. For
anal ysis to %e%FF??ﬁ"fﬁlﬁlcct%l onal cs?é’aﬁ%\énc%fs L?l’fibr|5fi%12$lrﬁgdst°25‘3 cONsEPGCEE the
first step wasnkat armitiafyiddenpl@splchdlobyes! mnivog uwator speedddacal | Y
conpetent E. coli SURE cells (Stratagene) = 66 30 July 2002 by doing
transf or mat | Hifsat s80INIOE SBEbhEiziRe rewdhbiaignt pl SsHiakles sredatrd
transformE, rﬁ}gac%‘i'diﬁci% r @!:z@di'%'ﬁ?g?v}i‘ﬂ’ pIGR a0 Produce the UDB- G cA
precursor, amnd successtul transtormnts sel ecte y ant1Dbi oti c restBtance
as appropri atks aRPkastd dsef tdartihesdd ooty hetein.t ransformants are then
screened for bacterial colonies that exhibit HA production. These col onies
are picked, anpl ThPetF@ndstIeapP AR dSI i Pri ePdamtPrenaf§ 286ibye5edst ri cti on
mappi ng. The, pl Asiy ds, sNQWLNg. lﬂ‘ﬁysga%m%ieas auddancthonal oA, gane; gre then
further characterized by any nunber of sequence anal ysis technicrue>~ which
10 are knownciwyplelmeseanf norldiinargidsiddmneninwihe fart stBdaSduracecarnttiklost Cel |
Cul tur es, andeect or.s,

ase-pairing. A number of factors are known that determine the

specificity of binding or hybridization, such as pH, temperature,

salt concentration, the presence of agents, such as formamide and

dimethyl sulfoxide, the length of the segments that are

hybridizing, and the like. When it is contemplated that shorter

20 nucleic acid segments will be used for hybridization, for example

fragments between about 14 and about 100 nucleotides, salt and

temperature preferred conditions for hybridization will include
1.2-1.8 x HPB at 40-50°C.

Naturally, the present invention also encompasses DNA segments

25 which are complementary, or essentially complementary, to the

sequence set forth in SEQ ID NO:1. Nucleic acid sequences which



I n general, prokaryotes were used for the initial cloning of DNA sequences
and construction of the vectors useful in the invention. It is believed
that a suitable source nmay be Grarn 15 positive cells, particularly those
derived fromthe Goup C Streptococcal strains. Bacteria with a tingle
menbrane, but a thick cell wall such as Staphyl ococci and Streptococci are
G am positive. Gramnegative bacteri 89such as E. coli conta3®JulwR0d2scret e
menbranes rather than one surrounding the cell. G amnegative 20 organi sns
tend to have thinner cell walls. The single nenbrane of the Gam positive
organi sms i s anal ogous to the inner plasma nenbrane of G am negative
bacteria. Th r.ef . cell e Streptocacce strains that. are
nutated to b%%egngoﬁégt%%rng%?%asagengagelvwgl%}? Bther gbglee i°ﬁh?’8f??&¥fiﬁ44019,
EP266578) EP2:b78T)g t25t5k rphoanl GuBs@i-Caidks chhsiierndaverRgepupay.t i gyl arly
useful include S, equisimlis and S. zooepi dem cus. 67 30 July 2002
Prokaryot es PR BFE0 et B EGTT 0 OBRIFTEEEI AN S S RERCEHle MBRPT E¥EL I afidA
synthase in g, fRnBLIVSE ch iale! ipbPaRGGR I RER 1R ML Ly 1L £ GLY, 2L egtlésdHA
synthesis, one may desire to enploy Streptococcus species such as S.

equi sined i s by t8e syeepiclent tds co®aptigomfser divghb iabord, Strad dsfims sel | as
E, coli Ws110 (F-, | rfoda-, rototrophic, ATCC No. 273325 bacilli such as
Baci | | us subf"?’trlgs,cal"?)%3 St ﬂgrhygﬁi’ FPOBE T e F PR BREES SRR LSBT I PF S5aFR escens,
could be utijhbzed to generate a "super™ HAS containing host. In general,

pl asm d vectors containing origins of replication 10 and control sequences
whi ch are derivedrerivnlspedicéd seonpats of shaprbseteipnssticrl Fegamilased in
connection w t hese hosts,, The.vector ordinariky carries an origin of
replication, Ogrs]t%e Fn%tgq %tér lfengcogle’hqué:’%%esncﬁhl{%ﬁhgf e Capabi‘é 6‘?‘“{)1"’8%‘& ng
phenot ypbc sete&t iR baqden2Bsf asumddasepdotiordres, PABPgAkRy1dEio60bigrads,
typically transformed 15 using pBR322, a plasm d derived froman E. coli
speci es. pBR3ZMICGREAI FESHEHESOR oo &Pt CFLTSSn did tiels acy@tinge sideprtarce
and t hus proy| e mean ] tifyi fOr.e cells. A_pBR

pl asm d or a\%g%?ppel ggig’r?bl, o? %? téfiqrgngclteg%%)%ﬂ %Fgés?ﬁcg]dg}r?gpi? g%mfﬁistaggl SO
contain, or leemutefiedtht thaxonhdirnevdaradimteessh why clargarnbedasedy201by t he
m crobi al organi smfor expressjon of its own protejns. Those pronoters nost

comonl y usedSi APFEEorBi TRITEPNL SEoRBTYT Ge PO EnEf i TRMENtal? PYBibL er
tac prommter nthee L{nbAGt 8Ei QRABYE PLOMDLEE corRd iy P %Q@&aﬁotl?paeiﬂlﬁomt er
system Wile these are the nost commonly used, other mcrobial pronoters
have 2S been ldimgéteVvebed thad ease | pEedrepardtiet aphd vemcernichg thegnded

nucl eoti de sequences n@a&%} berg O‘POL_lb| i shed, enabling a skilled worker 6$ 30
July 2002 to 11 g%?eathem Gnet T onal | y wwth plasm d vectors. Al so for use

Wi th the present raweatipn ieneilmyldEbidd Afddvat egt ahhonMeci Ofshitidh ia@ddi ti on

to prokaryotes, eukaryotic mcrobes, such as yeast cultures may al so be
used. SaccharWifytHsited R/ F8F FErt Hi @S MAeE BakbAae ardaeacie sequeRrsst
comonl y,used,a Bukad Yotd G i.CrorQani si®, aktHauah@a urbery anaot her
strains are commonly avail able. For expression in Saccharonyces, the

pl asm d YRp7,sdapenexamyl e herstommyenigusigethcllibe stipt 484 dodinseadyioont ai ns
the trpl genetwhi CR rovi dgs a selecti og mar ker f.or a rrutlant strai norof
yeast 10 | ackiNChE Sbi IFPTYS o "GFOWSW CREUTSt ryprophan, 2ot eXaipl ¥, ATCC
No. 44076 or RER4itarildie pf @seneeiefcddify trePiod, €St @RePmad dHltdaaqkbesésti ¢ of
t he yeast host cell genone then provides an effective environment for

det ecti ng traReheRRI{T YBYCrGHe Rt et ef fi e nabsdh H8S ofodi pg pregpAah . OTSUitY abl e
promoti ng, SCqUEAGES :B1¥EASN1Y0 UECL kS | BELUAdeANG, QTS e5S fgshbe

gal actose utilization genes, the 3-phosphoglycerate kinase cr othr

gl ycol yti ¢ enyjings haseicirradenenaliasescigisyesahdehyde- 3- phosphat e

dehydr ogenase) hexoki nase) pyruvate decar boxyl ase, phosphof ruct oki nase,

gl ucose- 6- phosphat e i sonerase, 3-phosphogl ycerate nutase, pyruvate Kkinase,



20 tri osephosphate isonmerase, phosphogl ucose isonerase, and gl ucoki nase. In
constructing suitable expression plasmd:, the term nation sequences
associated with these genes axe also ligated into the expression vector 3
of the sequence desired to be expressed to 25 provi de pol yadenyl ati on of
the nRNA and term nation- Qher pronoters, which have the addi Mé&%

advant age of transcription 69 30 #My 2002 controlled by3@rJH

conditions are the pronoter region for al cohol dehydrogenase 2, cytochrone
C, acid phosphat ase, degradative enzynmes associated with nitrogen

met abol i sn) and the aforenentioned_gl yceral dehyde- 3- phosphat e .

dehydr ogenase, ‘&fd*BRA s Y":és*k?dﬁsf%‘l"’éﬁc?%?acr‘f&ﬁf)%‘%' ¢ garddesse
utilizati ofyaRitynptasstirindeet 0 cGONd Rt BPstenis@ash )y GNP athblRgaE OOt er,
origin of replication and _term nation sequences is suitable. In addition to
ni cr oor ganParEer euFRarESdf Bl qosidar {SFRdIY rEHLAur 13kl (201 ehlgeddmi sns nmay
al so be usedras prESLS. (I PHINY:Pl 8na X0 .amhsSWebsb®dd FUhL AT E-ohsn WOr kabl e,
whet her fromvertebrate or invertebrate culture. However, interest has been
great est i AYREMSELLAL BRSS! 90 TG ePF GPRg LT GPidf Ly eq abrafe ansl hsein
culture ha I u i.n npl es of such
usef ul host%h%e |qﬁfﬁ%£srpa%)8@@%%%%§§§ Iflg Eﬁfﬁ%{i%%ﬁ%%:sgsﬁgﬁgter ovary (CHO
15 cel | |indedicaued WBSDLIBEHKY COBurafd aBCksal@lte huglesic Bgiduse in

mamal i an cel Iesd etshg gg&tro!e funcﬁticg %gtwee 1£X% Lrn_egr%i1 on Vﬁﬁt ors are often
provi ded by Vital materiar. For exanple’ conmonly uded promters are
derived from polhyorapsétenrdyCatiser?2 TybOA e paptddidan (SEY U HOdayost
frequently Sinman 20 Virus 9 %%\:@0 . The (farl - and, | ate pronoters of SV40
virus are pAPtTEW SHFYSUSES B A48 DOVA AT B Gt e easi |y fromthe

virus as achhagi®nt -ubish 3l 8Re GENLhAsadeher YA bat aPNiedi o Of _
replication. Smaller or |arger SV40 fragnents may al so be used, provided

there is i ASLEEHRT PHCRPHIGRPHER eld) EOEFENGES SefitEREe 2k tBACTSTRST r om t he

Hnd I'l'l sita toward.the Bgl | site located in the viral origin of
replication. 70 30 July 2002 Further, it is also possible, and often

desirable, to uPilfuzéopdaTiensopratierdlresdgliencés bher seidagebbsoti at ed
with the desi rcgg_cf &N BEAUENEE P ded. sueb-canthel SEAYENEES, AT e

conpatible wt e host ce systens. An origin of replication nay be
provi ded 5 meicthers byesbnste wpreporatdfont hef waet dowl ahbhetaidetpgaxogenous

origin, such as y. e derived from SV40 or other viral (e. g... Pqglyons,
Adeno, BP\/)wesrguFeE:rs't;,edgr ?r%ycabrg[ypgf)l\fim&édc y(%t R Rost® CEPTEE nrsorgr%%lélr?gl
replicati onfroectntdesionitit 1dre avesd osksSssatt egrated 1ate1d g bost cel |

chronpsone, the | atter. nechani sm is often suffi.cient.
GlcNac-~dependent UDP-{[I4C]GlcA incorporation into HA[~0.2 pmol of

GlcA transfer (ng of proteins)-th-1] when assayed under
conditions similar to those for measuring streptococcal HAS
activity. The enzyme from E. coli with the recombinant hasA
plasmid was also recalcitrant to isolation at first. These
results were in contrast to the easily detectable amounts
obtained from Streptococcus by similar methods.

An alternative preparation protocol using ice-cold lysozyme
treatment in the presence of protease inhibitors in conjunction

with ultrasonication allowed the substantial recovery of HAS



10 C. Isolation of a bona fjde HF~ aynthase gene froma highly encapsul at ed
strain of Goup C Streptococcus equisimlis. The encoded protein,

desi gnated seHAS, is 417 am no acids (cal cul ated nol ecul ar wei ght of 47,778
and pl of 9.1) and is the snmallest nmenber of the HAS fam |y identified thus
far (FIG 2). 15 seHA<S also mgrates anonmal ously fast in SDS-PACE (hl~--42
kDa) (FIGS. 5 and B) . FIG 8 is a4raphical representati @@ afly 200@st ern
Bl ot anal ysis of reconbi nant seHAS using specific antibodies. Goup C (C

|l ane 1) or Goup A (A, lane 4 ) Streptococcal nenbranes and E. coli
menbranes 20 (9 ng/l ane) contai ning reconbi nant seHAS (E |anes 2, 7, and
9) or spHAS %P'. I.z%ne% 3 @dthS and 10% were fracti ogat ed by reducing
SDSPAGE and 8Fetiet FARL I8 PedPTH i £F oEI BPSREVeSPRFTFIBE nfRYGEEFI Ul ose
ver e probed apdidieveboged assdescrs-bed g1t Be @phi cabhorer¥sk NG, ug,’ffi ed
| gG fractions raised to the following 25 regions ef spHL ,S: central domain
peptide E''-Pretgignds yew) roudinedyi phizpipepticte ctidmasrBrges pheviddnpl et e
protein (lan n 1) .. 0., July 2 reconhi t_.central mai n

(I anes 9 and%%%gl\g’r'f{lrﬁ)?rﬁln%a I%Eﬁo?h]erre pr g%%hso T o?np‘cgﬁ?sa TARSFOr S?@a'wi th
vect or akone cgan®: noristaaXliyngoasadivakaneity. (Iive eeHASnaith1SpEEsy paehei n
(previously identified in U S 5 Serial No, 08/ 899, 940) encodi ng sequences
are 72% i dentPtil 5U9ife RIEAUTEIShr ST ¥ sdueHe o8 e A RIE2 e finEaed by
reactivity witifha SyfMhgidc RaBht dfa i hPodYuddpiGne8) pre3EeMRINART, SEHAS
expressed in E” toll was recovéred in nmenbranes as a nmmjor protein ?FIG 5)
and synt hesi zedpverar matge  nBhecpoaseswdght dAechnalbire Hppesaneetwiwhdf

UDP-d cNAc and UDP-A cA in vitro (FIG 9). FIG.9 shows a kinetic analysis
of the HA si Z8PBIEYFI60t i"Oh %?glauﬁ‘é%ﬁrby‘z%‘—‘éﬁﬁ%‘dfndpﬁeﬁﬁﬁ%?rt (da5p| nRenbr anes

cont ai ni;RY  eaddlm AMOUAIS £0f 115 HAS ma@am%d%?tsi @ed;m@rcgyi neyhat gd g 37C
with 1.35 MM UDP-["C] A cA (1.3 x 10" dpm nnol) and 3.0 mM UDP-d cNAc as

indicates that the molecular mass of the majority of the *C-labeled
product synthesized in vitro 1s 28 x 10* Da since the material
elutes in the void volumes, such a value corresponds to a HA
molecule composed of at least 400 wmonomers. This product is

15 sensitive to Streptomyces hyaluronidase digestion but resistant to
protease treatment.

The parameters of the HAS assay were varied to maximize
incorporation of UDP-sugars into polysaccharide by P. multocida
membranes. Streptococcal spHAS requires Mg?' and therefore this

20 metal ion was included in the initial assays of P. multocida
membranes. The P. multocida HAS (pmHAS) was relatively active from
pPH 6.5 to 8.6 in Tris-type buffers with an optimum at pH 7. The
HAS activity was linear with respect to the incubation time at
neutral pH for at least 1 h. The pmHAS was apparently less active

25 at higher ionic strengths because the addition of 100 mM NaCl to



15 described in the application. These substrate concentrations are greater
than 15 tinmes the respective Kmvalves. Sanples taken at 0.5, 1.0, and 60
mn were treated with SDS and chromat ogr aphed over Sephacryl S400 HR. The
HA profiles in the fractionation range of the colum (fractions 12-24) are
normal i zed to the percent of total 20 HA in each fraction. The val ues above
the arrows in the top panel are the 486 (in mllions) o HA 3(eddy00ad
directly in a separate experinent using a Dawn nultiangle | aser |ight
scattering instrument (Watt. T Technology Corp.). The size distributions of
HA synt hesi zed by seHAS (,~,~) and spHAS (0,~,-) at 0.5 mn (Q), 1.0 mn
(C7,~) 25 an@h60reddtibn,conkadfithgSHOWMM @8id,Ngi oAt Y 8d:S showed t hat
seHAS and spHAS are essenti al |l ygi denti cal ~§ the%g?zﬁtnM§$%uf?%u\%e8f HA
72 30 July 26GYZ2ENdiCREPRTREyP OB hB%Y-ze (FIG 9) . SeHAS is twice as fast as
SpPHAS in its abil4 & 1. Bac i al rains and vectors The
mucoi d group C str{%e%/r?g%ﬁg?l;gg(%%rcép%%%gc%%gg%cfmﬂg%rﬁ’ﬁ gyserisdsabiained from
t he Rockf el | @ndéini vertsilt Jrdeol lcenditaBns Tha Ethe& OlprebOsde Sikal @@I.ASurgoand
XL1-Blue MRF', were from 5tratagene and strain Topl O F was from’l nvitrogen.
Unl ess of her PS8 RIGIEGON Spr etdoebriel e e CHF Tt ko TR yerdcEarigel wast r ai ns
were grown i RekB-gmdisum. o pkd ressi ctor,was _from Phartnacia, PCR
2.1 cloning vector vvasnal(gJ f&r%rgngl %ﬁmggges%?na\gﬁd pr%ndi g%%\feedt}i'-e Z3gheghress T™
Bam | | |/ Cl AP ivectmrrandsn frabes St ratealyaaet iGn 2oRecaytaicnand tBNARand CLeNi ng

Hi gh nol ecul ar ss, Genomi ¢ DNA from Streptococcus equisinmlis isolated by
t he net hod ofﬂea\"ﬁ r 017 alit ot Fu( 20Mbwn B9 t979€e 2bptth 595 of diheary® ski | |
in the art) wasnpeddioal byt dirgest ¥ verage size of 2-12
kb. The digested DNA was preci pif%g{i \géltg\?f?ﬂ&’gt régnrgllt?&\}\%shga i ‘Pi?gafed to

t he HamMl / CRAPM FippoEket dogevdetveks dfi gatiedtiDNAowas: packagedct ldyphzge
with a Packa%%nﬁ~%ﬁ'mextarsasgt ob&)ai ned.from Erome, a. The titer of the
packaged phage IiBrary vss 5y «cREEKETCa8T5g S0P I B NRE B @l ivess a
host. C.3 Degenetate PChRdAapl i hicati en kegeneraie 0l ing@m,:,@geq;iitg)e%h\é\er e
desi gned based upon conserved sequences anong spHAS ( Stréptococcus
pyogenes) , DCASTID&REPRAITItdenimesHiSd 19)alanst mod G ¢arrRhbziahi om ekl | ot |
nodul ati on f r, . . U for PCR amplification with D181
genom ¢ DNA Ziglrtg %Oel%n%l)agtggglirgrprﬁ'i%éa%g Ocn(%ﬁd‘f%t%lug § were 34 cycles at: 94C
for 1 naA, 44C foInitial characterization of the pmHAS was performed in the

presence of Mg?*. The binding affinity of the enzyme for its sugar
nucleotide precursors was assessed by measuring the apparent K,
value. Incorporation of [**C]GlcA or ['H]GlcNAc into polysaccharide
was monitored at varied concentrations of UDP-GlcNAc or UDP-GlecA,
20 respectively. In Mg?-containing buffers, the apparent K, values of
~20 pM for UDP-GlcA and -~75 uM for UDP-GlcNAc were determined
utilizing Hanes-Woolf plots ([S]/v versus [S)]) of the titration
data. ‘The Vmax values for both sugars were the same because the
slopes, corresponding to 1/V,,, of the Hanes-Woolf plots were

25 equivalent. In comparison to results from assays with Mg?**, the Ky



73 30 July 2002 1 mn, 72Cfor 1.5 min followed by a final extension at 72C
for 10 min. Aigonucleotide HADRF1. 5'-GAY MZA YRT YTX ACX AAT TAY GCT ATH
GAY TTR GG 3' (SEQ I D NO: 20; sense strand) corresponds to the sequence
D259RCLTNYAI DL (SEQ I D T10:9; spHAS). digonucl eoti de HACTRL, 5'-ACG WGT
WCC CCA NTC XGY ATT TTT NAD XGI' RCA-3' (SEQ I D NO:21; antisense strand)
corresponds to the region C4 ~TI KNTEV&TR (SEQ | D NO: 10; spRAsjuly 262
degeneracy of bases at sone positions are represented by nonencl ature
adopted by the TUPACin its codes for degenerate bases listed in Table IV.
TABLE |1V | UPAC Codes - Degenerate Bases The International Union for Pure
and Applied Chem stry(ggl UPA%: has established a standard si n&l e-letter

desi gnati on 8r UdGEnErETACHAR &8s s e BY FoutRGRP e ~AdGHl ppd A+CHT
K- T+G M - AK€ B indkGsGdTbyRa- tA%6r S 2:FGAETLY the ARTEGnE 58 @1 Nor
bases (specified ‘el sewher e) Y _ C+,r These two oligonucl eoti des gave a 459
by PCR product, viiechihasysehraeat enkyoas arfragaradsbeyel?-anelgaridd,edsusi ng
the $10i01 Gen%:ll egn kit. ;This Lxr]ggu i, Vé/asm%lb_en cl ongd itnt 0 PCR2.1 vector
usi ng TOP 10 P8I as" 2 Sha¥lP95Re oG ng f o the “AaHUf ALt UP8Y R°%6PFect i ons.
Doubl e s&r andedepas ai of SMAC ESie i iobt B #1tMrEepdl to EHOMALAeF) 145i Ng the
QAfilter Plasmd Mdi Kit (Qagen). Tv,,ro other degenerate 74 30 July
2002 sense prasRERSenfEr 87| o Vaiiftthes MR 2 PRAVARE, M85t GFNIGCRIGER GTW RTX
CCW WX TWI 2 3 ; - ' e_{eqion
V66AAV PSYNEA‘(%%%% %ﬁﬁlﬁm}:&%%%&c? 'é'?l%F?)dﬁz%&g;sgﬁg%&\%%ﬁ%%@_s&@k% GAY
GGN WBX WEN RiciXi&AdH God GG FeléSEE1yDidNktide &@ased pan7VADDCEENHHASEQ | D
NO: 12) of spHAS). Two uni que antisense gri mers were synthesized based on

the sequence WHLHE 459 By PR IPFOGIREY. Chate i wapder BRg1iD vikro GEA2GGA CTT

GIT CCA Smali o nt& S T, & n AGG
CC 3" ( SlggGl cD%Ng ?L%?EQEﬂggh légf ]i'? %e‘%%\%o%g%eégi égg&ndge&pt};{%eogg\t g n used

with either Diglb&ctariPl8%kld i uakgivnfy ID1&Inpgensmi,cibiievianvesaxiest ed
si ze PCR produc roducts, were cl oped and se%enced usi ng

s.. The four PCR 2 €
the same stra‘t”etg)y“éessﬁ’becﬂfé’.coﬁﬁlg epeR PFalT? Q%"eﬁfﬁeﬂ@é‘s bPaY Y88 from

six di fferentagle-gnesmi®i& corpatedd Pl deds t Ra.dekl Vara SQnEaRs Uswegquence.
"thus we obtained a 1043 by sequence with a continuous ORF with high

horol ogy to SPMESNEERUOPEDERPY Ser ettty ™WO' nsineent zatipr obeShavereddsed to

screen t i ry: claan 459 h r.od nd 1 go | eot, i, de
DI81.5 ( GCT%%%T%\ &é%&%g%&% 3'%(’95%26%"% lré%h%) ;t%é}érﬁ%gfrgﬂ%et he
1042 by sequenesuredhig dh%ebytRCRhOMENE tinwasudeadértirabed ade usicng 1-+3e
Prime-1t 11 random priner | abeli n% Kit (Stratagene) according to the

manuf act ur er sEPHSLYUET i 675, ©a0M GURECIPEDL Hifds "ReFe TUBerEY By KFfaces ¢
Kinasing Kit ESi{tagane)hssddedl nER2PHALR. sdRadi o) ahelgdupy edus taawayoe
separated from nonl abel ed material on DiucTrap Push col ums (Stratagene).
The ol i gopr obexr Asr itHi &xed UBpedlicNpecaldeypedtiMe By D181 genom ¢ di gest on
SOUthern20 By kinetic analyses, the V,, of the pmHAS was 2-3-fold higher
in the presence of Mn?* than Mg?’, but the UDP-GlcNAc K, value was
increased slightly in assays with the former ion. This observation
of apparent lowered affinity suggests that the increased
polymerization rate was not due to better binding of the Mn?

25 ion/sugar nucleotide complex to the enzyme active sgite(s).

Therefore, it is possible that Mn’' enhances some other reaction



blots. To screen the a~ phage library) XLBLUE bi RFF was used as a host
(3000 pl agues/ plate) on 75 30 July 2002 Nitrocellul ose nenbranes

cont ai ni ng adsorbed phage, were prehybridized at 60C and hybridized with
5'-end | abel ed ol igonucleotide) D181.5, in Qui kHyb Hybridi zation sol ution
(Stratagene) at 80C according to instructions. The nenbranes cvere then
washed with 2x SSC buffer and 0.1~ (4#v) SDS at room t enpeB8tluy2082 15
mn, at 60C with 0.1x SSC buffer and 0.1~ SDS (wv) for 30 mn, dried and
then er~cposed to Bio-Max bi S fil movernight at -70C. Positive plaques were
replaced and rescreened tw ce. Fure positive phages were saved in SM buffer
with chl or 9 nPlBER GROERRS 1 pRSTES T h VFebhorammper or Moddbied 3

di fferent ¢msehbsshdBeidPeRpMahE ehvGeBRhdat.i 0Ph&fgahaCkakudideBls and
primers fromdifferent regions of the cloned 1042 by sequence reveal ed t hat
only one ofR§ BECERFREINERER @it PRHEYE5e hdtPhéel coiLet BOHAS gene. The
insert size ind&,ALsePNAQe MaSEe0 kiicoALL M St O sibcl one the insert into
pl asm d form by autoexcision fromthe sel ected phage |ibrary clone fail ed.
Ther ef or e, glydRERI1 starntiegpseahasppii ednblgeiizeon phleyspurcbaposi.ti ve phage DNA

to obtain the 5 and.,3' .end .of th . i.gonucl eoti.de priners D281.3

(5" GCCCTGT@i%ééRR?fATLﬁ%&}?OQﬁQCT% %:]Fla)%hl%nglﬁ%”‘(%éét %‘Fr’)ntﬁrai%ﬁ anpl i fi ed
a 3kb prodticé gendral igerueheioin dest Di8hsés anidhdy: (ecuotlird mes) anplified
a 2.5 kb pr oﬁgc : Th%aS' agd 3' -end seauences ofbthe ORF wer e obtained by
sequenci ng®t YEQRY HFGVET FroaactS CTRALE yiYs CAFC UM BER Priafittesequences
al | owed uscio(y)eaobstulitle héer OBE1 aflyicbeodRShthy &aHAS gereon 76 30 July
2002 C. 5 Expression cloning of the seHAS Prinmers were designed at the start
and stop cBEBH G ond BENEEITe1 SR BaCoReHt FERRTELORE ER%¥$S @i on site in
the sense oLigonueheas ifenkb: -AGATRRGAATICATGAGR, ACATTAMAAAGCTC 3" (SEQ
I D NO:17)) and a Pstl site in the antisense oligonucl eotide

(5' AGAATTCPEEMGETAT AATRAT I T TACEIET -3 r b IsEI 4tps ND2 vEg Ppen These pri ners
anplified . : r 1 ' g)gN@ s . well as from pure
hybri di zat ?g%g pcc}ls%?tl:;% g{?gggg F&eg%g‘ %%lgg%&é%%lwas a%up:{\?Yleodlsg§} agar ose
gel el ectr bpbordagiesredigeseéts witt hldstd canpkrEceRE- and cl oned directionally
into Pstl-and oR1- dj gest ed K223 vectar. The li d or_ was
transforned i n%%yeég%r%ﬁ%g%eﬁngm?%a@méfelgstesﬁéngg%%’v\ﬁy*gﬁ € This step
was practi gakbycdospenl amsasengeneet hepnA®Shd calHas) Ohadd gleerdenper at ures
resulted in deletions of the cloned insert, Col onies were isolated and
their pDl ATFEFPTT &4. SBRUF &7 3CoFoni &6 tALHEECAC bIE, ‘WSO HNE 1), five
had the corkestdsi DRAI §&@Inle, oPiilr@somgoihad [ RErdselh . bizsbri Synt hase
Activity HA synthase activity was assayed.in pmenbranes prepared fromthe 5
above cl oné@.loF‘?]e]?hL’IlB‘gsbhﬁ‘éleo%%l[Iogeﬂe’%/eéadﬁa?v%rsatm&}i'a%%ﬁgd@ cesidShed at 9C
Kei th PBS gnd;egdhr anesavey @ 560 akedudypraraddifiicaat s ofy afisaammet opl ast

met hod as known by those of ordinary skill in the art. Menbrane

prepar at i oris iflr BArSECEpE D ddEC iRt IRpEgBMeES YARdIStT¥stB8E oc Sl SeRiAtEiRi [ i s were
al so obt ai nedqby; JRdichi catdon 0fo@19Lf§anantaphalenkast RLHACEMY €.
Menbranes were I ncubated at 37C in 50 md sodi um and pot assi um phosphat e,
pH 7.0 wit lre20endd MpCh<ing BREV- DERA |29 rivtEbP-@ayAnan e 3Ughey™iBDP- A cNAC.

| ncor por at iscg& oh RGBT and 8.

PBCV-1 is the prototype of a family (Phycodnarviridae) of
large (175-190 nm diameter) polyhedral, plaque-forming viruses
that replicate in certain unicellular, eukaryotic chlorella-like

green



77 30 July 2002 was nonitored by using UDP- ["C) G cA (318 nCi/muol; [CN)
and/or UDP('H G <cNAc (29 .2 C/mmol NEN) . Reactions were term nated by
addition of SDS to a final concentration of 2% (w v). Product HA was
separated from precursors by descendi ng paper chromatography and 5 neasured
by determ ning incorporated radioactivity at the origin. C.7 CGel Filtration
Anal ysi s Radi ol abel ed HA produced in4btro by nenbranes conBaiJulyr002
reconbi nant seHAS or spHAS was anal yzed by chromat ography on a colum (0.9
x 40 cnm) of Sephacryl S500 HR (Pharmacia Biotech Inc.). 10 Sanples (0.4 n
in 200 MM NaCl, 5mM Tris-HO, pH 8.0, plus 0.5% SDS) were eluted with 200
MM NaQl, 5a1iyhdri estCly vaBtbrdHoBakhiande Ol sd IACEE AN YRIR 1assessed for
1°'C and/or 'H_radioactivity. Authenticity of the HA polysacchari de was
assessed by & réRifefmrorent separed ettsdant Fmlous RpeEYSAPE At time chPsigpeci i c
hyal ur onat e a ! t 2 | ~ M Leus 2.2.1) at 37C
fox 3 hrs. flr% glﬁcaégt 8\%\3@% ﬁgné’s'wagi%ga e%%lrogkgdetleﬁf;a???(abt 5(%:?1§A @.Oge%%- PAGE
and West er n WHitbt ¢oag eB0S RAGEedAVAs i peinf ended according to the Laemmi i

met hod. El ectrotransfers to nitrocellul ose were perforned within standard
20 bl ot i ng buf {8155/ tF 209 HEERSTDI 2USPn G BF ®ni e TASARbIBEE devi ce.
The bl ots welgabbocked 1w bB 25 BSAJA1 TRSwRnet Ekace%.G alial.bpe phgsphat ase
conjugate (Pierce) and p-nitroblue tetrazoliunl5-brono-4-chloro-3 1 ndolyl
phosphat e p-hywbrhégiimersednbipgite AQ8R Wasopraftcedt itoFscherighd® pdliyar002 C. 9

DNA Sequence_,and nqalngs%s Pl.asm_ds_wer edsg&umed Qn pothuﬁérGainds usi ng
} €

he m ractign was as & activi
fluorescent 18bered vector prinmers. @gquenm ng reacti ohs we ﬁérﬂﬂ' med

usi ng a Therumseguetasesre Kidcdrperddddor gaeentnd apelyedcprirRES W ¢ 7 5
deazaG . Sanples were el ectrophoresed on a Pharmacia ALF Express DNA
SequenceY arftewrARRe iEREL HiTal§Ee@dbir athee WsFepmrdgery Séft AbRegeB, 62.a

I nternal regj .of i psgrds q W dnternal pripers using the
ASI Prism S%Pa%%é?t wWare vge'rs}l\%%%%. %?Q(?ﬁiﬁ:bi%Jl}éhggfegi'%ngm\?\eﬂ%e gg‘ifuenced
manual | y usi tanSeégquanageote ir/adeay abur ONA Yy pahyrer asem éogleaza &R nast er

m x (USES) and [a-'SS) dATP (Anmersham Life Sciences). The sequences
obt ai ned wer &&00pi PECShFlaharyprsder/ng protein/min)’  No activity was

detected in the soluble fraction of cells transformed with pCVHAS.
15 UDP-GlcA and UDP-GlcNAc were simultaneously required for

polymerization. The activity was optimal in Hepes buffer at pH 7.2

in the presence of 10 mM MnCl,, whereas no activity was detected if

the metal ion was omitted. Mg?' and Co® were ~20% as effective as

Mn?* at similar concentrations. The pmHAS has a similar metal
20 requirement, but other HASs prefer Mg®'.

The recombinant A98R enzyme synthesized a polysaccharide with
an average molecular weight of 3-6x10° Da which is smaller than
that of the HA synthesized by recombinant spHAS or DG42 x1HAS in
vitro (~107 Da and ~5-8x10° Da, respectively; 13,15). The

25 polysaccharide was completely degraded by Streptomyces

hyaluroniticus HA lyase, an enzyme that depolymerizes HA, but - 'not



using DNASIS, v2.1 (Htachi Software Engineering Co.) Ltd.). The nucl eotide
and am no acid sequences were conpared with other sequences in the Gerbank
and ot her databases. 15 C. 10 Identification of seHAS Identification of
seHAS was acconplished by utilizing a PCR approach with oligonucl eotide
prinmers based on several regions of high identity anong spHAS, D&2 (now
known to be a devel opmental |y regul a4@d X. |aevis HAS and @&sdynabd x| HAS)
and NodC (a Rhi zobium 20 LS-d cNAc transferase). The x|l HAS and NodC
proteins are, respectively, -50%and -10% i dentical to spHAS. This strategy
yi el ded a 459 by PCR product whose sequence was 66.4% i dentical to spHAS,

I ndi cating tehaticau@ioyp £2loedl egyecsabibdflycahst haich 0D AefSRHAS),HA

synt hase gene had been identified. The conplete coding 25 region of the
gene was t héoPeEYHEPructed wing a sinilar PCR based strategy. A final set
of PCR primers wagscy-heRnesadat entdmiif Vediig werkd eﬁQdeyfgp%agogPl ete ORF
fromgenom c DNA. Wen this 1.2 kb PCR fragnment wasincor porate ito t he
expressi on eoressizkK223 ahd70t0ra\mcsh‘e@|tn@d Agarotfanscoipt SPREace bs, ~14A
synthetic act, vit vas . d rmnstr d in |s%a}fed menbranes from5 of the 5
col oni e€ t edtidy PHETHRE r’*%%pé’r??f? %d®geld" eAtbtfest H eRbY

predi cted prgigia: g %Yatamm@ ?éZlaﬁ'S dahay ¥as notcohBedli@c 8t ahage,and it is
two ami no acids shorter than spHAS. The two bacterial proteins are 72%

i denti cal an%rqcﬁéoﬁuéF@WdJ“&é?@Cf@éqﬂ@héégvd{ enfagef déverebla cdhe pewdi ct ed
nol ecul ar we n, 7 0 predicted

i soel ectric Ap%gkt i s at ﬁkﬁﬁﬁﬁ%ﬂ%geﬂr%gen Zgr %R%tl rlélét YramfafFaet HaSs
(muHASI , nuHAS3s, rTLtHAS:Bp__El @GniRjedtfed SddTlkar Haﬁ theibacyeri aliger ofid ns. The
overall identity between the two groups is ~28-31s, and in addition many
am no atd ds PaFrSEipEYar e ATy CTSBPIAREt W {1 8Rho B zEMe ¢ heradiledrhot i c HASs
(e g. K/'R ory o@pé?aéﬂ:pﬁtf'rt)“tws[)‘ ]GftgASI%ntI)hs )Egc!:h{]rlde déoen 8 33 percent
identical to the mammali an HASs, andls predicte ave a sin

t opol ogy in bdreh INdt damrbrrwpa@écNANt hi nhmmmhobarbes?.pécpesd\tche wsanalé@lm |y
menbers are al nost cgjr;r;pl ete i denti cal g nuHASI and huFi ASI are 95%

i dentical ; ntEEESednPYhiBaSY 3fe 089AT4BAET c%‘?c)'v ‘Hofievers B3 p H&S shown
in FIG 3, eyemwkthin the same species the different HAS fam |y nenbers
are nore divergent (e.g. nuFl ASI and nmuHAS2 are 53% i dentical; muHASI and
MUHAS3 &F e 57% i @8RV Eal infpptias2 Cahdrq“h}HAS%léﬁe Weld% |, poeinzedal Jor FEG 10
shows hydropat plots or SeHAS a red| cted mepdbr 2 pol The
hydr ophi | i ci Fy{]%ﬁaccg etl‘ll r‘§trep &/cat] © %u %ql—ii%ev%/ﬁg‘ E}Ee{nbelr %ﬁg‘e%l by the
met hod of Kypeowdich. DOOi)dtB:hl:lES(ﬂroml\/l&lellsBléﬂ 50 3@ 30 dihyp2R02nidréiod05,
1982) using DNAsts. The protein is predi ct ed to be an integral nenbrane

pr ot ei n. contained substantial amounts of HA, but not extracts from
uninfected algae or disrupted P3CV-1 virions. The labeled HA-

20 binding protein also interacted with intact infected cells at 50

and 90 min post-infection, but not healthy cells. Therefore, a

considerable portion of the newly synthesized HA polysaccharide was

immobilized at the outer cell surface of the infected algae. The
extracellular HA does not play any obvious role in the interaction

25 between the virus and its algal host because neither plague size

nor plaque number was altered by including either testicular



FIG 11 shows a nodel for the topologic organization of seHAS in the

nmenbr ane. The proposed topol ogy for the protein conforns to 5 the charge-in
rule and puts the large central domain inside. This domain is likely to
contain nost of the substrate binding and catal ytic functions of the
enzynme. Cys'~6 in seHAS, which is conserved in all HAS fam |y nenbers, as
wel | as the other three cysteines ard7shown in the central 80dalyR2002s' 81
is acritical 10 residue whose alteration can dramatically alter the size
di stribution of HA product synthesized by the enzyne. The overal |l nenbrane
topol ogy predicted for seHAS is identical to that for spHAS and the
eukaryoti c HASSutrep@aked(4dsusniftayml)The fHeetiel Poldscewer it aldo/ @g/m1)

t ransnenbrane donmains at the am no term nus 15 and 2-3 nenbrane-associ at ed
or transnenbrfrahBederarasr £ £he BB&VbbRJPIENE@ssThe hydropathy plots for the
two Streptococca YES Vi I I LI te the
difficulty in prlgl&(i'ec@t%i ng Fﬁé&feoég%d;g% %?hgﬁghéggfgﬁgﬁyaky%r%%%%g F & egi on
of -90 resi dupscat KedydroRefade i (BEHAS ()’ aKdbal rylSpddliQk : fruct@sseHAS was
efficiently expressed in E. cali cells. Roughly |00 of the total nenbrane
prot ei n Mwas REFPRZ A HICEEXETChT St ST AT g PPSHE PAGECGEr s BPE&Gs) . The
prom nent sehAS hapdcada,42 kldgh SrduaRbidabkVeby 1 SsicBgniksthe veglor-only
control lane. This unusually high | evel of expression for a nmenbrane
protein is atwuye2Bsf duyndedsor6 spiaBhatsi pg-ot i usaasmivec f aphasph8URE xel | s.

About 8a of the nenbrane protejn I HAS in . E. toll SURE cells. In
contrast, bnmsrg‘ag%ﬁey 15005 ﬁ*r?g'gfﬁyéﬁt m‘%ﬁg% §a?lﬁwa@§‘m?§°@ fEnbPsifes s
not nore thapedfmofetdy totalchAEAdYRAARS PEOE ixpreddttt SRHAS ihNi FRULLA

menbranes is barely detectable. The reconbi nant seHAS expressed in E. coli
SURE cell s dars enepds pRt sl el Waa ¢ vigi R e Bish c hehessseaet (0§ e kpDP- G CA,

one 5 of the ir ty at : ontai nin he

r econbi nant g’é‘f&%%%t@?%&séﬁ eglll%%gbl-é&ﬂaﬁi% 1%%%:&%%&%%%% ?ﬁcécg’scg 3t rates
UDP- G cNAC andstUeRr@ @A {ndoEtad? Funddion 1h2tishonse tchelsyrt hesésieblaut henti ¢
HA by reconbi nant seHA~. E. coli nenbranes (69 ug) prepare fromcells

cont ai ni ng 1U*¥¥&&nbi nant seHAS or vector alone were incubated at 37C for 1
hour with 700 UMIHDE}?UJHZIEQBS gfcm%pggcochﬁ_ Xexjtgb_rgwg,nm PI;ZC\D’I ﬁc)ssggl:zd 300 ~M
UDP[1'C] dcA (3 .83 x 10" dpmnnmol; Q) in a final volune of 200 ~Cl as
descri besl hemenyn. mdthdsenzymety eactasdoduasashst opped by eddisamenrofatEBTA to a
final concentration }Qf 25 mM g@lf t‘{]e rebaggior; 'xt as _15;treatleg W th

St r ept emyces “AYET ur O FaSE S VST EFbY° BT RSars F° (2P \ied Adtled to
hyal ur oni dasemt y ealyadnds—ds anduninhr eaf.ef. (The) psadEIhesequahi& oveigupeat ed

at 90C for 1 mn. The sanples were diluted to 500 ~1 with colum buffer (5
mM Tris, 0.2verERS., CprrB.0FPHAT arpfinedibst (cBMiY i fOghat 78R g BB 2r9 was

i njected ont 0,+S I - 500 .HR cql i O 1

col | ected an%hr@’gﬁiaolggglgtsiclt%kﬁsédet@ﬁmgﬁgg@éDgF ﬁhepgggkageplobﬁy%g%osi tion
posi ti oroof hisiegdek¢ ravasts Zuitifle BAigRiear maoigkm. V Raskisiet hén esetiraded

vol ume and Vi, the_i%gl_uded vol une. The ratio of %c£ JcA [ I—% A3 cNAc

i ncor por at ed i9E6  tHe ot HITTambuit "8f 1R Y JEMPrat dB° BT iBE MW" ¢BPdm i s
1.4, which i sadddentddzabhdvh)t Afe ALbQOby Sihidd Gna@d¥itidi@S Ofnet & nbWO
substrates. Therefore, the nolar ratios. of g2 30 July 2002 the sugars

i ncor por at ed 399§ PrYFaEedity dous age opdstteediT 6L fiAReRt i) HI®R 1M anes

fromecells transforopd (.t B MEGLOE,21ONe fld 10QforSY BINSST Z8aflAres the

25 highly conserved cysteine residue that may be critical for enzyme

activity. The approximate mid-points of predicted membrane domains



Using 120 ~M UDP-G cA and 300 ~M UDP-d cNAc, HA synthesis was 5 linear Wth
menbrane protein (at s0.2 fig) and for at |least 1 hour. Al so, nenbranes
prepared from nontransforned cells or cells transformed with vector al one
have no detectable HAS activity. HA synthesis is negligible if My"~ is
chelated with EDTA (<5~ of control) or if either of the two bstrates are
omtted (-2% of 10 control). Reconb#48ant seHAS al so showed3Q :\'iyé%) ct ed
specificity for sugar nucl eotide substrates, being unable to copol ynerize
either UDP-Gal A, UDP-G c or UDP-Gal NAc with either of the two nornal
substrates (Table I1). Based on gel filtration analysis, the average nass
of the HA 15u$ynhbesdz ambrb¥rsetidSchfed wkﬁtﬂo%mrﬁnﬁ%dhéaéslgé s Da. The
. product of the reconbinant seH ~S is judged tc be authentic ased on

t he equi nol at2dvi€orvr Kl $PosLs phish myEgis. and its sensitivity to
degradation by t Cifel I apid Fl G 12) Al t hough
the conditions fggg%ég}%al lgéaﬁﬁkgrég%ree no o%tdl %%ﬁ ’(2 rtzgmn%e 13005 of
one subst r at eynass i ze @-poniaide dol yiaecpanidies t fromt UEr -engyrpeosiseecha br oad
di stribution of HA chajn | engths. The peak fraction corresponds to an F-1A
mass of 5. 5x2bE BALThiCHCPEeRRdnds JICEF @dﬁf’%\ﬁrﬁrﬁﬁs%?ﬁﬁﬁﬁ%aﬁﬁt 9pre3er D00

nonomeri ¢ Suaﬂngnem%c@héé bhOu 1@ é}ﬁlms@M@h&@éol:\vr%ql%dtﬁyc%e%ilum
ranged from 2 x10" Da. 25 The deduced protein sequence of seHAS was

confirmed bychitdnapyitinepesf agdt tlodpeipusdiitie SPHeAS gMibtedingetaf choss-r eact

with the 83 3 JuI 02 N4 tel Ao FIG Pol ycIonaI ant i bodi es
to the whol e sp cg?lﬁa]gmo}tégf u‘gt? e cen °r al agcfaﬁ‘ﬁ?tn 5t sepﬁﬂ Al so

reacted wt hdlrhﬁls&ehﬁﬁs grratBides Aﬂtglgepéyldeaﬁftekb@dy akeudhet&- t er m nus of
SpHAS did not cross-react with this somewhat divergent region in the seHAS
5 proteth. HoweverS-ghtepepts dBe &Tevoidram Fé%i@d’“ﬁﬁ’a‘?%%‘f‘mtghéh%ﬂimw

sequence E"' T16] Jegagnized: t hﬁlessﬁﬁogg%&gtﬁ%escem@@% bl §&l§§§

anti peptide ant | body al'so reacts wth the native seHAS and spHA prot e| ns
in Strept ocomatthenﬁmnzraweshandad;mrfuthtrrslstlhmtthth@mﬁa@mnétamﬂcb aermmbnunant
enzynmes from both speﬁ‘ es_ ar i de tical size. Lik % the g rotein,
seHAS ni gr at & °&Hhal ofsfy ’fe PBAGES er}flalgﬁ%lfd:ﬁ theces ‘?5?8 nass

is A7,778 Daprhhen Mf bye SBSde@ml s consistently -42 kDa. Because of the
sequence identity within their central domain regions and the overall
i denti cdP structuf® pPE8i cEERSF tHe t'R6 1B BEEt eriAF eIy mBRCOMPRES

pepti de- speClJmQ N1 DOYrRPAIMSE e f1Gal &4 @ Erorelhs anfgRbeadised b
normal i ze for protein expression i n nenbranes prepared fromcells

transformed vwetqherg@mesnafmraztlhe tawo adldorneqefewpcenz?rregdqy_m regundrnsyappfoach,
\AIT:II:TBI’ 2gﬁ;a¥met uﬁ%%%ennéll %lqll ve!.lqagggl W 1ch urllctngwn o ‘389&@"11’3@9&1%9%%&5 SeHAS
nucleic acid sequences and the proteins thus encoded.

20 Alternatively, functionally equivalent proteins or peptides may be
created via the application of recombinant DNA technology, in which
changes in the protein structure may be engineered, based on
considerations of the properties of the amino acids being exchanged.
Changes designed by man may be introduced through the application of

25 site-directed wmutagenesis techniques, e.g., to introduce

improvements to the enzyme activity or to antigenicity of the HAS



2Q respect to the initial rate of HA synthesis and the distribution of HA
product size. As shown for spHAS, the synthesis of HA chains by seFIAS is
processi ve. The enzynes appear to stay associated with a growi ng HA chain
until it is released as a final product. Therefore, it is 25 possible to
conpare the rates of HA el ongation by seli AS and spHAS by nonitoring the
size distribution of HA chains prod&2d at early 84 30 J@W%@Q‘)gi nes,
during the first round of Ht'1l chain synthesis. Based on gel filtration
anal ysis of HA product sizes at various tinmes, we estimated that the
average rate elongation by seHAS is about 9,000 nonosacchari des/ m nute at
37C (FIG 9). In five mnutes, the 5 enzynes can polynerize an HA chai n of
5-10x106 Da. During a 60 min incubation, therefore, each enzynme nol ecul e
coul d pot entyrakkyn i o tiAt@s:CORPlRic8n@Ndn +&AS & OBxbRGOMECL R 2z such
| arge Fi A nolecules. At early tines (e.g. s 1 mn), reflecting elongation
of the firstadHAVERAiats the HWlsry@rdietslibuti on of HA produced by seHAS 10
was shifted to | r is in_the twg
G st ribut fons of "L praguct oy Saaroyetrt et BBl MGdhes cerns
represents tthe guiddention GpHUBA Chevikgs\entirds €iedPr eddeoubisy rilepdiohe dror
di scl osed "G oup C' proteins are, thereffor , _hot t"gﬁ true G oup C HAS. The
seHAS priot ei HE Woo I SFOLEPE R nd T 5 of°r$‘H’€r¥u?}f t 1) KifoRnt HPW¢nt hases
rom bact eri aappeRei £ RS, tROGEE Vbdihs bhalenBOVLOMRN he@ duihsed api dl ¥
growi ng HA synthase famly. This honology is shown particularly in FIG 2.
In mamul s tTHEer geh @Foddes pRriditeged hyalgrenaygasyprhagg HASh3in kave ibeen
identified a i . . i h hunan and
muse. 1 n 20 o b aRe A i o e £ PP AR Rt PP e
devel opnent akid/oregunat eehaddGA2pabhiithesvas Ebonethrpie 1988Be ands r es@iHgl y shown
to encode the HA synthase activity, by analysis of the reconbinant protein
in yeast® menbiEITEES PFYbEDI §LERRr 1X S4ReFulPHES Jdibs HIF | hYadygpnare
identified. 2o vhadbvesgest Aveldd i 0aske . S4g085Ls: e haty aPLAL tine
bacterial HAS precursor may have been usurped early during vertebrate
hyaluronate synthase creates a new hyaluronic acid-like polymer

incorporating a different structure such as a previously
unincorporated sugar or sugar derivative. This newly incorporated
15 sugar could result in a modified hyaluronic acid having different
functional properties, a hyaluronic acid having a smaller or larger
polymer size/molecular weight, or both. As will be appreciated by
one of ordinary skill in the art given the HAS coding sequences,
changes and/or substitutions can be made to the HAS coding sequence
20 such that these desired property and/or size modifications can be
accomplished. Table II lists sugar nucleotide specificity and

magnesium ion requirement of recombinant seHAS.



g5 30 July 2002 devel opnent or the bacterial pathogenic strategy of making
an HA capsul e was devel oped when a primtive bacteria captured in

prinordi al HAS. Convergent evolution of the bacterial and eukaryotic HAS
enzynmes to a comon structural solution seens 5 unlikely, but may have
occurred. None of the three manmmalian isozynes for HAS have yet been
characterized enzymatically with ref®ct to their HA produd kiy2002t | east
ten identified HAS proteins are predicted to be nenbrane proteins with a
simlar topology. HA synthesis occurs at the plasnma 10 nenbrane and the HA
is either shed into the mediumor renmains cell associated to formthe
bacterial capsule or a eukaryotic pericellular coat. The sugar nucl eotide
substrates in the cytoplasmare utiltmed to assenble HA chains that are
extruded t hrough the nenbrigertwpalhetiset eperdificptic@ndl5 The protein
topol ogy in the veryA8PbPhoBE CSHH PP PorerorPiSRrLE EFBRAS prot ei n
appearscto i i i :

HA chai n as ddcoh8 sigaul dwaneeotssiey extr udeditchaoeggh t he meebrane: odzer
exanpl e, thepugapriec@tent ed enzynati c actdoem %) may require @pwssal and

conpl ex i nt eraett+ons—ot—the—protern—20—wth—the—t+prd-bHayrer—Prelimnary
resul ts;oaseg,@n anal ysis of spHAS-al kajd ne phpsphat ase fysjon.proteins

i ndicate that the am no and carboxyl termini and the |arge central donains
are all int réfelled?ar (38® shown in Fl G834 1008hd 11. The seHAS protein al so
contains a | central, domain (-63s of the total proteip) that 25 appears
to contgyn ttgcgapgtg\%\%lgsutgz‘%or)ate bi nding sites and the two g?gc&({?’l"ﬁransfer ase
activities nemdedcfor (Hosynthesis. Al thoughos) gg 30 Jul yo2002Zsgurrent
software prograns_cannot reliably predict the nunber or nature of

membr ane- assOE "SRR UdAB s within the Fdnd-@*term nal hydr &ptfGhi ¢ stretch,
t he proppsedytnpahai Gakyarrangenent aggge&.\%\}]h the pr es_gng eyl dence and
applies as well to the eukaryotic 5 enzynes, ich are -.40%117arger
primarily duebr-GleXtent EPn of the Cterainél.7&éhd of the pretein with 2

addi tional predicted rDﬁgsrrenbr ane domai ns. Four of the sjix Cys residues in
SpHAS ase colf€ervén Wi seHAs. Only Cys225 in both bact &Fi é?"‘e’”r’lzyrres is
conserved in"all nmenbers of 10 the HAS famly. Since sulfhydrylTreactive
agents, such as men%rm%b?g&émmm?%nggggeggwb% ed ﬁhib?i"cﬁzggslgcgiéwty, it
is likely that t '}i‘%{’bnc ‘f@l%sl “Bs i%gr‘i’ ortrantoof ¢ E%rre
activity, Initial) S0, LR Y o, PSRRI SIS SR IULAL, Shvever
indicate that a GaépsodildbantaGlyrSREVS ak8iVitl WiRattdthinkd akddé&dAbBs 5- 10%
of wildtype acti uint yhe Hpglierdgniti on of nucleic acid sequences encodi ng
only seHAS, only spHAS, or both seHAS and spHAS using specific

oli gonu‘aFeot! des 413 shown el Ga 13 ruIBER8 Pal rsLf S&NSR- ahib-sanse

ol i gonucl eoti des were desi gned based on the sequence of ID SEQ NO. 20 1 and
t he codi ng ségatmocaitorcspHASIyiEe oeHAS ibased mwek eioc d@erdvaEgremos

(sel -set and sespl.-sesp2) .are indjcated in FIG 14. These three

ol i gonucl eot inﬁém%allyr SO‘\E/)\%% & hybr %%reaé? nder typi g:%l pcﬁéﬁa?%%acrtlgghs TWet h
genom ¢ DNA fde@im eimbbefiedr alipeC diseHASkibhanested, ¥y and 6yntHesCEouf A
(spHAS) (lanes 3,5, ,and(bié) streptococci ., Lanes 1 25 and a indicate the
posi tions of MAMEIYHGaTUS P BRIk GhasES I ST HRBE PERAP R ACET MY hRE

performeg usingnTaR PNARAUMIRE 2% 8e (h 9RLL8ME8)could be much smaller or

larger than normal.

rom ng

Various hyaluronic acid products of differing size have

application in the areas of drug delivery and the generation of an



87 30 July 2002 for 25 cycles as follows: 94 degrees Celsius for 1 mnute
to achi eve DNA denaturation, 48 degrees Celsius (42 degrees Celsius for the
smal | er common sesp priners) for 1 mnute to allow hybridization, and 72
degrees Celsius for 1.5 mnutes for DNA synthesis. The PCR 5 reaction

m xtures were then separated by el ectrophoresis on a 1s agarose gel. The
sel -set primer pair was designed to b& uniquely specific fo80tUbly Z802up C
HAS (seHAS). The spl-sp2 prinmer pair was designed to be uniquely specific
for the Goup A HAS (spHAS). The sespl 10 sesp2 priner pair was designed to
hybridi ze to both the G oup A and Goup C Fi AS nucleic acid sequences. All
three prinmer pairs _behaved as expected, show ng the appropriate ability to
cross- hybri &P?}é‘“eaﬁa %&658 SEPRRE UFENEA LR SIPBER PR b G éfi‘g“’t"ﬁat: dfefe

speci fic androd; arei-gue eidd. Thsp1akhgosHic £l dasensses ol wsRRCHLLLGHECR oOr
hybri di zati on are showmn in FIG 14. The synthetic oligonucleoti des " of SEQ

| D NOS: 3, 4respogaitfiglhy eldrgai dAt syrivronhe ot expondrhget egiaans 20f SEQ | D
NO. 1. Thes e e:1p r vel rimers
sel) set, sggéﬁgé&%rg%egpg% g%e“qﬁ%alﬁn%?g(ggt es tgggﬁ%rs%%%%hgafém“ ﬁ‘g

di rectien, wppkicdthen#oy rsdablathaslarqmmcnemd nlt@@a&nbasmeldl 1eadheon. Each
of the four ol i onucleotlges Wi | | br|d| ze specifically wwth the seHAS

sequence and“eRer*H55rTpr P tée?)"&]brlga AW/ TP SRNSESDT i ARF smafadyi t abl e

for use in the palyMeRass)chatdbiepasidoRuaS FHoeWhd qultﬁanl%legéarﬁ' G 7
shows a gel Ftratl on anal ysis of hyaluronic acid synthesized

r econbi nant ﬂilAB ERprieoedd apf yeakertnddbiegicsl half ONKe. gg‘Jr@OpﬁewqpuZOOZ
fragment encQ | ng Bp 4 np. aqi.d_residyes
4L PG ggsc‘%%%”?{?%? Q[5G0 éma .3 Pec r&eﬁ.g ﬁL\i]&t) nas

correspondi ng to sp e origi nar on_SW t che
subcl oned bypx&baﬂmharrdenﬁf&mds f vondt Ibeum{lx‘:?oaazyaaaﬂ:oxexmeemtm&&sﬁ Ofoo( f rom
I nvitrogen) to pr oduce pYES/ HA. Menbranes fromcell 5 with this construct

were prepar efPB§ %y Yo B LhimPhS G s HeRE Y PS4t 16s Hur ] L edt reom

PYES/ HA constdugss st aldedhisubs haiddhobih Sy B Aokt ity and d.he "

kDa" HAS protein was detected by Western anal ysis using specific

ant i bodi es; m@wbpmgemnmhzfdlulrsnwtahléeerpttechqi bnea G@ssmedotnaehtm
activity nor thel noreactive 10 1 wn ranes 315 ug
protein) wer® f1st |ncul§’a§é wthl%%rrelnér PLf[ﬁ):}l s&% CT udds C) amd
900 uM 1ml abet®ed ytDPOee 8 ris Nt &O hi difdnS ¢ zphld? 20 mvl Mpd 2, 1mv| DTT and
0.05 ht NaC (450 ul reaction volunme) at 30 degrees Celsius far

mnutes. After tAPS PuPEETRaBet<der F%&"ﬁoﬁ?%@ﬁ6?%bélllédd‘tﬁﬁl§°?§1??AwWa’sdthen 15
added to fingh,congent ati ongef 200 UMveSaPhass (100 whdenerg. t aken after
t he pul se at 1 5 mn (dark circle), and 15 (bl ack square), and 45 (bl ack
triangle) m Algftieptidyect Ehadwa U cr azict POUNSe isRde st ﬁhmévebmwaﬁfhe

ampl o5 war o CTAr | 2 By 50 EonEy T Soatt on (D000 X 5.5 ErR) bbfor e

i njectien of kli]ﬁét‘flcofcohhﬁolsafﬁ)h&ddnt‘ﬂ alsepd:aacrk;d &tﬁﬁe&ingeHeéréatsﬁa@l on
colum (Pharmacia; 1 x 50 cm .equilibrated in 0.2 MNaCl, 5 mMTris, pH 8.
The col umn WAE™RETGEBEF af FFB ST fihe e?rflde’?%lec?&(?ll?ﬁ’/lat“ﬁ; PhieHEFIRE tPons (1

nM) was quantbhedRdabyor | Qe hbreCi BLi | bt 0BudERUNLLANG 230l tRibs BelticR]
Bi oSafell cocktail (4.5 m, Research Products Intl.). The void vol unme and

the total |y PSErerféds volUriest Wef ebgee ¢lagtplphes vigd give lower amounts and

smaller sizes of hyaluronic acid product. The disadvantages of

25 these approaches are that the yield of product will also be



30 July 2002 volunes of 14 m and 35.5 m, respectively. The peak of bl ue
dextran (average 2x10 6 Da) eluted at 25-27 ml. The reconbi nant HAS
expressed in the eukaryotic yeast cells makes high nol ecul ar wei ght

hyal uronic acid in vitro. 5 Thus it should be apparent that there has been
provi ded in accordance with the present invention a purified nucleic acid
segnent having a codi ng region encodizhg enzymatical ly acti 30 JUN20GZ:t hods
of producing hyaluronic acid fromthe seHAS gene, and the use of hyal uronic
acid produced froma HAS encoded by the seHAS 10 gene, that fully satisfies
t he objectives and advantages set forth above. Although the invention has
been described in conjunction with specific enbodinents thereof, it is

evi dent t hat S¢RRFFSEF t BYhat i Tays Pe it Feldt Forrshighel XeRrPadibasi [frobe

apparent to ghose gkild.ed.idh tthepard, Accordingly, it is intended to
enbrace 15 all” such alternatives, nodifications, and variations that fall

wi thin the spiri tSeapadiy odtk sttyret bdn phehappended ccdldilisy of e BRydall y 2002
CLAI;h~IS 1. A %)urti te:Iied nugcl ei ¢ ac}rd secgment co ritsi ng, a codi ng region
encodi ng enz§RmtTLArFy“act i V¥ Ry BV UFBRate it RRSECiher8F & ptiRe i ed
nucl ei ¢ aci dpse@TRNtae BeOdes nkbfedShl Bi-oRNGEHE MRAULSiHHL by NYA @Rt €
synthase of SEQ ID NO:2. 2. A purified nucleic acid segnment conprising a

codi ng regi oAYRHEGHF heP eA2YataeR carl3fdatianvet Ayt ificmiiec fFnthdse evaher ei n
the purified j I ' I j nce in
accor dance wt?ﬁqé%ﬁgdl‘%%kgn %?Q,%BQ%%S% F%%S%%c%.ﬁé“%%{’%e‘s?:%%g% s’ﬁ‘ﬁb/i ng a
codi ng regi osuencddnggs erternatscial Ly actinveidwiah Uorebee s \Hizias esounber ei n
the purified pucleic acid segnment i s capable of hybridizing to the

nucl eot i de s&AERNTE Y mSED TIHTROVALOIE, CAFALi PF W IHIEPRITC 24EF Sig&gRENt
havi ng a,CcodixRfet RIinAnENCOGhAYrinal hyaluronic acid size distribution is

determined by certain characteristics of the enzyme, that rely on

particular amino acids in the sequence. Among the 20% of residues

absolutely conserved between the streptococcal enzymes and the

eukaryotic hyaluronate synthases, there is a set of amino acids at

15 unique positions that control or greatly influence the size of the

hyaluronic acid polymer that the enzyme can make. Specific changes

in any of these residues can produce a modified HAS that produces an

HA product having a modified size distribution. Engineered changes

to seHAS, spHAS, pmHAS, or cvHAS that decrease the intrinsic size of

20 the hyaluronic acid that the enzyme can make before the hyaluronic

acid is released, will provide powerful means to produce hyaluronic

acid product of smaller or potentially larger size than the native
enzyme.’

Finally, larger molecular weight hyaluronic acid made be

25 degraded with specific hyaluronidases to make lower molecular weight

hyaluronic acid. This practice, however, 1is very difficult to



enzymatical ly active hyal uronate synthase, wherein the purified nucleic
aci d segnent has sem conservative or conservative am no acid changes 91
30 July 2002 when conpared to the nucl eotide sequence of SEQID NO:1. 5. A
recombi nant vector selected fromthe group consisting of a plasmd, cosmd,
phage, or virus vector and wherein the reconbi nant vector further conprises
a purified nucleic acid segnent havi B¢ a codi ng regi on enco8d dgly 2002
enzymatically active hyal uronan synthase, wherein the purified nucleic acid
segnent encodes the Streptococcus equisimlis hyaluronan synthase of SEQ I D
NO: 2. 6. A reconbi nant vector selected fromthe group consisting of a

pl asm d, cosm d, gha e, or . vjrus vector and wherein the reconbi nant vector
further conptiee¥ rgffﬁ‘?dﬁCéEﬁH&aﬂ 8Pt g dUsEghehtcavF iy zeresthgthreegi on

encodi Ng enzyymbireald g tioV gediyial tHORAN LS YR AIAS Cand M SicBa t g BLL ] i ed
nucl eic acid segnent conprises a nucleotide sequence in accordance Wi t h SEQ
ID NO: 1. 7. mpelucgBonbi nant vector of claim$S or 6, wherein the plasnid

further COprI’I Seisa&o%pg.gsbstonli V% gﬂ(ronan synthase can be engineered to

5 produce hyaluronic acid polymers of different size, in particular

smaller, than the normal wildtype enzyme. The figure shows the

distribution of HA sizes (in wmillions of Daltons, a measure of
molecular weight) for a series of spHAS enzymes, each of which was
engineered by site directed mutagenesis to have a single amino acid
10 change from the native enzyme. Each has a different Cysteine

residue replaced with Alanine. The cluster of five curves with open

symbols represent the following spHAS proteins: wildtype, C124A,

C261A, C366A, and C402A. The filled circles represent the poorly
expressed C225A protein which is only partially active.

15 The filled triangles is the C280A spHAS protein, which is found
to oynthesize a much smaller range of HA polymers than the normal
enzyme or the other variants shown. This reduction to practice
shows that it 1s feasible to engineer the hyaluronate synthase
enzyme to synthesize a desired range of HA product sizes. The

20 seHAS, pmHAS, and cvHAS genes encoding hyaluronate synthase can also
be manipulated by site directed mutagenesis to produce an enzyme
which synthesizes a desired range of HA product sizes.

Structurally modified hyaluronic acid is no different
conceptually than altering the size distribution of the hyaluronic

25

acid product by changing particular amino acids in the desired HAS

or the spHAS. Derivatives of UDP-GlcNAc, in which the N-acetyl



8. The reconbi nant vector of claim?7, wherein the expression vector

conprises a pronoter operatively linked to the enzymatically active 92 30
July 2002 Streptococcus equisimlis hyaluronan synthase coding region. 9. A
reconbi nant host cell, wherein the reconbinant host cell is a prokaryotic

cell transfornmed with a reconbi nant vector conprising a purified nucleic

aci d segment having a codi ng regi on 2hcodi ng enzymati cal | y 3@cduly 2002

hyal uronan synt hase, wherein the purified nucleic acid segnment encodes the

Streptococcus equisimiis hyaluronan synthase of SEQ ID NO:2. 10. A
reconbi nant host cell, wherein the reconbinant host cell is a prokaryotic
cell transformed with a reconbi nant vector conprising a purified nucleic

aci d segment ghast DY masEnd NP -GG OF RPTHHING NI BMel CllehYcAGL ¥ Fu1 |

hyal uronan synt hase, wherein the purified nucleic acid segnent conprises a
nucl eoti de sEHRIBNCE G AFRREEEE dante PHF T SERY waiell. The stTerg seewvbEaant

host cell of ogLai M9 Plmul0. ML phPE OFE L8kbe PLOAHESS SVR

10

15

20

25

S among

the 20% that are conserved. Specific changes to one or more of

these residues creates a functional synthase that interacts less
specifically with one or more of the substrates than the native
enzyme. This altered enzyme could then utilize alternate natural or
special sugar nucleotides to incorporate sugar derivatives designed
to allow different chemistries to be employed for the following
purposes: (i) covalently coupling specific drugs, proteins, or
toxins to the structurally modified hyaluronic acid for general or
targeted drug delivery, radiological procedures, etc. (ii)
covalently cross linking the hyaluronic acid itself or to other
supports to achieve a gel, or other three dimensional biomaterial
with stronger physical properties, and (iii) covalently linking
hyaluronic acid to a surface to create a biocompatible film or
monolayer.

Bacteria can also be engineered to produce hyaluronic acid.
For instance, we have created strains of B. subtilis containing the
spHAS gene, as well as the gene for one of the sugar nucleotide
precursors. We chose this bacteria since it is frequently used in
the biotech industry for the production of products for human use.
These bacteria were intended as first generation prototypes for the
generation of a bacterium able to produce hyaluronic acid in larger
amounts than presently available using a wild type natural strain.

We put in multiple copies of these genes.

L uroni c acid.



12. The reconbi nant host cell of claim9 or 10, wherein the enzymatically
active hyal uronan synthase is capabl e of producing a hyaluronic acid 93
pol ymer having a nodified structure. 30 July 2002 13. The reconbi nant host
cell of claim9 or 10, wherein the enzymatically active hyal uronan synt hase
i s capabl e of producing a hyaluronic acid polynmer having a nodified size

di stribution. 14. A reconbi nant host 58el |, wherein the reco3®iolgr2002ost

cell is a eukaryotic cell transfected with a reconbi nant vector conpri sing
a puri Fed nucleic acid segnment having a coding region encodi ng
enzymatical ly active hyal uronan synthase, wherein the purified nucleic acid
segnent encodes the Streptococcus equisimlis hyaluronan synthase of SEQ ID
NO: 2. 15. A rec8fbisfanplaoshracePro1dfEr Bibhil He sEutigrbrermeotmsucesd | is a
eukar yoti ¢ £g! Lodsh@RSIRLIAM i N HRCUMEDALYEL Lo ERIPTIS00:4, Puri fi ed
nucl eic acid segnent having a coding region encodi Nng énzy ically active

hyal ur onan Byairas®) syrehess { fASUr inhd etDrgdhetsr atdhgddsegiraat, CoOWri ses a
nucl eoti de sequence

ecin ie}:%corrgar\gew vvi,'glh %5% L‘E NO: 1ésejd6. The reconbi nant
host cell of EH&FnPL4 B 187 WRAEPE A7t Ae°odt Rel ¥ on a sensitive
5 commercial radiometric assay to detect and quantitate HA, it was
determined that the strain with both genes (strain #3) makes and
secretes HA into the medium. The parent strain or the strain with
just the dehydrogenase gene (strain #1) does not make HA. Strain
#2, which contains just the spHAS gene alone makes HA, but only 10%

10 of what strain #3 makes. BAgarose gel electrophoresis showed that

the HA secreted into the medium by strain #3 is very high molecular

weight.
TABLE II-B
15 Strain Cells Medium(*) Strain with Cell
Numbex genes density
(Rgoo)
(pg HA per ml of culture)

20 1 0 0 hasB 4.8
2 4 35 SpHAS 3.9

3 =>10 >250 SpHAS + 3.2

hasB

25

(*) Most HA is in media but some was cell-associated; HA was

determined using the HA Test 50 kit from Pharmacia.



produces hyal uroni c aci d. 94 30 July 2002 17. The reconbi nant host cel

of claim14 or 15, wherein the enzymatically active hyal uronan synthase is
capabl e of producing a hyal uronic acid polyner having a nodified structure.
18. The reconbi nant host cell of claim14 or 15, wherein the enzymatically
active hyal uronan synthase is capable of producing a hyaluronic acid

pol ymer having a nodified size distr®P®ution. 19. A reconbi 38rulhded2cel |,
wherein the reconbi nant host cell is electroporated to introduce a

reconbi nant vector into the reconbinant host cell, wherein the reconbi nant
vector conprises a purified nucleic acid segnent having a coding region
encodi ng enzymatj,call y_act.i ve hyal urgnan _synt hase,. wherein the purified
nucl ei ¢ acid seg'{.r?%%'fa é’ﬁ%%rt o™k )e(’s'é?r%’ﬁt S‘éf)éécntﬁgocé%a&i sﬁrﬁ‘f‘?tieérsh?%ﬁ"g‘rl&ﬁan

synt hase of S WDthli2se2fkneA toedtivhi pufite i i @Shreéalilon. Wherei Bxgdi€eq

reconbi nant host cell is electroporated to introduce a reconbi nant vector
into the reddfbi TCORBETIEEPT CMMAETENS Y (tBeofRiiPSaRt SAERFoFeasdnpri ses a

puii fied nughghe @ake &REEBNL:NAY! NGLR; LA REGE 0101 8RARME NG.ENZy MRt i cal |y
acti ve

5 superior results. The vector used is a Gram positive/E. colji

shuttle vector that has a medium copy number in B. subtilies and a
gene for erythromycin resistance (enabling resistence to 8 ug/ml in

B. subtilis or 175 pg/ml in E. coli). The B. subtilis host strain

used is 1Al from BGSC, which has a tryptophan requirement but

10 otherwise is wildtype, and can sporulate. Cell growth and HA

production was in Spizizens Minimal Media plus tryptophan, glucose,

trace elements and erthromycin (8 pg/ml) . Growth was at 32 degrees

Celsius with vigorous agitation until the medium was exhausted (~36
hours) .

15 This demonstrates that these bioengineered cells, which would
not normally make hyaluronic acid, became competent to do so when
they are transformed with the spHAS gene. The seHAS would also be
capable of being introduced into a non-hyaluronic acid producing
bacteria to create a bioengineered bacterial strain capable of

20 producing hyaluronic acid.

A preferred embodiment of the present invention is a purified
composition comprising a polypeptide having an amino acid seqguence
in accordance with SEQ ID NO:2. The term "purified" as used herein,
is intended to refer to an HAS protein composition, wherein the HAS

25 protein or appropriately modified HAS protein (e.g. containing a

{HIS], tail) is purified to any degree relative to its naturally-



hyal uronan synt hase, wherein the purified nucleic acid segnent conprises a
nucl eoti de sequence in accordance with SEQ I D NO: 1. 95 30 July 2002 21.
The reconbi nant host cell of claim19 or 20, wherein the host cell produces
hyal uroni ¢ acid. 22. The reconbi nant host cell of claim19 or 20, wherein
the enzymatically active hyal uronan synthase is capable of producing a

hyal uroni c acid polymer having a nodib7i ed structure. 23. Th80 dely@d@2nant
host cell of claim19 or 20, wherein the enzymatically active Streptococcus
equi simlis hyaluronan synthase is capable of producing a hyal uronic acid
pol ymer having a nodified size distribution. 24. A reconbi nant host cell,
wherein the %ecorrt%ilnant host cell is transduced with a reconbinant vector
conpri si ng &°pAHTFIESCTRIE €€ - apiPdtBEGTRSTr I hEf 5° dSdi M iE8diishirncodi ng
enzymat i cal laY faekh oSkl @RI DCORGHS: EqUIA Prbt Si i UHeNaR. BWhass, Wherein
the purified nucleic acid segnent encodes the Streptococcus equisimlis

hyal ur onan SFAERERW GRS SEERGDIRDIR. JHordlaeydrbé narrtiltost spetimenvher ei n

the reconbiry%ggmggnghtc%gklé§ fﬁf%g§égu%%%sues, isolated subpopulation of

5 tissues that contain high levels of hyaluronate in the extracellular
matrix, and the like, as will be known to those of skill in the art,
in light of the present disclosure. For instance, the recombinant
seHAS or spHAS protein makes up approximately 10% of the total
membrane protein of E. coli. A purified HAS protein composition

10 therefore also refers to a polypeptide having the amino acid
sequence of SEQ ID NO:2, free from the environment in which it may
naturally occur (FIG. 5).

Turning to the expression of the seHAS gene whether from
genomic DNA, or a cDNA, one may proceed to prepare an expression

15 system for the recombinant preparation of the HAS protein. The
engineering of DNA segment (s) for expression in a prokaryotic or
eukaryotic system may be performed by techniques generally known to
those of skill in recombinant expression.

HAS may be successfully expressed in eukaryotic expression

20 systems, however, the inventors aver that bacterial expression
systems can be used for the preparation of HAS for all purposes. It
is believed that Dbacterial expression will ultimately have
advantag';es over eukaryotic expression in terms of ease ef use, cost
of production, and quantity of material obtained thereby.

25 The purification of streptococcal hyaluronan synthase (seHAS

and spHAS) is shown in Table III and FIG. 6. Fractions from various



wi th a reconbi nant vector conprising a purified nucleic apid segnent having
a codi ng regi on encodi ng enzymaticallY active Streptococcus 96 30 July
2002 equisimlis hyal uronan synt hase, wherein the purified nucleic acid
segnent conprises a nucl eoti de sequence in accordance with SEQ ID NO: 1. 26.
The reconbi nant host cell of claim24 or 25, wherein the host cell produces
hyal uroni ¢ acid. 27. The reconbi nant5®ost cell of clai m 24 38rJuls200Berein
the enzymatically active hyal uronan synthase is capable of producing a

hyal uroni ¢ acid polyner having a nodified structure. 28. The reconbi nant
host cell of claim24 or 25, wherein the enzymatically active hyal uronan
synt hase i s capabl e of producing a hyal uronic acid polyner having a

nodi fi ed si ZF2GP&tH 5HE | BN 1 E292 iRy G ce e MIGEVESDFY RRASTRHCE ohen
purified conpositdan GONRrisesnal &AZYIRLE GAlLYL A5 8-MakyE QN %ynt hase
pol ypepti de having an am no acid sequence in accordance wth SEQ I D NO: 2.
30. A net hodH%r Hatesct nopcal BNAYsght | eeskeconpr.i shnge t heodt epsnbohnes

containing the recombinant seHAS-H6; 2, insoluble fraction after

5 detergent solubilization of membranes; 3, detergent solubilized

fraction; 4, flow-through from the Ni-NTA chromatography resin; 5-9,
five successive washes of the column (two column volumes each); 10,

the eluted pure HA synthase which is a single band.

TABLE III
10 . -
Step Total Specific | Total Yield Purification
Protein Activity |Activity (%)
(ug) (mmol/ug/ | (nmol (-fold)
hr. UDP-GlcA)
Membranes | 3690 1.0 3649 100 1.0
15 Extract 2128 2.2 4725 129 2.2
Affinity 39 13 500 14 13.1
Column
20

It is proposed that transformation of host cells with DNA
segments encoding HAS will provide a convenient means for obtaining
a HAS protein. It is also proposed that c¢cDNA, genomic sequences,
and combinations thereof, are suitable for eukaryotic expression, as

25 the host cell will, of course, process the genomic transcripts to
yield functional mRNA for translation into protein.

Another embodiment of the present invention is a method of
preparing a protein composition comprising growing a recombinant
host cell comprising a vector that encodes a protein which includes

30 an amino acid sequence 1in accordance with SEQ 1ID WNO:2 or

functionally similar with conserved or semi-conserved amino acid



obtai ning a DNA sanpl e; 97 30 July 2002 contacting the DNA sanple with a
purified nucleic acid segnent in accordance with SEQ I D NO: 1; hybridizing
the DNA sanple and the purified nucleic acid segnent thereby formng a
hybri di zed conpl ex; and detecting the conplex. 31. A nethod for detecting a
bacterial cell that expresses nmRNA encodi ng Streptococcus equisimlis

hyal uronan synthase, conprising the 88eps of: obtaining a WBidayi202cel
sanpl e; contacting at |east one nucleic acid fromthe bacterial cell sanple
with purified nucleic acid segnent in accordance with SEQ I D NO: 1;
hybridi zing the at | east one nucleic acid and the purified nucleic acid
segnent thereby formng a hybridi zed conpl ex; and detecting the hybridized
conpl ex, whetenpes he Tpeesenceendf Wihe by grodi zedecemphiexidns pawiieatnge of a

bacteri al straan,that eﬁgresses MRNA enqoding Streptococcus equisimlis
nucleic acid expression and protein production followed by recovery

of the protein so produced. The production of HAS and ultimately

HA, including the host cell, conditions permitting nucleic acid

5 expression, protein production and recovery will be known to those
of skill in the art in light of the present disclosure of the seHlAS

gene, and the seHAS gene protein product HAS, and by the methods

described herein.

Preferred hosts for the expression of hyaluronic acid are

10 prokaryotes, such as S. equisimilis, and other suitable members of

the Streptococcus species. However, i1t is also known that HA may be

synthesized by heterologous host cells expressing recombinant HA

synthase, such as species members cf the Bacillus, Enterococcus, or

even Escherichia genus. A most preferred host for expression of the

15 HA synthase of the present invention is a bacteria transformed with

the HAS gene of the present invention, such as Lactococcus species,
Bacillus subtilis or E. coli.

It is similarly believed that almost any eukaryotic expression

system may be utilized for the expression of HAS e.g., baculovirus-

20 based, glutamine synthase-based, dihydrofolate reductase-based

systems, SV-40 based, adenovirus-based, cytomegalovirus-based,

veast-based, and the like, could be employed. For expression in

this mahner, one would position the coding sequences adjacent to and

under the control of the promoter. It is understoed in the art that

25

to bring a coding sequence under the control of such a promoter, one

positions the 5’ end of the transcription initiation site of the



hyal uronan synthase. 32. A nethod for producing hyal uronic acid, conprising
the steps of: introducing a purified nucleic acid segnent having a coding
regi on 98 30 July 2002 encoding enzynmatically active hyal uronan synt hase
of SEQ ID NO: 2 into a host organism wherein the host organi smcontains

nucl eic acid segnents encodi ng enzynes whi ch produce UDPAE cNAc and

UDP-G cA; growi ng the host organismf@ a nmediumto secrete 30/u2002c aci d;
and recovering the secreted hyaluronic acid. 33. The nmethod according to
claim 32, wherein the step of recovering the hyaluronic acid conprises
extracting the secreted hyaluronic acid fromthe nmedium 34. The net hod
according to claim33, further conprising the step of purifying the

extract ed hyalaosomitiachl. re@8ind Heanetdfodhacgootdimgpdtaeeh aibtud2; arerein in

the step of Qrow t he host, organism the host organismsecretes a
structuralIf‘ﬁﬁaiggeauﬁyﬁﬁdFSﬁig£ﬁ@?8¢“§6.°%hzlﬁﬁrhdﬂ Eeorrdrngheerel ai m

32, wherein ﬂr@mbh@rst aRsOf @E@M:%y&é’!ﬁ cevevisiae yeast expression vector

systems, such as pYES2, will also produce HAS under control of the

5 GAL promoter as shown in FIG. 7. FIG. 7 shows that the spHAS enzyme

was produced in recombinant yeast using the pYES2 plasmid. When
supplied with UDP-GlcA and UDP-GlcNAc, the enzyme makes high
molecular weight HA.

Where eukaryotic expression is contemplated, one will also
10 typically desire to incorporate into the transcriptional unit which
includes the HAS gene or DNA, an appropriate polyadenylation site
(e.g.. 5'-AATAAA-3') if one was not contained within the original
cloned segment. Typically, the poly A addition site is placed about
30 to 2000 nucleotides "downstream" of the termination site of the

15 protein at a position prior to transcription termination.

It is contemplated that virtually any of the commonly employed
host cells can be used in connecticn with the expression of HAS in
accordance herewith. Examples of preferred cell 1lines for
expressing HAS cDNA of the present invention include cell lines

20 typically employed for eukaryotic expression such as 239, AtT-20,
HepG2, VERO, Hela, CHO, WI 38, BHK, COS-7, RIN and MDCK cell lines.
This will generally include the steps of providing a recombinant
host beéring the recombinant DNA segment encoding the HAS enzyme and
capable of expressing the enzyme; culturing the recombinant host in

25 media under conditions that will allow for transcription of the

cloned HAS gene or cDNA and appropriate for the production of the



host organism the host organi smsecretes a hyaluronic acid having a 99
nodi fied size. 30 July 2002 37. A pharmaceutical conposition conprising a
presel ect ed pharnaceutical drug and an effective anmount of hyaluronic acid
produced by hyal uronan synthase, wherein the hyaluronic acid is produced by
the Streptococcus equisimlis hyaluronan synt hase of SEQ ID NO: 2. 38. The
phar maceuti cal conposition accord|n96to clai m 37, wherein t30aJutpRBO2I ar

wei ght of the hyaluronic acid is nodified thereby produci ng a nodified

nol ecul ar wei ght pharnmaceutical conposition capable of evadi ng an i mmune
response. 39. The pharnaceutical conposition according to claim 37, wherein

th I I he di f h b d
modi £ e ot CEAT S S G phay Seeat el o RPC Cish BB oF &Fget i ng o

specific ti ssstaere)tred:ehrhlxtz}opecvachhl franheheatkeeniinhavimgean affinity for the
nodi fi ed nol ecul ar wei pharmaceutical conposition. 40. A purified and

i sol ated nucleic %ﬂeﬁaggﬁuéﬁﬁecoéﬁéﬁh‘?rﬁg ARREAPRRE FE & 9Ty SXREGSFEORyA thenan
synthase, the1BHEd 8ire @diiedos RANRNGE1SRIHREE 8Gohl MR bhEmoter, the vector,

5 and the host system that is employed. For example, where one

employs the lac promoter, one will desire to induce transcription

through the inclusion of a material that will stimulate lac

transcription, such as isopropylthiogalactoside. For example, the

cloned seHAS gene of the present invention is expressed as a HIS

10 containing protein in E. coli as shown 1in FIG. 5. Where other

promoters are employed, different materials may be needed to induce

or otherwise up-regulate transcription.

FIG. 5 depicts the overexpression of recombinant seHAS and

spHAS 1in E. coli. Membrane proteins (5mg per lane) were

15 fractionated by SDS-PAGE using a 10% (w/v) gel under reducing
conditions. The gel was stained with Coomagsie Lklue R-250,
photographed, scanned, and quantitated using a molecular dynamics
personal densitometer (model PDSI P60). The position of HA synthase

is marked by the arrow. Lane A is native spHAS (Group A); Lane C is

20 native seHAS; Lane E is recombinant seHAS; Lane P is recombinant

spHAS; Lane V is vector alone. Standards used were Bio-rad low Mr

and shown in kDa.
In addition to obtaining expression of the synthase, one will
preferably desire to provide an environment that is conducive to HA
25

synthesis by including appropriate genes encoding enzymes needed for

the biosynthesis of sugar nucleotide precursors, or by using growth



group consisting of: " 100 30 July 2002 (a) the nucleic acid sequence in
accordance with SEQ ID NO:1; (b) conplenentary nucleic acid sequences to
the nucleic acid sequence in accordance with SEQ ID NO:1; (c) nucleic acid
sequences which will hybridize to the nucleic acid sequence in accordance
with SEQ ID NO:1; (d) nucleic acid sequences which will hybridize to the
conpl ementary nucl ei ¢ acid sequences6df SEQ I D NO:1; and (&P JulgR802 acid
sequences which will hybridize to PCR probes selected fromthe group
consisting of PCR probes of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO: 6. 41. A purified and isolated nucleic acid segnment consisting

essential | y wefiia ém&laehcngafalﬂssmntfoemdbﬂgcdﬁaerewmgﬁ@dz%&@t ive
hyal uronan synthase of SEQ ID NO:2. 42. A procaryotic or eukaryotic host
cel | transf SRR HHN PFasiReeetriinehoaFlrseiaied (FHENre ear AR caraici d

segment accqpdifg t@rglaiml or 2 in a manner allow ng the host cell to
express hyaluronic acid. 43. An isolated nucleic acid segnent consisting
essenti al | y of adtmriokEifirgbex desire to incorporate the gene in a host which

5 is defective in the enzyme hyaluronidase, so that the product
synthesized by the enzyme will not be degraded in the medium.
Furthermore, a host would be chosen to optimize production of HaA.
For example, a suitable host would be one that produced large
quantities of the sugar nucleotide precursors to support the HAS

10 enzyme and allow it to produce large quantities of HA. Such a host

may be found naturally or may be made by a variety of techniques

including mutagenesis or recombinant DNA technclogy. The genes for
the sugar nuclectide synthesizing enzymes, particularly the UDP-Glc
dehydrogenase required to produce UDP-GlcA, could alsoc be isolated

15 and incorporated in a vector along with the HAS gene or c¢DNA. A
preferred embodiment of the present invention is a host containing
these ancillary recombinant gene or cDNAs and the amplification of
these gene products thereby allowing for increased production of HA.

The means employed for culturing of the host cell is not

20 believed to be particularly crucial. For useful details, one may
wish to refer to the disclosure of U.S. Pat. Nos. 4,517,295;
4,801,539; 4,784,990; or 4,780,414; all incorporated herein by
reference. Where a prokaryotic host 1is employed, such as S.
equisimilis, one may desire to employ a fermentation of the bacteria

25 under anaerobic conditions in CQ,-enriched broth growth media. This

allows for a greater production of HA than under aerobic conditions.



segnent encodi ng hyal uronan synt hase having a nucl eic acid segnent
Jufy 2002 sufficiently duplicative of the nucleic acid segnent in

accordance of SEQ ID NO:1 to all ow possessi on of the biol ogical

encodi ng for Streptococcus equisinflis hyaluronan synthase. 44. A
procaryotic or eukaryotic host cel

transfornmed or transfected with a

101 30

property of

nucl ei ¢ acid segnent according to cl@m 43 in a manner al | @A Juy2062host
cell to express hyaluronic acid. 45. A purified nucleic acid segnent having
a codi ng region encoding enzymatically active hyal uronan synthase, wherein
the purified nucleic acid segnent is capable of hybridizing to the

nucl eotide sggugpee EQné’&ﬁ%Ej%Ce i thp9EQ bR dMbdocA8- %eﬁg' f
acid segnent having a coding region encodi ng enzymatically acti

%fga nucl ei ¢

hyal ur onat e wnrh’as@llwh@bpuptf Pediugacberagentt dexsagnine. selmebpdiateom t he
gboug’ c?g)m tsilennuc §@lons nuc glcqls gfhldzege rrethheencogl ng th%‘ HAS of SEQ I D

r Pro
Ide sequence |1 n accor ance\ﬁ

nucl ei ¢ aci d,,ﬁagﬁendxﬁwmkmﬁlahds%%f dixzel tia theanuclieildgacidd the present

5

10
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disclosure.

Once the appropriate host has been constructed, and cultured

under conditions appropriate for the production of HA, one will
desire to separate the HA so produced. Typically, the HA will be
secreted or otherwise shed by the recombinant organism into the
surrounding media, allowing the ready isolation of HA from the media
by known techniques. For example, HA can be separated from the
cells and debris by filtering and in combination with separation
from the media by precipitation by alcohols such as ethanol. Other
precipitation agents include organic solvents such as acetone or
quaternary organic ammonium salts such as cetyl pyridinium chloride
(cec) .

A preferred technique for isolation of HA is described in U.S.
Pat. No. 4,517,295, and which is incorporated herein by reference,
in which the organic carboxylic acid, trichloroacetic acid, is added
to the bacterial suspension at the end of the fermentation. The
trichloroacetic acid causes the bacterial cells to clump and die and
facilitates the ease of separating these cells and associated debris
from HA, the desired product. The clarified supernatant 1is
concentrated and dialyzed to remove low molecular weight
contaminants including the organic acid. The aforementioned

procedure utilizes filtration through filter cassettes containing

RNEF 5 (O



segnents defined in (A or (B) or fragnments thereof;

segnents whi

code, or encoding of functionally equival ent am no aci ds,

and (D) nucleic acid

ch but for the degeneracy of the 102 30 July 2002 genetic

to the nucleic acid segnents defined in (A), (B), and (C. 47. A
met hod for producing hyal uronic acid, conprisgaggthe steps of:

r econbi nant

-- providing a host cell having at lgdast one expression c
conprising a hyal uronan synt hase gene,

Hly2002

obtained froma prokaryotic organi smbut for Streptococcus pyogenes;

culturing the host cel
hyal ur oni c qﬁi

separating t

roni ¢ aci fbn1the celﬁé Eﬁ?

& et

woul d hybri di ze

wherein the expression construct is

and --

under conditions appropriate for the production of
. he. et of clai 7, . further conprising.the step of
.e2qh</ugl8%or-£ & IF fqgg?r . J)aaqugls‘ tion C(:lgﬁ cqgjdtraﬁ claim

47, wherei n d¢dnduatitiegset whe SXPEESSidenraGRst talGipphukiniee]l ¢ 0N negs- at
| east one gqﬂﬁmencoding an enzyme for synthesis of

10

15

20

25

The concentrated HA is precipitated by adding an excess of
reagent grade ethanol or other organic solvent and the precipitated
HA 1is then dried by washing with ethanol and vacuum dried,
lyophilized to remove alcohol. The HA can then be redissolved in a
borate buffer, pH 8, and precipitated with CPC or certain other
organic ammonium salts such as CETAB, a mixed trimethyl ammonium
bromide solution at 4 degree(s) Celsius. The precipitated HA is
recovered by coarse filtration, resuspended in 1 M NaCl, diafiltered
and concentrated as further described in the above referenced
patent. The resultant HA is filter sterilized and ready to be
converted to an appropriate salt, dry powder or sterile solution,
depending on the desired end use.

A. Typical Genetic Engineering Methods Which May Be Employed

If cells without formidable cell membrane barviers are used as
host cells, transfection is carried out by the calcium phosphate
precipitation method, well known to those of skill in the art.
However, other methods may also be used for introducing DNA into
cells such as by nuclear injection, cationic lipids,
electroporation, protoplast fusion or by the Biolistic(tm)
Bioparticle delivery system developed by DuPont (1989). The
advantage of using the DuPont system is a high transformation

efficiency. If prokaryotic cells or cells which contain substantial

cell wall constructions are used, the preferred wmethod of



a hyaluronic acid sugar precursor. 50. The nethod of claim49, wherein the
at | east one gene encodi ng an 103 30 July 2002 enzyne for synthesis of a
hyal uroni ¢ acid sugar precursor is selected fromthe group consisting of a
pyrophosphoryl ase, a transferase, a nutase, a dehydrogenase, and an

epi nerase capabl e of producing UDP G cNAc or UDP-G cUA. 51. The met hod of
claim47, wherein the at |east one egpression construct furd3thduly@00@ri ses
at | east one biosynthetic pathway gene of a hyaluronic acid sugar
precursor) 52. The nethod of claim47, wherein the at | east one expression
construct further includes at |east one gene encoding an enzyne for
synthesis of a hyaluronic acid sugar precursor. 53. The nethod of claim47,
further inckughafgchigedomlaiut ¢zsttrene wipyessigrmcarisict deteohtidueg at

| east one gene encodin n.enz for synthesis of a hyaluronic acid sugar
precur sor . 52??§ﬁ8°%e’%8 e%?08¥%§ﬁf37, wherein the host cell includes at

| east one i nt egr@hecratiph agniudchprdecgene @ntadhig 8he @BZYFR EQLingyNt hesi s
of

and control sequences employ standard ligation techniques. Isolated
5 plasmids or DNA fragments are cleaved, tailored, and religated in
the form desired to construct the plasmids required. Cleavage is

performed by treating with restriction enzyme (or enzymes) in
suitable buffer. In general, about 1 pug plasmid or DNA fragments
are used with about 1 unit of enzyme in about 20 pl of buffer
10 solution. Appropriate buffers and substrate amounts for particular
restriction enzymes are specified by the manufacturer. Incubation

times of about 1 hour at 37° C are workable.
After incubations, protein is removed by extraction with phenol
and chloroform, and the nucleic acid is recovered from the agueous
15 fraction by precipitation with ethanol. If blunt ends are required,
the preparation is treated for 15 minutes at 15° C with 10 units of
Polymerase I (Klenow), phenol-chloroform extracted, and ethanol
precipitated. For ligation approximately equimolar amounts of the
desired components, suitably end tailored to provide correct
20 matching are treated with about 10 units T4 DNA ligase per 0.5 pg
DNA. When cleaved vectors are used as components, 1t may be useful
to prevent religation of the cleaved vecter by pretreatment with
bacterial alkaline phosphatase.
For analysis to confirm functional sequences in plasmidse
25 constructed, the first step was to amplify the plasmid DNA by

cloning into specifically competent E. coli SURE cells (Stratagene)



a hyaluronic acid sugar precursor. 104 30 July 2002 55. The nethod of
claim47, wherein nutrients utilized for a hyaluronic acid sugar precursor
bi osynthetic pathway are supplied to the host cell. 56. The nethod of claim
55, wherein the nutrients supplying the hyaluronic acid sugar precursor

bi osynthetic pathway are fed to the host cell. 57. The nethod of clai m 55,
wherein the hyal uronic acid sugar pré6ursors are expressed 3hJulp@0B8st cel |
by endogenous genes thereof. 58. The nmethod of claim55, wherein the

hyal uroni ¢ aci d sugar precursors enzynes are expressed in the host cell by
an introduced construct including genes thereof. 59. The nethod of claim

47, whereiqftpe,@galuronan synthase gene i s isolated froma streptococcal
source but FoPORT ERBESERYS Pytyeled T80 55 e nAPNERGoER] P3P t Ry FsTed
hyal uronan synkbase tsaldbed H.r 85 AxpPrakaly 8t bs3AAYN GhibHtcah0yoquce
Streptococcus pyogenes, wherein the enzymatically active hyal uronan
synt hase i netud®8-aicN @a8FuTSRE  aRiAcSwErEs Bt FFanaformented skiorhetihey gr oup

consi sting Qfeiphb: CERERIENCY G MMl Qd Y AN ALOE D Brary of

5 transformants are then screened for bacterial colonies that exhibit
HA production. These colonies are picked, amplified and the
plasmids purified and analyzed by restriction mapping. The plasmids
showing indications of a functional HAS gene are then further
characterized by any number of sequence analysis techniques which
10 are known by those of ordinary skill in the art.
B. Source and Host Cell Cultures and Vectors

In general, prokaryotes were used for the initial cloning of

DNA sequences and construction of the vectors useful

in the
invention. It is believed that a suitable source may be Gram-
15 positive cells, particularly those derived from the Group C

Streptococcal strains. Bacteria with a single membrane, but a thick

cell wall such as Staphylococci and Streptococci are Gram-positive.
Gram-negative bacteria such as E. coli contain two discrete
membranes rather than one surrounding the cell. Gram-negative
20 organisms tend to have thinner cell walls. The single membrane of

the Gram-positive organisms 1is analogous to the inner plasma
membrane of Gram-negative bacteria. The preferred host cells are
SCreptoc"‘occus strains that are mutated to become hyaluronidase
negative or otherwise inhibited (EP144019, EP266578, EP244757).

25 Streptococcus strains that have been particularly useful include S.

equisimilis and S. zooepidemicus.



~xX(~/sld>x(~/~/d )(,~/~la )(I/~ >xl asa
(1/~In)(~/nf1)(n/bl~)(1/n/l~)(~/d/n)(Na)(d/ n/M(als/d)

-E(X) . ~(~/d) (ML) (d/ =) (b/TITW(b/~/n)(H~)2i~~ (!) :~0 6u!~s!suoa dnoa6 auk
woa~ pa~~a-~-as Ss~i ~ow p! ~e ou! we aaau~ ~sea~ ~e sapnpu! aseu~ul ~s ueuoaye~q
an! ~ae ~pea! ~eua~zua auk u! aaaunn 'saua6o~td snaaoao~days ao~ ~ng aaanos

~l ao~e~oad a woa~ pa-e~os! aseu~u~(s6Weuoaye~(u an!~ae ~(pa30-gwy002 ud
aseqg~u~(s ueuoaye~(u an! ~ae ~tpea! ~eu~~(zua auk ~o snu! waa~ pxoqaea a O~
snu! u~aa~ oU we ue UaO ~~ (n!) pue "(!'!'!) "(!'!) "(!) ~o ~apao an! ~e~aa auk
u! puno~ aae s~!~o~.u p!ae ou!we onn~ ~sea~ ~e auk u!aaaunn pue p! ae
ou!we /sue ~0 6u! ~s!suoa dnoa6 auk uaoa~ pa~oa~as 6u!ag x u~!nn

' ~p(~ =) (~ nn/ ~FSLRIIEFN Y M0 | G/ S n§ SERFEAHMY-s/ 1FPE/ $he(n!) ao

"N ~(~/ 21 | Hy2hadhkbXoh -d45 )b yrkBE&d ThWEaxb4b%d (1kdiR) ¥4 HcBdmbddatd high
(b/ =) ~x(sh) ~d~(~/ s) (~/ n/ 1)

(n/ =) (s/ b/ ~pelgawiasr/ ~FahR(ELhFRsbedithpesy d) orn¢ | /my desire to employ

~/ N ~)~d ~ ~ | /..~ 1) o~ ~/ S/ d) X(.~/ ~[d ~l 1~/
§ (1/1 ))xf(g ér‘%Pq{pffg?‘%% ‘%‘ﬁ%)%? B“cgﬁ%{)\gﬁ;?i ls%mﬁlﬁ%‘%r )SS"( ﬁ?‘%ef}lﬁ%m(c -/E1 ) ( :
ta'/n/ M) (TR:/SrkndntACDAd~dta'in€F as well as E. coli W3110 (F-, lambda-,

prototrophic, ATCC No. 273325), bacilli such as Bacillus subtilis,

or other enterobacteriaceae such as Serratia marcescens, could be

utilized to generate a "super" HAS containing host.

In general, plasmid vectors containing origins of replication

10 and control sequences which are derived from species compatible with

the host cell are used in ceonnection with these hosts. The vector

ordinarily carries an origin of replication, as well as marking

sequences which are capable of providing phenotypic selection in

transformed cells. For example, E. coli 1s typically transformed

15 using pBR322, a plasmid derived from an E. coli species. pBR322

contains genes for ampicillin and tetracycline resistance and thus
provides easy means for identifying transformed cells. A pBR
plasmid or a pUC plasmid, or other microbial plasmid or phage must

also contain, or be modified to contain, promoters which can be used

20 by the microbial organism for expression of its own proteins.

Those promoters most commonly used 1in recombinant DNA

construction include the lacZ promoter, tac promoter, the T7

bacteriophage promoter, and tryptophan (trp) promoter system. While
these are the most commonly used, other microbial promoters have

25 been discovered and wutilized, and details concerning their

nucleotide seguences have been published, enabling a skilled worker
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5 baker’s vyeast 1is the most commonly used among eukaryotlc

microorganisms, although a number of other strains are commonly

available. For expression in Saccharomyces, the plasmid YRp7, for

example, is commonly used. This plasmid already contains the trpi

gene which provides a selection marker for a mutant strain of yeast

10 lacking the ability to grow without tryptophan, for example, ATCC

No. 44076 or PEP4-1. The presence of the trpl lesion as a

characteristic of the vyeast host cell genome then provides an

effective environment for detecting transformation by growth in the

absence of tryptophan. Suitable promoting sequences 1in yeast

15 vectors include the promoters for the galactose utilization genes,

the 3-phosphoglycerate kinase or other glycolytic enzymes, such as

enolase, glyceraldehyde-3-phosphate dehydrogenase, hexokinase,

pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate

isomerase, 3 -phosphoglycerate mutase, pyruvate kinase,
20 triosephosphate isomerase, phosphoglucose isomerase, and
glucckinase.

In constructing suitable expression plasmids, the terminatiocn
sequencés associated with these genes are also ligated into the
expression vector 3’ of the sequence desired to be expressed to

25 provide polyadenylation of the mRNA and termination. Other

promoters, which have the additional advantage of transcription
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2002 (iii) (DE)x(WY)(x)zXF(L/'MEx)2(c/v)(s/r) XGDR(H R C)LTN;, or (iv)
(EED)(T/ISIV)P(X)5(WY/F) (L/I1)XQQAT/N) RWS/IT/INKS(YYWF)(F/ICQRE, with X
bei ng selected fromthe group consisting of any am no acid; and wherein the
at least three amno acid notifs are found in the relative order of (i),

(ii), (iii), and (iv) froman am no 68rm nus to a carboxyl 3@duiy(02f the
enzymatically active hyal uronan synthase. 63. An enzymatically active

hyal uronan synthase isolated froma prokaryotic source but for

Strept ococcus pyogenes, wherein the enzymatically active hyal uronan

synt hase includes at least two amno acid notifs selected fromthe group
consi sting Qﬁn_tr(:p,}e@(p(gx)ag]:}c )qpmq_itfggggre)eh\g@rqrqoityr region for alcohol

RY(X) 2850 ZR GBIoH) SR8 Rl ¢ (bbid pSERE BTN e Uref )

associated with nitrogen metabolism, and the aforementioned

glyceraldehyde-3-phosphate dehydrocgenase, and enzymes responsible
5 for maltose and galactose utilization. Any plasmid vector

containing a yeast-compatible promoter, origin of replication and

termination sequences is suitable.
In addition to micreocorganisms, cultures of cells derived from
multicellular organisms may also be used as hosts. 1In principle,

10 any such cell culture is workable, whether £from vertebrate or

invertebrate culture. However, interest has been greatest in
vertebrate cells, and propagation of vertebrate cells in culture has
become a routine procedure in recent years. Examples of such useful
host cell lines are VERO and Hela cells, Chinese hamster ovary (CHO)

15 cell lines, and WI38, BHK, CO0S, and MDCK cell lines.
For use in mammalian cells, the control functions on the
expression vectors are often provided by viral material. For
example, commonly used promoters are derived from polyoma,
Adenovirus 2, bovine papilloma virus and most frequently Simian
20 Virus 40 (8SV40). The early and late promoters of SV40 virus are
particularly useful because both are obtained easily from the virus
as a fragment which also contains the 8§V40 viral origin of
replication. Smaller or larger SV40 fragments may also be used,
provided there is included the approximately 250 bp sequence
25 extending from the Hind III site toward the Bgl I site located in

the viral origin of replication.



with X being selected fromthe group consisting of any am no acid; and
wherein the at least two amino acid notifs are found in the relative order
of (i), (ii), (iiit), and (iv) froman amno termnus to a carboxyl term nus
of the enzymatically active hyal uronan synthase. 108 30 July 2002 64. An
enzymatical ly active hyal uronan synthase isolated froma prokaryotic source
but far Streptococcus pyogenes, wherdOn the enzymatical |y &30 Julg 2002f ur onan
synt hase includes at |east three amino acid notifs selected fromthe group
consisting of: (i) GKR(X)6F(X)11 15DSDT(X)eE; (ii)

RY( X) ZAF( X) 2ER( X) zQS( X) 9GPL( X) ZY ; (iii) QQXFXE X) SGDDRXLTN; or (ivV)

P( X) g QQXRAKKS( X)FaRE e th i)é bedngoseitaet GHi'zddeﬂmnthlesigl’a@UlQ, eenstgtib,ng of any
am no acid; and wherein ¢ at | east three amino acid nmotifs are found in

the rel ati vgr%‘Fchgf of c(’flsr (F?‘?“en(clefln)"m%]r?ﬁ TFRP IR F Ot AR difienderieedi nus to

a carboxyl behdlisRdsedtfe,t PRVBRAZY MRELCAINk Yo RGhinvahdY¥al M @BARL S YL hAse. 65. An
enzymaticafly active hf/al uronan synt hase isolated froma prokaryotic
the host cell systems. An origin of replication may be provided

5 either by construction of the vector to include an exogenous origin,
such as may be derived from §V40 or other viral (e.g., Polyoma,
Adeno, BPV) source, or may be provided by the host cell chromosomal
replication mechanism. If the vector is integrated into the host
cell chromosome, the latter mechanism is often sufficient.

10 c. Isolation of a bona fide HA sBynthase gene from a highly

encapsulated strain of Group C Streptococcus equisimilis.

The encoded protein, designated seHAS, is

417 amino acads

(calculated molecular weight of 47,778 and pl of 9.1) and ig the

smallest member of the HAS family identified thus far (FIG. 2).

15 seHAS also migrates anomalously fast in SDS-PAGE (M.~42 kDa) (FIGS.
5 and 8).

FIG. 8 is a graphical representation of a Western Blot analysis

of recombinant seHAS using specific antibodies. Group C (C; lane 1)

or Group A (A; lane 4) Streptococcal membranes and E. coli membranes

20 (9 mg/lane) containing recombinant seHAS (E; lanes 2, 7, and 9) or

spHAS (P; lanes 3, 6, 8, and 10) were fractionated by reducing SDS-

PAGE and electrctransferred to nitrocellulose. Strips of

nitrocellulose were probed and developed as described in the

application using purified IgG fractions raised to the following

25 regions cof spHAS: central domain peptide E"-T!'* (lanes 1-4); C-

terminus peptide (lanes 5-6); the complete protein (lanes 7 and 8);



source but for Streptococcus pyogenes, wherein the enzymatically active
hyal uronan synt hase i ncludes the amno acid notifs: (i)

GKR( X) 6F( X) 11- ~SDSDT( X) 8E; (ii) RY(X)ZAF(X) ZER( X) zQS( X) 9GPL(X) zY ; (iii)
QXFXE X) SGDDRXLTN; or (iv) P(X) BQXRWKKS(X), RE, with X being sel ected from
the group consisting of any am no acid; and 109 30 July 2002 wherein the

amino acid notifs are found in the rghative order of (i), (80July(2002, and
(iv) froman amno termnus to a carboxyl term nus of the enzymatically

active hyal uronan synthase. .AU2 . A . A{e. Ash. A(. A Ay. ALh. A; . A A& . A?. A?. A{
AR Ayu. A {,. A LA LA(LA

recombinant central domain (lanes 9 and 10). Nonimmune IgG or

membranes from cells transformed with vector alone gave no staining

as in lane 5.

The seHAS and spHAS protein (previously identified in U.g.

Serial No. 08/899,940) encoding sequences are 72% identical. The

deduced protein sequence of seHAS was confirmed by reactivity with

a synthetic peptide antibody (FIG. 8). Recombinant seHAS expressed

in E. coli was recovered in membranes as a major protein (FIC. 5)

and synthesized very large molecular weight HA in the presence of
10 UDP-GlcNAc and UDP-GlcA in vitro (FIG. 9).

FIG. 9 shows a kinetic analysis of the HA size distributions

produced by seHAS and spHAS. E. coli membranes containing equal

amounts of seHAS or spHAS protein were incubated at 37°C with 1.35

mM UDP~ {**C] GleA (1.3 x 10 dpm/nmol) and 3.0 mM UDP-GlcNAc as

15 described in the application. These substrate concentrations are

greater than 15 times the respective Km valves. Samples taken at

0.5, 1.0, and 60 min were treated with SDS and chromatographed over

Sephacryl S$400 HR. The HA profiles in the fractionation range of

the column (fractions 12-24) are normalized to the percent of total

20 HA in each fraction. The values above the arrows in the top panel

are the MWs (in millions) of HA determined directly in a separate

experiment using a Dawn multiangle laser light scattering instrument

(Wyatt .Technology Corp.). The size distributions of HA synthesized

by seHAS (®,w,a) and spHAS (0,0, ) at 0.5 min (O,®), 1.0 min ([1, %)

25 and 60 min {_ , 4) are shown as indicated. Analysis showed that seHAS

and spHAS are essentially identical in the size distribution of HA
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chaine they synthesize (FIG. 9). SeHAS is twice as fast as spHAS in

its ability to make HA.
C.1 Bacterial etrains and vectors

The mucoid group C strain D1B8l; (Streptococcus equisimilis) was

5 obtained from the Rockfeller University Collection. The E. coli

host strains Sure and XL1-Blue MRF' were from Stratagene and strain

Topl0 F’ was from Invitrogen. Unless otherwise noted, Streptococci

were grown in THY and E. coli strains were grown in LB medium. pKK-
223 Expression vector was from Pharmacia, PCR 2.1 cloning vector was

10 from Invitrogen, and predigested A Zap Express TM Bam HI/CIAP Vector

was from Stratagene.
C.2 Recombinant DNA and Cloning

High molecular mass Genomic DNA from Streptococcus equisimilis

isolated by the method of Caparon and Scott (as known by those with

15 ordinary skill in the art) was partially digested with Sau3Al to an
average size of 2-12 kb. The digested DNA was precipitated with
ethanol, washed and ligated to the Bam HI/CIAPA Zap Express vector.
Ligated DNA was packaged 1into phage with a Packagene™ extract
obtained from Promega. The titer of the packaged phage library was

20 checked using XL1-Blue MRF’ E. coli as a host.

C.3 Degenerate PCR Amplification
Degenerate oligonucleotides were designed based upon conserved
sequences among spHAS (Streptococcus pyogenes), DG42 (Xenopus laevis
HAS; 19) and nodC (a Rhizobium meliloti nodulation factor; 20) and
25

were used for PCR amplification with D1B1 genomic DNA as a template.

Amplification conditions were 34 cycles at: 94°C for 1 min, 44°C for
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Geneclean kit. This fragment was then cloned into PCR2.1 vector

using TOP 10 F' cells as a host according to the manufacturer's
directions. Double stranded plasmid DNA was purified from E.
coli (Top 10 F') using the QIAfilter Plasmid Midi Kit (Qiagen).

Two other degenerate
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Two molecular probes were used to screen the library; the
cloned 459 bp PCR product and oligonucleotide DI181.5 (5'-
GCTTGATAGGTCACCAGTGTCACG-3' (SEQ ID NO:15); derived from the
1042 bp sequence). The 459 bp PCR product was radiolabeled
using the Prime-It 11 random primer labeling Kit (Stratagene)
according to the manufacturers instructions. Oligonucleotides

were labeled by Kinace-It Kinasing Kit (Stratagene) using

[ynP]ATP. Radiolabeled products were separated from nonlabeled

material on NucTrap Push columns {(Stratagene). The oligoprobe

hybridized specifically with a D181 genomic digest on Southern

blots. To screen the A phage library, XLBLUE MRF' was used as a

host (3000 plagues/plate) on
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prehybridized at 60°C and hybridized with 5'-end labeled
oligonucleotide, D181.5, in QuikHyb Hybridization solution
(stratagene) at B80°C according to instructions.

The membranes were then washed with 2x SSC buffer and 0.1%
(w/v) SDS at room temperature for 15 min, at 60°C with 0.1x SsC
buffer and 0.1% SDS (w/v) for 30 min, dried and then exposed to
Bio-Max MS film overnight at -70°C. Positive plaques were
replated and rescreened twice. Pure positive phages were saved
1in SM buffer with chloroform. PCR on these phages with vector
primers revealed 3 different insert sizes.

PCR with a combination of vector primers and primers from
different regions of the cloned 1042 bp sequence revealed that
only one of the three different phages had the complete HAS
gene. The insert size in this phage was 6.5 kb. Attempts to
subclone the insert into plasmid form by autoexcision from the
selected phage library clone failed. Therefore, a PCR strategy
was applied again on the pure positive phage DNA to obtain the
5' and 3' end of the ORF. Oligonucleotide primers D181.3 (5'-~
GCCCTGTGTCGGAACATTCA-3"' (SEQ ID NO:16}) and T3 (vector primer)
amplified a 3kb product and oligonucleotides D181.5 and T7
{(vector §£imer) amplified a 2.5 kb product. The 5' and 3'-end
sequences of the ORF were obtained by sequencing these two above
products. Analysis of all PCR product sequences allowed us to

reconstruct the ORF of the 1254 bp seHAS gene.
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of seHAS to contain an EcoRl restriction site in the sense
oligonucleotide (5'-AGGATCCGAATTCATGAGAACATTAAAAAACCTC-3' (SEQ
ID NO:17)) and a Pstl site in the antisense oligonucleotide (5'-
AGAATTCTGCAGTTATAATAATTTTTTACGTGT-3"' (SEQ ID NO:18)). These
primers amplified a 1.2 kb PCR product from D181 genomic DNA as
well as from pure hybridization-positive phage. The 1.2 kb
product was purified by agarose gel electrophoresis, digested
with Pstl and EcoRI and cloned directionally into Pstl-and
EcoRl-digested pKK223 wvector. The ligated vector was
transformed into E. coli SURE cells that were then grown at
30°cC. This step was practically important since other host
cells or higher temperatures resulted in deletiocns of the cloned
insert. Colonies were isolated and their pDNA purified. Out of
six colonies (named a,b,c,d,e, and f), five had the correct size
insert, while one had no incert.

C.6 HA Synthase Activity

HA synthase activity was assayed in membranes prepared from
the 5 above clones. Fresh log phase cells were harvested at
3000g, washed at 4°C with PBS and membranes were isolated by a
modification of a protoplast method as known by those of
ordinary skill in the art. Membrane preparations from
Streptococcus pyogenes and Streptococcus equisimilis were also
obtained by modification of a different protoplast procedure.
Membranes were incubated at 37°C in 50 mM sodium and potassium

phosphate, pH 7.0 with 20 mM MgCl,, 1 mM DTE, 120 uM UDP-GlcA

and 300 uM UDP-GlcNAc. Incorporation of sugar
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was monitored by using UDP- [*C}GlcA (318 mCi/mmol; ICN) and/or UDB-
["H)GlcNAc (29.2 Ci/mmol NEN). Reactions were terminated by addition
of SDS to a final concentration of 2% (w/v). Product HA was
separated from precurscrs by descending paper chromatography and
5 measured by determining incorporated radiocactivity at the origin,.
C.7 Gel Filtration Analysis
Radiolabeled HA produced in vitro by membranes containing
recombinant seHAS or spHAS was analyzed by chromatography on a
column (0.9 x 40 c¢m) of Sephacryl S500 HR (Pharmacia Biotech Inc.).
10 Samples (0.4 ml in 200 mM NaCl, 5mM Tris-HCl, pH 8.0, plus 0.5% SDS)
were eluted with 200 mM, NaCl, 5 mM Tris-HCL, and pH 8.0 and 0.5 ml
fractions were assessed for YC and/or °‘H radicactivity.
Authenticity of the HA polysaccharide was assessed by treatment of
a separate identical sample with the HA-specific hyaluronate lyase
15 of Streptomyces hyalurolyticus (EC 4.2.2.1) at 37°C for 3 hrs. The
digest was then subjected to gel filtration.
C.8 SDS-PAGE and Western Blotting
SDS-PAGE was performed according to the Laemmli method.
Electrotransfers to nitrocellulose were performed within standard
20 blotting buffer with 20% methanol using a Bio-Rad mini Transblot
device. The blots were blocked with 2% BSA in TBS. Protein A/G

alkaline phosphatase conjugate (Pierce) and p-nitroblue

tetrazolium/5-bromo-4-chloro-3 indelyl phosphate p-toluidine salt

were used for detection.
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C.9 DNA Sequence and Analysis

Plasmids were sequenced on both strands using fluorescent

labeled vector primers. Sequencing reactions were performed using

a Thermosequenase™ kit for fluorescent labeled primers (with 7-
S deazaG) . Samples were electrophoresed on a Pharmacia ALF Express
DNA Sequencer and data were analyzed by the ALF Manager Software
v3.02. Internal regions of inserts were sequenced with internal
primers using the ABI Priem 377 (Software version 2.1.1). Ambiguous

regions were sequenced manually using Sequenase™ 7-deaza - DNA
10 polymerase, 7-deaza GTP master mix (USB) and [«-?°S] dATP (Amersham

Life Sciences). The sequences obtained were compiled and analyzed
using DNASIS, v2.1 (Hitachi Software Engineering Co., Ltd.). The
nucleotide and amino acid sequences were compared with other

sequences in the Gerbank and other databases.
15 C.10 Identification of seHAS
Identification of seHAS was accomplished by utilizing a PCR
approach with oligonucleotide primers based on several regions of
high identity among spHAS, DG42 (now known to be a developmentally
reqgulated X. laevis HAS and designated x1HAS) and NodC (a Rhizobium
20 R-GlcNAc ctransferase). The x1HAS and NodC proteins are,
respectively, ~50% and -~10% identical to spHAS. This strateqgy
vielded a 459 bp PCR product whose seqguence was 66.4% identical to
spHAS, Indicating that a Group C homologue (seHAS) of the Group A
{spHAS) HA synthase gene had been identified. The complete coding
25

region of the gene was then reconstructed using a similar PCR-based

strategy. A final set of PCR primers was then used to amplify the
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complete ORF from genomic DNA. When this 1.2 kb PCR fragment was -

incorporated into the expression vector pKK223 and transformed into

E. coli SURE cells, HA synthetic activity was demonstrated in

isolated membranes from 5 of the 5 colonies tested.
5 The ORF of the reconstructed gene encodes a novel predicted
protein of 417 amino acids that was not in the database and it is

two amino acids shorter than spHAS. The two bacterial proteins are

72% identical and the nucleic acid sequences are 70% identical. The
predicted molecular weight of the seHAS protein is 47,778 and the
10 predicted isoelectric point is at pH 9.1. Three recently identified

mammalian HASs (muHAS1l, muHAS2, muHAS3, FIG. 2) are similar to the

bacterial proteins. The overall identity between the two groups is
~28-31%, and in addition many aminec acids in seHAS are highly
conserved with those of the eukaryotic HASs (e.g. K/R or D/E
15 substitutions). A98R, the PBCY-1 HAS is 28-33 percent identical to
the mammalian HASs, and is predicted to have a similar topology in
the lipid membrane. Within mammalian species the same family
members are almost completely identical (e.g. muHAS1 and hulHAS1 are
95% identical; muHAS2 and huHAS2 are 98% identical). However, and
20 as shown in FIG. 3, even within the same species the different HAS
family members are more divergent (e.g. mulAS1l and muHAS2 are 53%
identical; muHAS1 and muHAS3 are 57% identical; muHAS2 and muHAS3

are 71% identical).
FIG. 10 shows hydropathy plots for seHAS and predicted membrane
25 topology. The hydrophilicity plot for the Streptococcal Group C HAS

was generated by the method of Kyte and Doolittle (J. Mol. Biol.
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157, 105, 1982) using DNAsis. The protein is predicted to be an
integral membrane protein.

FIG. 11 shows a model for the topologic organization of geHAS

in the membrane. The proposed topology for the protein conforms to
5 the charge-in rule and puts the large central domain inside. This
domain is 1likely to contain most of the substrate binding and
catalytic functions of the enzyme. Cys?** in seHAS, which 1is

conserved in all HAS family members, as well as the other three

cysteines are shown in the central domain. Cys®® is a critical

10 residue whose alteration can dramatically alter the sgize
distribution of HA product synthesized by the enzyme.

The overall membrane topology predicted for seHAS is identical
to that for spHAS and the eukaryotic HASs reported thus far. The
protein has two putative transmembrane domains at the amino terminus

15 and 2-3 membrane-associated or transmembrane domains at the carboxyl

end. The hydropathy plots for the two Streptococcal enzymes are

virtually identical and illustrate the difficulty in predicting the

topology of the extremely hydrophobic region of ~30 residues at K**-

R in seHAS (K -K'** in spHAS).

-0 seHAS was efficiently expressed in E. coli cells. Roughly 10%
of the total membrane protein was seHAS as assessed by staining of
SDS-PAGE gels (FIG. 5). The prominent seHAS band at 42 kD is
guantitatively missing in the vector-only control lane. This
unusually high level of expression for a membrane protein is also

25 found for spHAS, using the same vector in SURE cells. About 8% of

the membrane protein is spHAS in E. coli SURE cells. In contrast,
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the amount of seHAS in Group C membranes is not more than 1% of the

total membrane protein. The spHAS in Group A membranes is barely

detectable. The recombinant seHAS expressed in E. coli SURE cells

does not synthesize HA in vivo, since these cells lack UDP-GleA, one

5 of the required substrates. Membranes, however containing the

recombinant seHAS protein synthesize HA when provided with the
substrates UDP-GlcNAc and UDP-GlcA (FIG. 12).

FIG. 12 shows the synthesis of authentic HA by recombinant

seHAS. E. coli membranes (69 pg) prepare from cells containing

10 recombinant seHAS or vector alone were incubated at 37°C for 1 hour

with 700 pM UDP- ["H]GlcNAc (2.78 x 10° dpm/nmol; C},®) and 300 uM UDP-

[*C]GlcA (3.83 x 10° dpm/nmol; O,®) in a final volume of 200 ul as

described herein. The enzyme reaction was stopped by addition of

EDTA to a final concentration of 25 mM. Half the reaction mix was

15 treated with Streptomyces hyaluronidase at 37°C for 3 hours. 8DS

(2%, w/v) was added to hyaluronidase-treated (O,0) and untreated

(e, m) samples, which were heated at 90°C for 1 min. The samples

were diluted to 500 gl with column buffer (5 mM Tris, 0.2 M Nacl, pH
8.0), clarified by centrifugation and 200 ul was injected onto a

20 Sephacryl S$-500 HR column. Fractions (1 ml) were collected and

radiocactivity was determined. BD is the peak elution position

position of blue dextran (-2 x 10° DA; Pharmacia). V, marks the
excluded volume and V, the included volume. The ratio of (¢} GlcA:

[*H] GlcNAc incorporated into the total amount of HA fractionated on

25 the column is 1.4, which is identical to the ratio of specific

activities of the two substrates. Therefore, the molar ratios.of
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the sugars incorporated into product is 1:1 as predicted for

authentic HA. Membranes from cells transformed with vector alone

did not synthesize HA,
Using 120 pgM UDP-GlcA and 300 puM UDP-GlcNAc, HA synthesis was

5 linear with membrane protein (at s0.2 pgg) and for at least 1 hour.
Also, membranes prepared from nontransformed cells

or cells

transformed with vector alone have no detectable HAS activity. HA

synthesis is negligible if Mg'®* ie chelated with EDTA (<5% of
control) or if either of the two substrates are omitted (~2% of
10 control). Recombinant seHAS also showed the expected specificity
for sugar nucleotide substrates, being unable to copolymerize either
UDP-GalhA, UDP-Glc or UDP-GalNAc with either of the two normal
substrates (Table II).

Based on gel filtration analysis, the average mass of the HA

15 synthesized by seHAS in 1solated membranes is 5-10x10° Da. The
. product of the recombinant seHAS is judged tco be authentic HA based
on the equimolar incorporation of both sugars and its sensitivity to
degradation by the specific Streptomyces hyaluronidase (FIG. 12).
Although the conditions for total HA synthesis were not optimal
20 (since ~90% of one substrate was lncorporated into product), the
enzyme produced a broad distribution of HA chain lengths. The peak
fraction corresponds to an HA mass of 7.5x10° Da which is a polymer
containing approximately 36,000 monomeric sugars. The distribution

of HA sizes resolved on this column ranged from 2-20x10° Da.
25

The deduced protein sequence of seHAS was confirmed by the

ability of antibodies to the spHAS protein to cross-react with the
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Group C protein (FIG. 8). Polyclonal antibodies to the whole SpHAS

protein or to just the central domain of spHAS aleo reacted with the

seHAS protein. Antipeptide antibody to the C-terminus of spHAS did

not cross-react with this somewhat divergent region in the seHAS

5 protein. However, antipeptide antibody directed against the spHAS

sequence E'-T¥! recognized the same predicted sequence in seHAS.
The antipeptide antibody also reacts with the native seHAS and spHAS
proteins in Streptococcal membranes and confirms that the native and

recombinant enzymes from both species are of identical size. Like
10 the spHAS protein, seHAS migrates anomalously fast on SDS-PAGE.

Although the calculated mass is 47,778 Da, the M, by SDS-PAGE is

consistently ~42 kDa.

Because of the sequence identity within their central domain

regions and the overall identical structure predicted for the two

15 bacterial enzymes, the peptide-specific antibody against the region

EM.T¥ can be used to normalize for HAS protein expression in

membranes prepared from cells transformed with genes for the two

different enzymes Using this approach, membranes with essentially

identical amounts of recombinant spHAS or seHAS were compared with

20 respect to the initial rate of HA synthesis and the distribution of

HA product size.

As shown for spHAS, the synthesis of HA chains by seHAS 1is

processive. The enzymes appear to stay associated with a growing HA

chain until it is released as a final product. Therefore, it is
25 possible to compare the rates of HA elongation by seHAS and spHAS by

monitoring the size distribution of HA chains produced at early
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times, during the first round of HA chain synthesis. Based on gel

filtration analysis of HA product sizes at various times, we

estimated that the average rate elongation by seHAS is about 9,000

monosaccharides/minute at 37°C (FIG. 9). In five minutes, the

5 enzymes can polymerize an HA chain of 5-10x10° Da. During a 60 min

incubation, therefore, each enzyme molecule could potentially

initiate, complete and release on the order of 5-8 such large HA

molecules. At early times (e.g. = 1 min), reflecting elongation of
the first HA chains, the size distribution of HA produced by seHAS

10 was shifted to larger species compared to spHAS. By 60 min the two
distributions of HA product sizes are indistinguishable.

The cloned seHAS represents the authentic Group C HA synthase.
Previously reported or disclosed "Group C" proteins are, therefore,
not the true Group C HAS. The seHAS protein is homologous to nine

15 of the currently known HA synthases from bacteria, vertebrates, and
a virus that now comprise this rapidly growing HA synthase family.
This homology is shown particularly in FIG 2. 1In mammals three
genes, designated HAS 1, HAS 2 and HAS 3, have been identified and
mapped to three different chromosomes in both human and mouse. In

20 amphibians the only HAS protein identified thus far is the
developmentally regulated DG42, which was cloned in 1988 and
recently shown to encode the HA synthase activity by analysis of the
recombihant protein in yeast membranes. Probably other X. laevus
HAS genes will soon be identified.

25

A divergent evolution model suggests that a primitive bacterial

HAS precursor may have been usurped early during vertebrate
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development or the bacterial pathogenic strategy of making an HA

capsule was developed when a primitive bacteria captured in

primordial HAS. Convergent evolution of the bacterial and

eukaryotic HAS enzymes to a common structural solution seems

5 unlikely, but may have occurred.
None of the three mammalian isozymes for HAS have yet been
characterized enzymatically with respect to their HA product size.

At least ten identified HAS proteins are predicted to be membrane
proteins with a similar topology. HA synthesis occurs at the plasma

10 membrane and the HA 1s either shed into the medium or remains cell
associated to form the bacterial capsule or a

eukaryotic

pericellular coat. The sugar nucleotide substrates in the cytoplasm

are utilized to assemble HA chains that are extruded through the
membrane to the external space.

15 The protein topology in the very hydrophobic carboxyl portion

of the HAS protein appears to be critical in understanding how the
enzymes extend the growing HA chain as it is simultaneously extruded

through the membrane. For example, the unprecedented enzymatic

activity may require unusual and complex interactions of the protein
20 with the lipid bilayer. Preliminary results based on analysis of
spHAS-alkaline phosphatase fusion proteins indicate that the amino
and carboxyl termini and the large central domains are all
intracellular, as shown in FIGS. 10 and 11. The seHAS protein also
contains a large central domain (~63% of the total protein) that

25 appears to contain the two substrate binding sites and the two

glycosyltransferase activities needed for HA synthesis. Although
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with esent evidernce and applies as well to the eukaryotic

5 enzymes, which are -~40% larger primarily due to extention of the C-

terminal end of the protein with 2 additional predicted

transmembrane domains.

Four of the six Cys residues in spHAS are conserved with seHAs.
Only Cys225 in both bacterial enzymes is conserved in all members of
10 the HAS family. Since sulfhydryl reactive agents, such as p-

mercurobenzoate or NEM, greatly inhibit HAS activity, it is likely

that this conserved Cys 1s necessary or important for enzyme
activity. Initial results from site-directed mutagenesis studies,
however, indicate that a €2255 mutant of spHAS is not inactive, it
15 retains 5-10% of wildtype activity.

The recognition of nucleic acid sequences encoding only seHAS,
only spHAS, or both seHAS and spHAS using specific oligonucleotides
is shown in FIG. 13. Three pairs of sense-antisense
oligonucleotides were designed based on the sequence of ID SEQ NO.

20 1 and the coding sequence for spHAS. The seHAS based nucleic acid
segments (sel-se2 and sespl-sesp2) are indicated in FIG. 14. These
three oligonucleotide pairs were hybridized wunder typical PCR
reactions with genomic DNA from either Group C (seHAS) tlanes 2, 4,
and 6) or Group A (spHAS) (lanes 3,5, and 7) streptococci. Lanes 1

25 and 8 indicate the positions of MW standards in kb (kilobases). The

PCR reactions were performed using Tag DNA polymerase (from Promega)
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smaller common sesp primers) for 1 minute to allow hybridization,

and 72 degrees Celsius for 1.5 minutes for DNA synthesis. The PCR

5 reaction mixtures were then separated by electrophoresis on a 1%

agarose gel.

The sel-se2 primer pair was designed to be uniquely specific

for the Group C HAS (seHAS). The spl-sp2 primer pair was designed

to be uniquely specific for the Group A HAS (spHAS). The sespl-

10 sesp2 primer pair was designed to hybridize to both the Group A and

Group C HAS nucleic acid sequences. All three primer pairs behaved

as expected, showing the appropriate ability to cross-hybridize and
support the generation of PCR products that were specific and/or
unique.

15 The oligonuclectides used for specific PCR or hybridization are

shown in FIG. 14. The synthetic oligonucleotides of SEQ ID NOS: 3,
4, 5, and 6 are indicated in the corresponding regions of SEQ ID NO.
1. These regions are in bold face and marked, respectively as
primers sel, se2, sespl, and sesp2. The #1 indicates primers in the
20 sense direction, while the #2 indicates a primer in the antisense
direction. Each of the four oligonucleotides will hybridize

specifically with the seHAS sequence and the appropriate pairs of

sense/antisense primers are suitable for use in the polymerase chain

reaction as shown in FIG. 13.

25 FIG. 7 shows a gel filtration analysis of hyaluronic acid

synthesized by recombinant HAS expressed in yeast membranes. A DNA
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corresponding to spHAS {(with the original Val codon switched to Met)
was subcloned by standard methods in the pYES2 yeast expression

vector (from Invitrogen) to produce pYES/HA. Membranes from cells

with this construct were prepared by agitation with glass beads.
The samples derived from pYES/HA constructs contained substantial HA
synthase activity and the "42 kDa" HAS protein was detected by
Western analysis using specific antibodies; membranes from cells

with vector alone possessed neither activity nor the immunoreactive

10 band (not shown). Membranes (315 ug protein) were first incubated

with carrier free UDP- [*C]GlcA (1 uCi'*C) amd 900 uM unlabeled UDP-

GlcNAc in 50 mM Tris, pH 7, 20 mM MgCl2, 1imM DTT, and 0.05 M NacCl

(450 ul reaction volume) at 30 degrees Celsius for 1.5 minutes.

After this pulse-label period nonradiolabeled UDP-GlcA was then

15 added to final concentrations of 900 uM. Samples (100 ul) were

taken after the pulse at 1.5 min ({(dark circle), and 15 (black

square), and 45 (black triangle) min after the “chase.” The

reactions were terminated by the addition of SDS to 2% and heating

at 95 degrees Celsius for 1 min. The samples were clarified by

20 centrifugation (10,000 x g, 5 min) before injection of half of the

sample onto a Sephacryl S-500HR gel filtration column (Pharmacia; 1
X 50 cm) equilibrated in 0.2 M NaCl, 5 mM Tris, pH 8.
The column was eluted at 0.5 ml/min and radiocactivity in the
fractions (1 ml) was quantitated by liquid scintillation counting
25 after adding BioSafell cocktail (4.5 ml, Research Products Intl.).

The void volume and the totally included volumes were at elution
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volumes of 14 ml and 35.5 ml, respectively. The peak of blue

dextran (average 2x10 6 Da) eluted at 25-27 ml. The recombinant HAS

expressed in the eukaryotic yeast cells makes high molecular weight
hyaluronic acid in vitro.

5 Thus it should be apparent that there has been provided in
accordance with the present invention a purified nucleic acigd
segment having a coding region encoding enzymatically active HAS,
methods of producing hyaluronic acid from the geHAS gene, and the
use of hyaluronic acid produced from a HAS encoded by the seHAS

10 gene, that fully satisfies the objectives and advantages set forth
above. Although the invention has been described in conjunction
with specific embodiments thereof, it is evident that many
alternatives, modifications, and variations will be apparent to
those skilled in the art. Accordingly, it 1s intended to embrace

15 all such alternatives, modifications, and wvariations that fall

within the spirit and broad scope of the appended claims.
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CLAIMS

1. A purified nucleic acid segment comprising a coding region encoding
enzymatically active hyaluronate synthase, wherein the purified nucleic
acid segment encodes the Streptococcus equisimilis hyaluronate

synthase of SEQ ID NO:2.

2. A purified nucleic acid segment comprising a coding region encoding
enzymatically active hyaluronate synthase, wherein the purified nucleic
acid segment comprises a nucleotide sequence in accordance with SEQ

ID NO:1.

3. A purified nucleic acid segment having a coding region encoding
enzymatically active hyaluronate synthase, wherein the purified nucleic
acid segment is capable of hybridizing to the nucleotide sequence of SEQ

ID NO:1.

4. A purified nucleic acid segment having a coding region encoding
enzymatically active hyaluronate synthase, wherein the purified nucleic

acid segment has semiconservative or conservative amino acid changes
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5. A recombinant vector selected from the group consisting of a plasmid,
cosmid, phage, or virus vector and wherein the recombinant vector
further comprises a purified nucleic acid segment having a coding region
encoding enzymatically active hyaluronan synthase, wherein the purified
nucleic acid segment encodes the Streptococcus equisimilis hyaluronan

synthase of SEQ ID NO:2.

6. A recombinant vector selected from the group consisting of a plasmid,
cosmid, phage, or virus vector and wherein the recombinant vector
further comprises a purified nucleic acid segment having a coding region
encoding enzymatically active hyaluronan synthase, wherein the purified
nucleic acid segment comprises a nucleotide sequence in accordance with

SEQ ID NO:1.

7. The recombinant vector of claim 5 or 6, wherein the plasmid further

comprises an expression vector.

8. The recombinant vector of claim 7, wherein the expression vector

comprises a promoter operatively linked to the enzymatically active
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purified nucleic acid segment having a coding region encoding
enzymatically active hyaluronan synthase, wherein the purified nucleic

acid segment comprises a nucleotide sequence in accordance with SEQ

ID NO:1.

11. Therecombinant host cell of claim 9 or 10, wherein the host cell produces

hyaluronic acid.

12. The recombinant host cell of claim 9 or 10, wherein the enzymatically

active hyaluronan synthase is capable of producing a hyaluronic acid
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the Streptococcus equisimilis hyaluronan synthase of SEQ ID NO:2.
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15. Arecombinant host cell, wherein the recombinant host cell is a eukaryotic
cell transfected with a recombinant vector comprising a purified nucleic
acid segment having a coding region encoding enzymatically active
hyaluronan synthase, wherein the purified nucleic acid segment

comprises a nucleotide sequence in accordance with SEQ ID NO:1.

16. The recombinant host cell of claim 14 or 15, wherein the host cell

produces hyaluronic acid.
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18. The recombinant host cell of claim 14 or 15, wherein the enzymatically

active hyaluronan synthase is capable of producing a hyaluronic acid

polymer having a modified size distribution.

19. A recombinant host cell, wherein the recombinant host cell is
electroporated to introduce a recombinant vector into the recombinant
host cell, wherein the recombinant vector comprises a purified nucleic
acid segment having a coding region encoding enzymatically active
hyaluronan synthase, wherein the purified nucleic acid segment encodes

the Streptococcus eguisimilis hyaluronan synthase of SEQ ID NO:2.

20. A recombinant host cell, wherein the recombinant host cell is
electroporated to introduce a recombinant vector into the recombinant
host cell, wherein the recombinant vector comprises a purified nucleic
acid segment having a coding region encoding enzymatically active
hyaluronan synthase, wherein the purified nucleic acid segment

comprises a nucleotide sequence in accordance with SEQ ID NO:1.
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produces hyaluronic acid.

22. The recombinant host cell of claim 19 or 20, wherein the enzymatically
active hyaluronan synthase is capable of producing a hyaluronic acid

polymer having a modified structure.

23. The recombinant host cell of claim 19 or 20, wherein the enzymatically
active Streptococcus equisimilis hyaluronan synthase is capable of

producing a hyaluronic acid polymer having a modified size distribution.

24, A recombinant host cell, wherein the recombinant host cell is transduced
with a recombinant vector comprising a purified nucleic apid segment
having a coding region encoding enzymaticallY active Streptococcus
equisimilis hyaluronan synthase, wherein the purified nucleic acid
segment encodes the Streptococcus equisimilis hyaluronan synthase of

SEQ ID NO:2.

25. A recombinant host cell, wherein the recombinant host cell is transduced
with a recombinant vector comprising a purified nucleic apid segment

having a coding region encoding enzymaticallY active Streptococcus
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equisimilis hyaluronan synthase, wherein the purified nucleic acid
segment comprises a nucleotide sequence in accordance with SEQ ID

NO:1.

The recombinant host cell of claim 24 or 25, wherein the host cell

produces hyaluronic acid.

The recombinant host cell of claim 24 or 25, wherein the enzymatically
active hyaluronan synthase is capable of producing a hyaluronic acid

polymer having a modified structure.

The recombinant host cell of claim 24 or 25, wherein the enzymatically
active hyaluronan synthase is capable of producing a hyaluronic acid

polymer having a modified size distribution.

A purified composition, wherein the purified composition comprises an
enzymatically active hyaluronan synthase polypeptide having an amino

acid sequence in accordance with SEQ ID NO:2.

A method for detecting a DNA species, comprising the steps of:

obtaining a DNA sample;

ly 2602 U410 S
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10% " & () - LI 10%ggtakcting the DNA sample with a purified nucleic acid segment in
accordance with SEQ ID NO:1;
hybridizing the DNA sample and the purified nucleic acid segment
thereby forming a hybridized complex; and

detecting the complex.

31. A method for detecting a bacterial cell that expresses mRNA encoding
Streptococcus equisimilis hyaluronan synthase, comprising the steps of:
obtaining a bacterial cell sample;
contacting at least one nucleic acid from the bacterial cell sample
with purified nucleic acid segment in accordance with SEQ ID
NO:1;
hybridizing the at least one nucleic acid and the purified nucleic
acid segment thereby forming a hybridized compiex; and
detecting the hybridized complex, wherein the presence of the
hybridized complex is indicative of a bacterial strain that
expresses mMRNA encoding Streptococcus equisimilis

hyaluronan synthase.

32. A method for producing hyaluronic acid, comprising the steps of:

introducing a purified nucleic acid segment having a coding region
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NO:2 into a host organism, wherein the host organism

contains nucleic acid segments encoding enzymes which

produce UDPGIcNAc and UDP-GIcA,;

growing the host organism in a medium to secrete hyaluronic acid;
and

recovering the secreted hyaluronic acid.

33. The method according to claim 32, wherein the step of recovering the
hyaluronic acid comprises extracting the secreted hyaluronic acid from

the medium.

34. The method according to claim 33, further comprising the step of

purifying the extracted hyaluronic acid.

35. The method according to claim 32, wherein in the step of growing the
host organism, the host organism secretes a structurally modified

hyaluronic acid.

36. The method according to claim 32, wherein in the step of growing the

host organism, the host organism secretes a hyaluronic acid having a
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equisimilis hyaluronan synthase of SEQ ID NO:2.

38. The pharmaceutical composition according to claim 37, wherein the
molecular weight of the hyaluronic acid is modified thereby producing a
modified molecular weight pharmaceutical composition capable of evading

an immune response.

39. The pharmaceutical composition according to claim 37, wherein the
molecular weight of the hyaluronic acid is modified thereby producing a
modified molecular weight pharmaceutical composition capable of
targeting a specific tissue or cell type within the patient having an affinity

for the modified molecular weight pharmaceutical composition.

40. A purified and isolated nucleic acid sequence encoding enzymatically
active hyaluronan synthase, the nucleic acid sequence selected from the

group consisting of:
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sequence in accordance with SEQ ID NO:1;
(d) nucleic acid sequences which will hybridize to the
complementary nucleic acid sequences of SEQ ID NO:1; and
(e) nucleic acid sequences which will hybridize to PCR probes
selected from the group consisting of PCR probes of SEQ ID

NO:3, SEQ ID NO:4, SEQ ID NQO:5, SEQ ID NO:6.

41, A purified and isolated nucleic acid segment consisting essentially of a
nucleic acid segment encoding the enzymatically active hyaluronan

synthase of SEQ ID NO:2.

42, A procaryotic or eukaryotic host cell transformed or transfected with an
isolated purified nucleic acid segment according to claim 1 or 2 in a

manner allowing the host cell to express hyaluronic acid.

43. An isolated nucleic acid segment consisting essentially of a nucleic acid

segment encoding hyaluronan synthase having a nucleic acid segment
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45. A purified nucleic acid segment having a coding region encoding
enzymatically active hyaluronan synthase, wherein the purified nucleic
acid segment is capable of hybridizing to the nucleotide sequence in

accordance with SEQ ID NO:1.

46. A purified nucleic acid segment having a coding region encoding
enzymatically active hyaluronate synthase, the purified nucleic acid
segment selected from the group consisting of;

(A) a nucleic acid segment encoding the HAS of SEQ ID NO: 2;

(B) the nuclectide sequence in accordance with SEQ ID NO: 1;

(C) nucleic acid segments which hybridize to the nucleic acid
segments defined in (A) or (B) or fragments thereof; and

(D) nucleic acid segments which but for the degeneracy of the
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acids, would hybridize to the nucleic acid segments defined

in (A), (B), and (C).

47. A recombinant method for producing hyaluronic acid, comprising the
steps of:

-- providing a host cell having at least one expression construct
comprising a hyaluronan synthase gene, wherein the expression
construct is obtained from a prokaryotic organism but for
Streptococcus pyogenes; and

-- culturing the host cell -under conditions appropriate for the

production of hyaluronic acid.

48. The method of claim 47, further comprising the step of separating the

hyaluronic acid from the host cell.
49, The method of claim 47, wherein the at least one expression construct
further comprises at least one gene encoding an enzyme for synthesis of

a hyaluronic acid sugar precursor.

50. The method of claim 49, wherein the at least one gene encoding an
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51. The method of claim 47, wherein the at least one expression construct
further comprises at least one biosynthetic pathway gene of a hyaluronic

acid sugar precursor.

52. The method of claim 47, wherein the at least one expression construct
further includes at least one gene encoding an enzyme for synthesis of

a hyaluronic acid sugar precursor.

53. The method of claim 47, further including a second at least one
expression construct having at least one gene encoding an enzyme for

synthesis of a hyaluronic acid sugar precursor.

54. The method of claim 47, wherein the host cell includes at least one
integrated or plasmid-borne gene encoding an enzyme for synthesis of

a hyaluronic acid sugar precursor.
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sugar precursor biosynthetic pathway are supplied to the host cell.

56. The method of claim 55, wherein the nutrients supplying the hyaluronic

acid sugar precursor biosynthetic pathway are fed to the host cell.

57. The method of claim 55, wherein the hyaluronic acid sugar precursors are

expressed in the host cell by endogenous genes thereof.

58. The method of claim 55, wherein the hyaluronic acid sugar precursors
enzymes are expressed in the host cell by an introduced construct

including genes thereof.

59. The method of claim 47, wherein the hyaluronan synthase gene is

isolated from a streptococcal source but for Streptococcus pyogenes.

60. An enzymatically active hyaluronan synthase isolated from a prokaryotic
source but for Streptococcus pyogenes, wherein the enzymatically active
hyaluronan synthase includes at least two amino acid motifs selected
from the group consisting of:

(i) GKR(E/H)Y(V/C/A)Y(M/L/QYY/AYT/W)(A/G)F(X);.,
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(I/V/C)(S/G)GPL(G/S)XY(K/R);

(i) (D/E)X(W/Y)(X),QXF(L/M)G(X),(C/V)(S/T)
XGDDR(H/R/C)LTN; or

(iv)  (E/DNT/S/VIP(X)s(W/Y/F)(L/DXQQ(T/N)
RW(S/T/N)KS(Y/W/F)(F/C)RE,

with X being selected from the group consisting of any amino acid; and

wherein the at least two amino acid motifs are found in the relative

order of (i), (ii), (iii), and (iv) from an amino terminus to a carb(-:\xyl terminus

of the enzymatically active hyaluronan synthase.

61. An enzymatically active hyaluronan synthase isolated from a
prokaryotic source but for Streptococcus pyogenes, wherein the
enzymatically active hyaluronan synthase includes at least three
amino acid motifs selected from the group consisting of:

(i)  GKR(E/H)(V/C/AYM/L/Q)(Y/A)(T/W)(A/G)F(X)s.,
(A/S/DY(W/V/AYD/NYV/AIYYEF/N/TYL/ QN T/V/LYV/C/T)

DSDTX(L/T)(D/E/Y)(P/E/K)X(A/S/C)XXE;
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(iii)  (D/E)X(W/Y)(X),QXF(L/M)G(X),(C/V)(S/T)

XGDDR(H/R/C)LTN; or

(iv)  (E/DY(T/S/VIP(X)s(W/Y/FXL/DXQQ(T/N)
RW(S/T/N)KS(Y/W/F)(F/C)RE,

with X being selected from the group consisting of any amino acid; and

wherein the at least three amino acid motifs are found in the relative
order of (i), (i), (iii), and (iv) from an amino terminus to a carboxyl

terminus of the enzymatically active hyaluronan synthase.

62. An enzymatically active hyaluronan synthase isolated from a prokaryotic
source but for Streptococcus pyogenes, wherein the enzymatically active
hyaluronan synthase includes the amino acid motifs:

(iy  GKR(E/H)(V/C/AYM/L/Q)Y/AYT/W)A/G)F(X)35
(A/S/DYW/NV/AYD/NYV/ANE/N/TY L QNYT/N/LYV/C/T)
DSDTX(L/T)(D/E/Y)(P/E/K)X(A/S/CYXXE;

(i)  (L/M(S/T/VYD/S/AYXRY(W/Y/D)XAF(G/N/C)
(V/HER(A/S)(C/A)QSX(F/TIX(N/C/TY(V/INL/Q/SHCIV)

(I/V/CY(S/GYGPL(G/S)XY(K/R);
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order of (i), (ii), (iii), and (iv) from an amino terminus to a carboxyl terminus

of the enzymatically active hyaluronan synthase.

63. An enzymatically active hyaluronan synthase isolated from a prokaryotic
source but for Streptococcus pyogenes, wherein the enzymatically active
hyaluronan synthase includes at least two amino acid motifs selected
from the group consisting of:

() GKR(X)gF(X);1.1sDSDT(X)4E;

(i)  RY(X),AF(X),ER(X),QS(X)eGPL(X),Y ;

(iii)  QXFXG(X)sGDDRXLTN; or

(iv)  P(X)sQQXRWXKS(X),RE,

with X being selected from the group consisting of any amino acid; and

wherein the at least two amino acid motifs are found in the relative order
of (i), (ii), (iii), and (iv) from an amino terminus to a carboxyl terminus of the

enzymatically active hyaluronan synthase.



" #$UR' ()*+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUWWKYZ[\ ]~ _" abcdef ghi j kl mopqr st uvwxyz{| } ~6Ti mes
New RomanAri al Couri er New' h Root Ent r yWor dDocunent

"HPUR' ()*+,-./0123456789:
< >’>@\BCDEFGHI JKLNNCPQ?STUVV\XYZ[\]"_ abcdef ghi j kl mopqr st uvwxyz{éo}~

"HSUR' ()*+,-./0123456789: 108 30 July 2002
< >’7@\BCDEFGHI JKLM\ICPQRSTUVW(YZ[ \]~_"abcdef ghi j kl mopqr st uvwxyz{| }~

#PUR' ()*+,-./0123456789:
>’>@\BCDEFGHI JKLNNCPQ?STUVV\XYZ[ \]~_"abcdef J Kkl rmopgr stuvwxyz{|}~
64. ed from a prokaryotic

An enzymatically active hyaluronan synt ase isolat
source but for Streptococcus pyogenes, wherein the enzymatically active
hyaluronan synthase includes at least three amino acid motifs selected
from the group consisting of:

() GKR(X)F(X)1;1.,sDSDT(X)4E;

(i) RY(X)AF(X),ER(X),QS(X)sGPL(X),Y ;

(iif) QXFXG(X);GDDRXLTN; or

(iv) P(X)sQQXRWXKS(X),RE,

with X being selected from the group consisting of any amino acid; and
wherein the at least three amino acid motifs are found in the relative

order of (i), (ii), (iii), and (iv) from an amino terminus to a carboxy! terminus

of the enzymatically active hyaluronan synthase.

65. An enzymatically active hyaluronan synthase isolated from a prokaryotic
source but for Streptococcus pyogenes, wherein the enzymatically active
hyaluronan synthase includes the amino acid motifs:

) GKR(X)eF(X)1.1sDSDT(X)4E;

(i)  RY(X),AF(X),ER(X),QS(X)sGPL(X),Y ;
(i) QXFXG(X);GDDRXLTN; or

(iv)  P(X)sQQXRWXKS(X),RE,

with X being selected from the group consisting of any amino acid; and
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wherein the amino acid motifs are found in the relative order of (i), (ii),
(i), and (iv) from an amino terminus to a carboxy! terminus of the

enzymatically active hyaluronan synthase.



