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SOLUBLE 10 GLYCOSAMINOGLYCANS, filed September 27, 2005 and published as U.S.
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No. 20050260186, w%%%% g%gr?t’i’rﬁ éﬁi%%‘fﬁ%%?ﬁj%ﬁ@%‘a%%%oﬁ%’ RS 18"?‘?1 $795,095 to Louis
Bookbinder, ARHSSE: i tRiRavidGegoapd. ros Berititinée S OB H.ARBELNRANIDASE

GLYCOPRO TERNISIMARRCED SRABESH T AR RBGRHRNCHITSAME HRES AND
PHARMACEUTICAL 20 COMPOSITIONS COMPRISING THEREOF, filed March 5, 2004 and
published as U.S. PubicARsH R B gaeRsgals STaelisasiee Sriadioot HA8R. bT e bsve-noted

applications is Bchtinteteth e lerancedrisrentivei, FELRIQFEHE INMENTION . Provided are

methods for large-scale, praduction ina an protein. 25 BACKGROUND
Hyaluronidases gré%%anii%yg “eﬁ??%iﬁﬁ%&ﬁﬁ#@%ﬁ%%%%ﬁwm as hyaluronan or
hyaluronate), eSS REOPRIGHERING thalBXtIZdElHa Al and a major constituent of the
interstitial parrigy. Ry HabRIBG eI RIS Q%#ggé}lffg}l}(:ﬁ@gﬂ éﬁr@/a‘[}%ni%%lgfsse[}' vers the viscosity of
hyaluronic acid, thereby 30increasing tissue permeability. As such, ﬁya uronidases have been used,
for example, aSPLFAEINY SPAAQ g dyehisin eomjormitoniwithroth gk geptsatigs and proteins 2

to enhance theledisprisionessh deivasis yaluwanidasesaise have el herpsutic and cosmetic
uses. Becausqvgg thgl pci[.i? gin%%}%se of E%/aluronidases for therapeutic and cosmetic uses, there is a

need for Iarge-scalT% quanfitids of pififleRYERIShIdASM T RatatoratitedoiglHB bBjects herein, it is an
object to provife- MeQodsIRYORE Peodus ioiaMEPEToaton ot byaknagidaseso SHIMMARY Ina
first aspegy, thers; isprevisied ing.s le rHUPH20, comprising: a) inoculating
cell medium in a bioreactor W%%}?rﬁﬁéj%%% %%ﬁlsg%ﬁa?é%g&e%o@%w% Produce a cell
culture, wherelfrS: Publifatien e ot betivednchs0aamnd 800 gopiesat nhitldc acid encoding soluble

rHUPH20; the hipreagtarsiontains aeas1a0 liters ofgall ke ARoWL 101 - 1pAL cells are
inoculated per 100 I]L[ters 8gg§§x‘%e%and the cells are cultured at a set temperature, b) feeding
medi

APl Contaih Y BB A SE A CHRRPTREN KB HAREASIIIN and yeast

the cells with a’fir
extract in amoBRESGLHfciERt RRFEraaETEN BroAtEand pRakucethdaRsity candtg-ingrease soluble

rHUPH20 synthesi ' I]aaly! o.the culture at a volume of 0.5 % or about
0.5% to%%% g%%%%%ﬁ%@@fﬁﬁmﬁgﬁ%%%ﬁ%%&?Ré BEHBIRTFP S Scond feed
medium contalhihd Yhlicaden Nel3AH1268H%aMihe syastextractt anchsddizmbbutyratedin amounts
sufficient to in@p@ggg@g&@lﬁg@@g}mg@@y{gﬂgg&j&a}gqg@quceg c_:eII cycle arrest; and lowering the
temperature C%E%[iﬁge to the tem%éeéature in step a) to a terﬁ,perature sufficient to increase cell cycle
arrest, increase viat m@%ﬁﬁg fi¥&Nhe soluble hyaluronidase; wherein: the amount of
L-alanyl-L-gluiminedsidenteasadnamgatesdpmamount ol alanvil-aliaming n step b);  the

amount ggyeaﬁg%%r m&qgeased compared to the amount of yeast extract in step b); and the
feed medium is added to the culture at a volume of 0.5 % or about 0.5 % to 20% of the cell culture

volume; d) feediHyaibeonislisanitte a thind feédnmeaksth-caaaiaing, glucase . diRlagy!-L- glutamine,
yeast extract and ' rate i sufficient to increase saluble rHUPH20 synthesis and
increase cell cycIg‘ig?rétlaili%l %%%%v%ﬁ%ﬁ%ﬁ@ﬁé}gﬁﬁ%a&%m %ea’%g%ﬂ%eet%ﬁ%eﬂé‘ﬁﬁre in step c) to a
temperature sEERANYG MeiRac HENeyabthyiatsiiircems e Byiabtiiyandiatabilizeythe soluble
hyaluronidaseoﬂ/mem{mic?@m, @b}@@ﬂ;@g@ﬁ@&,gm{&ég tgpﬁﬁ@ugoeigge?%? qh%%ggared to the
amount % L-a!gg%ksligl%grgme in %gﬁ) ? the amounts of yeast extract, glucosé and sodium
butyrate are increased compRrSHTE T aftioinits Baaastdsserdey yhecosedntsedimmihutyrate in step
c)and  thefesdrmdiignr sadded tetheicubinfionata WaMe 0L L[ Abgut Q5410 20 % of the
cell culture volume; e)feeding the cells with a fourth feed medium containing glucose, L-alanyl-L-
glutamine, yeast extract and sodium butyrate in amounts sufficient to increase soluble rHUPH20
synthesis and increase cell cycle arrest, and lowering the temperature compared to the
temperature in step d) to a temperature sufficient to increase cell cycle arrest, increase cell viability
and stabilize the soluble hyaluronidase; wherein: the amount of L-alanyl-L-glutarnine and glucose
is decreased compared to the amount of L-alanyl-L-glutamine and glucose in step d); the amount
of sodium butyrate is decreased compared to the amount of sodium butyrate in step d); and the

feed medium is added to the culture at a volume of 0.5 % or about 0.5 % to 20% of the cell culture
volitme: contintiina to ciriltrire the calle 1intil vviahilitns dArone below at leacet ar ahoirit 5004 ) obhtaininAa the



c) feeding the cells with a second feed medium containing or containing about 33 g/L glucose, 16 mM
L-alanyl-L-glutamine, 33.4 g/L yeast extract and 0.92 g/L sodium butyrate, wherein the feed medium is
added to the culture at a volume of 4 % or about 4 % of the cell culture volume; and the temperature is
lowered to 36.5 C; d) feeding the cells with a third feed medium containing or containing about 50
g/L glucose, 10 mM L-alanyl-L-glutamine, 50 g/L yeast extract and 1.8 g/L sodium butyrate, wherein
the feed medium is added to the culture at a volume of 4 % or about 4% of the cell culture volume; and
the temperature is lowered to 36 C; e) feeding the cells with a fourth feed medium containing or
containing abo “%1 M. L-alanyl-L-glutamine, 50, g/l yeast extract and 0.92 g/L
sodium butyratlét,jgv%)gégfr%t %0 (?egg??sr%é%fﬁdnlﬁ fiqswée delrég%ﬂfﬁoen@ﬁﬁffrgl%L@%ﬂﬁ?ﬁé%ﬁp@ﬁ%‘f about 4% of
the cell culture efiFRSlisttie Ravyes allihs is doasngato Fhgyroonltinifg theeaptuer the cells until
viability drops bg|e % 'é_' biagining the harvest.cell culture.f uid; h) filtering the
harvest cell culture\efél)ﬁ%%%%%r’ gﬁl?r%‘qy%r?g‘ tér%g fﬁdig %%éﬁgﬂ%ég?ﬁgpvepﬁn& u}%a Uit _} §?ﬁg beaded
crosslinked aga%?@fefﬁiﬁﬁ’ﬁ‘@ﬁ%rﬂ%b?aﬁﬁw Bidade @ Wrssslinked peatyddulostitated agarose column
chromatographyroaitiig Rhe By Berenase iselran gyamatography and hydroxyapatite column
chromatograpth M]ﬂ hird aspect, there is provided a method for producing soluble rHUPH20,
comprising: all\illnocu ating cell medium in a bioreactor with an.inoculum of cells that encode
soluble rHUPH20 to predues: assebictiiiieas Whrigin: GNRLL een and 300
copies of nucleé%r%%'%géﬁn,codinffoluble rHu\gH2%?&%%%23?&?)00rﬁaﬁr%%é)?%gsﬁﬁfg? %ers of cell
culture; the inoculation cell density is at or about 4 x 105 cells/mL; and the cells are cultured at or
about 37C;  b) feetling thaewligtinitivellfirstlieedimebivreacantaiting.an saNiaNG AR 33 ke
glucose, 32 mMALEisAAE RO Emmrsles Bagll ydast extraciand 33 mg/L insulin, wherein the feed

medium is added to thiectdtisreoatpai vobame-of 43% Alqakputdreofdhs sall gulture valume: c)
feeding the celistwitH20second feed medium containing or cg)ntaining %lbout é%legg O%WJ%Sgleu,bi% mM

L-alanyl-L-glutamine, $66,i¢.94-yeash&xiagtand f&ﬁ%ﬁlg gg%ﬁg&%rme, wherein the feed medium

is added to the cultur%@t \itallum qf at ﬁr abqut ece Solume; and the temperature is

lowered to 36.5 C:  dJ feeding the SEfSARitPAHHRFIcsa MEditsrs sethiatimg; omdontaining about 50
g/L glucose, 10 mM Lﬂﬁﬁyﬁﬁrﬁlﬂ%ﬁhﬁﬁéf%@mwwract and 1.8 g/L sodium butyrate, wherein

the feed medium is adled toftbéinuihuresilt anwlurfiesofed PeneuRROLEAYRF She csll Cyltyre volume; and
~the temperatur@lﬁéalmiverédmﬁz@iiﬁ)imé@igaﬂh@tﬁﬁﬂﬁﬂ%cﬁﬁ%ﬂ?ﬂ@i%ﬂt%%&gﬁm# fand
containing abope83 gl dghstysendtd MMWMEMU%ﬁéQ%}W&%EﬁE%@%&T ] %ﬂ‘
OuL A% of

|

sodium butyrawdaherdi twdrieea mesliureisuisled 4o dheuealiive a1 Swolyme.of 40 Ok ab
the cell culturecvdiernepbmethe temperature is lowered to 35.5C; continuing tooculturg(%agléecﬁs until

viability drops below af leastsgy; =209 ini rvest cell culture flujd; h) filtering the
harvest cell Cughﬁ@rﬂﬁigg,i P eﬁmﬂf@fﬁéﬁgﬁg@ﬂ%ﬂ@%ﬁpﬂz s%%?gas{r ¢ gﬂ%cﬂiﬁdlag}wbéﬁded
crosslinked agemaseIcolumih &hsamaioarapby headed cross! Hﬁcedg BhenyisdaetGtaasegHsse column
chromatography, amif&%@ﬁfﬁ %Iﬁb%ngrtetﬁﬁglgmn chré)mafog{raphy and hydroxyapatite column
Chromatograp}gﬁfﬁcieﬁl[%ain rgzgseagﬂ%ccil st ghiled e ﬁ‘gﬁfé@f@& &ﬁtmﬂmﬁé fltichrooriprising
soluble -rHuPI—ﬁ%gl\g}g}lfﬁa%sgnz rgr%ﬁlq activity tar i Gresterdh Ai 000 e Eahilias thasrbsid. 2d
Provided hereiri are methods for the production and purification of soluble hyaluronidases. In
particular, proyided heYefPARE HEMBHE Yol e tiokeanrdsod rioationdab sl bieott RH20iAl50
provided hereﬁfﬁ ORI AT Mnd harvested cell culture fluid that contain soluble rHUPH20. The
methods provided hemmnmewtt@cpmm&mﬁmdswH&I@iﬂeﬂd@@ﬁ%ﬁﬁi&%ﬂ@%&ﬁ%ﬂ{jﬁse,
such as rHUPHED WotgxaMple, the methods and steps described herein are amendable for scale-up

or scale-down, as watldfbel apprianisadaeg &f sidllinthe.at- o ds provided herein can be
used to produoétandleifitlas gerserle quantities of soluble rﬁ%gﬂggfﬁg%gfh%gggp gv%ﬂé?i E%)e/r"t—:tin

for producing solublegHuUP 4 inclyde a)inqculating, cell medium in a bioreactor with an inoculum
of cells that e%?&upégi%%ﬁ%i%ﬂg%%g %gl} a?%%g%ﬁﬂf@%ﬁ@”éﬁ%g@ﬁﬁ%ﬁiﬁﬁé%& 150
and 300 copiggsbpueleisagid.engodin ass.glggt%!e r% B RE TGS o Yelbe 00 liters of
cell culture and about 1010 - ]ﬁ% cells are mocu‘fgfe%aﬁreerg&@ﬁ iters cell culture and cells are cultured at
a set temperafure; b 9‘(—% v TR e S9Trsred dntleiiempetTitainingighuddse; temperature
L-aIanyI-L-qufLag]ine, ah Hsiift syelyauetetraetn et oirviisusidisnbibiandheastubil growth and
peak cell dens&’y,uarﬁa1 3%?1’C%‘§§eérkoluble rHUPH20 synthesis, wherein the feed medium is added to
the culture at a volume of 4% of the cell culture volume; c) feeding the cells with a second feed
medium containing glucose, L-alanyl-L-glutamine, yeast extract and sodium butyrate in amounts
sufficient to increase soluble rHUPH20 synthesis and induce cell cycle arrest, wherein the amount of
L-alanyl-L-glutamine is decreased compared to the amount of L-alanyl-L-glutamine in the second step,
and the amount of yeast extract is increased compared to the amount of yeast extract in step b), and
the feed medium is added to the culture at a volume of 4% of the cell culture volume and the
temperature is lowered compared to the temperature in the WO 2009/111066PCT/T1S2009/001455 3

ctean a) tn a2 temnaratiirea ciifficient to increaace call fvvele arracet inecraace call viahilitvy and <ctahilize the




10the culture at a volume of 4% of the cell culture volume and the temperature is lowered to 36.5C;,d)
feeding the cells with a third feed medium containing at or about 50 g/L glucose, 10 mM
L-alanyl-L-glutamine, 50 g/L yeast extract and 1.%eg/|_ sodium butyrate, wherein the feed medium is
added to the culture at a volume of 4% of the cell culture volume and the temperature is lowered to
36C; e) feeding the cells 15with a fourth feed medium containing at or about 33 g/L glucose, 6.6 inM
L-alanyl-L- glutamine, 50 g/L yeast extract and 0.92 g/L sodium butyrate, wherein the feed medium is
added to the culture at a v Iume of 4% of the cell culture volume and the temperature is lowered to
36C; 0c t|nu1 5 P el A RBn G arES b enp ek asths st 563 alnsbiaining the
harvestg glfﬁﬁ?a ) filtering the 20harvest cell culture fluid; and i) purifying the rHUPH20 from
the harvest cuIfbﬁeﬂﬂméﬁgf‘sﬂfg’@ﬁéamfos@medrabam@qummmmmgedmbmﬂwaﬁeﬂ
crosslinkee 3shreyiE svi st g arjagbsesointhspéhroratppaphytaninenshenyl boronate column

chromatographfafigdyimapatiiéctalihn sirematagisipie & another axample, she, method for
producing elubleaiuRH20:nejudes the 25steps of a) inoculating cell medium in a bioreactor with an

inoculum of cells that gngadessoluble fHUPHZOfo-preduce c(eohgzglture herelﬂt e celts comprise

between, 1598 | bior contains at
least 10 ﬁpﬁg%g Qﬁ%%&fg&ﬁggghﬁ%% &%éﬁ%g at%gf:ég no&? xrﬁﬁoﬁc Ei}alﬁﬂnL and the cells

are cultured at or about 37C; b) feeding the 30cells with a first feed medium containing or containing
about 33. WI. glgt}@segmﬁrtﬂmm@almb@gmammétm@mmm sxtragtandsadengiirénsulin,
wherein sh&xaent WOcEE69E11OCBROTATIS2009/081465H i N eciumbisiaddedstsible culture at a
volume divabaroridbeutdssofithe cell culture volume; c) feeding the cells with a second feed medium

containing or canéaiRitghabOUt A WIL Pliasend i Mieianyidaghianing, 168 4 ¢k ygashextract
and 0. 9%gmg@ag@migmmmewttegated£&ﬁeﬁgbmpdium is added to the cuIFure at a volume of 5at or

about 4% of theyce r re is lowered.to 36.5C; dlng the cells with
a third fqﬁgﬂéez%r%?m &\é%ﬂc% on alnlng out cﬂ_ @ucgs{ae tlﬁanmt OI% E -glutamine, 250

g/L yeast extra a ii}f‘}ﬁg (L sodi Sutyrate wherein the feed medium is added to the culture at a
volume of A}E 1‘“8?&%& AOHGFS VSRR aNa RS e Ber & eaRowfeted 1o 2B e) 10
feeding fﬁf Sefi Wi RN ﬁm%ed medium containing or containing about 33 g/L glucose, 6.7 mM
L-alanyl-L-glutainine, 950igHingdastdknabcasdi Oweigtiabijudnopatyshte, avhestior theféed medium is
added tost)r%;cultu_re at a volume of 4 % or about 4% of the cell culture volume and the temperature is
lowered to 36Cgf) consiswinghgatatiiameshectieligturdifvidbiliiy drops below at least or about 50%; g)
L50btaining thesharvestgelt syl e h) fliering the aarvest.cell eufiyre fluid; and i) purifying the

rHUPH20 from the harvest cu%lure fluid using beaded crosslinked agarose column chromatography,

beaded crosslinke I t| ted.agarase qu c oma m | boronate
column chromatﬁé:g%%%ngn ;%ro%r/%bsegﬁ%wco Ui & Poérg%tgéorap%}g i)éll‘l’?blse r}ﬁg%e—%%ples the

volume oF¥BR' & gire in the bioreactor is or is about 200, 300, 400, 500, 1000, 1500, 2000, 2500, 3000

or 3500 “ters '” ome %’6@519&%% dhe-RmauRteLsable AduRH20 13 raghiced.pec 19D, Qfsgell culture
using the 8 Sl atlgp Rﬁt%b% 5,10, 15, 20, 25, 30, 35 or 40 grams of soluble

rHUP1- 12s Th |c ac vit %fthe so %:1 H20 ca Eb a&_least out g}g 00, 100000,
120000, %0fﬁ b&°6t ﬁ@fﬁ‘?ﬁt MR AL SRS ASE %OF% #1209 Can, in some
|nstance§ 4 CHO cells. Further, the rHuPH20 can be encoded by nucleic acid set forth in SEQ

ID NO:47. Prowd@dbﬂfe@ﬁtcar@@é?ﬂ@tﬂtd?ésﬁﬂémaﬂ%ﬁtaﬁﬁﬁiﬂgcﬁ&ﬂ‘ﬁle rHUPH20 with an enzymatic
activity of greateth tianaddrods/dehsisy thagsrldhO00 110@&1&4@&@016,000, 18,000, 20,000,

22,000 or 24,00Q,unitalml. &{ﬁgg%\(ig@%gg{gmc@re harvested cell culture fluid containing soluble

rHUPH20 with arg enzy aélc activit 09 11 PCT/ 2009/0014 reat%r tha 5000
units/mL, SED% 3}? 4,C east (265% éﬁgélym s/mL.
% uat tl uro

DETAILE N O ohe ve luronid gﬁ H.EJC'[U and
function 2. I‘I‘}%J erape ic uses 0 hyaluron 8ases 8. Use’ as a spreac}ln agen
hypodermo yS|s cuﬁ}lsé in vitrectomy and ophthalmic disorders and conditions 15d.Use in gene

therapy e. Cosmetic uses f. Use in organ transplantation g. Use in cancer treatment h. Use in
treatment of glycosaminoglycan accumulation in 20the brain 1.Use in treatment of glycosaminoglycan
accumulation in cardiovascular disease 1.Use in pulmonary disease k.Other uses
25D.Fiyaluronidase-expressing cells a.3D35M cells b282 cells E. Cell culture expansion F. Protein
production 30G.Protein concentration and buffer exchange



H.Purification I.Beaded crosslinked agarose column 2.Beaded crosslinked phenyl-substituted agarose
column 3.Amino Phenyl Boronate column 354.hydroxyapatite column 6.Virus removal, protein
concentration and buffer exchange 1. Filling J. Monitoring and assays |.Monitoring conditions
402.Monitoring golubléeddinig ROcplie dvittie ndcotkBrrp e sAuBEBINHTHIONG contaldiile sbaefiied
otherwisg/laftitechai¢alahllseienfiitgunsused héreih heaxe 45ther sadh@ 9Beghingiasis commonly
understdadybytgnehefskithinftied mtdimavhiclddbé invhationsy bedonduAl pAtehtsopdient apphitations,
publishethapglicationsvahtm¥yean2009/111066PCT/US2009/001455 7 publications, Genbank

sequences, da@@qgﬁﬁeyggg@;ego%gegtﬁej@yb@shed materials referred to throughout the entire
disclosure herei unI s not WI e, are inco door ted bcy ference n thelrent &/ J the event
cg ece 4 Tnird 188 i

that there ar lur nrtr rterms re reference is
made to%ﬁéﬂ Eil 3‘3 ? tmlggr%sg Etla/easers 42%% efc ange and
can be found by

partlcular [ ?rorma ion onnf & interne can come anolé 6. put equrvale trn orr?rlé 10
searchlng {hle intérmet: Beference thereto evidences the availability and public dissemination of such
information. Asti}%éﬁq?@FéﬂﬁrWéﬂlYﬁrﬁ@%éﬁre%rs to an enzyme that degrades hyaluronic 10acid.
Hyaluronidasessincludidhuiehalceliawitnidaset (EG 4124991 yohymiungnidasesifron dbechiss, other
parasiteg/ambcnistdceand (a2 -1.36) amdmdingialaastypée iy st dnidaséss(Br82.1.35).
Hyaluroriidaseis aldeieiol tkefagtd/roé¢diom- Fadded deighs indiuding abudwot iiteth to, shemingscdnine,
feline, leporivd, @ifars, bovine, mvine, porcine, equine, piscine, ranine, bacterial, and any from leeches,
other parasites fiangdriperiataceanseleXesudaynon-human hyaluronldases include, hyaluronidases
from cows (SE ID N I S 11 ne SEQ ID _
NO:13), ce ho?netqgglE%l[?lg)lxdl\lﬂo&l%L wgi%%%gsdp%w&dlﬁ% ‘)iriﬁ%%ge (EE%‘%D NOS:16-18,
29), pig Q ID NOS:.19-20), rat (SEQ ID NOS:21-23, 28), rabbit (SEQ ID NO:24), sheep (SEQ ID
NO:25), orangufan (SEDSIBRGIS 8RB ErIb MG Shkey (SEQ ID NO:27), guinea pig (SEQ ID
NO:30), Staphyococcli§wineths (SPosipalcudnye Siebtococcus pyogenes (SEQ ID NO:32), and
Clostridium perfiringens«{$fey iR:ND:BBR(Eem phery russecuhyal fror dasessineluderbh¥idktdSEQ 1D
NO:34), kb¥Ak2 Seh| i@ B35% 4iNA b34BE QxR0 Y ALb (SaQd BNk Hhang PH20 (SEQ
ID NO: LihAlsatinehiied amengséhydoronidastsbatesatubieabhiman RARG:aadsedubirtduPH20.
Referencgastentiyaluiphidases includes precursor hyaluronidase polypeptides and mature hyaluronidase
polypeptides (such as those in which a signal sequence has been removed), truncated forms thereof
that have activitiy, atidriretndets thibedits\aniades amdesipetios pradarits;, scluisintseRe@ded by splice
variants, @é}gggg\eg .variants, 30including polypeptides that have at least 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or more sequence identity to the WO
2009/111066PCH/US Z000RnsEE Hriumsst bbigpasties et tonrhan SEQ 1BINOS: dens 10-37, or
the maturestia #HBPERI0 topedasiicdbfalireetB#galuronidase also includes the human PH20
precursor polypdptictélyanamtsssétcforthnin BRI BON Q548 At hdadurat idaselnalsolinthide those that
contain ctiénfiE&lor posttranslational modifications and those that 5do not contain chemical or
posttranslationa{wgg}j{%{%&qﬁpMggﬁq@@qﬁgr@g}tggg (Q%%e not limited to, pegylation,
albumination, gl osn)élat bfam[e cirbm%l {h irgn é)hosphorylatron and other
polypeptide mo catlons nownl e ar"% g'ised erein, so uman PH20 or sHUPH20 include
mature 10polyp§§t erls BIEKTREAAGH SIS of the glycosylphospatrdyl inositol (GPI) attachment site
at the C-terminus suchftkdinggba esresdiamittideedlypeptives ardsofuidesfxenyahostHiiPH20
polypeptigésgholoste I ativiel palypepticidravingf A} aflinsaticsecuercis setfbrisitiany one of SEQ
ID NOS: 48 eaeid #5-46:dThedprecursdtgidly feptidesdet suciivexenigl dbyos HoRiH2% pdkpeesptides include
a signal Isdmguencm&Exemplary of the precursors are those set forth in SEQ ID NOS:3 and 38- 44,

each of which ceptainsigedf aming:peigisignAcseayear s aliamiBohasidRas iens ki dbanpite
HUPH20 polypegiidesaisninchugs tosagaarmdeddaiving whafterthe me@%'wlase ippyrification

methods glesesibeRieeainh Arcusakiiorsin, sukible hilRNgR refets fona seluble fymncfpyman PH20
that 20 istrecembinantly@xpiessed in Chinese Hamster Ovary (CHO) cells. Soluble rHuPH20 is

encoded by nucéﬁéctgr%g%}é%%%&é srgr})arl,éequence and is set forth in SEQ ID NO:47. Also
included are DNA ules that are allelic varr nts thereof and other soluble variants. The nucleic
acid enco?rng sBluble fi % Tip fUmHER B FRHAE oW pEptide. As
produced? %@}Bc@ﬁﬁwﬁg ?ﬁ’é’?@r&égr?eﬁyyﬁﬁh@‘@faféﬁﬁ@nw g0-thRAAHRe product
includes a mixture of species that can include one or more of SEQ ID NOS. 4-9 in various abundance.
Corresponding allelic variants and other variants also are included, including those corresponding to
the precursor human PH20 polypeptides set forth in SEQ ID NOS:48-49. Other variants can have
60%, 70%, 80%, 85%, 90%, 91%, 92%, 93%, 30 94%, 95%, 96%, 97%, 98%, 99% or more sequence
identity with any of SEQ ID NOS. 4 as long they retain a hyaluronidase activity and are soluble. 9 As
used herein, "soluble rHUPH20-expressing cells" refers to any CHO cell that expresses soluble
rHUPH20. Exemplary soluble rHUPH20-expressing cells include 2B2 and 3D351V1 cells. Soluble

rHiiPH20-avnreccina calle are CHO cealle into which niicleie acid that containe the cadirience cat forth



enzyme activity relative to the amount of soluble rHUPH20. Specific activity is 20calculated by dividing
the enzymatic activity (units/mL) by the protein concentration (mg/mL). As used herein, "exhibits at
least one activity" or "retains at least one activity" refers to the activity exhibited by a variant soluble
rHUPH20 as compared to any soluble rHUPH20 set forth in SEQ ID NOS:4-9 under the same
conditions. Typically, 25a variant soluble rHUPH2@ that retains or exhibits at least one activity of a
soluble rHUPH20 set forth in SEQ ID NOS:4-9 retains at or about 0.5%, 1%, 2%, 3%, 4%, 5%, 6%,
7%, 8%159%5al0%n k3% 29 A% % B0 (L6Ho dAferel8% 108 20% 0%, 0% 50%. 60%,
70%, 808 8076, 0R%0RA0%0:00%, 400%, 500% or more of the activity of a soluble rHUPH20 set
forth in SEQ ID,NOS:4-9. Exemplar activities include, but are not limited to, hyaluronidase activity
and enzymatictgg%ﬂl)?e%ezlﬁ&%%%%%%gé TJS2009/001455 10  As used herein, beaded
crosslinked agétose cis S GRSEERAR R nahorRAOREpIngE GsitrptaiaRIAbRPacked with
beaded &f%iﬁ?ﬁ‘k?d G g&rdEd - BRRH a%%_‘%@%d%’tp&/&gﬁﬁmﬁﬁrﬁ%q‘&@ﬁeﬁpﬁm@eTm. ‘As used
herein, BELWEFCFOSERIKEE Frediprdumsitadird e eulbiimsn vehnsrh &l dripry ahsierd Yoof
chromatBraph§ sy 8 EBrtrARhacked with beaded phenyl-substituted crosslinked agarose.
Exemplary of béadeupsheny-sulostitttétbid$Slinked agarose is Phenyl SepharoseTM.  As used

herein, amino gheny! b&r@m@a@gcﬁ@Ibﬁﬂtﬁl@mﬁrs&@g@g%@lﬁwﬂfb&mm@Iémxsz%eeta column
packed witly amino phenyl boronate agarose. 10As used herein, hydroxyapatite column

chromatograph referg,] ‘ﬁﬂ{Q gtggﬁ?gm( s& celumn packed with hydroxyapatite. As used
herein, harvestgd ce&él%ure ?Jﬂ arv egt cﬂe%uiaﬁﬁrlg’]ﬂuid (HCCF) refers to the fluid obtained

Fluid or
following harve’t of t h@@ﬁ’%#b%?‘?ﬁ“&ﬁiB?@a?&?WSﬁ@%ﬁ&%tion of the cell culture medium from the
cells, cell debrid and Gt I Abe relEitdd) Trrancélt batues tdivis Handested hametherdislieksior can be
filtered tB2ekMEfciREeR bremeshesymhy. theeded staslinletsrishandl othet ity glegatesctodieave the
harvestedhsallatogmapb fathino phenpsberprtsinebalirddnsityatefeapity thd hydnberphitelisoinmamgiven
volume 6hraEdiaEA20AS used herein, cell culture or culture refers to a cell population that is
suspended in g megi) H&%%“t,%Rf%%@(p%&ﬁgé%'%ﬂf&%éﬂtéés Yiablity of the celis or grow the cells.
As used herein, medium, cell medium or cell culture medium refers 10 A sofution cgntalnlng nutrients
sufficienfRplorisf e WioRareoreeRiaRaiiiia 9 paine 4190 AROSsBHM6bIRS contain essential and
non-esseatiadsdddino acids, vitamins, energy sources, lipids andJor trace elements. The medium also
can contain additional supplements, such as hormones, growth factors and growth inhibitors.
Reference to cell culture medium included As used herein, the residues of naturally occurring a-amino
acids are the 30residues of those 20 ce-amino acids found in nature which are incorporated into
protein WO 2009/111066PCT/11S2009/001455 11 by the specific recognition of the charged tRNA
molecule with its cognate mMRNA codon in humans. As used herein, "in amounts sufficient to
increase" when referring to a substance increasing parameters such as cell growth rate, peak cell
density, protein 5synthesis or cell cycle arrest refers to the amount of a substance that effects an
increase in one of these parameters compared to that observed in the absence of the substance. The
parameters can be assessed in the presence and absence of a substance, and the amount of
substance that increases the parameter (such as cell growth rate, peak cell density, protein synthesis
or cell cycle arrest) compared to in 10the absence of the substance can be determined. The growth
rate, peak cell density, protein synthesis or cell cycle arrest in the presence of the substance can be
increased by at or about 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%,
15%, 16%, 17%, 18%, 19%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 200%, 300%, 400%,
500% or more compared to the growth rate, peak cell 15density, protein synthesis or cell cycle arrest
in the absence of the substance. As used herein, nucleic acids include DNA, RNA and analogs
thereof, including peptide nucleic acids (PNA) and mixtures thereof. Nucleic acids can be single or
double-stranded. When referring to probes or primers, which are optionally labeled, such as with a
detectable label, such as a fluorescent or radiolabel, single- 20stranded molecules are contemplated,
Such molecules are typically of a length such that their target is statistically unique or of low copy
number (typically less than 5, generally 'less than 3) for probing or priming a library. Generally a probe
or primer contains at least 14, 16 or 30 contiguous nucleotides of sequence complementary to or
identical to a gene of interest. Probes and primers can be 10, 20, 30, 50, 100 or more 25nucleic acids
long. As used herein, a peptide refers to a polypeptide that is from 2 to 40 amino acids in length.
As used herein, the amino acids which occur in the various sequences of amino acids provided herein
are identified according to their known, three-letter or 30one-letter abbreviations (Table 1). The
nucleotides which occur in the various nucleic WO 2009/111066PCT/US2009/001455



12 acid fragments are designated with the standard single-letter designatio_ns used routinely in the art.
As used herein, an "amino acid" is an organic compound containing an amino group an_d a cayboxyhc
acid group. A polypeptide contains two or more afhino acids. 5For purposes herein, amino acids
include the twenty naturally-occurring amino acids, non-natural amino amds_ang amino ac_:ld an_alog"s
(i.e., amino acids wherein the at-carbon has a side chain()r.] . IAs _uiecfi herelln, atmc;goa?ﬁ;dprg;?duee
mino acjd farmed upon chemical digestion (hydrolysis) of a polypepti :
Iri(:lee;Zég.aTnhz aminocﬁ é"ériimdﬁé%ﬁe ﬁéiéeé%%%ﬁ%se@r F&W%{Y&“ﬁfb@iﬁﬁéﬂﬁﬁaﬁerﬁﬁ Fduple isomeric form.
Residues in théwystrisodaercliqratiovhichravél sd ldesigaated:eas he wubstitutadfarany L-amino acid

residue as long asie JRSIEEH KGR PrONE S RiAined by g polypepide. NHZ refers to he free

amino Dow present at the amino terminus of a polypeptide. refers free carboxy group

present at the 84REIEH elheitites Spid tntrsmisinedebiprHeBHy Witrsthodardoplspeptide

18211620, abyeyiatans for A gc1ese o o Lo L A Fafle o
- iAfi i are shown el: -
Correspondints CUNEDE 1CL R A EUHE RIS S B3 15 57 G sehfeme F Phe.

Correspondence / : _ _
Phenylalanine ¥evtepr Methierioeniaa leosldhineGiSartSenner dislisolaseie Leu Leucine Thr

Threonine V Val Vali@ﬁepmgmsﬁrﬂm%éﬁ EXQ;EV&OGeﬂQA%y ;I)%I t:!Qee ag %IIIrI]"l yll'gitragméga eE Glu Glufamic
acid quanﬁties of soluble rHuPH20. The methods provided herein for producing soluble
tHuPH20 can inciude 1) inoculating cell medium in a bioreactor with an inoculum of
cells that encode soluble rHuPH20 to produce a cell culture, wherein cells contain |
between 150 and 300 copies of nucleic acid encoding soluble rHuPH?20, the
bioreactor contains at least 100 liters of cell culture and about 10'° — 10" cells are
inoculated per 100 liters cell culture and cells are cultured at a set temperature; bj
feeding the cells with a first feed medivm containing glucose, L—ﬁ]anyl-L-gﬁutamine,
hﬁfnan insulin and yeast extract in amounts sufficient to increase cell growth and peak
cell denéity-, and to increase solublé tHuPH20 synthesis, wherein the feed medium is
added to the culture at a véiume of 4% of the cel] culture volume; c) feéding the
celis with a second feed medium containing glucose, L-al anyl-L-glutamine, yeast
extract and sodiu.m butyrate in amounts sufficient to increase sofuble rHuPH20
-synthesis and induce cell cycle arrest, whereir.l' the amount of L-aianylnL-glutamine‘is -
- decreased compared to the'amqunt of L-alanyl-L-glutamine in the second step, and
the amount of yeast extract is increased compared to the amount of yeast extract in

step b), and the feed medium is added to the culture at a volume of 4% of the ceil

culture volume and the temperature is lowered compared to the temperature in the



Glx Glu and/or Gin W Trp Tryptophan R Arg Arginine WO 2009/111066PCT/US2009/001455 13
SYMBOL 1-Letter 3-Letter AMNO ACID ID Asp Aspartic acid N As\qusparagine Asn and/or Asp B
Asx C Cys Cysteine X Xaa Unknown or other It should be noted that all amino acid residue
sequencesWwgpresentech herein by formulae have a left to right orientatis@iinish@eonventional direction
of amino-terminus to carboxyl-terminus. In addition,,the phrase "amino acid residue" is 5broadly
defined to include the amino acids listed in the Tabﬁe of Correspondence (Table 1) and modified and
unusual amino acids, such as those referred to in 37 C.F.R. 1.821-1.822, and incorporated herein by
reference. Furthermare, jt should be noted that a dash at the beginning or end of .an.amino acid
residue sequers1t§ %&c%&%@grﬁtuﬁ%a%?ﬁ%lﬁrg %8 Iélﬁratﬁeecr%ec ﬁeleen%%e%tf g‘née?)srerﬁ%l%lggﬁl%% acid residues,
to 10 an aminaatéstirbitgoupbithlasieiddustp &) Cardiogyhtariiinaityobpdick as@OH.  As
Lsed hereln, "MgRRASRLILDS AMING-AdlfiRatsie Jolbedld AT acitialageur In polypeptides.
As used herein, "non-natural amino acid" refers to a@n organic compound that has a structure similar to
a natural amin&iatbtiFsisHde merrrafiedubie SlurdiR tavathesinm diacsease e aist reactivity of a

natural anmyno acidt, NaBraatueib PERUITRG ARG AddsNHRdReida.for sxample amino acids or
analogs of amin? acids other than the 2Q naturally-occurring amino acids and include, but are not

limited to, the B 145YEPUBM IS BRAMIPS Licaey Exemprary Honl shnss Wity 2i&iis are described
herein and arecknpardoottiesenohskil in-she@r 20denisediegrito @ RN®consiitids a single or
double strandeshallrof ALSEHALONAMRIENS Rl coaine sedmenty &' Ricoameined and
juxtaposed in a manner’not found in nature. DNA Constructs exist as a result of BmMan manipulation,
and include clofes exithethiet sopios ot rrinipiaied. moldbelesperature Rdovsaedrereparedimilarity”
between {0 PIPIsNEASAMEIEIL ARHSRIGTRIDIARLIRIGANSS SRENE ER TReAeguapce of amino

acids of the proteins or the nucleotide sequences of the nucleic acids. Similarity can be based on the
degree of identit§ HRFLbYePHIYTEE s YIS SscolobieAyslawnideses HoRsdisgyisistEuences of
residues and theétresicues feentasdachibeneimiMethoss for Assassipathese g ekshailarity between
proteins or nucalg(iicsg&i{ljé e kaQO\an to th?se skilltin_the art. For ex gle (i)n one method of
assessing sequence simitarity, two amino aci %‘F’ﬁu%fé’&?&%eﬁ@g\g’é% LA gEE R manner that
yields 5a maximekksvebbicidéntinetetvenimttie sequendds.didehiityluefenstanthghextent to which the
amino acig or HH&l@a@y@@ﬁﬁﬁ&l@dﬁ%@éﬁ&\%?ﬂ&m@Uﬂﬂgﬁl{a%ﬂwﬂg gg!:%s%%%?é’g% Synd to some

extent nucleotide sequences, also can take into account conservativ ferences Jor frequent

substitutions iIFZAHPLEE T PRUEEOdESIceoheampaTivbelie rsnrey afsatisaettiambreserve the

physico-chemizadtpsapetiesaiptRihe:resisuesdoyplyads AligRmens aanbe giahakalignment of the
compared sequences overHae enttire Ien%qth olthe equences and includiri:lg all residues) or local (the

erature sulficient to incre &EF 10%1 Sé%?ﬁﬁr W\%WS&Q%HB ‘Fé@%s@rbﬂé@"ions).

aligrunent of a BOHIOI’] of the sequences
"ldentity" per shagubte dntafecoghizechiniadingdand sadded cafculateduising dbpiealished techniques.

(See, e.gypComputationalMaleciiar Bio : AM., ed., Oxford University Press, New York,
1988; Biocomputing: Informatics arygl’ (—:'Jgg%(ﬁé *%‘gr‘é%é’éltgdﬁﬁﬁe D %%g.{o B\SCS% 8‘%%%?355, New York,
1993; Comput&F Zah“oplsdirisned D iaveharel olifin faidandid GeitoHGHEIE20HUMana

Press, New Jersgy 1QPgo R eapnce-ARalysisiiigMolecular Biology, von Heinje, G., Academic
20Press, 1987; and g ence A Iyﬂ%Primer, Gribskov, M. and Devereux, J., eds., M Stockton

Press, New York, 19 ¥l fHiE e SRS E U EMbRH GTRTEtHBHY R HiasGRe TEMRS between two
polynucleotidessripplypeptitesdhenteimstigentitys 7fE el engumnitosskiles artisans(€arllo, H. & Lipton,
D., SIAV;} Apgleg M) A%AF1S (198801, 23A3 4Spe Rein, o mlogeys (yih respect to nuceic aci

rHuPH20 purification can be effected by column chromatography, such as beaded

crosslinked agarose column chromatography, beaded crosslinked phenyl-substituted

agarose column chromatography, amino phenyl boronate column chromatography and

hydroxyapatite column chromatography. |

30 In one example, the method for producing soluble rHuPH20, includes steps of

a) inoculating cell medium in a bioreactor with an inoculum of cells that encode



sequences) means about greater than or equal to 25% sequence homology, typically greater than or
equal to 25%, 40%, 50%, 60(‘@]0%, 80%, 85%, 90% or 95% sequence homology; the precise
percentage can be specified if necessary. For purposes herein the terms "homology" and "identity” are
often used imtezetrengeably, 30unless otherwise indicated. In general, fargetesmination of the
percentage homology or identity, sequences are aligned so that the highest order match is obtained
(see, e.g.: 15 Computational Molecular Biology, Lesk, A.M., ed., Oxford University Press, New York,
1988; Biocomputing: Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New York,
1993; Computer, Analysi Sequence Data, Part |, Griffin, A.M., and Griffin, B.G., eds., Humana
Press, New J&fd8 ,GJ%%E ’%gdﬁq@ﬁ@é‘@ ﬂﬁ%lwglfﬁﬁmg&ﬂatp%‘?ﬁmﬁ%ﬂ pebiteen B9 gidhdemic Press,
1987; and Sed@énceifndlysiddrrutieressidiakaevhVle ahdBedateibickeaeds M HhoaktemPress, New
York, 19931; Cagliq at.al, (LARISINE S npplied Math A3:3073), B sequience,hamology. the number of
conserved amino acids is determine eby standard a |gnme¥1f a gorﬁ ms programs, and can be used
with default gapptheaeiissaestablistibd by €athfSdpyite 10Bubstanimtifehd meddgous nucleic acid

moleculesswould hylrgliae ipiGalys almaderatesstRgenay. o aL iahsiringgney all algng the length of

the nucleic acid of interest. Also contemplated are nucleic acid molecules that contain degenerate

codons in plac&BrLsars matemiinarhse Mubkefecdanedhisnsisddad icterBiedld molecules have

nucleotide sequginges OHIRINGAEN dtsraugnsesSINREA aldeast AR {QunBRY, 85%, 90%, 95%,
96%, 97%, 98% qr 99% "identical" or "homologous" carié)e deter[nined using known computer
algorithms suchas’ é""ﬁ%‘i‘%“tp‘)rro"é}%%%éﬁxgg 8% A e e Bt d R Sets Bs in Pearson et
al. (1988) Prog/NathsicdckcSuid 0 SA Bb: &4 ( biheraprogiiarisa ihelftdé theliGC G pidgtam package
(Devereux, J., i ' :38.7 20 (1984 ST?2, BLASTN, PASTA
(Atschulfi)ES}.F.,tg% g%t%\%%&ﬁ&&é%?%%%éﬁl %gé(’;g%ﬁr evt(g(hqlfg%dg}g%gﬂ]r%ﬁrs% Viartin J. Bishop, ed.,
Academic Pre{yVsehtDigd CLIdEeding hasrbserish ( tiosBiesi andivappsiiseinniht48:1073). For
example, the BbABIofuncticRatthe NetionakGentenfarBieteshnolagy:nfermatian gaabase can be

used to determir%e identity. Other commercially or publicly available programs 25inc|ud0e, DNAStar
"MegAlign" prégPAIT ARHELR RIF LAY {res ORlErl ittt SHeemttce tBmpltGroup (UWG)
"Gap" progranefMadisomMit}. Rércenindohealagmeanitdantityvefarotesis andiea ngaleicarid molecules

can be determinad comparing sequence. information usi AP computer program
(0.0, Necaleman 2 S TN S et Lo P B AiREN (Los) A
AppL Math. 2:8859mBre ) 2lhey GRPseErh Welin@sssithim drtyrats. th aneimiberfedcaligned symbols
(i-e., nucleotidgis A AMIRAREAShiIEAke. WURROP/HAIARRPLT THRZO0NANL 40Pt similar,

divided by the total number, of symbols in the shorter of the two sequences. Default parameters for the
GAP program AR TREHIAE 1Y Ee9ianP ColsanEema st el aniiviabohty fopadentities and 0
for non-identities)andthe weightedoongparisannp ateix066ribskar el kO85 )Ml Acids Res.
14:6745,as descr] artz and Dayhoff, ed OF OTEIN SEQUENCE AND
STRUCTORE: RlTooal e FaL LR PR RN, A0 363486 1090y 0 8 Befatty of 3.0 for
each gap and #iradeRisAar o0 mshedeyoisreshshnsyhmivol trpeabh, Gapledndc@)inkepenalty for end gaps.
Therefore, as pgas) barsinloe dessddeniiy o omelaghy, [BRIESGALS. A J0samparisan between a test
er

and a reference polypeptide or polynucleotide. As used hérein, th at least "90% identical to"

refers to percent S RIEE SR Gu e s Y e ralv@tsHrRamERgFapee nucleic acid or amino acid
sequence of the polypeptider et ahateveb OfAeRLMELsbipdica yenfthaifact hat, assuming

for exemyplification pprposes a test and reference polypeptide length of 100 amino acids 15are
compag% Nos‘ir%%srgkzh R %b%{tﬂ%f%ﬁ o‘%l ‘OF irbﬁiﬂé’f%g%%rﬁ%aﬁdf&%%@fté@b@%eptide differs
from that of_th@@@eﬁqélpdlyﬂéﬂma iBimhiier cortipalisens tasibehenade behivean test and reference
polynucleotidag ueh diffeieages Gamhe [aRirsenled as ROl muLatbns kandomly distributed over the
entire length of a polypeptide or they can be clustered in ong or more locations of varying length up to
20the maximuPPEIRGIRaRN! AN 21 o &0 titats atrs Hinditeach g appratimately @094 ydentity). Differences

are defined asspusdRIC/aCI OFRIHAL; asidsubstitutionsninseltions, or deletions, At the jevel of
homolog%rep‘s or iq ntities F%bove about 85-90%, the result should be independent o?%he program and

gap paraietef§ Sev AR TQFeRURSE BF BRIt bonidaivestgreltiniL ehsaseysmandal alignment
without relying-28enysbflaneniAs BBodiieyeis; aitradigned sequencriisfersde;thevagpsf homology
(similarity andJor identity) to align corresponding positions in a sequence of nucleotides or amino
acids. Typically, two or more sequences that are related by 50% or more identity are aligned. An
aligned set of sequences refers to 2 or more sequences that 30are aligned at corresponding positions
and can include aligning sequences derived from RNAs, such as ESTs and other cDNAs, aligned with
genomic DNA sequence. WO 2009/111066PCT/US2009/001455 17 As uied herein, "primer"
refers to a nucleic acid molecule that can act as a point of initiation of template-directed DNA synthesis
under appropriate conditions (e.g., in the presence of four different nucleoside triphosphates and a

polymerization agent, such as DNA polyrnerase, RNA polymerase or ‘reverse transcriptase) in an 5
annronriate hiiffar and at a crntahle temnaratiire I+ will he annreciated that a cartain niicleie acid



18 identical alleles of a gene, the subject is said to be homozygous for that gene or allele. When a
subject has two different alleﬁégpf a gene, the subject is said to be‘-@g}erozygous for the gene. Alleles
of a specific gene can differ from each other in a single nucleotide or several nucleotides, and can
include sub¥fAAIBN&11deletions and Sinsertions of nucleotides. An allelerafrarg@necatasscan be a form
of a gene containing a mutation. As used herein, sp;cies variants refer to variants in polypeptides
among different species, including different mammalian species, such as mouse and human. As used
herein, a splice variant refers to a variant produced by differential 10 processing of a primary transcript
of genormic DNA At RSiia 0 TIVE A0 915, MBS O BNA..., A5 used herpin, modification is in
reference to modification of a sequence of amino acids of a polypeptidé or'a sequeﬁce of nucleotides
in a nucleic ack®MiBRclkwiREihe atbs ddiatisrsdrisettivetvand nepldce mmentsadiagino acids and
nucleotides, 155eapsstiyelMaiosisiof Maiing paakipenido aje (RIINg g efskillin the ar

such as by using recombinant DNA methodolo‘gles. As used hereln, the term promoter means a

portion of a gef SOHRAThIRG Ik AvdeERiR Hicck 4 sr9sismide Astethi Bia irbrest M opuhgaBrase and

initiation of transorigitan 4ProMalelFUUBRCATHE SRIIBR PHLACL AWaYS: {99599, the 5
20non-coding {:ggii%n fegce es.., {As%ge%herein, isolated or purified polypeptide or protein or
biologically-active portion therast fs StbSEhTSH e SR EANE I SPERIAB G OtheP &dntaminating
proteins from tlecoet], dPtis8Ub-flenyivihithtthenpratein/s gervedrer subsiaptialydias from chemical
precursors or i icall nthesized., 25Preparations can be determined to be
substantially fr%{g?iﬁ%]e?/y%gggﬁ %gdg?gﬂﬁf/%éggé?a eei?rli%tﬁfl iaets gg%&%?ﬁﬁ%ﬂ%y standard
methods of andh§¥l<t e wdiibsseHipviayevelmomansd grapmperiio); gdbelretroph@@sis and high
performarte ligihghtoralograply.(HR L) Hser Ry 4hase of skilinhe artio.assess such purity, or

sufficiently pur(-iusuch %@n further purification would not detectably alter the physical 30and chemical
y

properties, suéh ae &ny Mt C AP Er Rsivrie e Toy Rt stibtbnded-Retflosedismpurification of the
compounds tobptedtsevbutystahtidthd ehelniealiydlee: 0 200911 1066R6 T 152099/001455 19
compounds ar, A 0 f,skill in,the art. A substantially chemically pyre compound, however,
can be a mixtu%egg[?g{;(r}gég&%ﬁe%ﬁﬁesv@é FinS éin%]égs%%rfﬁﬁ?ﬁaet}”ﬁdﬁ %‘ﬁ?fgﬁﬁigi'ﬁn@rease the specific
activity of the EBPHPBIASAC TRE 6 e selbstatilialhp fide b pelidlaw matesialrinaludssprgparations of
Sproteing in whighiifi BiotRiR i seRaIARE A GRHNIARLEAMANNGRIS A1 the cells from which itis

isolated or recomEinarzsﬁgy-produced. In one embodiment, the term substantlaﬁy fee®d (%Ilular material

includes prepdrat SHAME D sritie hatiry resambrisbiinsosedypweylinkight) of non-enzyme

proteins (also agdereddiohetinascecoianminading ariate) grasrallygss.than about 20% of
non-enzyme pcr&mscgltojﬁ(l)a@% QP; non-.en;%rg]e %roteins or less that about 5% of non-enzyme proteins.
p

When the enzgme protein IS FecOmbinARIY SO LY A SR SRAEI HeSf culture medium,
i.e., culture méuilif Yepsdisentyesehthamtapopbor at 20%, 10% or 5% of the volume of the enzyme
protein preparation. Asuse.gssie, e 181 SupSIANIAINfiee, ofherical precursors of other

15chemicals includes preparations of enzyme proteins in which the procité)fnllsogéspaarga%d from chemical

precursors or Sthet Chéfficald:thdtth e #5veRA% 350he Wherddieddittne hrotein sXheplesith includes
preparations shenzyme afeiRibs AaVIHDIESSEB@R-aPRYLI% (Y Areightl 203, 10%, 5% or less of

chemical pre%%%)(gg ar nqgégrﬂz%/me cﬂgmlcals or components. 20As used herein, synthetic, with

reference to, for example, a Symthetie racSiPaHY moldlule laZysthéfogéhersma efnthetic peptide
refg/rs tg a r;uélé@;&dﬂ?ﬁ&ﬂém%pgdﬁmwﬁde ofaleculathatismodused oy r_@&?%}binam methods y
and/or byschegpical @oasisometods ysiep ,an ssion vector includes vectors capable
of expressing 25DNA that is operativel?/ﬁ}%ked \’Nﬁ@r@gﬁ a%oryg§§dlﬁgf?€é%, Lherels E%moter regions,
that are capaﬁf@?ﬁﬁéﬁ?ﬁd}@%ﬁ@@% léfsﬁ'qcﬁi@rﬂwc%a_gedéﬁt@c Stchcaiditionadsegments can include
promoter andﬁenmmemgg&%g%b§@ch)ag%ﬂll%pﬁ)ptm% QRERY.[more origins of repllcatlon, one
or more selectable r’garkers an enhancer, a polyadenylation signal, ané the like. Expression vectors
are generally derivedrf?‘é‘%e%aﬁ’iféﬂ%‘i‘aCc?ﬂﬁ?&PE?Nﬁ?@ﬂ@éFﬁ%‘ﬂﬁéM@l@nﬁwﬂﬁa@ bothaThus, an

expression vestoyeferscto ayrefgraiinanhBbiA ohiBMNA. CARBING, sHEM 33 Piassld. a phage, WO

2009/111066R / 5 combinant virus_or other ve_ctbr t’haj[,’upbn Ihtroduction into an
appropri%l(?e héi@gﬁé&%tggﬁa’p%%éﬁ)w?ﬁﬂ%%%%ﬁ‘br@%ﬁ%ﬁ%@ﬁﬁé@e@kpmssion vectors are well

known to thodtasrskil 4pl kel aire Al inoludeth oskishatareHepheabla ihamsayRtc celly and/or
prokaryotic cells and those that remain episomal or those which integrate 5into the host cell genome.
As used herein, vector also includes "virus vectors" or "viral vectors." Viral vectors are engineered
viruses that are operatively linked to exogenous genes to transfer (as vehicles or shuttles) the
exogenous genes into cells. As used herein the term assessing is intended to include quantitative and
10qualitative determination in the sense of obtaining an absolute value for the activity of a protease, or
a domain thereof, present in the sample, and also of obtaining an index, ratio, percentage, visual or
other value indicative of the level of the activity. Assessment can be direct or indirect and the chemical

species actually detected need not of course be the proteolysis product itself but can for example be a
AdAarinvzativve 1 Btharanf or come fiirther cirithetanre Enor avamnle detaction of a cleavvane nroadiicet of a



21 As used herein, a pharmaceutically effective agent, includes any therapeutic agent or bioactive
agents, including, but not |IM@ to, for example, anesthetics, vanggnstrictors, dispersing agents,
conventional therapeutic drugs, including small molecule drugs and therapeutic proteins. As used
herein, treé’f’nﬂéﬁotgfﬁ]ég‘?fs any manner in which the symptoms of a condifidff“a¥8dFa&rdr disease or
other indication, are ameliorated or otherwise beneficially altered. As used herein, a patient refers to a
human subject. As used herein, an effective amount is the quantity of a therapeutic agent
10necessary for preventing, curing, ameliorating, arresting or partially arresting a symptom of a
disease or disoidere . S REAAGIEIN ANIMAJ05%66Y ATl D BpRHbaRAC! imited to
primates mcludﬁgaﬁumans, gorillas an’cfmoﬁf(eyé, rddents, such as mice’and rats; fowl, such as
chickens; rumir@@90sueH.880gmaidméows, deer, sheep; ovine, such as 15 pigs and other animals.
Non-human anigyssexglndsduipapgasnhe contemplated animal. The hyaluronidases provided
herein are from any source, animal, plant, prokaryotic and fungal. Most enzymes are of animal origin,
including mamn4f i origin. As used herein, a control refers to a sample that is substantially identical
to the 20test sample, éxceptfatitioss not treated with a test parameter, or, if it is a plasma sample, it
can be from a normal Jolunt@&prBraffected with the condition of interest. A control also can be an
internal control. A§“USedl?‘*PéﬁI@f “‘t‘?f‘éesin%%ﬁ: fO{.ms "a," "an" and "the" include plural referents
) . uciure unciign

unless the context clearly diglates gipgrwise. Thus, 16r example, reference to a 25compound,
comprisinggdan extracellular ﬂomaimﬂémjuﬁgﬁggwm@l&mimpne or a plurality of extracellular
domains. As used herein, ranges andiameunisedmpagenpressed as "about” a particular value or
range. About also includes the exalst amdlininHpruakeragadiss mM" means "about 5 mM" and also "5
mM." 30As used herein, the abbreﬁiationgsfoﬁ?g'ﬁ?ﬁ?ﬂé@ﬁ\%’@?&iﬁgfcﬁﬁﬁ%eéﬁag and other
compounds, are, unless indicated gthervﬁ%‘;'tnoélcq gﬁag\gjth their common usage, WO
2009/111066PCTR3S2009/001455 22 re@g;g,m%@ 55) reviations, or the IUPAC-IUB Commission on
Biochemical Nomenclature (see, (¥972) Bxechergad frshég@htfiioc@VERVIEW Provided herein are
methods for the large scale produdtion ofUseluisie:&hiradtirenidases, such as soluble human
hyaluronidases, including soluble Buman P20 eafRAp 1S @Iy Sitniars Yetescs i ties|itble rHUPH20.
The methggs typically utilize bioref;llctors &Z! Iwgg cg{l}l ‘hqt gg{gl%celtgaens%g&bl% q%%llijgonidase, such
as CHO cells (e.g. DG44 CHO cells). Exgmﬁrw%éfmhgélé are 282 cells, which produce soluble
rHUPH20. The volume of cell culturg in thesbigiraatensadisange 10from 1 L to 5000 L or more, but
typically is or is about 200, 300, 400, 500040652500, 2000, 2500, 3000 or 3500 liters. Prior to
inoculatio?df the bior@actor FirdveenidwrecsRpiittedthrough a series of increasing cell culture volumes
to generate the required number o 'cellsg € S“d’ﬂfg of the bioreactor. Typically, the cell culture in the
bioreactor is seeded with 108 tp 116, £ellS/Mk,,Put can be seeded with more or less. 15The cells are
then incubated in the pjoreagt@tdanfodicfenl 0, 11, 12, 13, 14, 15, 16, 17, 18, 19 or more days. During
this incubdtion, feed ntedia iBradtiechioethe: Gall Cidl et sppgy additional nutrients and supplements.
Exemplary supplemenrts or fiwriBesicthat can be included in the feed media include, but are not limited
to, glucose, glutamine or 20 1utam§?'ég§g|6§t l'fé‘,egﬁéh’%t}“ E"-‘A%i_’é’i‘l%l-L-Glutamin_e, insulin, and sodium
butyrate. The type and amoyht of s{ipRIEAISH ;%'@ﬁ){gggﬂ’i}ﬁfxu‘éﬁ & 285 5F S Bnd protein production.
For example, insulin and glufaming;psgitatinessupstitute can be incorporated into the first feed
media added to the cell cultte to ingigasasal, grownih:andnealsceldantiyxSubgequent feed media
can be designed to prbmoteKiliotein 25production more than cell growth. Supplements such as insulin
can be excluded or refluced PRiBEME 4@ BAYF glutamine or glutamine-substitute, such as
L-Alanyl-LGlutamine. In contrast,. Opﬁ@%ﬁ%“%qa??%igst eJ(tract that enhance protein synthesis

. . ioring saiuble rHu reduchion
can be increased in agaountgln addition, supplements tha énhance cell cycle arrest and, therefore,
increased protein production, also can be included. Exemplary of 30such supplements is sodium
butyrate. 23 A Followingpretesnproduction in the bioreactor, the cells are harvested and the soluble
hyaluronidase, such qu% I‘%:JPHZO,, that has heen secreted into the cell culture media is
concentrated prior toaiﬁﬁg 0 %‘? SRS ﬁeﬁ‘?’&?@i@‘?ﬁﬁ?&%ﬁ%@@‘éﬁﬁ%ﬁf&&é@?§ then purified
from the céhcenmiratedepnoseingsa idicmusinty arfdsettias! bf pubkcakion stepsrt Exetiphahy of purification

methods that aig 4ssshsr il melipdalierein frasamiOAian el jon exdhange hiomatography,

hydrophobic interaction"chromatography an chromatograp e purified protein is then
concentrated and diafiltered. Utilizing the methods described herein, between about 0.5-50 grams of
soluble 10hyaluronidases, such as soluble rHUPH20, is produced per 100 L of cell culture. In some
examples, the amount of soluble rHUPH20 produced per 100 L of culture is or is about 1, 2, 3, 4, 5, 10,
15, 20, 30, or 40 grams or more. In some examples, the yield of soluble hyaluronidase following
purification can range from between or petweeembaeET ket 589 of the amount produced before
purification. For example, the yield 15following purification can be or be about 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45 % or 50% of the amount produced before purification. Generally, the specific

activity of soluble rHUPH20 produced using the methods herein is at least or about 80000, 100000,
120000 140000 1A0000 or 120 OO0 1inite/ma C HVYAILTIPONIDASSESR 20Hvaliirnnidacace ara a familv




WO 2009/111066PCT/US2009/001455 24 various oligosaccharide. lengths such as tetrasaccharides
and hexasaccharides. They h%_\//_fe both hydrolytic and transglycosid@ activities and can degrade
hyaluronic acid and chondroitin sulfates, such as C4-S and C6-S. Hyaluronidases of this type include,
but are not Kriit@ePtY, Mfaluronidases from cows (SEQ ID NO: 10), yelldWjatketdwesp (SEQ ID
NOS:11 and 12), honey bee (SEQ ID NO:13), white-face hornet (SEQ ID NO: 14), paper wasp (SEQ
ID NO: 15), mouse (SEQ ID NOS :16-18, 29), pig (SEQ ID NOS:19-20), rat (SEQ ID NOS:21-23, 228),
rabbit (SEQ ID NO:24), sheep (SEQ ID NO:25), orangutan (SEQ ID NO:26), cynomolgus monkey
(SEQ ID NO:27 inea RIg(SEQ, 1D NO:30) n%ma hyaluronidases, .1 'IEer are:six
hyaluronidase-li lé%gé?gﬁhq%%ggﬁ%km%%ué%ecﬁg’rﬁaae? ,&L»_ytg}ﬁ&,&fﬂ%n ,&Eﬁb]ﬁ% Ifrzﬁetw LP1 and
PH20/SPAML.. 1fenedte iraysboutibgendceahstlpbvreigresE o losNo @) rasisstbeen shown to

pOssess enzyme, aGiuindPWRrcraeNKIOWB;SHRRLGIeR: b Abd (UERrSHFRo¥ReRYds set forth in SEQ
ID NO:37) is a chandroitinase and exhibits little actlv%{ towards hﬁ%gromc acid. HYAL1 15(precursor

polypeptide set FSHMHRSERS F BEAY iLone BBt S5 HeA RIEd h IS E RElSRiBC A BARS (precursor
polypeptidesset &drilin:SHQriRdN Qidtische aroialy MeabastsalietivehdoayimesAgid-active
hyaluronidases, such as HYAL1 and HYAL 2 (precursor polypeptide set forth in SEQ.|D NO:35)
generally lack cg%ﬁfcagé—t}i"\?ft?/cgltaﬁéntf?%?%ﬁn(% ?h pﬂ%ﬁ@%?ggfé)r%%@fﬁ%}ﬂﬁeﬁgg%%é catalytic activity
in 20vitro over prfgBaRBstebafonddy)spadimichhavsisey R5leR68: 2893t cRiMAdRasthe acid-active

enzyme with a veayignisPeeiliciactivilemyiiio: Jhehyakipnigase-like enzymes also can be
characterized by those which are generally Jocked to the plasma membrang via a glycosylphosphatidy!

inositol anchor such ag‘ﬁH?ﬁ%ﬁ%ﬂ%%ﬂ‘ﬁ&?ﬁéﬁ%@G"{%ﬁ’%@?&ﬁgﬂﬁéﬁ%%?@@éﬂ. (2003) Proc
Natl Acad 8ti USH. 25100(8)idE80Hminaathathase hhichsidge (Braly solublggurhidsssyman HYALL
(Frost et al, (1997) ﬁi : i Res C n, 236{1):10:5) By catalyzing the hydrolysis of
hyaluronic acid, a ma%%gggas%tu nt%%%ea?rﬁgr\%%%ﬁg% rlér?]%)')}é 8%%}%%%%8&%% gy viscosity of

hyaluronic acid, révetsydpreredsmliisdtle Peptvenrniers Rleadachuls paerl shovrmenexfibit anti-cancer
and anti-carcinagenii3)aciviemaiti @ 20093 1LAGRPETIL RR0RU0RIADE Rohe, oinked

glycosylation of some hél%ly%oniggses can tke ver ]imépgprtan for the{]r catalytic activity and stability.
While altering tH8 /P& ST R caR TSHIIRG 33G5Hah AL AR SIS G Rkt S UARES B a protein's
antigenicity? structsteicforliRgssplutilion-bwdasthjilignidases enhyindy adreonaashofight to require
glycosylation forsepiime) anRKmRASENE HxalaRdasenBROBS eI I his regard, in that

removal of N-linked géicos lation can result in near com%ete inactivation of the P?/aluronidase activity.

For such hyalurbHitale s She brelsas HhRaiatiRg dARE 8. dmearsp GEhfe IRiING ddactive enzyme.
There are sevempute (REBONEIiNGER] 1IGHEO39)apipn SHOIANIB2] NAGG:aNRBT) [TONRN41 NB68, N393,

N490 of human itied,in. y L. Risulfide bonds for o the cysteine
residues C60 ar%hbgé%%}(and 2@&@%@2&%@%&%@ or Oﬁ%%é?‘e@;%éﬁoﬁigggg domain.
However, &dditibmares)stsimesisre (G e &' 3k sdnseRietEIRh F6): #dutiabbriegsmecatalytic activity
iuclh thatdamin;h;;j@d&(géwﬁfi@j §,Es@4;90519é;i9)99§@1;_}§ eﬂ%ggmin@ﬁﬁgﬂa%@mmﬁwo
yaluronidase main. -link cosylation site is,not required for proper
hyaluronidase 4ctivitys Er#m’%lé‘l" @@gsﬁégﬁﬁﬁfég‘f&?ﬂ%&gg%\‘asﬁﬁé?&ﬁuﬂfp}égf‘f&tﬂgomannose,
complex, hybridS&6if&tedy):aoFWAILR (SB@ IMEN)33GIENIAGSERRNASHOa®s mtacied via the amide
nitrogen of Asn i by falbwiivinAsio eantSol S ARRGHENEER ISR Xadiis ot Pro).

Glycosylatign at an-Asn-Xaa-Cys-site has been reported for coagulationpro ein C 1A Some instances,

the hyalurénhidas HELe Resaroi Nerlyebditnetiidi@dgly cosidic linkages. For example, rHUPH20 (as

produced in the methauswieseribagahasainidantrlinkedaligosaealaidasas walbag.N-linked
oligosaccharideasﬁ dZIQJtQ% W%SGP% dgsescgibed {h reé'n %{ovi ea pr‘(,)éfés faor the production and
purification of large quantities of a SoldblesrepaTation of Haffidh BEAG AyartoRias Breparation.
2.PH20 HeserarePavedoifabsetkhwmsdkespdwhauracecpriteimP ind 20X athoted above, is 30the
prototypical neyyakasting graxe:thatds, genrallyacked E&F&%%%@,M%Eﬂ@%&h’ ga

glycosylphasphatidyl inositol (GP]) anchor. It is naturally involve ’

Pl)
2009/111086P 801 PAEE HisthasatreashtPdine %or0dnd B S Pencivatiti¥y sperm of the

layer of cumulussesisby 85963106, hyRLEeVI0azido Tl 5 30 RIRNA IARSRIRLIS Aagpally translated
to generate a 509 amino acid precursor protein containing a 35 amino acid signal sequence at the

N-terminus (amino acid residue positions 1-35). The mature PH20 5polypeptide is, therefore, a 474
amino acid polypeptide with an amino acid sequence set forth in SEQ ID NO:2. Soluble forms of
human PH20 (5HuPH20) can be produced and purified using the methods described herein. The
generation of SsHUPH20 are described in related U.S. Patent Application Nos. 10/795,095, 11/065,716
and 11/238,171 (also referred to 10 inREesiEaPpEicBEDRAFSHASEGP or rHUPH20), and in Examples
1 and 4, below. The soluble forms are produced by expressing nucleic acid encoding C-terminal
truncations of the mature PH20 polypeptide that lack the GPI-attachment sites. Soluble forms of
human PH20 include soluble rHUPH20, which is produced and purified using the methods provided

harain 152 Tharanaiitic 11cac nf hvvaliironidaceac \/ariniic forme nf hvvaliironidacec have heean



10 ophthalmic surgery. The presence of the enzyme prevents the need for additional blocks and
speeds the time to the onset | Lakinesia (loss of eye movement). F’Qgi/bulbar and sub-Tenon's block are
the most common applications of hyaluronidase for ophthalmic procedures. Hyaluronidase also can
promote akiffé3pa%hlétismetic surgery, such as blepharoplasties and faReif0E@WipTary therapeutic
and cosmetic 15uses for hyaluronidase are described below. a.Use as a spreading agent
Hyaluronidases, such as soluble rfluPH20 produced ‘Using the methods described herein, can be used
to promote or enhance the delivery agents and molecules to any of a variety of mammalian tissues in
vivo. It can be used to facilitate 20the diffusion and, therefore, promote the delivery, of small molecule
pharmacologic AGEHESSWBPREdey & ?ﬁ%b%?&éﬁ’é?’m%cb d g érfts e RS ins, nucleic
acids and ribonuttete fadidseantbhepeforaaealhssicamdasiitnd ibhdkanctomarPETDMbination of
components inclurgép}% buctJ faot Iitq;}ié%g R tggﬁl?éﬁﬁci%é’fﬁtﬁfﬁ’- &@0%@}%5&%@5’ lipid-based
molecules and oﬁugs. Igl_'ol? e%r%p e, mo ecufes an acromolecular mpcfexes ?ansgeing from about
10 nm to about Sotudpihipseisiatcontaeehenibiotpesiteaticl it veedifinetionsledid thyserthetigh interstitial
spaces wheg thednjgrsiliiaSRRGR ARSRSRRISHIBHAIL L A2 ARIRCI SR, SXRORRA O hyaluronidase
(see e.g. U.S. Patent Application Nos. 10/795,095, 11/065,716 and 11/238,171). Examples of
pharmaceutical, %gﬂiiﬁrﬁﬁﬂt Ugutrd te pginioandbysiainasBripatsigrdaneiniicered with
hyaluronidase inelfideylatibgeyaatditaien, ihossiesiheitasmanttiBeiabgléas antidifagpiastics and other
anti-cancer agents @{‘i,‘{i{aé% 28 anti-infectives, including anti-bapterials and other antibiotics,
anti-fungals and other anﬂ-in?éctives; immunomodulatory agents; steroidal and non-steroidal

antiinflammatories; betastigsekeszsinsoighinbrmiandtitd etbsindidscivdssragiendins and prostaglandin

analogs; mjgticspabplinprgicsng AntirehRinestTiases ANimlsrasnssaandaagongestants;

hormonal agents; growth factors; immunosuppressants; vaccines and toxoids; immune sera;

antibodies; and AFRBAbMSI P ErSET I OHE Y HNIB c&BIEHHH DI 2r fEiFifFfistered with a

cathepsin, such sdubthEpsimplarp dbe® Hhypiygdemdeciysisded ypode mbelyisis e thavhfgsion of fluids and

electrolytes info Jhs,MRAASARISEIRI St 2 4 uratandritale Ryfiation tgehnique sultable for
y. Alt

mildly to moderately dehydrated adult patients, especially the elderly. Although considered safe and
effective, the mdSeFHEsEAlRaRETeR farrahiexsmel usulheber) vuaHistind et sigtbated by local
massage orssystegueciletiaspAppioninatelydh cambe givesinia 2achaunpsasshatiwo separate
sites. Common imugic no?t%%éﬂ%@&%g‘g ;;ch%%thggdpm?gé tQéglggaandllj per,arms. So{utions used in
hypodeimoclysis include, for example, Rormal saline, frnommal $4 |ﬁré],% GEoSROW A € aline and 5%
glucose. Potassiim hubHuduiE3 ¢ vl reriddedlio thaudelinvondagtedaddition of Bjeithronidase to the
solution can enhapge. fisidabseorplian-antisieasebeiauasall rate of administration. 20c.Use in
vitrectomy and ophthalmic disorders ar}]ﬁ conditions Hyaluronidase can be used to minimize the

detachment or tearing ‘OF B RHT R HRCTECISHIT RIS BotiePialrsm sbhwnamilié0thatvitreous body
tq t_)econje2§hcoupmd@iﬂdMnSEme$b&MHh&seﬂmpri@mm@ktmluhmﬂwmoy. S_uch
disinsertion o eI KtEERLBR A el D AP elkaliaodd Bl Rl giRpiearing of

;
detachment of the retina will occur as the vitreous body Is removed. Hyaluronidasé can be used for

various ophthalfYie:4ppidstisridetriail traclreeschey aeiplistic apprestiberad sedisttin U.S. Pat. No.
5,292,509. The usiené 7nighly Pheifigsddiyaliaoneasg ssush aguforxamptssalubleybluPH20
produced and pléléi{ge\gﬁ?%tg%r@e g%s dgscribed th rein, is é)({efe ablg-for intraocylar procedures to
30minimize immUNOganicity and Toxicty - TR SERE 8% amp RIS AR JY it RS ENEL LS Ean be used to
prolong resiflenéehaiitvigetivg witr dous-mndipneve Hitalobairebha ptakeles\Wixture of species
2009/111066PC{L1520G94001435 2 of B¥@naisiases an be,useshig reat andior prevent

ophthalmic disorders by, for example, preventing neovascularization and increasing the rate of

clearance from thipastisst trlitentribimg sohaneadminalbpsmienidade rdrding duvsnistered in an

amount effectivedadiguefinthe htpaderiiimenaf e eya witheits GaUsRg tpsicgpgamage to the eye.
Liguefaction of the vi s humor increases the rate of liquid exchange from the vitreal chamber. This
increase in exchgégégﬁegr%{oés%\éaggrﬁt a?%ffngﬁﬁg@ﬁa@%é&%’nggg’pﬁ%ﬁég’c Headse. ‘
ophthalmoldgic Hd. ittt danidte St alNbnidase atgozcanibentisedith segutRIPHOperative
pressure. Hyalusgsic 40acick has, REST USSHRRIE-RUMANIY A% ASpAGsY,during cataract and
intraocular lens surgical procedures. It also is used in othér ocular surgical procedures such as
glaucoma, vitreous and retina surgery and in corneal transplantation. A common side effect occurring
in postoperative cataract patients is a significant early, and occasionally prolonged, rise in intraocular
pressure. Such a condition is sometimes 15serious, especially in patients with glaucomatous optic disc
changes. Hyaluronidase can be co-administered with hyaluronic acid to the eye prior to surgery to
reduce postoperative pressure in the & THEMGHEEDHRIAIRSS) administered in an amount effective to
reduce the intraocular pressure to pre-operative levels by breaking down the hyaluronic acid without
decreasing its effectiveness during surgery nor causing 20side effects in the patient (U.S. Patent No.

6,745,776). Hyaluronidase also can be administered to patients with glaucoma to remove
nal\veoeaminoalhvveance from the trabheciilar mechwork and rediice intranciilar nrecceirire and can he



of hyaluronidase with viral genes can facilitate the spread of the virus in vivo. e. Cosmetic uses
Hyaluronidases can be by administered to remove glycosaminogly@s involved in the accumulation of
cellulite and to promote lymphatic flow. In some 25examples, human hyaluronidases, such as for
example, sSTELI&HALIBH20, are used for the treatment of cellulite. The HyBFMEsETan be
administered through repeated subcutaneous injectigns, through transdermal delivery in the form of
ointments or creams or through the use of injectable”slow release formulations to promote the
continual degradation of glycosaminoglycans and prevent their return. 30Hyaluronidase also can be
used to treat conditions such as "pigskin'.ed "orange pe ¥,ed ma. Hyal idgses can effect
depolymerization of thgﬁgﬁﬁg %&oﬁﬁiﬁ%@@ﬁ%ﬁ%ﬁgﬁg 4%%%?. tﬁ]ﬁ{yoggl@jscé:@charide chains
that can accumthateiprthedmintil adddPRREhExemsspyoasible fduRb ¢etgntismpicbidund water and of
the slowing, by saglieaesampsesipn.al S Al nap atoiaanc lirids, wbihslioalp metabolic

wastes. Such retention of water and wastes associated with fat overloadin ipocytes,
5constitutes clad&iEaINyisikATdhal Renbiime fahha ysaer seferbInSER) Patitsh #eA cut the long
chains of msicopgbygaeedarides into shorter chains, resulting in the elimination of the bound water and
wastes and restoration of the venous and lymphatic circulation, culminating in the disappearance of
local edema. 1.Use in%sréjéﬁgﬁgﬁgbl %&ﬁ%’%%ﬁ%’?&f‘é Fo?’ﬁ%lﬁ?%ﬁ%’ﬁ%%bfﬁcghyo&fgan can increase
with inflammatiduairindregsdsipeptide fvatiertiftiyyahmbalesaridnhasdoeeoobsepeestdn tissue from
different 0rgansi9&]@5@%@['&%%@1%{@@@%I-&?(E'JHE%BWB@%%E'Euquﬁ‘é&r‘cﬁﬁﬂlé’eeg't's (Nettelbladt et
al. (1991) Am. Rev. Resp. Dis. 139: 759-762 and myocardial infarction (Waldenstrom et al. (1991) J.
Clin. Invest. 88(ByelEp1< teidasbiithé A% ax &SRS iR RIGETEHgRABTR) eBfi AR Yrenal (Harllgren et
al. (1990) Jo ExpyMedniliZsk 2063y30Mes 1/atls £tialiy 4008} e s planiaiinns0pa4pdd®), small bowel
(Wallander et al. (1993) Transplant. Int. 6; 133-137) of. cardiac (Haellgren, eta]. (1990) .1 Clin Invest
185:668-673) transpla?%lgfal{foe%;%%?egl‘rﬁ?/z ca?g%?ﬁﬁﬁg#ﬁggﬁé% {g? 3%‘[%& m%ﬁgﬁ%sﬁdrﬁs et al. (1993)
Eur. J. Clin. Invéﬁf?&ﬁﬂ i Ao eRiaRPossurTcacieald atarbiitrit cachmdiinlvomestion/with the
grafting of an orgap LRANIYIREANRYBISRIIRIAT &edhi?f&elﬂyaﬁmm@rﬁms%u{gﬁev- Grafts with

interstitial edem(%sgﬁg%n swell to such a de%rﬁe that the functign is temporarily be lost. In some
[

instances, the s Gl ATF EROYATHIRFGRHBN SFSFRPRIITES O rE S eI I S A L Bihorrhage.
Hyaluronidésesrmamwuﬁmd@s@@dbeimwdka&eﬂg%g@qﬁs@mﬁﬂagbyﬁa@ thmianeasgan transplant.
Removal of suchglysasamiarabiensPEomARRiRmaakatuiey Fag e patand ihus enhances

organ function. g.Use in cancer treatmerit Hyaluronidase has diréct anticarcinogenic effects.
Hyaluronidase Brev@iiedreman whenihsranaiamest anddonioasiidendyeinesamaltiminog2) Int. J.
Cancer 3051:657-660)anek indtiiSs ot dormatianiiRan-axpRsivielR cadinogansd Pawlowski et al.

(1979) Int. J. Cancer 23:105-109). Hyalyronidase is effective esole WO, . |
2009/111066P8WU§"2%°§§%0§%?&‘1¥ 39 ﬁ%%?é“p"e“ﬁﬁ%%ﬁgﬁfﬁr‘ﬁﬁ%ﬁr&-@aﬁs Sht DFBRAT Bancer (gliomas)
(WO 1988822693 ciatridiictividingdbe eismasicyrivitp hidiisedasotbaprbeinsenctatenivance
penetration of chgmatherapeutic agents into solid tumors. They can be injected intratumorally with
anti-cancer agents or intravenously for disseminated cancers or hard to reach tumors, 5”The anticancer
agent can be a chemdth&P&H AL a X RHB A BERALE BT ATgRa I ar ARy \EEFHIERS or DNA.
Additionally, hyadterenidasectait e bidédddyacrib i sohbrelisuir the eyaliagpaolder sensitization in

previously chengrefragtary, t | multiple drug resistance (St Croix et al., (1998)
Cancer Lett September 131%16)?%;94%?.1}% @gﬂ?ﬁ%ﬁ gégo ﬁé?s?afgre gggrﬁbcfgs’sg’?ﬁgl%a?r{ﬁuPHzo,

10also cafenhaneaabiRiepeaHbiiegide Mo nvshbiionashtbortiteitepiokinkdbland other drugs to
tumors that acciHupteie ghyeeeARBIYINSNTSS 4.9 H%AHYEOBIARSESICMN, als0 g 45eddp increase the

sensitivity of tumgrs that are resistant to.conventional chemotherapy. For exaampleo, h a(t)luronidase,
such as solublgk%fu ‘F‘Iag(?’ §5ﬁ %@é@?ﬁ:&@@ré& t'd |/6altféﬁt ird é’t%{brlﬁé%dgiété}é’ Rith a HYAL1
15defect in an dMtouHi‘effetyelfd, intYe o8 Fius)da0asoL00d e tmNerisies(©8. diodagilitate circulation
andfor concentagns AL EYSFAIRRHAPRUIG AARRIR RS ALPHIA e Lumar sitg), Jnhibit tumor cell

' 2 50) ] “4-9,

motility, such as by hyaluronic acid degradation, and/or to Iower the tumor cel apfoptosis threshold.
This can bithg #& tilioineksies Pt areratdivitan dikiyalvrdohizenuidingtthe dumomueit metret susceptible to
the action of 20chemotherapeutic agents. Administration of hyaluronidase can induce responsiveness
of previously chemotherapy-resistant tumors of the pancreas, stomach, colon, ovaries, and breast
(Baumgartner et al. (1988) Reg. Cancer Treat. 1:55-58; Zanker et al. (1986) Proc. Amer. Assoc.
Cancer Res. 27:390). In one example, hyaluronidases are used in the treatment of metastatic and
25non-metastatic cancers, including those that have decreased endogenous hyaluronidase activity
relative to non-cancerous cells. Hyaluronidases can be used as a chemotherapeutic agent alone or in
combination with other chemotherapeB&€9BRBBPERY (Gideds)include, but are not limited to, small
lung cell carcinoma, squamous lung cell carcinoma, and cancers of the breast, ovaries, head and
neck, or 30any other cancer associated with depressed levels of hyaluronidase activity or decreased
hyaluronic acid catabolism. WO 2009/111066PCT/11S52009/001455 33 h. Use in treatment of

alvveoeaminoalvvean acciimiilation in the hrain Hy/aliironie acid levvale are alevated in a niimher nf



15hyaluronic acid accumulation and the water associated with it. -~ Hyaluronidases also can be used
in the treatment of edema aésiggiated with brain tumors, particularly\@at associated with glioblastoma
multiform. The edema associated with brain tumors results from the accumulation of hyaluronic acid in
the non-canteéfdtEpsidfons of the brain adjacent the tumor. Administratighich2otalssonidase to the
sites of hyaluronic acid accumulation (e.g., by intraygnous injection or via a shunt) can relieve the
edema associated with such malignancies by degrading the excess hyaluronic acid at these sites.

i. Use in treatment of glycosaminoglycan accumulation in cardiovascular disease 25Hyaluronidase can
be used in thg treatr'r}%r.laé%g%%ngl,c&raqiga/a%cuhar gészg:%g.e,%g inisct{fl;_\(t)ir(r)lgtof Qgﬁlurré%grid?se in animal
models following experimental myocardial infarc cartredyce Infarct size (Ma eyan, et al (1976)
Science 194(496a149gr200) vibreamdposar shet ithiseadsyl whishnihid egmmechrésblaneducing

hyaluronic acig¢@agedRualion,that g%@i;cgj%ggr@ggh@mia reperfusion. Reduction of infarct size is
30believed to occur from increased lymph drainage and increased tissue oxygenation and reduction of

myocardial water colt&HECBIEIRa RIS SEEsl iRk sharpbubeiusdngres Pplaques from
arterioscleyosisuShaib plagiues Rectiobiate glyepsamineal yeansAnd e diatergasiophage and foam

cell adhesion (Kalodgie et al. (2002) Arterioscler Thromb Vase Bjol. 22(10):1642-8). 5j.Use in
pulmonary dis%@%né' ?”QU%E%ét\}%e?s 8?05%}%%1 OFOAHETY WW&W@&R@(SM%@%@W@ from normal
indivi.d.uals arecgm_slélrbwetgat@w whgﬁmmbyhmww.hyaluronic acid _Ievels in BAL rise dramatically in
conditons of respraigpycisigas(BIRINSA EhANAORIABINGA A(CIN Flos £0) 296(6602) 803 6) The

increased hyaluronic acid in the lung ca event oxygen diffusion & apggs exchange as well as

activating neufiSpHirQEEPRA M gel vespmtsed "Ilritikid proprirtiionsatt seiuble rHUPH20, such as
those praduced using.shrdnsthadsmprevidarhhereilrrRREHRY¥RIeH hyglher pulmonary or

intravenous deg‘\x/egr%to patients presenting with such conditions to reduce hyaluronan levels.
Hyaluronidase € 585 CEHBY A SRPE P pLifevit SYAEFYEPREIH other 15pulmonary complications
that are associated withueté\aiedh glycesastinoglyitaryardeaabareethewtialyanydof other co delivered
molecules 0 (g ONETSER, ST examples o Ineraneutic use, hyalrondase can
be used for such purposes as an antidote to local necrosis from paravenous injectior of necrotic
20substances®4cissatipkalateateios: (Feswet ainy fos7haneds, diMatein aChilidlurs. 12, 23-26),
treatment of gaggion &y ik EALALA (1R DarlHANB AL, BRLE)-R1 Bafdd ANddEgatment of tissue

necrosis due tg venous insufficiency (Elder et al. (1980) Lancet 648-649). Hyaluronidases also can be
used to treat JAHGHORCSEIE Gl RiTow hasehl gl dgfuis Bl ethgspesresrealosidaiheyst), which are
the most common:sel 25tissuadiass of the hand and are fluid filled sacs that can be felt below the

skin. Hyaluronid%es Cé\g be useﬁl én th§ tr&atmg%g of sg{)nal;(gsggﬁjnjury by degrading chondroitin

sulfate proteoglycans (CEPESY Folfowing spinal cord iRy gii S’ Sotathing " E8RGs are

produced by as&dgires. CSPGs play a crucial role in the inhibition of axon growth. In addition, the
expressiop of CSPG Aasshesgahown taadingreass Joliowing, @ngfo%zﬁ%%%gaﬁﬁ's nervous system
is

(CNS). Hyaluronidases also can be utilized for the treatment of herniate S In a process known as
WO 2009/111588B¥E 49198 SeRs8yanHness e ditiers shlebboly ssitrip ioilinadshaaisan enzyme
cleaving similatsulisiraies as hyaluronidase, can induce the reduction of intradiscal pressure in the
lumbar spine. There reuggé%eergzges %t disk injuries. A protruded disk is one that is intact but bulging. In
an extruded disk, thé TiBros Wrappar HAR {651h B TRONGS' het Bt /ae08tm %6t %till connected to the
disk. In a sequebtaseddisknagragrmt offtieeNPohasdbrekan jonsé fipeaithe diskiang is free in the

spinal cagal. MANHGEOISIS IS & fectiye on protruded and .extruded disks, but not on
sequestered (?l?l? injuﬂr?es. D.Solu%le¥ %ﬁj@%%%%g&\é%ns%fgognggﬁ%ngﬁﬁ%nrﬂgﬁﬂ%sdg 1if%%bed herein can

be used to geRBTERS SBHEF Pu iRl darse/ guariiidsredidlibterpiimiiae, SulubleatlulERaA4s expressed in
CHO cells thatars dgrenys éﬁd@@%ﬁ%ﬁ&?&rgwT@ct@%%ﬁﬁ@&’@ﬂﬁﬁ%ﬁﬁg ﬁ%if%xge%ne xpression vector
that contains the nucleotide sequence encoding the sequence of amino acids set orth in SEQ ID NO:3
(correspondinée‘i%)cg}mﬁeonﬁ?c%gnlfac ¥5%f the precursor human 15PH20 polypeptide set forth in SEQ ID
NO:1). Following translatiehh¢hen3tharaiiiacid signall seatenss isseieaved ang.spluble rHUPH20 is
secretedqinto the mediym, vector alsg caontaips an IRES downstream of the soluble rHUPH20
encoding3 ?egig%\?i@%éﬁao%@ﬁ%ﬁ?ea%d Lctase HBHE & A ’t?‘?é%\?ﬁ??ﬁ?&%@&d@??c@oﬁeﬁé expression
vector was introduced into D044 cells, which are dihydrofolate reductase 20deficient (dhfr-) that have
been adapted to grow in suspension culture in a chemically defined, animal product-free medium. The
resulting soluble rHUPH20-expressing cells include those described in Examples 1 and 4, below, and
include cells designated 3D35M, 2B2, 3E10B, 1B3, 5C1, IGIl and 2010 cells. Other cells can be used
to produce hyaluronidases similar to rHUPH20. 25Generally, protein expression systems suitable for
the introduction of critical N-linked glycosylation residues on hyaluronidases are used. Such cells
include, for example, yeast cells, fungal cells, plant cells, insect cells and mammalian cells. Many cell
lines are available for mammalian expression including mouse, rat human, monkey, chicken and

hamster cells. Exemplary cell lines include but are not limited to CHO 30 (including D044 cells and
CHO-< callel RaAalbh/RT2 Hel a MT?2 moiice NSO (noncecratinn) and othar myveloma ceall linec



15dihydrofolate reductase gene and the SV40 polyadenylation sequence. Following translation, the
482 amino acid polypeptide istp;ocessed to remove the 35 amino acid signal sequence, resulting in
the secretion of soluble rHUPHZ20. Characterization of 3D35M cells demonstrated that the nucleic
acid region &reoedingisoluble rHUPH20 is present in the cells at a copy manyoefoos;appsoximately 20318
copies/cells. Soluble rHUPH20 produced from 3D35M cells by the methods herein is a mixture of
species that can include one or more of the polypeptides having sequences set forth in SEQ 1D
NOS:4-9. In an exemplary characterization of these species (described in Example 11), the species
set forth in SEQ ID NO:4,was present a nfzggundance of 0.2%, the species set forth in SEQ ID NO:5
(corresponding %%%%Fﬁ}gcég%’@%nfj@% ﬁéﬁqﬁ%:mqﬁa@f)r‘@&ﬁf SPE LR Ance of 18.4%,
the species setdmith in B&E@nD NO:6 (corresponding to amino acids 1 to 445 of SEQ ID NO:4) was
present at an abunda £,11.8%, the specijes set forth in SEQ JD NO:7 (carresponding to amino
acids Ito 444 of SEQ ?gqﬁ%d e\rl%% plPese(r)lLtl% 3?1%% lﬁrht 3%1%%83?%@ 0, %Efrtfeﬂﬁ%% paécies set forth in
SEQ ID NO:8 (Edhtesppintiiegsio Sranmasrasith to«i omalEQt¢Dp bl of)Wessityepantiat an abundance

of 13.6%. SuchpiRkagsn ey ibealuble HUEHER e RRAANRAElY aiesylLpf C terminal WO
2009/111066PCT/1J82009/001455 37 cleavage by peptidases present during the production and

purification metRGEESHrBABE 8 iHEFESP e STy ROMsENS te dhababseaver h thelrkisnarefitetlium with or
without methotekatencAdditionatsipplamerissaisckias QliRRIE: Aensandha.added. In some
5examples, thescgllzsm%rea%g)gn in cell Céjltubre medjum, containing, for example, 50 nM, 100 nM, 500
nM, 1 uM, or 2 UM methotrexate and Tacking Ry FoxahtATHE s E AHBRE" ﬁu8]ﬁésé>‘?gmple, 3D35M
cells are culturetoattB G indi7 66 CloRity, quitisie syatitsm dsuahasiCRr&H CoMpgitdng tAvitrogen)
without hyjpox ] Tol! i ethptrexate and glutamine or.a glutamine
substitutey{@souc?r{111 ?s%%%%?%ﬁ%%%%%%ﬁ a%g%%wgé%,tg%e%ﬁ@fé}% %?ﬁf-%?mg%l?h > Other cell
culture media dPpIEPAKEE IS CHO eIk ccHarrHanise 1 e nEIsDBbNreelisambiuding:dedt not limited
to, Dulbecco’s motitesbbagissimedium, (IMN)s&agle s Hinimua assgniialmediumEMEM),
Iscove's modifi?g,yEai%Io 'S glgedmrtp (I%{gMébFlzoand RPMI. 3D305M cells grown under such conditions
in shaking flasks' €an p?"oéiu % 1 75 £Le s ot N0t thitd i Hypargnitiieet8ei87swWhen cultured in
a bioreactor, suéi’as WESErifedim EDeanspiy3 obealow, 3R 3aW eelsccatvrioduce &alvbie rfluPH20 with
enzymatig activjty. i unitsimL . b.2B2 cells Exemplary of soluble rHUPH20-expressing
cells for pqrgduc\g%éng??ﬁ%%ﬁllﬂ%%gg tﬁgﬁ@gﬁ?%&g Bsr%l\?l ed nerein %}iteg(aséus‘{?:srtl%lec&in Example 4 and
designated 2B2 cells.’gBE¢eir fieregeivercitsdrisirae ptihgR38 350 huelistohkigher methotrexate
levels (i.e. 20ui}andselesingeiptestbatiawy indheshighenmeshotexate gencentiation. This

adaptation increas aluronidase activity produced by the cells. D044 cells are dihydrofolate

d th
reductase-deficsilélﬁﬁa’ (%?%%8?&?3?&%8&5 Otk ERDEICB SES ST Rdish axppassiml vector present
in 3D35M and kB2laklisdontaiits aidasditinnbethe:PH2Q gedestbe 60ding sausage.for mouse
dihydrofolgie re rexate is a strong.cgmpetitive dihydrofolate reductase inhibitor.
Therefore, by in%?gﬁ?r%%%%%n%g%gﬁg %ﬁf‘%ﬁe ho rIéE:((ﬁa 8111%%%8/5@{8? RLAEnER such
hyaluronidase-bfbesigeeecitsatis forbzdtoprodatemorgymeuteditypirdiglate tedigtase to remain
viable. This caps3Qhe: efteciadiby, ﬁtgrp%ﬁ%oggpggﬁg%ﬁmgpgg@f@é}lgmﬁa‘{e%arggg{r}r}eﬁgitn%j the integrated

u in the

DNA to a more stable and productive arrangement. s, forcing an increase ‘Wo
2009/111066PEFIEIBOB0SI0HEE 963 Droavetsy prssstidesdifsraisisiarsmadentasealsorcan result in
an increase in ttenprebuctigmebs w2 (2rboeomRarnana Otenzymaatis astivity;ehsalipkle rHuPH20
produced lgy 282 ngllisaaigdlglg)SSM cells demonstrated that activity was typically between 80% and
100% hig%er in 282 cells ?seegé.g. Example 5, below) compared to 53D35M cells. 2132 cells were
selected from amongétstired blirelonepathalewetesisoiateld fofiondtgselastion with 20ig)M methotrexate
as the cell line that mqg;gqﬁd soluble rHUPH20 having the greatest enzymatic activity (see, e.g.
Example 4). When characterized, it was observed that the nucleic acid region encoding soluble
rHUPH20 10 was preS8itshi 282 i0e flee arunegisidntihisb oefupp thivaeitely s2@ecopies/cell. Southern
blot analysis ot laci¥bpedvand BamithitHiegidigestad,9enemic.slad % DINA using a probe
specific f%theo%‘éﬁ'&%%a%it? re%%on e({%cgﬁ?fin% soluble rHUPHZ0 revealed the fo lowing restriction digest
profile: orie major hybridizing baner oF7F kb did OGRS Hishasshyip adeTias oucles, -5.7 and
--4.6 kb) with 15 DNA digested with Spe I; one major hybridizing band of--5.0 kb and two minor
hybridizing bands (-13.9 and -6.5 kb) with DNA digested with Xba I; and one single hybridizing band
of-'1.4 kb observed using 282 DNA digested with BamH UHind 282 cells can be grown in cell culture
medium with or without methotrexate. 20Additional supplements, such as glutamine, insulin and yeast
extract also can be added. In some examples, the cells are grown in cell culture medium containing,
for example, 50 nM, 100 nM, 500 nM, 1 gM, 2 MM, 5 MM, 10 MM, 20 pM or more methotrexate and
lacking hypoxanthine and thymidine. In one example, 282 cells are cultured at 37C in 5-7% CO2 in
culture medium (such as CD CHO Medium, 25Invitrogen) without hypoxanthine and thymidine and

with 20 jtM methotrexate and glutamine or L-alanyl-L-glutamine, a stabilized, dipeptide form of
I cahihitaminea Otheaer call criltrire media annronriate for CEO cealle fcan he 1iced tno criltiire 222 calle



proportional to the volume of the bioreactor used in the following production phase. Typically, a larger
bioreactor is inoculated using.ja larger final culture volume from the'expansion phase than is a smaller
bioreactor. The soluble rHUPH20-expressing cells are expanded through a series of 30cultures, each
increasing i Yol €4 the previous one, and each being used as thBGHBEGIHId#he subsequent
culture. Exemplary of such cells are 2B2 cells. The VIVO 2009/111066PCT/TJS2009/001455 40
original inoculum is typically one in which the purity afd identity of the cells and the cell number are
defined. These cells can be stored frozen, such as at -20C, -70C or - 80C, or can be maintained in
liquid media at, f%{ﬁ mple, 4C, ﬁr maintgineggn cultﬁre at, for example, 37C. In some instances, the

original inoculum?e R THEBERISSEE FEHERRtET WioRkies RteEbMRERdtHst frateratopsssteiored frozen. In

such cases, the inmtkipisglibaed, such as in a 37C waterbath. The original cell inoculum is typically
centrifuged and the cellg af gg.gegg‘efgnin n.appropriate cell culture media. For example, 2B2 cells
can be resuspended in, anges?l?geselqhenty éﬁﬁuﬁed %1 %8%Fﬁé%? ,°s“6’§r?‘§‘s%6‘ﬂ“ £HAEN rﬁ'}adgia
(Invitrogen), or reéEBvisaRGadaATIEsagiEEore. COD! ertitn drdins twvitrones)asinplektrented with

8mM glutaminie ok lgaykHAMIRG & Ae RAJNVEMBLhRLaYaigMARRLEE SXarMle:flls can be
grown in basal media su%%lemented%gﬁ 8 mM glutamine or L-alanyl-L-glutamine and 100 mM

methotrexate. Ay STEPELAAHIR %‘@ﬂ R AREHE 8% bR RN the o
hyaluronidase-exjpressimg asils: ¢hairgxample, cells can be cultured in Dulbecco's 15 modified Eagle's

medium (DMEM), Eaglg's Mipi e i ium.(EMEM), Iscave's madified Eagle's medium
(IMEM), F12, RPMI, or%?h&\eé%%ﬁge%}?‘caﬁﬁggéf%?f %;#H&ﬁdel%ﬁp?{es Cnedin i _ﬁrgo%"\’/’vﬁﬁgo"ﬁﬁ%%dditional
supplements. TypreA§AkHIBwER QP@%)‘P{)WPP Pf a@rirmonids Hddincmidedinkreesm Boegrmimn in media
containing serumc@nesifskilkirribelad-eaud prepaia cell Ciltie mediasfinerethethasal cell culture
media to 20Whicri1n\{§gigﬂs ggrtrgieent%%%nw ecﬁungl((e)rgentedté{?' mage the cel%%tgotur_e media in which
soluble rHUPH20-expressing calls are cuttired. -° “THECeN RN HEES 1B ¥ MEof a series of
increasing volunféddgreenecaiang pdkiiaiesinad Bptendingapety e rewinaeb Folowipgethaiénitial

inoculation, the aclts aresexpaRded inbumigiiRd incuBlahaLiamacor At an gaprppriate
25temperature w\ggg) é\ﬁ geggropnate amount of CO2. Typlcallg the amount of CO2 is between 4% and

9%, typically bet 575 A8 i Cu Ry ORI St é’t@??ﬁ?éﬁéfﬁ?é‘i@}béf\ﬁeén 35C and 39C,
typically betfeenrds@@ntt. 380 cspinly adi3staodfropayarppie, ndBrmtth35YItealls ganikye grown in a

37C humiiied g0k V49T ORI CHINEG CEvRe PATRIe 51y 390,130 pm. durng

30this process. When the cells reach the desired density, suc , for example, greater than 1.0 x 106
cells/mL (e.g. beflé8H P B To8EnS M ame 2 BaRle 6 cells/mL), the WO
2009/111066PCT/1JS2009/001455 41raelequltueis dfsestfespuaadlate a larger volume of fresh cell
culture media. For example, ¢gelis-carr-hednoettated-into-the-rext-eulture-ata density of 4 x 104 to 4 x
106 cells/mL, typically 2 x 105.to 6 x 105 cells/ml , such_ as 4 x 105 cells/mLi. The process is repeated
until the cells have been expandettfsthe dedifeéWoluime afMEER AERity Sfor seeding of, for example,
4 x 104 to 4 x 106 cells/mL into the¥biorepctor. Tyr in gne exampteinsoluble THUPH20-expressing cells,
such as 282 cells, are initially.addéd to approxifhately 20 mL dbfresh cell cdlture media in a 125 mL
shaker flask, resulting in a culture Yolumeée of 2880 ml 'rypuPéﬁyYEm Fallowing incubation at 37C,
7% CO2 and expansion of th ceiiioa je,“.sifw%f gre hter th¥§ X8y 106 cells/mL, fresh media is
added to the flask to expand the-cet buitJueiosE;ﬁ rtHhe cel!%‘i:él’géemcubﬂf d again until a density of
greater than 1 5 x 106 cells/nitTis gttaimed, aftgwhichithe-entire reit culture (approximately 40 mL) is
added to fresh media to make T00mL cylture yglume jn a 2 mi.spinmer flask. This process is
repeated by transferring the ¢ntire Tell cylture tapproximatelyrhB@:-mt ) 10 a 250 mL 15spinner flask
containing sufficient fresh media td/make a findktulture volume/afi200 mL, fhen a 1 L spinner flask
containing sufficient fresh media td make a fin8tculture volum&ef800 mL, then a 6 L spinner flask
containing sufficient fresh media na¥ ImE S ne of 5 L, and finally to a
36 L spinner flask containingfstifficient-fresk rdia-to-Fake gthsising iture olume of 32 L. Between
20each transfer, the cells argmcugated-pntit ti@?ﬁbu{tu e re""P?‘if%lEFedﬁsity pf greater than 1.5 x 106

oy 1L D amic acid. - .
cells/mL. In some examples,[a@ higReT Cef dengity 7S attamegfaiawitg, ircthation of the final 36 L
spinner flask. For example, gells iwthe 36 L sppner flask cafpagxpandedto a cell density of 3.55 x
106 cells/mL to 6.05 x 106 cells/mR. Thig procass can|be useg-fgg¥pand spluble rHUPH20-expressing
cells before introduction 25to a 400 L bioreactor (300 L culture volume) for the protein production
phase (see, e.g. Example 8). Smaller volumes of cell culture and different cell densities can be used
for smaller bioreactors. For example, cells can be expanded to a volume of approximately 20 L with a
cell density of between 1.8 x 106 cells/mL and 2.5 x 106 cells/mL prior to introduction to a 125 L
bioreactor. In another example, solubl&BUTIHEP HR0EIXPressing cells are expanded to a volume of
approximately 800 mL with a WO 20091111066PCT/IJS2009/001455 42 cell density of between 1.5 x
106 cells/mL and 2.5 x 106 cells/mL prior to introduction to a 5 L bioreactor. This process, like any

of the processes described herein, also can be scaled-up by one of skill in the art for introduction of
tha ralle into 2 hinreactar with a criltrire Buoliime laraer than 2001 Eor evamnle the nrocece fran he




10effective. The cell culture from the expansion phase, described above, is added to the sterilized
bioreactor containing fresh €ell culture media. Generally, the soluble rHUPH20-expressing cells are
inoculated into the fresh cell culture media at a cell density of 104 to 107 cells/mL, such as 105 to 106
cells/mL Fer@examplaseells can be 15 inoculated at a density of 1 x 104165@41436 105, 5 x 10,5, 1
x 106,4 x 106, or 1 x 107 cells/mL. In one example,.soluble rHUPH20-expressing cells are inoculated
at a cell density of 4 x 105 cells/mL. The total cell count following inoculation can be, therefore,
between 107and 1014, depending on the size of the bioreactor and the cell density. For example, a
cell culture volume of 100 |-can-have-a-cell-density-20fellowing-inecutation of approximately 109,101,
10" or 1012 cells. In another example, a cell culture yolume of 2500 L can have a cell density following
inoculation of approximately 10Lexter0"| 1032651013 cell&MINFRECIBlumes of inoculating cell culture
and fresh culture media used arg;dependentagpon the sizeghihe bigreactar and the cell density of the
inoculum. For 25example, approximately 30 Aspf soluble rHuBE=28Hexpresging cells, such as 2B2 cells,
can be added to a 400 L bipreackr containing230 L|freshAselndidturegrmedja, for a total volume of
approximately 260 L and ap inodtlation cell €ensity of 4 x 105yeiels/mL. (total cell count of
approximately 10" cells). This cali he staled¥f8 or down dekRerBeEaRE depending on the bioreactor.
For example, approximately 20 L of 30soluble rHuUPH20-expressing cells, such as 3D35M cells, can be

added to a 125 L bioreaefed GRHaifine.68 Ladipsh.colkailiul e dqesicesirpaiotal vadtimenof WO
2009/111066PCT/§8862}§)09/0 #55 44 a%proxjmateé\{ 85L and a i(poculatio cell density of 4 x 105

cells/mL (total C8R PV AP MRLERFEIER0 0 B e SHEY TR IR S S h BIE™BY production in a 3500
L bioreactor, 2B2ntelistareradeide¢orfiresh heéhdhiumehmghﬁwédmaltp@edo@éHesigltl@i’e'_woIume of
1900-2309 L sy 3 A0 015 5l TS 0P OMA0S 05 ARGERRERI Supplements o

provide the necessdry nutrients to the cells to promote cell growth. Supplements that can be added to

the basal cell ffadiarh indueedifed and woshmhradinmagifscead wdbose S&TH Dityrate, yeast extract

and glutamine@mgfggt@rmnm@?ﬂﬁatﬁmawa@&i balanyby-reiiaineulmenRac:insianegas, the basal
medium contains sufficient gllucose 10that no further glucose needs to be added. In other instances,

glucose is addR RIFHEAh e G IRb PO ERPBIRARIISHO P ABERE S A HE I SEUREE uent feed media.
The addition ofritiselés igthedaddidm eanrpramaeiecallgrawth and dneteaseideak el density.
Glutaming,or glutamine-substitutes, such as.ar L-alanyl-L-glutamine,.can s rt le
progressi%}n a%dg 3 s}lcr;Oe"nel%‘{'glllgl%aei &P%rsgéxi/‘[ﬁs %% 05? %l%il%/% ?ﬁgi é%ngélﬁﬁll g“n?&%%gﬁif(gégﬁchine the
amount and quality ofthesetLiniraits threitiedn tewtpplementsdisd thieadhe Afelieminh some examples,
glutamine or QMQEQIHA?%HQEW’\F%%@%M}O the basal cell culture medium at 1 mM, 2 mM, 3 mM, 4
mM, 5 mM, 6 mM, 7 mM, 8 mM, 9 mM, 10 mM, 15 mM gor 20 mM. Insulin can be added to the cell
culture medium at, foE¥iHBRCEH:5 MR BEMENAE IF S oA A48 9 BRAGIE, B9ng to 30 mgiL,
or 5 mg/L to 2@mghdcniexatitpies hasakeelhauttused maedian stippleritateswithbmeg/L insulin and 8
mM L-alany-Lgltamine can be tsed as e fresh cefl culture mediainto wiieh the, soluble
rHUPH20-éxpressing ce Fs aré inocufated: Additional supp?ements, Sich as a%t?blotrlgsfganti-fungals,
indicators, saltspuitaminsfamindwbidosmdmpwamifactordsals ercdrebefadded :08Thiddndividual
parameters of e, bigrepgtorcan be sehic.MainiaiaeRimal senditions fhreyghaub t protein

production process. The specific parameters that can be set depend on the bioreactor used, and can
include, but arEPREtTRAES 85 AR TR e HH salvedibBROiATEIRE §pEatbedessel pressure, air

sparge and airnRygrayd none exapisctheseonditignstof a 125 L bioreactor containing 100 L cell
30culture_ of 3D35M cells are set to; temperature: 37C; dissolved oxy%en: 25% 10%; impeller speed:
W

50 RPM; ¥essel presSirdi®d peiegirdgrg 8o ufhis dr&ngir oty etigperd: linear or
2009/111066PEGEALS 2009001455 4htldminitesagindiZ. 27 IDMANathebexdmplénthe cenditions of a 400L
bioreactor containing an initial cell eultur lume of 260. L. are set 1o0; temperature: 37C: impeller
speed 40-55 R o A RS B M B, 1n
further exampléndnecksisditines ufdodgooirisiveéacwpdsimdmimgealesinitial culture volume of 2100 Late

set to; temperature: 3{$,(e8 el 63055 ARG, RRElIR soeerki 32 PRI 8:80 RPM);
vessel pressure: 5 psi (or 3-7 pgzlz};(alr sparge: 12 L/minute &or 11-13 L/minute); dissolved oxygen: 25%,

or > 25%2pH praReREIRbT-Co ke serce of aNipkLpISChBEREIBRTSF LeFR9HE of skill in the art
can empiricallyselgtesseins the appieptate sendiipnsaos graveef acldpact culaeaakible
rHUPH20-expressing cell in a particular bioreactor. The soluble rHUPH20-expressing cells are

typically cultured in the bioreactor for between 10 and 25 days. In some examples, the soluble
rHUPHZ20-expressing cells are cultured in the bioreactor for 12, 13, 14, 15 or 16 days before
harvesting. In other examples, the cells are harvested when the viable cell count (VCC) falls to a
15particular level, such as, for example, 25%, 30 %, 35 %, 40 %, 45 %, 50 %, 55 %, 60% or 70 %. In
one example, the cells are harvested when the VCC is between 30 % and 35 %. In another example,
the cells are harvested within 24 hours of the VCC dropping below 50 %. During the bioreactor culture,

the cells can be grown as batch cultures, in 20which the culture is grown to completion without the
addition of fiirthear niitriente In nther evamnlece the calle are arown ac fed-hateh criltiiree and nrovvided



Exemplary supplements or nutrients that can be included in the feed media include, but are not limited
to, glucose, glutamine or gluf@'Ln/ine-substitute, such as L- 3OAIanyI§\I:_-/GIutamine, insulin, and sodium
butyrate. The type and amount of supplement added can influence cell growth and protein production.
For exampl®04%opisaliss and glutamine or glutamine-substitute can be incoisaradedhinto the first feed
media added to the cell culture to increase cell gromﬁh and peak cell density. Subsequent feed media
can be designed to promote protein production mo?e than cell growth. Supplements such as insulin
can be excluded or reduced in amount, as can 5glutamine or glutamine-substitute, such as
L-Alanyl-L-Glutamine. In ontraist, supplements such as yeast extract that enhance protein synthesis
anép %@%{jﬁ%ﬂﬂ SEUGORS A B AR HiS tEHANFREPRBINEI e KHPest and, therefore,

can be increase
increased protéie:hwdslfictios;saisg thaddpecinslutieitk Exemplasty obsughos upplamends asesodium

butyrate. 10In le, i in 15;,added.to one or more feed media. The. addition of insulin can
increase peak%g I ?gggh%s%f/) %&é&g(n;r}ﬁ% e,%:’or, E&%ﬂ 11&’8%17,‘ R%f%n %ng,o%ﬁfrfs 5 o Mote. Although
insulin can be fHedaptyated imoany dasdundialctypivallsssinsuingisddded toeatafededdnedia, such as
the first fesd mediaq e di'st RrAkreeendiaark madiacLo PrRIGIE MK gEiLorowth in the initial

phase of the 15bioreactor run. For example, a feed media, such as the first feed media, can contain
amount of insutfAsh BF 3BBER B°H GAIUHFAHGA SCUBeRIgALATe G ALt 28 e rEerBO gHno3Sihg/L, 40 mglL,

45 mg/L, 50 mgludnber)gAd, t6 QMg bxaiMmRifJidcangaskdaaman el insulinadded to later feed
media can be reduced.or 8ﬂ¥ebe completely omitted. 20Glutamine, or glutamine-substitute, such as

L-Alanyl-L-Glufamine: 2186 CSh BEBEHed (e TeRt TARLRDS /P SoHTe ARtsieeruesetigabunt of
glutamine or gftnaseimeisubstiteteaddethdsetiet inss teadimetiaiis mpmihiapripe-dasnant of glutamine
or alutamype-sufsiitig.adiiesia sulissrusldsed. media I pallicuianexampies, the armount of

I
glutarnine or glutamine-substitute ad 0 each subseq eed media 1S grﬁgduced compared to

the amount adtfSHSRFERE Y drTeBt priaprt: qibecistnsarerand mcketting 4 waidhdded inedia can be
determine empirieallyrayeaner afpaidibindhg il @i GaRNGLdE. SO SAMBIR: 59{!95'?3@39”5 of
glutamine or glutamine-substitute at or about | mM, 5 mM, 10 mM, 15 mM, 20 mM, 25 mM, 30 mM, 35
mM, 40 mM, 45 rﬁ%I}IP%)o mM or. more. 30Typically, the basal media used in the feed media also is
supplemented with gllibosey Tie snaumi efighicgsedddechineachiaed mrdiacanshg increased or
WO 2009%11 /Q01455 48 decreased relatjve to,the previous feed medja, or can stay
approxirﬁételjj%%%g%%élhg%%%% ejg%?ﬁﬁl‘%é, t?\”épg%%% )gf} %ﬁucé%%regéo qett %’ ?{ﬁ’eAfd@'g]d ediais oris
about 10 g/L, £ Do vpasitzSrgas, Newitiores 888; A aptipasngtLinsrmayticbong/Geaehg/L, 75 g/L, 80
g/l or more. Sk gelliien auapliementsitiat.premate NRPIL/ReSIE Al50 6o b Inglyded. Such

t

nutrients include, for example, yeast extract. In some instances, the amount o yegste ract included

in the feed medfia & ifcdrdhsed dlring ik DilfedrtorriinFdlexeinpl& e abmsanief yeast extract in
the third feed rvedtia te9¥béeinareasot pempared-tathesameyntdn theseeond feedymedia, which can
be increased I mount.in.the .second.feed media, In some examples, the amount of
yeast ex?r%:ct gggggdqtﬁﬁe ée%%%%&%‘% %%%@v?gﬁlg’aaﬁb%%%ﬁ@u RUEE8Fds 8hod¥10 g/L, 20 gL,
30 g/L, 40 g/L S55'gAn Emsg/Neroi k., 1995 gWhilsthept 0675 giundo ofme2mAgis., 300 g/L, 350 g/L,
400 g/L or motge2tRRIRMeNIS-thate I refore, increase.protein

. ) B RGE ARILGHEIEAHESL B P EERIR, INGTeaseD

15production, alsp can be included. Typically, such supplements are inc eéd'media that are
added 1o the BTSRRI RSHHhE RS A P RP 1l PR, P oS nBald r example,
supplements th&t enhérsdsell cycle arrest can be added to the second feed media and subsequent
feed me(%ig. Exemple}%( Osfea]ll']%h su plerrIIents i? s(%\clz\lgium butyrate. In some examples, the amount of
sodium Butyrate added 10 the feed somedia i BERIEH D ¥ grcleiiddo Y osaetrageifas about 0.2
g/L, 0.3 g/L, 0¢agkncesbotanOubaptl groaegiandBugllal 602 S sdufeaie hdnloWly ndighny1.3 g/L, 1.4 gL,
159/L,1.649/ oL L L, 3. , ,OF mare. Further, any
one or more 0 tﬁgﬁ?g%@;’é%g@%%%ﬁ% %éely6 éﬁﬁ@d@éﬁ%gy %I_‘Igb%??o%é_bé‘ti%gaﬁ‘ase to optimize protein
production. In GABSBXaRBISAES theipesisanersspaonsrbd siTtvisiodif servsdry pramote cell cycle arrest,
prolong cell vigﬁﬂjﬁg&gh@feimﬂe%gﬁg%mkpﬁ%nigggg tLQ@}jf?éﬂqJ&%l?n%acBgnize hyaluronidase

that has %:en seicreted. For example, the temperature of the bioreactor can be retficed at each

feeding, Blich 28 FoMS7ERHE BE bt Eato R fekdniietyBet irpeectivas foedigand to 35.5C
on the fourth feedingiterofieiclir tiry samempifzaly30ASteINING hg.ARRrAREAS feed media
and the time at which to provide the feed, as well as the appropriate conditions in the bioreactor. WO
2009/111066PCDUS2009/001455 49 In one example, cells are provided with feed media on days
6, 9 and 11 post-inoculation, In another example, cells are provided with feed media on days 7, 9 and
11 post-inoculation. In a further example, cells are provided with feed media on days 5, 7, 9 and 11
post-inoculation. The feed media provided at each time-point can be the 5 same or different, and can
include supplements such as, but not limited to, glucose, sodium butyrate, insulin, glutamine or a
glutamine substitute and yeast extract. For example, 282 cells growing in a 260 L culture in a 400 L

bioreactor can be provided with a first feed at day 5 containing 10.4 L of 4 x basal media (e.g. CD
CHO meaedia) with 22 Aa/l Chicoca 22 mMM | 2calanvl-l calitamine 18 A A/l Yeact aviracrt and 22 10ma/l



50 culture media can be exchanged with an appropriate buffer at this time. Multiple systems and
processes to effect protein C(%%zntration and buffer exchange are:known in the art and can be used in
the methods herein. Described below are exemplary methods of suéﬁf and one of skill in the art will
recognize tHEPtHBE%@1AGethods can be 5modified or substituted with other@ffestiveonethods to achieve
a satisfactory level of protein concentration and buffer exchange. The cells are harvested from the
bioreactor and processed through a cell removal andlarification system to separate the cell culture
fluid containing the hyaluronidase from cells and cell debris. An example of such a system is one that
10contains a series of filters that allow only the protein to pass though and be collected. Any filter or

series of filters capaBragP e ritmtHiHaIuFeridAdd s QeftshHdivettitiebnisscilrvbe used. For
example, the celvepiiuksdianRsheanie Rl b 5816s ol cansule Algrs.such a

polyethersulfonelgif\lggrs.,These can have decreasing. pore sizes to incrementally remove, for example,

celis, cell debris AFY ERRIESTIRHERE, Slich SerAr R ah-ion Seaxarrpiiatanatibs of four filters
with pore sizes df@inpmM), BbdoGr; AR 21t aid ZpnPisssSechocetayifydhe safl.gxdture to obtain the
harvested C%H c%%r&ﬂ%g gc(;@, ﬁfgpthe_(, "e‘%(%g‘][%e 8f %ggzlle{%elg}pr\éasl E}ggﬁlgrlr{i{igation system that

a .
can be used in the methoé‘g_lhereln is a S2ties of hltets that in the firs stage ‘con 2fEFEEr modules in

parallel, each coftalHii &y eFopsodidtbmucBerrsessrih sfadbtStockismiresmiiem ek of

diatomaceous eatdy geaded ipat- frodsponiolonsrehyAsellese MeRrRE. e SREYNd stage
contains a single, module co tainip‘%a'il layer of diatomaceous eaggﬁgraded to 0.1-0.11 pm and a layer
<U. ]

of diatomaceous SAH g PRl Tse PSSO LS Srrar BligRE A BRIMRd stage is a
0.22 pm polyethersgifongand osu ke fited vA5Qiatatmacpiis hiad cdeblishha e behmgefiarated from the
HCCF, the mmeﬁmmmﬁ%&»@&ﬂ'xuiae@@Q&ﬂ%@ésﬂg%m&%%'ﬁ&%g%{@%ﬁfi§ exchanged with an

appropriate buffer. The protein can be concentrated by-2x, 3x, 4X, X, 10x, lIx, 12x, 13x
or more. In som&@BSERHREINSHRE D SR AI B! sBimesntr-Al alankhnlenaer o aerpdeictrdabtein is
concentrated 6xirdenysmeiike dontdpiplein eanaanaticn 0l iathemarh gapchaadilized. Exemplary of
such methods include co centrfati n usingﬁt%gigential flow, filtratiggZL S Fz'fl) systems with molecular

X :

weight cut off (M 8]8)l ORI TRN B> ﬁdgf&)@%‘fﬁ fit&rs. For example, the clarified
HCCF can be passed fifhstigh s g étie siofegisSovDadsnidC sprateselyathiessifbne filters to

concentrate she prpiaised B IR-ARMRRE¥AMPIE sHIE, kKo boiss Rrsseskiarevghasesiesgf four 30 IcDa
MWCO filters. Fgr. Ia[gg-,scal, $roguction of hyaégécl)gn}%ggése, such as, for example, 100 L and 300 L

Scultures, filters Wit Sitfale ArERLGPBbiads WiimkaRaET s alseaiMSmployed for this
purpose. In somaexantipléE RIS prithrarsusfag doarsangfld,. isdefantt petersas & &square meters are
used. A buffer excharps i Restapesolianing praicssonceniiatan. onsafsklling.ar can

empirically determine an appropriate buffer. Exemplary of suitable 10 buffers is a 10 mM Hepes, 25

mM NaC1, pH 7S GUREE B BAEERRINPENECHY Mt Nad&elde dedr Sasearst Bélictfing harvesting,

concentratizh andoBeffeR EXSHaNBE AREN;acENA atestipnotein, solutiondsitymeally passed through

another filter, su&@@)%%% %’?IQ%Q(%'E#{? Qltte%g; Qpa{%%bﬁsr}% stggeg\(i:g & stelglipsst%rage bag. In some
in so ate

examples, the concentrated prote ution is tre {0 Inactvate anflﬁ‘gresfﬁﬂaf‘l\]/irus contamination.

Virus inactivatio €8p» be9éfieetEaByoa ¢ mEIRBSkAY Wi ihé et/ Fd: 16Xamfler, tkenpdmcentrated

protein solution gaBbe STXestWiH o O XS HANCE AR 3% Ui Rskisy ) RhRSRBAIELTNBP), to a final
concentration of 1% Triton X-100, O.39§1 TNBPQ;gt room temperate for between 15 and 75 minutes. In

some examples The protein & EXpOSeat! the V&l TRERRIAT0N YoRMIOR Yo atredls DomitRites.

H.Purificatibh  indhinés oMb sartiVRERI(es' prrified (roniidhe Bahesdtiattdipeatejnsolution using a

series of purific%&@gaé}(@gg@&qg&@p@goﬁcmr%gg?s(%%a §%‘§§g%?ni&k§§i art and can be utilized in the
[ ited

methods herein. Such methods can include, but are not limite oto, chromatographic methods such
as ion-exchangé Eﬁ?BH&%@%W,‘%‘?’E@%?éﬁféféﬁ%ﬁ}‘b’ﬁﬁmﬁp’ﬁﬂ affinilesonhatography (AC), high
performance Iiqukﬂeahrﬁnmategasala’fwdm?b@pmyg@%@@hmﬁ%mgmw%@hxﬁ%ﬁ’@@é}d hydrophobic

interaction chromatography (HIC), and gel filtrafi hods, or any combination thereof. 30Exemplary
of purification m%ﬁ?%%’sﬁ%ﬁyt/’ alggeus%%a o%tﬁ[ee@mgdwe%?z B4 EhmbiRgashPyrBiERhange
chromatog#&phyWhigdraptibbid)irtbratitivnifbd.chidmabgriphicand fiogaiamategiaphy. In
ion-exchange ckhj i epak from a.com % solution or mixture
based on eIectréﬁg%?gf?e%%i&%ﬁ&é%%gaﬁﬁéﬁbﬁgcllggér%%fﬁ? ‘of the pro g;iggégn%aé%arged
functional groups of the chromatography-column matrix. Cation-exchange resins have 5negatively
charged functional groups that attract positively charged functional groups of proteins, and
anion-exchange resins have positively charged functional groups that attract negatively charged
functional groups of proteins. Proteins bound through electrostatic forces to the matrix can be eluted
by increasing the ionic strength of the Raff@IFsEiLsiopEwithin theichromatography column over time. In
hydrophobic 10 interaction chromatography, a protein can be separated from a complex solution or
mixture based on its hydrophobicity. A complex solution containing the protein is applied to a

chromatography column equilibrated with a high salt buffer that facilitates binding of the protein to the
racin A calt-Aaradient mohile nhace with decreacing ionie otrennth iec than introdiiced into the



(affinity chromatography) and finally through a Hydroxyapatite column (ion-exchange chromatography)
. Each of these columns exhinEgifferent binding properties with rega[gs to hyaluronidase, such that
the beaded crosslinked agarose column (e.g. Q SepharoseTm colunin) is a capture step (i.e. soluble
rfluPH20 is BbURePSE6 e resin while some other proteins flow through) e deagadgeesslinked
phenyl- substituted agarose (e.g. Phenyl Sepharos 'IéM column) is a flow through step (i.e. soluble
rHUPH20 flows through the column while some other proteins are captured), the Amino Phenyl
Boronate column is another capture step, and the Hydroxyapatite column is a polishing step to further

purify the soluble rHuPHZ20. 10Prior to use, the columns are typically sterilized and the equilibrated.
Sterilization car%?g]élaerffé?:‘?e%%%’a{&ﬁvﬁ%:ﬁ%ﬁ & %ﬁﬁ@ﬂf&‘&ﬁﬁéﬂi&%ﬁ&f%%ﬁﬁﬂﬂ?@&%, sterilization
with 1.0 M NaOPefRdUiitrastirsdantbe @HBqteg by thee addiden(of atrapprepriaiedifietie the column,
such as a buffef gimilaite.qr.t0e s5aMe as.1he hufferused to sub ently. wash the column or the
buffer in which t(he_ protg%-l% 5 'containec}[l ?ﬁ%&r%}rﬁ tg oaC |rr|lg1 8§§%$ gﬁf*lt}heﬁy]eel%t\t‘rttegé:g?éadily
determine buffét&SORERAE TP LY @Y 6ilitbr BtRTGMett clidnReExéiptarybisferbareyprovided below.

Between edch shromaiaatrphyhsteRd eI LR PIesYERD SR Uisieer SHEh apdhieHgh2 0-22 um
filter, to removeNa% c%régamin tin microorﬁganisrn_ or large a%%re;(gates. In some examplé€s, the filtered
eluate is stored, SUch as thaf }ﬁ%‘g&%ﬁf%‘é‘ Q4934198 18- 3§ 113884 B KR srgrabphéditg column
chromatographﬁ;ﬂh&hngaﬁimﬁhy&l&dﬁfddﬂ&mm&u@qeqg@é}{lmﬁqmgg@%gﬁ anvids sgmoval step,
followed by proﬁ%g&g&eﬂ%a&i‘og and buffer exchange for final formulation. Exemplary purification
methods are déscribed in more detail below. 1.Beaded crosslinked agarose column 25The
concentrated protein Glitiiiess.fronrehdatinatvesiad tdhtutuse fuid JdGC Fpeasdaedoaded onto a
beaded crgsslink | SepharoseTm column, which is a
strong anion e Crﬁ%%@ %E@fﬁﬁ?éﬁﬁm V\%fg% fo@v@ﬁ&u&%g?%r‘o eslrlljs‘c’et% flow through.
The bound solUlSFE'AHBIFSH ablareRtie Ertisalieinglan pproprtdetiffsriTheobimaasinns of the

30column usedréatypicaliyedependentorithevolume-ef Lansenitated AIRLS %%Q iped from the HCCF.
For example, CPJ%%%?”@E?G% (t) igg’b%)tained f.rogb.culture f WO 20091111066PCTRIS2009/001455

54 hyaluronidase-expressing cells in' & 100 L biSr&AEsT RGrEtdheh&16550@8 Bfto a column that is 20
cm high, 14 crefseRiifiestimperzentas Gahdagineineandfhestaicinls, concentates protein obtained

from culture of selubie, P REMexPress|ng, cells | ioreactor culture can be loaded onto a
column that is 29 cm h%h 20 5cm in diametoe?rﬁ a[ﬁdlacg;jl)ur?tgai%)nllso@I Efﬁgsaln. | Fﬂsa%lgﬁ 18;&%?’651;% up or down

as necessary, GRPEARIY BhfEreimibmg dfthee dempenneleepidteibistlutioniandste expected amount
of protein. For exampiecoonaenitaied pratein abiaineddram cyliue efsaluble rHuPH20-expressing

cellsina20L péogesae%tt% g,glturet can he loaded onto a Q SepharoseTM column that is 28 cm high, 7
cm in diameter and containg 11 T TESRNS I AR SREdratey prive miistemel #om culture of soluble
rHUPH20-expressingptiéiisinte 2600 L dioreadtardeulting @endedoadsd ania A Q Sephasosem column
that is 26.gm high 63 :6mn.di r ins.81 L.resin Prior to loading with the protein, the
column is typicallyﬂgdéﬁi%%g%%ﬁIfga?i(gg(sggﬁn ne§ gffgc%esfgg E)e)? (bea@g%rﬁyif{%gl‘f&wgﬂ/ 2,3,4,5,6,7,8,9
or more 15 coldfiVoIINES STt rerdefinssmenagkeinphid o5 wolusraridoluesesayffer is passed
through the cotusanios equiibarionaBulfesscsuitabie,foreguiibiaion aEluds thosesypjar o the

buffers that Willhk%er{ys‘slﬁd ﬁo dagsh.tlae column after the protein had been loaded. For éxample, a beaded
crosslinked agarose cotumi, SadH 83 R U RaPESETIN RS GAT PR B Te Gellibreltddisvith 10 mM
Hepes, 25 mMINaBly Hide7By Cthbe meedsad 20t boffers canhe uaesnasiviig.reeognized by one of
skillin thg art. ., Aftex loading the protein concentrate, the column is washed and the protein eluted,
Suitable buffers for washing such columns containing bound soluble rHUPH20 include, for example, 10
mM Hepes, 25 mL N&CH{SHIEGin emaNee seiB0emif aOhbdcod hama 139y iuh Tkis:,20 mM
Na2S04, pH 7:5d/bheisaivmp ca ' re t of buffer. For example, the
column can be washed wi%g]ZO m%ﬁ?gg%ﬂ @5@%?@%%%%%2@?@5%&%@ pH 7.0.
Typically, wasRIRG s EWactBP B badem b st grarepce thaisirg retaigd 9105 Gtooe eotemn volumes of
buffer. In somddexdmples)igmalurmarighines of udiferdsysrekta washihe i%o'ug‘c%' The soluble
rHuPHZO%)tg thenel\ez?lgjtegdu§|¢rli%g béjffder with.a higher salt concentration, suc 50 as for example, 10 mM
Hepes, 400 mM Na€ 1 pH 7.0- 1 SomePaRiicnasd ga8 mokuibaisung ssasmiesmenitated to determine
when to collectriie BNiAse s anySA@ri2008¢ ANNBGPMEALS 200940 ARTAR 2R3 QEANce during this
process generally indicates the presence of soluble rHUPH20. Thus, in one example, the eluate is
collected when the absorbance begins reading is 0.025. Typically, the eluate is filtered through an
appropriate filter, such as a 0.22 um filter, before being stored, such as in a sterile storage bag.
52.Beaded crosslinked phenyl-substituted agarose column Following purification through a beaded
crosslinked agarose column, the protein solution can be subjected to hydrophobic interaction
chromatography using a beaded crosslinked phenyl-substituted agarose column, such as a Phenyl
SepharoseTM column, in which the soluble rHUPH20 flows through the column while other 10

contaminating proteins are captured. The column used in the methods herein can range in size,
AdAenendina on the voliime and amoirint of nrotein beina niirified thoriaoh it Evemnlary ci7zece inchide



25ammonium sulfate, pH 9.0 and finally with 20 mM bicine, 100 mM-NaCl, pH 9.0. The bound
hyaluronidase can then be é@gd, such as with 50 mM Hepes, 10%nM NaC1, pH 7.0. One of skill in
the art can modify one or more of the buffers to similarly effect purification. Typically, the eluted soluble
rHuPH20 aI$bHEHIERE to remove any microbial contamination or IargPecaﬁjgg’?g)&%?%]éi”
304.Hydroxyapatite column WO 2009/111066PCT/4JS2009/001455 57 Following Phenyl Boronate
column chromatography, the protein solution containing the soluble rHUPH20 can be loaded onto a
Hydroxyapatite column in a final polishing step. Hydroxyapatite is a crystalline form of calcium

phosphate wih the malegt JRIUlA Gas 000401 Yyl seachenied RS ARAISIING step to separate
n

Sclosely copurifying proteins, operating by mixed-mode ion exchange due to its inclusion of both
positively and meiaMfaNtieHangE EmRHET s SOY HABSY A PATRERAIRRAIB SR APH e dia are

available commegicialiynandsan availabigrderm aidbesmaiesiaspandiansegdrytheiraethods herein.

Examples of hydroxyapatites include, but arﬁ ngt Iir]niteg t%,otrhr%grstggg I%rgﬁa%% merated to form
particles and sHRETEFEHGI O RABSF At ES MRS H CEBIR POFOuS CoTamiC mass. aInhe particle size
can vary, ssich apreniirgdffmaatdout dupahlecapuattro0D piH e eparaeirsed thie esidity also can also
vary, such 25 07 o F0.A 1R ABPUHIO.000 A G RUPAL R SRR B in the

methods herein can range in size, depending on the volume and amount o,fgoro ein bejng purified
though it. Exerety "Iosimayi srane e sHERHthad AFEnsDeRPRII 30 TR Qﬂ%&ﬂ@f&?%th 13 L resin

for use in the pg{&ﬁgﬁ{jgﬁ@feﬁmg@ry@tgfsﬁrfmsﬁausegmummmm@eh:sbimemibm{m, and columns

that are 23 cm high, cm.in diameter with L resin for int ificafi yaluronidase from
cells grown in aB %ﬁ%%ﬂgai‘t%glcnﬁff&@@b%% of gﬂﬁ ?é%‘é%’ﬁé ﬁ%%ﬁn‘g%?& oI\Z\I/t;l as appropriate.
'20For the IethbdB, desutibaRiN(dioimsithd EB.d lisejiapatiedisiRtRcad PeBmrbisyvith 5 mM
potassium pho%gm@isgoo mM NaC1 or 5 mM potassium phosphate, 200 mM NaCl, 0.1 mM CaC12,
pH 7.0. Equilibration using solutions such.as these rje;ﬁée the,cOIumrf'n comepatiblef\{vith the
partially-purified hyalutSHEdLE ek Yaamh BTG ENRIET potagditng phosphate and CaCl2 to
final concentratinss aifc2hdiveNbanchOalgenth sespoditelyakolowingsdozd iegusf thiéeprotein onto the

column, the colymn,can be Washel Wil R a0RIend LM BelAsAkE phosphate, 100 mM NaCl
0.1 mM CaC12?%)%tlf.‘b?,t3érser}noveﬂény unbound contaminating pro?gins. he bound soluble rHUPH20

can then Bé elupelymeeriasmapihiprrrg IR ASOFEI B S AR S B S RaREn E dffected by the
addition of 70 nMqRiEssiHELRROSR Ratepb 8T etnisarhevipmplesattisoslvidteimdiitered, such as
through a 0.22 filter, 6,Virus removal, protejn concentration an uff%r' gggpgg?@gglég The
soluble rHuPHZ%]%Bet’E?n(%eflllng‘r?ganéoﬁ}a?ﬁﬁsc sFérqﬁ%rteéré%g rf/%%?\%%%%g?egted t post-pfjrification steps
that serve to fovmidatethegmotdypictheitasieenpuffomatihe gasifeacdens hleRiRsTOThe protein also

can be subjecteg ip, A VRGOSR IR BRsHRHSH e g Jpamisartaminaticnrand suitable for use as
a Stherapeutic. Viral removal is typically effected with the lgehof Ti ter thattaélows g%the soluble
protein to pss IBGGHPWVHIRE tHEh B Sy VIHTSES AR otEF EUISARINERTS that are equal to in size or
larger that virus_ﬂshmgugétiﬁhteyﬁiaﬂ@auaﬂableawﬁmmw,gm&awimn@imm withes methods
herein. Pores sigag,of f}?&%r“p%@ﬁ%h%&?(é%%?ﬂlﬂ%{%é%ﬁﬁg KA pginiiedd ;0 nm, 15 nm, 20

run, 25 nm, 30 rim, 16° nm, 50 nm, 60 nm, 75 nm and 100 nm. In one example, the purified
hyaluronidase i§heefednpRAbGBBCEr tHAT TITPE0 M DOIESPIPE PrtERTRH De pumped into the
filter by, for exampleaneristalicaerancae byriae ahe proasursdiaric, 8 sHolivwing ddtal removal, the
soluble rHUPH2Q can be concentrated.and subjected to buffer.exch W T olshle rHUPH20 can be
concentrated b)}gﬂf‘%'x?rl% ?(?%‘?’(l, )%,W?x,t E x&%&tﬁﬁ?f%ﬁxﬁl k%?%é?é@%n%s’gﬁ}é’ examples, the
protein is concet¥ateerappgorcimadeiy Gy ithis widhesuit/a; podexampléom@icentration of between
0.1 mg/mL and 50.mgiml. ki8OS BXAMRIa% {rReified byaluianidasedssansantated to
approximately I mg/mL. In other examples, the purified hyaluronidase is concentrated to
approximately IOHGHHATOREPRIRASQ 0N pFERATR S ncentration known in the art can be utilized.
Exemplary of such meihogadineltide soneenitation usio¢ntanerniabfidw:itratitn {Ték) systems with
molecular.weight cut ff (MWCO) filters. .For example, the purified hyalurenidase can,he passed
through a 10 kKDATAWCEBEN a{‘\ﬂr%ro'?%‘fﬁé?gﬁﬁg)% iters” Ogéj}%ﬁlg& ff’ﬁg t g%?%?ecl%ﬁ p1Y(r)?>?lgln another
example, the preteinlispasgeditwrooghoasogesschfomo8ankDh V' ABN VBl feastRor large-scale
production of hyaluronidase, such as, for example, 100 L and 300 L cultures, filters with surface areas
of between 0.5 and 5 square meters are typically employed for this purpose. In some examples, filters
with a surface area of 1.2 square meters or 2.8 square meters are used. A buffer exchange is
generally performed following protein concentration to 30formulate the protein in the desired buffer for
subsequent use, for example, as a therapeutic. One of skill in the art can empirically determine an
appropriate buffer. WO 2009/111066BEFTFIS260G00 44559 Exemplary of suitable buffers are
saline buffers, including, but not limited to, 10 mM Hepes, 130 mM NacCl, pH 7.0, and 10 mM Histidine,
130 mM NacCl, pH 6.0. The purified hyaluronidase can, in some example, be passed through another

filter, such as a 0.22 pm capsule filter, before being stored in a sterile environment. 5I.Filling The
maethnde decerihed harain for the nrodiictinn and niirification of enliitbhle rHIIPH20 alen can incliide a



10assessed and characterized with respect to, for example, protein concentration, enzyme activity,
impurities, contamination, osmolarity, degradation, post-translationéljmodifications and
monosaccharide content. 1. Monitoring the conditions The conditions during one or more of the steps
in the methd¥d Pr3{itkéeP herein 15can be monitored to ensure optimal canditsers/eresmaintained
throughout the process. If the monitoring demonstrates that the conditions are not within an optimal
range, then the conditions can be altered. Conditions that can be monitored vary for each process. For
example, during the cell culture phases (i.e. cell expansion and protein production in the bioreactor),
conditions to b itored. I limited. 20to, temperature, cell culture pH, cell culture
nutrients (e.g. ?%ﬂ%%%%%%%&#é%/dg‘% %%%gggb?gétellg?laﬁ%?c%@?%%P%%Onué [ |ofnt§a:£1 Moh ﬁg?leéd
automatically u%fh@"iﬁ%}hlﬁcé%ﬁéfﬁ% fiigemesidginslelthecriubasobiestiioraddtdre During the protein
purification stageecapeiians-thatean hamaniiorsgdnsiige, Aubarenat imiled 19, pH, gonductivity and

flow rate. These conditions can 25 be monitored before, during?andlqr after one or more column
chromatogaphy S FEHEL e hBUSIFRERS 11280 fandaeimBrandsirtansrdslstioranblumn can be
monitored SThimearidie penteitaddeetione el boifeeis oades o aftemihg bylier hasrunghrough the
column. 2. Morgi;gritgg %oluble rlluni20 production 30Soluble rHuF'Hal production, and parameters
associated with solubfe” rHUPH20 production, also can be monitored throughout the process. These
include, WO 2009/1 0662 OTHISPEOL0E1485 GTchut easanot linpiibedpti dalhnismber, cell viability,
contamination,jpratei GAREEN AN, SAY0G ﬁﬁ&'}{}%ﬁ%'%% gg»nggclgrg RESHAnslational
modifications,. Any method to assess these parameters can be used. For example, mammalian cell
viability can be asses&&HSBy kakiiy BSBHeAIY et st iraceitonttonedasnd Stafiffagonttd Strypan blue,
which permeatesanbndamagas a9/l membrangss saus staining:onlyideadcalls.Thecells can be
visualized unde; n%ﬁ?\s/cope and counted using, for example, a hemocytometer. Other methods
include assessing cell Viability by measuring metabolic activity. For example, an aliquot of the cell
culture can be incubatedwithadetnandliivatisalis(n getManke Xd hati &G Td pthatissleayed into a
colored forrnazgn, 10peadyet By metabolically active cells. , . Soluble rHUPH20 copcentration in a
particular sample can be assgssgégd_ y mé%gé S We _?(%31\%3?% % e At }'hté ﬂf’ci?ﬁ‘gggﬂﬁp 0t fimited to,
enzyme-linkedPiAGHEso Asititoassayer iEtISAY; raSPAGEy Bratfordidsondyiuahdfal=BCA methods;
UV absortzance:padk aifervuariiiapledareiela dakeline methodsu s asld Aubnat fmited to,

sa

immunological, radio ctiﬁe and fluorescent metho nd related methods. Additionally, the presence

and extent of degFAGARDACARNSE FHEARGASH BN S Athers keERhiques such as sodium dodecy! sulfate

polyacrylamide gel elsstrophanesis (8 RErRAGE)Mesm Rattineof electanhargseda

hyaluronidase inj 2s and.chromato , such as, for example, RP-HPLC. The purity 20
of a hyaluroni(:Igz;lgtsﬂgij}c&:F:(])Jerr:?‘]tgahl%{i7l g%%?%% é%gﬁ%‘g%&@‘%@%%y%?%%&% f@ft§%§-§AGE, RP-HPLC,
size-exclusionEHEsHzt B apPRoAmisraERcharge whrombtdgraphy langsisheletisiciosusing (IEF).
Soluble rtiuPHA-cemtainipths¥NRILS, such as samples containing purified hyaluronidase, can be
further characterized b%/ assessing the sialic acid and monosaccharide content. This can be

accomplished by, for 8XB¥HPIETIBHAISRLA, 6 HH 8 caraieenids 20960uier bisdetieadloid, fluorescently

labeling the relezsegmanasascifasidos anthise eI HRMUSRG BP-HBLG (388:Example 10).
Soluble rHuPl}?Qte%cs) %%?&&Ig purg’fied L%rsing the methods provided herein also can bé assessed for

the presence Of post-trans Al O AT L&D e REQER 18 feTsner i tr@it inlclude assays
to measure gI)féb@)ﬂh@mmahmwmmthﬂﬁb@@ﬂ'&:ﬂb@x@l@iimmaﬁy&&emw&m,assay for glycosylation,
carbohydrate ysisfanhe.pedrrmed, for, le.. with. SDS page analysis of soluble rHUPH20

exposed to '6?$1éy)/ﬁldrazinolysis or endogIycos?ggggg%gg%ﬁn%%ﬁeﬁ%#a%ﬁg?ﬁiser%?gégeédélf?ﬁl- and 0- linked

glycans from diSESEIBEIME B RETBiEHeR Rsthbaridiod stsidamtensiile entioglfidosidase release

involves PNGasg:RihnhiigkorelpasesagsidNalyeans.fem glysanr Bé?mng}ggqgﬁmplysis or
endoglycosidase treatmer}gr%)@gtﬁleﬁgHuPHZO 5polypeptides generates a reducing terminus that can
r )

be tagged with 3 HUSGPHO Ebhoiropssdistlppibg sl amhpariBlgpeptides can be
analyzed by ,fudfophdsepassistedicarhahydsaiis electophinesisddrAGE), Ahe dlugsrant tag for
glycans also c saccharide analysis, arofiling, or fingerprinting of complex
Glcosylaton Aok Sai L et a0y P Ao rction
chromatographistersetiomeidesaatiohtiomexohadye, ydropbabie rterackienicand size-exclusion
chromatography. Exemplary glycan probes include, but are not limited to,
3-(acetylamino)-6-aminoacridine (AA-Ac) and 2-aminobenzoic acid (2-AA): Carbohydrate moieties can
also be detected through use of specific antibodies that recognize the glycosylated hyaluronidase
polypeptide. 15An exemplary assay to measure 13-hydroxylation comprises reverse phase HPLC
analysis of soluble rHUPH20 polypeptides that have been subjected to alkaline hydrolysis (Przysiecki
et at (1987) PNAS 84:7856-7860). Carboxylation and ycarboxylation of hyaluronidase polypeptides
can be assessed using mass spectrometry with matrix-assisted laser desorption ionization

- time-of-flight (MALDI-TOF) 20analysis, as described in the art (se, e.g. Harvey et at J Biol Chem
2779 Q2R2A_Q2A0 Mairim at al Prot <t 1411711120 The an7zvvmatic activiitns of eonlithle rHiiPH20 in a



related impurities. Any suitable method or assay can be used. For example, viruses and bacteria can
be cultured using methods Wwell known in the art to determine whé{@gr they are present or not in a
sample, and if so, in what quantities. Microscopy also can be used to detect microbial contamination.
For exampl&Oeeggimpiscan be 20assessed for the presence of virusesperbzetesigdusihg transmission
electron microscopy (TEM). Mycoplasma detection gan be effected using, for example, biochemical or
molecular techniques, including, but not limited to, PCR to amplify mycoplasma-specific nucleic acid,
biochemical tests to detect mycoplasmal enzymes and cell-based fluorescence to detect mycoplasmal
antigens or nucleic acid. 25 The presence icrgbial products, su bacterial endotoxins, also
can be monitored . %ngigrr%p g6 zgosaﬁﬂ%%?é% ;(ér@é@%\gracﬁigtgc fﬁ%(j 4 ag&%%%%‘e"% Ydhdbtoxin is the
Limulus Ameboayreinddievivat,) asdsya Mivtitypéstakbibinassas wah instared; iyehetot and
photometric (CFL‘IH'HBQSHix%:gﬂfjiﬁ‘d{&%%U%ec%%&i@i%rao‘wﬁé’&ﬁn ftagt of blood cells (amebocytes)
from the horse shoe crab. Endotoxin triggérs a cascade of 30enzymatic reactions, which result in
activated clotting enzi#fiéeTTa %H@Mﬁ%@%%@qamﬁ@?ﬁbiﬁmg%ﬁIafﬁ%révat‘éd’ﬁemperature, the
LAL reagent wilguoiafierniiQnd0naistd 06ARAR S2000(001455 64 additior alifeagent. The

formation of the ge}l1 clot is proportional to the concentration of the endotoxin. In the kinetic assay, the
proenzyme in THETAL{dR&IGABIRABR ARG R ShABESHRS HReEtcEY 5% ram negative
bacteria. The raiesahadlydikonisdintetiypropafinnt vith ihe aondontratiepotdhe Bndagoxin present.

The level of 5activation can.he measured through a subsequent substrate reaction which is measured
spectrophoto%%%?i@é?ﬁ. %{E%@glﬁsﬁ}’swmg@?h&gqﬁgﬁéw g S&’é‘ﬁ%?és@% I|fr%:ellﬁr%‘;‘decg)cillc‘)errﬁ’l{11§ttsrative
purposes only sa¢dtareirdingrepidad, eefientithisss dpeabbth 80tveition et EXAMELECT Generation of a
soluble f@UPH¥@%¢3f9{&§%1;&gxﬁ9¥>ﬂé@8ns or 1B& 42 lRsRIG AL IR SHQD WeR0) was used to

transfect Chinese Hamster Ovary (CHO cells) (see e.g. related application Nos. 10,795,095,
11/065,716 15RFEEPI8Ie A iSrseompiativ ermroekis rlen 6 xppessivn v iiss|ab@IEPH20 contains

a pCl vector badkdens: Lramegah-BINA Rpeosind AN asids d-485of human BIA20 fyaluronidase
(SEQ ID NO:4Q anin ggnal ribosomal.ent(%é site (TRES) from the ECMV virus (Clontech), and the
mouse dihydrofolllé?leeroe u%f:élsz%ﬁﬁeﬁl)ndjé 2 'pClI vector backbone also includes DNA encoding
j[he Bet_a-lactamase 20 esistanve, @@@@mpﬁwmﬁﬂ ivgigm? gifglemad:aﬁmrm@ytamegalovirus _
mmediateyearly aRARSRIRIAIAELIRAINY (MR B AImetie a2t a sy ate polyadenylation

signal (SV40). The DNA encoding the soluble rHuUPH20 construct contains an site and a Kozak

consensus sediRShERBTItH 13 4 DR AT S Sl irdsHiAshine hied inids axidhesisiobha of the native
35 amino acid sigerl. sequenseRfdebhpmaRRdad 3P:aRtha slapicodanfollawing the,RNA encoding the
tyrosine correspgnding, to ami ]| sition 482 of the human PH20 hyaluronidase set forth in SFQ
ID NO:1), follosjvf/be}(‘; %y%%gﬁ%ﬁﬁﬁiﬁcﬁﬁﬁsﬁ’%% eé%%ﬂ%t?ﬁﬂf%éﬁﬁ‘ﬁ%é‘ PREG-HHERESV40pa (HZ24),
therefore, resultsimalsimgternpRidAspecies driven by the CMV promoter that encodes amino acids
1-482 of hyman PH2Q (g rth.in SE ID:NO;3).and amino acids 1-186 of mouse dihydrofolate
reductase (set forth in séEgg %%Ni(rg%ﬁ g%%grhmtgﬁ%}f 1 %tPr?t}Jé)rrn% arrlrg)g%o?ns é%llqetrly? gﬂ(é?e(ﬁ?ES). WO
2009/111066 PCTP9S20GI00 148565 gene RohstfethsfeatertiDG4iet4@ wallsigroiding in GIBCO
Modified CD-GhiRsnrdipfan RFER el apnenented with4mhM Glutaming and,Lg,mi/L Plurionic
F68/L (Gibco), were seeded at 0.5 x 106 cells/ml in a shaker flask in preparation for transfection. Cells
were grown at 37 e SREBYHTANmidified incubator, shaking Sat 120 rpm. Exponentially growing
non-transfected DG4AsGkt lealimwaredesiddfosatabiiy: priortackanstertion expreSixty million viable
cells of the nons fected DG44 CHO cell culture were pelleted and resuspended.to a density of 2
X107 ceI%%in O@L&r%rl}%oa? xof’r%rﬁ% éﬁc’fci%olﬂ%‘gf‘?’étrg(? aEEs %“Fﬁﬁﬁsffé’é%&ﬂ?ﬁ? FEFFBMM NaC1, 10 mM
KC1, 1.4 inM ToNazpede s e itextroselidroof acth Ajuot afmestsferbledGedsal0.09 mL (250 pg)
of the linear Hezghblseaie WineatisrekBieour tat dioesipadih Gl L (g oglang fielabs) was

added, and the cell/DNA salutions were transferred into 0.4 cm gap B ehtronice e?ectroporation
cuvettes at roSHFRNRREFRTRN SO heghititioe oritrsirensst o eralibrneds verforniedomrith no plasmid DNA
mixed with thepeelisichbilhencethalagiitmixes mereselscyanasaledwitn:p canaciiog discharge of 330 V
and 96013.6) or E}t 350 V and %%S) uF. The cells were remaoved from the cuvettes after
electropotation A HEh S S S CBFVICURRIPE BL B MB8IAT G PIRIFRI.YGéMS, supplemented
with 4 mM Gluteferine anctd8binkht PiNdoni® RBS/bnitrilkeauding aliwedita grawein a well of a 6- 20well
tissue culture plate without selection for 2 days at 37 C in 5% CO2 in a humidified incubator. Two
days post-electroporation, 0.5 mL of tissue culture media was removed from each well and tested for
the presence of hyaluronidase activity, using the microturbidity assay described in Example 9. 25
Table 1: Initial Hyaluronidase Activity of HZ24 Transfected DG44 CHO cells at 40 hours
post-transfection Dilution Activity Units/ml Transfection 1 330V Ito 10 0.25 Transfection 2 350V Ito 10
0.52 66 Negative Control Ito 10 0.015



Cells from Transfection 2 (350V) were collected from the tissue culture well, counted and diluted to 1
x104 to 2 x104 viable cells per mL. A 0.1 mL aliquot of the cell suspggsion was transferred to each
well of five, 96 well round bottom tissue 5 culture plates. One hundred microliters of CD-CHO media
(GIBCO) conttainingi41a6M GlutaMAXTK-I supplement (GIBCOTM, Invitmegenseiosporagion) and without
hypoxanthine and thymidine supplements were added to the wells containing cells (final volume 0.2
mL). Ten clones were identified from the 5 plates grown without methotrexate. 10Table 2.
Hyaluronidase activity of identified clones Plate/Well ID Relative Hyaluron dase IC3 261 2C2 261 3D3
261 3E5 243 3%6 0111711%i 230 V103 1B9.304 2D9 273 4D10 302 . Six HZ24 clones were expanded in
culture and tranStorred o’ SHERE P RSEVEY § biPeRH SHERLIRY ElGREWRERE Agstedbg, 2D,
1E11, and 4D10cowiiraptatedsinto 8b6dwelormdizhNoottappiigsimeciifucesipiatestusing abio-dimensional

infinite 15diluti | lls were diluted, 1:2 down.the pl nd 1:3 acrgss the plate,
starting at 5008%2}@ ?ﬁ%ﬁ%‘%ﬂehlﬁgk well. }Pd’?é‘%"’c o()r?eegﬁll vf\i/te?lée g?gfc\}\%r%@ne 5“@535%8’%lfnd of 500
non-transfectecP 048X Ty deadnzasisoplisiang thrsvidiet renaivsemsgroneh thastor for iteginitial days in
culture. Tes plages wetRMagiegpgsrssibclone, with 5 plates containing 50 nM methotrexate and 5 plates
without methotrexate. 20Clone 3D-3-produced 24 visual subclones (13 from the no methotrexate WO
2009/111066PCT/IIS2EUETOTHES E5Ctpe AlARINARY Y T HFoiFFtPis 50T K FhaeRBEXaf& treatment.

Significant hyalueonidasecagiiitysdasumeansred tpéhe spemalams o8 efihe24 subelones (>50
Units/mL), and {p}ggl%r assuvb%li% es w r%le;XEt nded into T-25 tissue culture flasks. Clones isolated from
the methotrexate treatment protocor Wers expantded i 18815888 8f 50 nM 5 methotrexate. Clone
3D35M was further expardddine500nhmaiistiexatégivieg riseddlanastpradeeig in excess of
1,000 Unitginil in,sk ; : : I 5M). A master cell hank (MCB)_ of the
3D35M cetllilz Wal% %E%Eeérgﬁgﬁa@g%lgl@’%%%zsigé é@%ﬁn%%a%?o%bg?ﬁ% %%%?ﬁjﬁﬁqrﬁ %Gr&gf ?ﬁcg:fnucleic acid
region encoding BEITBIE AHaB 1o iR gesionrealdn themmplipgndaisber ob thivingeteicdagid region
encoding solubterdgEtttaty i, AR3BM Calis was daemineddy quagtiative, BGR, Total genomic DNA
was extracted from 3D3§l\(/ﬁl aﬁ%'és from the MCB. Six independent dilutions of the DNA 15were prepared

for-analysis in déhsps)ﬁ%%%? cach of WhicH SSHESTHEY dpprBwcaety 616 g BN AdReRiRkIEs to

approximately po0céetis)sdNwghtiveotaripsdipeointainald no tamplate-alseweedprepared, as were

positive costrolgcapiajnipg ie:alestrisand the DNA cauivalent of 1009, CHIO cels (6.610). The
a

reactions were assembled according to the TagMan Universa aster fix” f(AppIied

Biosystems) 200 RPIRICH Bifisatchasan SRt RARR b e gtne Maidngsiit €lghrdilutibres of the HZ24

plasmid, representinga iaaga@éiappraxiprelein RxA06 18:A9icAResof Alasmid PNA. The standard
was diluted in CHO contr%%?nomic DNA gequivalent of 100 cells). The reactions were assembled
n

according to the Tagran R RPSEh B R AGTEP MR BrRIHEBI AP pie AoBIBSySR s eafing the
HZM3.P1 forwarelyseiérieramch Xittes Mz R setenatoprime bfsehiorhimIEQ 4RNOS:52 and 53,
respectively) apgtheHZMB proka(SEQID 1,10: hich contained the fluorescent dyes 6FAM (6-
carboxyfluorescin) and TAMRA (6-carboxy g?%%%?hﬁ%ﬁ%%%%F%éfs?ﬁgt};’@ac%mga\%‘?é’rrun in duplicate
using the foIIovﬁlﬁ@’?}Vélih‘ae&fnditions: 50C for 2 minutes, 95C for 10 minutes, followed by 40 cycles of

95C for 15 seconds anehfeEH9E:h, 30isikis Astandad quanttative RCR reaction to assay GAPDH
copies for each DNA 68 sample also was performed. Data Wa%coﬁeogec Bﬁgﬁ%ﬁe{%ﬁ Blism 7700TM

Sequence DetSCHOI By STtEH oA VErighndig (A pishediBiduysteis)ited toThidertiget gene copy
numbers per celiavieré caidiriatepascthectatinioidargpticepiesialbla a2 noymalized copies
(GAPDH)for the six qilylt)if% Shgrfe?n?’%?’? M genorlglic tDNA. T‘gée Dixon Q Outlier statistics test was
applied to the data set. The copy number of the LE5HEIDD FSERSH IR oSPEERR cetre ke fhaind to be
317.87 11.64. EXANIPLEBoms are parfuidontion antidPiatifiatioenef Semi selubleriuPH20 10A.5 L
Bioreactor Progessnent. Ayl R3aM. xpanded from T-25 flasks through 1 L
spinner flasks in CD CH%gﬂl%nf/?t%%gen, cﬁ?&%@%@ggﬁ@’q&%ﬁ g’n%ﬁ?gé %vnr%ﬁoiﬁlﬁ%M Methotrexate and
40 mUL GlutaMBRRINS PTG o006 PRI abeieiidisrdscCelidowerestransfered from spinner flasks
toa5L bloreamwséﬁmﬂsgﬁ@mﬂ;ﬁlngﬂ@%@ﬁdi&f}%%s%fa&?d@@am@&%llﬁrx%ﬁ% mlin o L media.
Parametegrg were te@c%lenri%g%eengFom%%@, pH_ 7.2 (starting Setpoint), wit |s§ofve;d 8’xygen _
Setpoint 25% And an air overiay of 001 HSHEIR 788 fo8 s tiAms s eédell Aeriiedium (CD CHO with
50 g,/L Glucose) was added. At 216 hours, 250 ml of Feed #2 Medium (CD CHO with 50 g/L Glucose
and 10 mM Sodium Butyrate) was added, 20 and at 264 hours 250 ml of Feed #2 Medium was added.
. This process resulted in a final productivity of 1600 Units per ml with a maximal cell density of 6 x106
cells/ml. The addition of sodium butyrate was to enhance the production of soluble rHUPH20 in the
final stages of production. Conditioned media from the 3D35M clone was clarified by depth filtration



25and tangential flow diafiltration‘into 10 mM Hepes pH 7.0. Soluble rHUPH20 was then purified by
sequential chromatography GQWQ Sepharose (Pharmacia) ion exchbgg,e, Phenyl Sepharose
(Pharmacia) hydrophobic interaction chromatography, Amino phenyl boronate (ProMedics) and
Hydroxyapatite Blronvatography (Biorad, Richmond, CA). 30Soluble rHuRH2mowndio Q Sepharose
and eluted at 400 mM NaCl in the same buffer. The, eluate was diluted with 2M ammonium sulfate to
a final (WO 2009/111066PCT/US2009/001455 6 (lioncentration of 500 mM ammonium sulfate and
passed through a Phenyl Sepharose (low sub) column, followed by binding under the same conditions
to a phenyl boronate‘&esin. The solu%ﬂe rHUPH20 was eluted from the Phenyl Sepharose resin in
Hepes pH 6.9 after waSHG SRE 8 BB tFBleRE ot camnIRisAP Y MEePe #he eluate was
loaded onto a egeeimitinadiioeyapatiianesitingl (bt Gi8t ihnD teiMopatassitivighasphatesand 1 mM CacCl2
and eluted with 80 | sium. phosphate, pH 7.4 with 0.1 mM.CaC12. The resultant soluble
rHuPH20 poss\é%gggué@cg?g?ﬁ%y?g#\m %eéaé%ecg)g of 88“6&8 %?Fs‘?t‘rﬁg rﬁlr%sféfﬁﬂlijl&]\l}\%a%/moa?}:he
microturbidity #d&stedermand pherapeaicpinitiod soluble rHUPH20 eluted as a single peak from 24 to
26 minutes from ‘a P%mmi%é&?&ﬁx@%ﬁﬁlgéﬂmdb%@%ﬁ%m it A dradiept between 0.1%
TFAJH20 and 0.1% TFA/90% acetonitrile/10% 1420 and resolved as a single broad 61 kDa band by
SDS electroph@PaUoth 1 etisease RE RS T AESAt RN aF e BB iPexiesh ehe WAV SNGASE-F.
N-terminal aminadtidisesiending revealed that the leader peptide 15had been efficiently removed.
B.Upstream Cell Cultlig{s?ulgg( nsion Pr?creglgséntotlo L Bioregctor Cell Culture A scaled-up process
was used to separately purfﬁ/ﬁglgf&b?epr ¥ T8 TOUF A& vials of 3D35M cell to produce 4
separate batches of g wkdd 20741l A04BECy @ Aot A 40T ahit AdFANh & it ikTdgAQ420C. Each vial
was sepaygtely.xpanded sndaiured ihrouaha 25.L bioreactor, then purified using column
chromatography. Samples were taken throughout the processto assess Such pérameters as enzyme
yield, The desérpiisivdtiindipitsedsdisgdied below sets forth representative specifications for such

things as bioreactor stariing e icasmediavalymesaiansiecRaselldrasiesyandyash and elution
volumes. The erxlacg(ensum ers v ]rgx}slightl Eﬂ%tfh each batch, and are detailed in Tables 3 to 10. Four
vials of 3D35M ZEIfE R HAGATTA™S 878 A7 BRI XD edqeise Sty L0 hMiSnethotrexate and
40 mL/L GlutafAXJurhlawelsi ciededranthihis, cells werasenirifygeet, Theelsnaeieessuspended in a
125 mL shake flask with, 20,30 | esh media and pl ina 37C, 7% CO2 incybator. The cells
were expandegc %i to 40 mla_giih {%!Lé %fgg%ﬁ%[ﬂgﬁgﬁlemﬁgss }PC\%%%eqr]\ &"&é fc]fé:ﬁ:é}l 3{/&?1&)611%?? d1.5-25x106
cells/mL, the cRHEYE- WS BxparrTeerRstorEp Tigsdherepimtedt daskseut@ammduttlars, WO
2009/111066REIMSARONOHARD Todo lumenhe-laskiwasnghbated #h 3 GmiGO2- When the.
cell density reached 1.5 - 2.5 x 106 cells/mL, the culture was expanded into a 250 mL spinner flask in
200 mL culturé Veflime, and the flask was incubated at 37C, 7% CO2, When the cell density reached
1.5 - 2.5 x 106 cells/mk pthe loutine wasrexpans ed:siempld thaspinoesafiask i $00.mb eulture volume
and incubgted,at, 3761 1%, G2 WWhen the cell density reached 1.5 -2.5x 106 cells/mL, the culture was
expanded into a 6 L _p?ﬁnereﬁas}%}l/rzl Yt t%ar!g%‘g tt?lm%egﬁ}&afﬁ%ﬁﬁ%té)& 1533 PRAYTE02. When the cell
density reachedmpl- ip@ndedeaeisonbateleuitersoaeekpanie thintondiB6nlospirmert flask in 20 L
culture volumesand iaguRates 8t 3% G ¥a1CRR oL 0A 125 L reactor was sterilized with steam at 121C,
20 PSI and 65 L.of CD CHO media was added. Before use, the reactor was checked for

contamination. Wher{*th& $EllgEAs i fHigdasdormspipncrtiatd bathsthdephas wieosieells/mL, 20 L

cell culture weneltsanisfereexironatheddfianinnerfiasket) thedaahcbiorgagtorBraun), resulting a
final volugge of 85 L and a seedjn% Qensét

.82 Land a seed }/of&ﬁg roximately 4 15105 cells/mL. Parameters were
temperature se?poqnlfl, TCIBHTTS; BiS Bl %@

RS54 Be%S HHPRANIIS BB BOYim: Vessel
Pressure 3 psiplaitl 8pafgathdenian dosin@verlay: | L/min. The reactor was sampled daily for cell
counts, pH verificatio i lysis, brotein production and retention, Nutrient feeds were added
during the run. At Da§s6{?§§ﬂ%%ﬁ}é% eﬁfglélggllﬁlrﬁt%éﬁ HO 56?58%9%_ iBO@%&gg&@k@ mL/L
GlutaMAXTm-1Ha S daRRsd, Abricaitaisdedmp dharmasisasehlarifoned 36166 nAdtiae;s3.5 L of Feed
#2 (CD CHO +£QWA ialucaseats409smlvkb GlutaMAXTm-I + 1.1 g/L Sodium Butyrate) was added, and
culture temperature was cla nged to 36C. Atday 11, 3.7 L of Feed #3 (CD CHO + 50 g/L Glucose + 40
mL/L GlutaMAXTm-I'¥ I% §?E §8dﬁ%ﬁ@ﬂ?§%ﬂ8?%&%a§éi@é%‘?%‘tftﬁé‘ﬁlﬁlt@ﬁéﬂfzsctémpérature was
changed to 3508Cr Jmepreadiprwamhasiasiedablidaays or whan e viahilbnehihesglls dropped
below 50%. The process resulted in production of soluble rHUPH20 with an enzymatic activity of 1600
Units/ml with a maximal cell density of 8 million cells/mL. At harvest, the culture was sampled for
mycoplasma, bioburden, endotoxin, and virus in vitro and in vivo, transmission electron microscopy
30(TEM) for viral particles, and enzyme activity. 1/ WO 2009/111066PCDUS2009/001455 71 The
one hundred liter bioreactor cell culture harvest was filtered through a series of disposable capsule
filters having a polyethersulfone medium (Sartorius): first through a 8.0 pm depth capsule, a 0.65 pm
depth capsule, a 0.22 um capsule, and finally through a 0.22 pm Sartopore 2000 cm2 filter and into a

100 L sterile storage 5bag. The culture was concentrated 10x using two TFF with Spiral
Paolvvathaerciilfonea 20 IeDa MWWNCO filtare (Millinorea) followed by a Ay hiiffer evehanaoe with 10 m MM



100 L inoculation density (x 106 cells/mL) 0.45 0.33 0.44 0.46 Doubling time in logarithmic growth (hr)
29.8 27.3 29.2 23.5 Max. cé@ensity (x 106 cells/mL) 5.65 8.70 63-@9.70 Harvest viability (%) 41 48
41 41 Harvest titer (Wm]) 1964 1670 991 1319 Time in 100-1.. bioreactor (days) 13 13 12 13 Clarified
harvest voNithgX {81800 93300 91800 89100 Clarified harvest enzy&easseyeianL) 2385 1768
1039 1425 Concentrate enzyme assay (Wrap 22954 17091 8561 17785 Buffer exchanged concentrate
enzyme assay (U/mL) 15829 11649 9915 8679 Filtered buffer exchanged concentrate enzyme assay
(11/mL) 21550 10882 9471 8527 Buffer exchanged concentrate volume(mL) 10699 13578 12727

20500 Ratio g gﬂgéﬁq ajxtbsmggfri]gtzeonr}sr? cgiro trﬁ/eh%}g%sé-wﬂ Commission on Biochemical
Nomenclature (see, {1972) Biochem, 11:1726).
B. OVERVIEW
Provided herein are methods for the large scale production of soluble
5  hyaluronidases, such as soluble human hyaluronidases, including soluble human

PH20 (sHuPH20), such as, for example, soluble rHuPH20. The methods typically
utilize bioreactors to culture cells that produce the soluble hyaluronidase, such as
CHO cells (e.g. DG44 CHO cells). Exemplary of such cells are 2B2 cells, which
produce soluble rHuPH20. The volume of cell culture in the bioreactor can range

10 from 1 L to 5000 L or more, but typically is or is about 200, 300, 400, 500, 1000,
1500, 2000, 2500, 3000 or 3500 liters. Prior to inoculation of the bioreactor, the cells
are expanded through a series of increasing cell culture volumes to generate the
required number of cells for seeding of the bioreactor. Typically, the cell culture in
the bioreactor is seeded with 10° to 10° cells/mL, but can be seeded with more or less.

15 The cells are then incubated in the bioreactor for 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18,15 or mbre days.

During this incubation, feed media is added to the cell culture to supply
additional nutrients and supplements. Exemplary supplements or nutrients that can be
included in the feed media include, but are not limited to, glucose, glutamine or

20 glutamine-substitute, such as L-Alanyi-L-Glutamine, insulin, and sodium butyrate,
The type and amount of supplement added can influence cell growth and proteiﬁ
production. For example, i‘nsuiin and ghatamine or glutamine-substitute can be
incorporated into the first feed media added to the cell culture to increase cell growth
and peak cell density. Subsequent feed media can be designed to promote protein

25 production more than ceil growth, Supplements such as insulin can be excluded or
reduced in amount, as can glutamine or glutamine-substitute, such as L-Alanyl-L-
Glutamine. In contrast, supplements such as yeast extract that enhance protein
synthesis can be increased in amount. In addition, supplements that enhance cell cycle
arrest and, therefore, increased protein production, also can be included. Exemplary of

30 such supplements is sodium butyrate.



0.87 0.96 1.32 1.4 A Q Sepharose (Pharmacia) ion exchange column (3 L resin, Height = 20 cm,
Diameter = 14 cm) was preﬁ@r“e/d. Wash samples were collected far a determination 150f pH,
conductivity and endotoxin (LAL) assay. The column was equilibrated with 5 column volumes of 10
mM Tris, 20/ thMONE2EO4, pH 7.5. The concentrated, 72 diafiltered hatvéstSdis/18kded onto the Q
column at a flow rate of 100 cm/hr. The column was washed with 5 column volumes of 10 mM Tris, 20
mM Na2S04, pH 7,5 and 10 mM Hepes, 50 mM Na?g, pH 7.0. The protein was eluted with 10 mM
Hepes, 400 mM NacCl, pH 7.0 and filtered through a 0.22.tiln final filter into a sterile bag.
5Phenyl-Sepharose (Pharmacia) hydrophobic interaction chromatography was next performed. A
Phenyl-Sepharose (PSPHBHIA%PeA Pradipbig e BERHe ik {%prg AL SR&pared. The
column was equitifataéeyakitbnidasd snch ue katnbR: eiff ORI, phdas beephosplhistpQle ddihmmonium
sulfate, 0.1 mM CaC12 pH 7.0. The protein eluate .from ve w plemented with 2M ammonium
sulfate, 1 10M p‘&%lgseiumr%% baH(S)SB %"Z’g{ﬁéﬁn ] 8é@iﬁjlg?o%ﬁ%o%ﬁgﬁasﬁt%ogﬁﬁ%ec%)'rﬁ?c%ntrations of 5 mM,
0.5 M and 0.1 mMubkssiadtivaigdaseie theorin ivd STvadedomeo e P S Cely A BemBHW fate of 100

cm/hr. 5 mM potagsilpRRaspRA PO MR BiIB-Siate anehOul miVifeathZnthd .0 was added at
100 crn/hr. The flow through was passed through a Q.22 um final filter into a sterile bag. 15The
PS-purified protBIRIES & THA dEa BRI AT BT A DS BRI B PBRAcs) (6.3 L resin,
Height = 20 cm,ibesopie cr@0siopriphy hatldbbery ehueiliaragechyitits potifiadhproteimeagiahb mM
potassium phosghate 0,5.M gr&m&%gj sulfate. The protein was passed through the column at a flow

ted . . .
rate of 100 cm/hr?racﬁréht%g column was washed with 5 mM potassium phosphate, 0.5 M ammonium

sulfate, 20 pH 7.0. Th&/ébringritwansthrss dpasmiesd WatrRGeacRiehost 460 HirREE 2090 and the
protein eluted with.R@omMselepes AQ01IN Maeh i SR dceugbra cierie ditesuanekinio a 20.L sterile

bag. The eluate was tested for bioburden, protein ¢o tration and me activity. A hydroxyapatite
(BAP) column (SRR TP & DGR R AP o e L RS P gl LR R i &

mM potassium phosphatel, 206, AN aZDi, 30,lon#0 sCasier pre.Cn Wastesam|sieshwarddoflected and
tested for pH, copdigliviv. 306 LRARIRNN AL HlriBESaA -Jm%gamm%ayééwmwiﬁed protein was
ie

supplemented with potassium phaosphate and CaC12 to yield final.concentrations of 5 MM potassium

phosphate and 6" PthM € 82%aRbTs SHsyRs e LB Eamrtir e 36TERrat BE88%m/nr. The

column W%@N&Sh&@luﬂdﬁ”pﬁdﬁbﬂthﬁt@@ﬁlﬂﬂﬂrmbaﬁpﬁm@/nmﬂ/oozaﬂozw NaCRDA 40%d, @aCl2, then 10

VL potassiumphosRnale RtufiSut Bhali et B Gacia i TReqHeiR s eluted with
palr—II‘% 0 ng | ug

70 mM potassium phosphate tered thr a 0.22 gm filter into a 5 L sterile storage bag.
The eluate was tésedebteribiEhiademdpreteindie smihads hara Briz i et 8900%he HAP-purified
protein was then pyimpaddbeougin@0 sidosic 1@;@00@5&{53@1@ a pressure tank. The protein was
added to the DV20 prelséipr Iﬁ{: d félﬁesr (Pall Corporation), passing through an Ultipor DV20 Filter
with 20 nm pores“(Pall o‘ﬁ?‘o ation ﬁo a sterile 20 L storage bag. The filtrate was tested for protein
concentratitfh, enzymédetivityideligosaedhmiide! wraosatut drgiedshgdiaficiasid! dpéfling, and

process related {ppilien, THIS AEALPI AR LA WaR I E IR ARG ILAURAIAIMYIML using a 10
kD molecular weight cut off (MWCO) Sartocon Slice t,an[genti_al flow filtration (TEF) system (Sartorius).
I

The filter was firStHE AT HY SR IHBRIR] REalsELR Gl R ARRA é’ﬁg?ﬁ%ﬁ) mM NacCl, pH
7.0) and the perpfégttuysas saitpledidonjdkkahdvesnbiciiviitFdl lowingrioaddntratiby, the
concentrated protein was,sampled tested for protei c tion ctivity. A 6x
buffer exchange‘%é?%‘é%f%sr%% %Pﬂ%wgglg%nggﬁtﬂfgf%ﬁ gﬁ&ﬁ%@%ﬁ%@%ﬁ%@rﬁ%ﬁ%epes, 130
mM NaCl, M 7. Tirecedneon HaRseiDEOEtn WSO piisseentWEh G & @SRRIy T lBeMNEBo R0 L sterile

storage bag. The;Rimigik: s sappird anddastad for protein concentration, enzyme activity, free
sulfhydryl groups, oligosaccharide profiling and osmolarity. 20Tables 4 to 10 provide monitoring data

related to each of the phirificatioAYEp &MY AHBAMU AP AN 3D35M cell lot. Table 4. Q
sepharose column datdlRarambtes E&ﬂﬁ@ﬂ@&ekﬂ%@&@(ﬁ@ﬁﬂ%ﬁﬁﬁaﬁﬁdhﬁﬂmmw volume (mL)
10647 13524 12&%&@8%%&18@1@%9%W%B%%Ri%?&%% iRlig e Litad dhasfiel Glumn Volume (ml)

2770 3840 2850 2880 Eluate volume (mL) 6108 5923 5759 6284 Protein Conc. ofEluate (mg/mL) 2,8
3.05 30 crustaceans. Mammalian-type hyaluronidases (EC 3.2.1.35) are endo-3-N-acetyl-

hexosaminidases that hydrolyze the §1-» 4 glycosidic bond of hyaluronic acid into

RECTIFIED SHEET (RULE 91)



2.80 2.86 Eluate Enzyme Assay (U/mL) 24493 26683 18321 21052.Enzyme Yield (%) 65 107 87 76
wO 2009/111066PCTPU82®Q91001455 74 Table 5.-Phenyl Sepharose column datc_a_Parameter
HUA0406C HUA0410C HUA0415C HUA0420C Volume Before Stock Solution Addition (mL) 5670
5015 5694 8X5100%HAMNolume (ML) 7599 6693 7631 8360 Column Volene(Fmiop2dQ6:9420 9340
9420 Load Volume/Resin Volume ratio 0.8 031 0.8 ﬁp.89 Eluate volume (nL) 16144 18010 16960
17328 Protein Cone of Elua e (mWmL) 0.4 0.33 0.33 0.38 Eluate Enzyme Assay (U/mL) 8806 6585
4472 7509 Protein Yield (%) 41 40 36 37
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various oligosaccharide lengths such as tetrasaccharides and hexasaccharides. They
have both hydrolytic and transglycosidase activities and can degrade hyaluronic acid
and chondroitin sulfates, such as C4-S and C6-S. Hyaluronidases of this type include,
but are not limited to, hyaluronidases from cows (SEQ ID NO:10), yellow jacket
wasp (SEQ ID NOS:11 and 12), honey bee (SEQ ID NO:13), white-face hornet (SEQ
ID NO:14}, paper wasp (SEQ ID NO:15), mouse (SEQ ID NOS:1 6-18, 29), pig (SEQ
ID NOS:19-20), rat (SEQ ID NOS:21-23, 228), rabbit (SEQ ID NO:24), sheep (SEQ
1D NO:25), orangutan (SEQ ID NO:26), cynomolgus monkey (SEQ ID NO:27),
guinea pig (SEQ ID NO:30) and human hyaluronidases.

There are six hyaluronidase-like genes in the human genome: HYALL,
HYALZ, HYAL3, HYAL4, HYALP1 and PH20/SPAM1. HYALP1 is a pseudogene,
and HYAL3 (SEQ ID NO:36) has not been shown to possess enzyme activity toward
any known substrates. HY AL4 (precursor polypeptide set forth in SEQID NO:37) is
a chondroitinase and exhibits little activity towards hyaluronic acid, HY AL
{precursor polypeptide set forth in SEQ ID NO:34) is the prototypical acid-active
enzyme and PH20 (precursor polypeptide set forth in SEQ ID NO:1) is the
prototypical neutral-active enzyme. Acid-active hyaluronidases, such as HYAL1 and
HYAL?2 (precursor polypeptide set forth in SEQ ID NO:35) generally lack catalytic
activity at neutral pH (i.e. pH 7). For example, HYAL! has little catalytic activity in
vitro over pH 4.5 (Frost et al. (1997} Anal Biochemistry 251 1263-269). HYAL2 is an
acid-active enzyme with a very low specific activity in vitro. The hyaluronidase-like
enzymes also can be characterized by those which are generally locked to the plasma
membrane via a glycosylphosphatidyl inositol anchor such as human HYAL? and
human PH20 (Danilkovitch-Miagkova, et al. (2003) Proc Natl Acad Sei USA.
100(8):4580-5), and those which are generally soluble such as human HYAL] (Frost
et al, (1997) Biochem Biophys Res Commun. 236(1):10-5). By catalyzing the
hydrolysis of hyaluronic acid, a major constituent of the interstitial barrier,
hyaluronidase lowers the viscosity of hyaluronic acid, thereby increasing tissue

permeability. It also has been shown to exhibit anti-cancer and anti-carcinogenic

activities.



Enzyme Yield (Vri) 102 88 82,96 Table 6. Amino Phenyl Boronate column data Parameter. _

HUA0406C HUA0410C HUAQ415C HUA0420CI Load Volume (mIQ_l/6136 17958 16931 17884i Load

Volume/Resin Volume ratio 2.99 3.15 3.08 2.981 Column Volume (mL) 5400 5700 5500 5300 Eluat(_a

volume (ML} 072595 22684 20686 191451 Protein Conc. of Eluate (mg/mis) Gs6:08:893 0.04 Protein

Conc. of Filtered Eluate (mg/mL) not tested 0.03 09? 0.04 Eluate Enzyme Assay (U/mL) 4050 2410
iefd

1523 4721 Protein Yield (%) 0 11 11 12 Enzyme Y

(%) not determined 41 40 69 5 Table 7.

Hydroxyapatite column data Parameter HUA0406C
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N-linked glycosylation of some hyaluronidases can be very important for
their catalytic activity and stability. While altering the type of glycan modifying a
glycoprotein can have dramatic affects on a protein's antigenicity, structural folding,
solubility, and stability, many enzymes are not thought to require glycosylation for
optimal enzyme activity. Hyaluronidases are, therefore, unique in this regard, in that
removal of N-linked glycosylation can result in near complete inactivation of the
hyaluronidase activity. For such hyaluronidases, the presence of N-linked glycans is
critical for generating an active enzyme.

There are seven potential N-linked glycosylation sites at N82, N166, N235,
N254, N368, N393, N490 of human PH20 exemplified in SEQ ID NO: 1. Disulfide
bonds form between the cysteine residues C60 and C351 and between C224 and C238
to form the core hyaluronidase domain. However, additional cysteines are required in
the carboxy terminus for neutral enzyme catalytic activity such that amino acids 36 to
464 of SEQ ID NO:1 contains the minimally active human PH20 hyaluronidase
domain. Thus, N-linked glycosylation site N490 is not required for proper
hyaluronidase activity.

N-linked oligosaccharides fall into several major types (oligomannose,
complex, hybrid, sulfated), all of which have (Man) 3-GleNAc-GleNAc-cores
attached via the amide nitrogen of Asn residues that fall within-Asn-Xaa-Thr/Ser-
sequences {(where Xaa is not Pro). Glycosylation at an-Asn-Xaa-Cys-site has been
reported for coagulation protein C. In some instances, the hyaluronidase can contain
both N-glycosidic and O-glycosidic linkages. For example, rtHuPH20 (as produced in
the methods described herein) has O-linked oligosaccharides as well as N-linked
oligosaccharides.

The methods described herein provide a process for the production and
purification of large quantities of a soluble preparation of human PH20 hyalurcnidase
preparation.

2. PH20

Human PH20 (also known as sperm surface protein PH20), as noted above, is
the prototypical neutral-active enzyme that is generally locked to the plasma

membrane via a glycosylphosphatidyl inositol (GPI) anchor. It is naturally involved



HUA0410C HUA0415C HUAQ420C Volume Before Stock Solution Addition (mL) 16345 20799 20640
19103 Load Volume/Resin \/@me ratio 10.95 13.58 14.19 12.81 (Qg_l_gmn Volume (mL) 1500 1540
1462 1500 Load volume (mL) 16429 20917 20746 19213 Eluate volume (mL) ' 4100 2415 1936 2419
Protein ContOgt®futies{mWmL) not tested 0.24 0.17 0.23 Protein ConeCofibiterediBlate (mWmL)
NA NA . 0.17 NA Eluate Enzyme Assay (U/mL) 14(% 1 29089 20424 . 29826 WO

2009/111066PCIMS2009/001455 75 Protein Yield

%) Not tested 93 53 73 Enzyme Yield (%) 87 118

140 104 Table 8. DV20 filtration data Parameter HUA0406C HUAQ0410C
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in sperm-egg adhesion and aids penetration by sperm of the layer of cumulus cells by
digeéting hyaluronic acid. The PH20 mRNA transcript is normally translated to
generate a 509 amino acid precursor protein containing a 35 amino acid signal
sequence at the N-terminus (amino acid residue positions 1-35). The mature PH20
polypeptide is, therefore, a 474 amino acid polypeptide with an amino acid sequence
set forth in SEQ ID NO:2.

Soluble forms of human PH20 (sHuPH20) can be produced and purified using
the methods described herein. The generation of sHuPH20 are described in related
U.S. Patent Application Nos. 10/795,095, 11/065,716 and 11/238,171 (also referred to
in these applications as sSHASEGP or rHuPH20), and in Examples 1 and 4, below.
The soluble forms are produced by expressing nucleic acid encoding C-terminal
truncations of the mature PH20 polypeptide that lack the GPI-attachment sites.
Soluble forms of human PH20 include soluble rtHuPH20, which is produced and
purified using the methods provided herein.

3 Therapeutic uses of hyaluronidases

Various forms of hyaluronidases have been prepared and approved for
therapeutic use in humans, For example, animal-derived hyaluronidase preparations
include Vitrase® (ISTA Pharmaceuticals), a purified ovine testicular hyaluronidase,
and Amphadase® (Amphastar Pharmaceuticals), a bovine testicular hyaluronidase.
Hylenex® (ialozyme Therapeutics) is a human recombinant hyaluronidase produced
by genetically engineered Chinese Hamster Ovary (CHO) cells containing nucleic
acid encoding for soluble tHuPH20. Approved therapeutic uses for hyaluronidase
include use as an adjuvant to increase the absorption and dispersion of other mnjected
drugs, for hypodermoclysis (subcutaneous fluid administration), and as an adjunct in
subcutaneous urography for improving resorption of radiopaque agents. In addition to
these indications, hyaluronidases, including sHuPH20, can be used as a therapeutic or
cosmetic agent for the treatment of additional diseases and conditions.

As noted above, hyaluronidase is a spreading or diffusing substance which
modifies the permeability of connective tissue through the hydrolysis of hyaluronic
acid, a polysaccharide found in the intercellular ground substance of connective

tissue, and of certain specialized tissues, such as the umbilical cord and vitreous



HUA0415C HUA0420C Start volume (mL) 4077 2233 1917 2419 Filtrate Volume (mL) 4602 3334
2963 3504 Protein Conc. of Eﬂgate (mg/mL) 0.1 NA 0.09 NA Protein Conc. of Filtered Eluate (mg/mL)
NA 0.15 0.09 0.16 Protein Yield (%) not tested 93 82 101 Table 9. Final concentration data Parameter
HUA0406C WUOAB410G:+HUA0415C HUA0420C Start volume (nil) 457558208s286313432 Concentrate
Volume (mL) 562 407 237 316 Protein Conc. of Congcentrate (mg/mL) 0.9 124 1.16 1.73 Protein Yield
(%) 111 102 103 98 5 Table 10. Buffer Exchange into Final Formulation data Parameter HTJA0406C
HIJA0410C HUA0415C HUA0420C
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humor. When no spreading factor is present, materials injected subcutaneously, such
as drugs, proteins, peptides and nucleic acid, spread very stowly. Co-injection with
hyaluronidase, however, can cause rapid spreading. The rate of diffusion is
proportional to the amount of enzyme, and the extent of diffusion is praportional to
the volume of solution. Absorption and dispersion of injected drugs and agents can
be enhanced by adding 10-1000 units hyaluronidase to the injection solution. In some
examples, 150 U hyaluronidase is added. Hyaluronidases have multiple uses,
including and in addition to their use as a spreading agent. Hyaluronidase is
commonly used, for example, for peribulbar block in local anesthesia prior
ophthalmic surgery. The presence of the enzyme prevents the need for additional
blocks and speeds the time to the onset of akinesia (loss of eye movement). Peribulbar
and sub-Tenon's block are the most common applications of hyaluronidase for
ophthalmic procedures. Hyaluronidase also can rﬁromote akinesia in cosmetic
surgery, such as blepharoplasties and face lifts. Exemplary therapeutic and cosmetic
uses for hyaluronidase are described below.
a. Useasa sp}eading agent

Hyaluronidases, such as soluble rHuPH20 produced using the methods
described herein, can be used to promote or enhance the delivery agents and
molecuies to any of a variety of mammalian tissues in vivo. It can be used to facilitate
the diffusion and, therefore, promote the delivery, of small molecule pharmacologic
agents as well as larger molecule pharmacologic agents, such as proteins, nucleic
acids and ribonucleic acids, and macromolecular compositions than can contain a
combination of components including, but not limited to, nucleic acids, proteins,
carbohydrates, lipids, lipid-based molecules and drugs. For example, molecules and
macromolecular complexes ranging from about 10 nm to about 500 nm in diameter,
can ¢xhibit dramatic improvements in delivery through interstitial spaces when the
interstitial space has been previously, or is coincidently, exposed to hyaluronidase
(see e.g. U.S. Patent Application Nos. 10/795,095, 11/065,716 aﬁd 11/238,171).

Examples of pharmaceutical, therapeutic and cosmetic agents and molecules
that can be administered with hyaluronidase include, but are not Yimited 1o,

anesthetics; anti-metabolites, anti-neoplastics and other anti-cancer agents; anti-virals;



Start Volume (mL) 562 407 237 316 Final Volume Buffer Exchanged Concentrate (mL) 594 516 310
554 Protein Conc. of Concenfrate (mg/mL) 1.00 0.97 0.98 1.00 Pratein Conc. of Filtered Concentrate
(mg/mL) 0.95 0.92 0.95 1.02 Protein Yield (%) 118 99 110 101 The purified and concentrated
soluble rHUP AT was asceptically filled into sterile vials with 5 RTS8 4iPvolumes. The
protein was passed though a 10 0.22 gm filter to an gperator controlled pump that was used to fill the
vials using a gravimetric readout. The vials were closed with stoppers and secured with crimped caps.
The closed vials were visually inspected for foreign particles and then labeled. Following labeling, the

vials were flash-frozen.by. submersion.in Jiquid nitrogen for no.longer th minute and stored at

5 15C (-20 5 C)%%FS%%"(}:{{(S% gﬁﬁ%ﬂ%ﬁ@&%ﬁg\?\% B i’gtél%%%“i‘/%“ﬁérhz%%!foa&%f&g?fs of soluble
rHUPH20 using tig-fnégivesyiiaedcashdsipmaragnposierodairy s opbiereidab 2o with a specific
activity of 96,000 4t/ meries 1 SRR RS AMBLE; 4 RRIAME Rl @8R alible rHUPH20

The Genl 3D35M cell line describe(j above was adapted to higher metﬁotrqxate levels to produce
Gen2 clones. 3D78NPEANdRARSIRINY FothdbeiBifsiad %Btﬁ&?@ﬁﬂﬁqﬁﬁn?&ﬁﬁﬂ&%ﬁ%s into CD
CHO mediurh coniaifueg S smaivis(CHotayha Xabemtand vl iDfudvh ) etiatiexaiprbmrelisceinte adapted to a

higher 10methotrexate level by growing and passaging them 9 times ove eriod of 46 days in a
e 79 03 mi S B R v dilution

in 96-well tissue ielrsibrRid 2008 Adamniierpeditie wathepsOpivt s erdbessind.: After approximately 4
weeks, clones were identifiedyand cjaRe3E1QR Miasgsiected for expansion. 3E10B cells were grown

in CD CHO medium 15containing 8 mM GlutaMAXTm-1 and 2.0 p,M methotrexate for 20 passages,
with testing for cell vl PO ANDINE BOFRAS LR B AN U LR S enayme

activity by the micfcteisbiojty asseiyl @estriplohpétatvindEanule:Bblk foasiatizell bank (MCB) of the

SE101 cell e was.CieRiath ond Pz aagelsee iRtsbaraueal studies. a0ampliieation of the cel
line continued by culturing 3E10B cells in CD CHO medium containing 8 MM GlutaMAXTm-1 and 4.0

MM methotrexat&fafut sheciventineesiyRerisns aure fritest mmildishsrrseessttindditank (RCB).
One vial of the RGGBuyas-eaveRanehauskipred insraatt durenataiping-SiviBmethaieexate. After 5
days, the methotrexate cggclgrl\ltration in {he medium yas 'ncreasec%lo 16, JACﬁAQ%\eZO.O 25uM 18

venina -hour period at two separate sites, Com 1 101} SITES 11l
days later. Cells from thé 8th pagsage ih meditim containing 26'0" MM methotrexate were cloned out

by limiting difutiophrstodestradbisbrentivensiaersconidinivgediTier fseanshistontiding 4 mM
T N B R B R e o e 30
ater. Cells from e t, assage o O werle clone t Y, Imitin Hution.|I -well tissue
re platoe wilt B e A CEbEA A S e R AR S P BT S Btrcntate and
clones 1011, 2131saiwd 2030 ywaracikl8ntifiddoriion 200 9/drt4R6HPETALS2009/001455 77 Cells

cultures of each 9f 1133,222, 5C1, 101 2E10 and 2010 were seeded at a density of 4 x105 cells/mL in
a volume of 50 mL in 250 mL shaker flasks. The cultures were allowed to grow and decline without

addition& fé€ds for 10-14 day’s to d&SHiNE RGO PatbHas daerdrity B g9 HEREsSamples
were taken 5periodicalyyangoagsayeshibe iyl tr oriid ase: activity fhabies IduanchI He falake 11.

Hyaluronidase agiiy of 13309 A0 86 el HaUis RS RRHAUR S HUPH20 Enzyme

uncoupled or "disinserted" from the retina, prior to removal of the vitreous body.
Such disinsertion or uncoupling of the vitreous body can minimize the likelihood that

25 further tearing or detachment of the retina will occur as the vitreous body is removed.

Hyaiuronidase'can be used for various ophthalmic applications, including the

vitrectomy a.djunc.t application described in U.S. Pat. No. 5,292,509. Tﬁe use of a
highly purified hyaluronidase, such as, for example, soluble rtHuPH20 produced and
purified by the methods described herein, is preferable for intraocular procedures to

30 minimize immunogenicity and toxicity. In some examples, a pegylated hyaluroﬁidase

can be used to prolong residence within the vitreous and prevent localized uptake.

RECTIFIED SHEET {(RULE 91)



38295 942 101 582 142 2287 144 955 169 1200 195 238 1611 242 2139 265 3070 336
2252 Table 12. Hyaluronld%lse activity of 1B3, 2B2 and 2E10 cells Hours post inoculation Soluble
rHUPH20 Enzyme activity in cell culture (units) 1B3 2B2 2E10 98 470 123 1179 143 2228
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Hyaluronidases can be used to treat and/or prevent ophthalmic disorders by,
for example, preventing neovascularization and increasing the rate of clearance from
the vitreous of materials toxic to the rétina. Hyaluronidase can be administered in an
amount effective to liquefy the vitreous humor of the eye without causing toxic
damage to the eye. Liquefaction of the vitreous humor increases the rate of liquid
exchange from the vitreal chamber. This increase in exchange removes the
contaminating materials whose presence can cause ophthalmologic and retinal
damage.

Hyaluronidase also can be used to reduce postoperative pressure. Hyaluronic
acid has been used in eye primarily as a spacer during cataract and intraocular lens
surgical procedures. It also is used in other ocular surgical procedures such as
glaucoma, vitreous and retina surgery and in corneal transp}antatibn. A common side
effect occurring in postoperative cataract patients is a significant early, and
occasionally prolonged, rise in intraocular pressure. Such a condition is sometimes
serious, especially in patients with glaucomatous optic disc changes. Hyaluronidase
can be co-administered with hyaluronic acid to the eye prior to surgery to reduce
pestoperative pressure in the eye. The hyaluronidase is administered in an amount
effective to reduce the intraocular pressure to pre-operative levels by breaking down
the hyaluronic acid without decreasing its effectiveness during surgery nor causing
side effects in the patient (U.S. Patent No. 6,745,776).

Hyaluronidase also can be administered to patients with glaucoma to remove
glycosaminoglycans from the trabecular meshwork and reduce intraocular pressure,
and can be applied to the vitreous to promote the resolution of vitreous hemorrhages
(i.e. extravasation of blood into the vitreous), which can occur in connection with
conditions such as diabetic retinopathy, retinal neovascularization, retinal vein
occlusion, posterior vitreous detachment, retinal tears, ocular traumas and the like,
The presence of vitreous hemorthages, which are typically slow to resolve, can delay,
complicate or prevent procedures that require the retina to be visualized through the
vitreous for diagnosis and/or for treatment procedures such as laser photocoagulation

and the like which are often primary treatments for conditions such as proliferative

diabetic retinopathy.



216 28142902860 291 2542337 2992 WO 20091111066PCTTUS2009/0014155- 78 Four cell
lines (2B2, 2G10, 1Q11 and 2E10) were compared in a study in Wnki%r‘l}all were seeded at a density of
4 x105 cells/mL in a volume of 50 mL in 250 mL shaker flask. All recgived 10% (v/v) feeds on day 8

and 5% feedsevithdeedsnedia containing CD CHO medium supplementggwithyeefksglucose, 40 g/L
yeast 5extract and 1.1 g/L sodium butyrate. The cells were harvested on day 15. Samples were_taken
periodically and assayed for soluble rHUPH20 enzyF?Patic activity (Table 13). Table 13. Hyaluromc_ias_e
activity of 2E10, IGIL 2G10 and 2B2 cells Hours post inoculation Soluble rHUPH20 Enzyme activity in
cell culture (units) 2E10 1G11 2G10 2B2 122 991 87 1688 124 878 194 2151 1387 2430 196
2642 285 6231 3831 7952 287  Usein gene therapy

The efficacy of most gene delivery vehicles in vivo does not correspond to the
efficacy found observed in vitro. Glycosaminoglycans can hinder the transfer and
diffusion of DNA and viral vectors into many cell types. The levels such extracellular

5 matrix material can hinder the process considerably. Administration of hyafuronidase
can open channels in the extracellular matrix, thus enhancing delivery of gene
" therapy. For example, hyaluronidase can be administered with collagenase to facilitate
transduction of DNA in vivo (Dubensky et al. (1984) Proc Natl Acad Sci USA
81(23):7529-33). Hyaluronidase also can enhance gene therapy using adeno-

10 associated virus (Favre et al, (2000) Gene Therapy 7(16):1417-20). The channels
opened following administration of hyaluronidase are of a size that typically enhance
diffusion of smaller molecules such as retroviruses, adenoviruses, adeno-associated
viruses and DNA complexes (as well as other therapeutic and pharmacological agents
of interest). The pores are not so large, howéver, as to promote the dislocation and

15 movement of cells.

In some examples, viruses can be engineered to express hyaluronidase to
facilitate their replication and spread within a target tissue. The target tissue can be,
for example, a cancerous tissue whereby the virus is capable of selective replication
within the tumor. The virus also can be a non-lytic virus wherein the virus selectively

20 replicates under a tissue specific promoter. As the viruses replicate, the co-expression
of hyaluronidase with viral genes can facilitate the spread of the virus in vivo.

e. Cosmetic uses

Hyaluronidases can be by administered to remove glycosaminoglycans
involved in the accumulation of cellulite and to promote lymphatic flow. In some

25 examples, human hyaluronidases, such as for example, soluble rHuPH20, are used for
the treatment of cellulite, The hyaluronidase can be administered through repeated
subcutaneous injections, through transdermal delivery in the form of ointments or
creams or through the use of injectable slow release formulations to promote the
continual degradation of glycosaminoglycans and prevent their return.

30 Hyaluronidase also can be used to treat conditions such as “pigskin” edema or

"orange peel" edema. Hyaluronidases can effect depolymerization of the long



8822 364 5880 2955 11064 366 15684 10In both the batch and fed-batch conditions, culture of 2B2
ells exhibited higher enzyma’t@k:__/a_ctivity, although other cells (e.g. 2Q1£cells) also exhibited good
enzyme productivity the 2B2 cell line was, therefore, selected for expansion in medium containing 20.0
it M methotrexataogxftesdhe 1 1 th passage, 2B2 cells were frozen in vialgagrareseatgh cell bank
(RCB). 15EXAMPLE 5 Enzymatic activity of soluble rHUPH20 produced in 3EIOB and 2B2 cells
Soluble rHUPH20 produced by 3E10B and 2B2 celldwas assayed for enzymatic activity using the
Microturbidity assay (Example 9). Frozen vials of 3EIOB and 2B2 cells banks were thawed and the
cells were cultured separately for 20 two passages in}t%ov_vth medium (CD CHO medium with 8 mM

GlutaMAXTm-| BHECRRSSEHYLE thEBP RIS oroRT AB 819 d @it GMehH&thotrexate for 3E10B
cells, or 20.0 Midsprelil xedie: fteaBenGs i3Vt 6%E GRIRcWiMigiftegh nepbator. Cells were
inoculated into 20 mL growth.medium in 125 mL Erlenmeyer flasks (Comin .5 x 105 cells/mL, and
grown for 8 day%olnr}%i}%l,o g%;fé%g 3#11[}] A i&fﬁ%‘ﬁ%rﬁ%ﬁ%&?’%ﬁ%ﬁe @ﬁ?ﬁ%?’ﬁ%?%t%wﬁgﬁng at
Sapproximately 380 rgantiomadanzed anddyvb6teshssounl ttrd v échivadiB8adite of feelpmetieym containing
CD CHO mediu ' . lucos /L Yeast extract, and 2.2 g/L_(20 mM)
sodium butyrate&t]olé Fr{#t%%em t%%?%%oﬁ%&%%ﬁ%%gsgh%ag% reeeé v%%?ren%agn%% Jlrlzﬁé(%hga%roduction
phase on day 85 dtrheRE§haénse i oioar herdyerddss Mo(SeRthoti)sdegpuin@Betiours), day 16 (382

hours) and day difL4da7Jraw shvandihe virbilimavasAllawedit degling.iezelqs The samples were
then analyzed f?r hégalélilronid se activity. . Tables 14 and 15 set forth the viability (viable cell density

(VCD) and perceREFE ¢ A Sha et nitsrdispnseire s ehloml 4487 32 cells at each time
point. The enzyme activity offsolubigseHiu 20 peadyaadawa 132 cells was 15consistently higher than

that produggd by 3E1 ells, For.example, on,day 8, the enzyme activity of soluble rHUPH20
produced by 2B2 cell?ﬁ%%ogge/f %ISH%I’ éjmc ﬁ%%jgf%ﬁlr%%agéﬁrb{??ﬁafbﬁlgew fﬂ{g 'Ot

an
compared to 1469 easitd prngerireivnlaf mehd wisaoliden/eek thrbsagimlinttiespr dductioiephase. The

viabilty of the cefl guliaslas)iaes i IR AR WRAUE HIANGIRAIBR of he cells was

calculated, it was 20observed that 3E10B cells’produced 0.23 picdgrams soluble rHuP1420 per cell
per day (pcd) oft B4S Blal 616138 Bt drrdByv R e -doingafissnd- 362 aafiswyesatiiad 0.46 picograms
soluble rHUPH2afped @ dayd8nanchd £9! padon dayikSiwhickzsvas 1690% and 820 higher than

productio E)y 3 ]&%qe%r}nocl . e:gn%nd 5, respec 've‘I A ter cell bank (MCB) of 2B2 cells was then
prepared r;lor sugée ent sﬁjgsles. ai)éféecflgflﬁla%l |tr§/3]};1&nﬁg%%%ffﬂ &t I(g}'(r)e9 B GaraYrs post
inoculation VCD (e WabifeAbtiitye( bnfisInol MNeokpist (et 5 G 34992030:490 B:@196 1469 20 240
61.6 76 2388 2@&3@?&&(@&?% (1993) Transplant. Int. 6: 133-137) or cardiac (Haellgren et al.
(1990} J Clin Invest 185:668-673) transplantation; or a myocardial inflammation of
viral origin (Waldenstrdm et al. (1993) Eur. J. Clin. Invest. 23: 277-282). The
20 occurrence of interstitial edemas in connection with the grafting of an organ
constitutes a severe problem in the field of transplantation surgery. Grafis with
interstitial edemas can swell to such a degree that the function is temporarily be lost.
In some instances, the swelling can cause disruption of the kidney, resulting ina
massive hemorrhage. Hyaluronidases can be used to degrade accumulated
25  glycosaminoglycans in an organ transplant. Removal of such glycosaminoglycans
promotes removal of water from the graft and thus enhances organ function,
2. Use in cancer treatment
Hyaluronidase has direct anticarcinogenic effects. Hyaluronidase prevents
growth of tumors transplanted into mice (De Maeyer et al., (1992) Int. J. Cancer
30 51:657-660) and inhibits tumor formation upon exposure to carcinogens (Pawlowski

etal. (1979) Int. J. Cancer 23:105-109) Hyaluronidase is effective as the sole



5396 20 WO 2009/111066PCTRIS2009/001455 80 358 16.4 17 562820 382 8.4 10 67722042700
6476 20 Total Activity (unitsr flask (U/mL times volume (mL)): 129520 Table 15. Viability and
activ'ty of Clone 2132 Hours p0st inoculation VCD % viability Activity (Units/flask) Volume (mL) 0 5 99

0 20 190 68:f-3#Bd 1365240 77.6 89 3532 20 332 32 38 8196 20 358 LS 1HA680 22 382 9.8 13

10788 20 427
32

therapeutic agent in the treatment of brain cancer (gliomas) (WO 198802261). In
addition to these effects, hyaluronidases also can be used to enhance penetration of -
chemotherapeutic agents into solid tumors. They can be injected intratumorally with
anti-cancer agents or intravenously for disseminated cancers or hard to reach tumors.
5  The anticancer agent can be a chemotherapeutic, an antibody, a peptide, or a gene

therapy vector, virus or DNA. Additionally, hyaluronidase can be used to recruit
tumor cells into the cycling pool for sensitization in previously chemorefractory
tumors that have acquired multiple drug resistance (St Croix et al., (1998) Cancer Lett
September 131(1): 35-44). Hyaluronidases, such as, for example soluble tHuPH?20,

10 also can enhance delivery of biologics such as monoclonal antibodies, cytokines and
other drugs to tumors that accumulate glycosaminoglycans.

Hyaluronidases can also be used to increase the sensitivity of tumors that are
resistant to conventional chemotherapy. For example, hyaluronidase, such as soluble
rHuPH20, can be administered to a patient having a tumor associated with a HYAL1

15 defect in an amount effective to increase diffusion around the tumor site (e.g., to
facilitate circulation and/or concentrations of chemotherapeutic agents in and around
the tumor site), inhibit tumor cell motility, such as by hyaluronic acid degradation,
and/or to lower the tumor cell apoptosis thresholdl. This can bring the tumor cell(s) to
a state of anoikis, which renders the tumor cell more susceptible to the action of

20 chemotherapeutic agents. Administration of hyaluronidase can induce responsiveness
of previously chemotherapy-resistant tumors of the pancreas, stomach, colon, ovaries,
and breast (Baumgartner et al. (1988) Reg. Cancer Treat, 1:55-58; Zanker et al,
(1986) Proc. Amer. Assoc. Cancer Res. 27:390).

In one example, hyaluronidases are used in the treatment of metastatic and

25  non-metastatic cancers, including those that have decreased endogenous
hyaluronidase activity relative to non-cancerous cells. Hyaluronidases can be used as
a chemotherapeutic agent alone or in combination with other chemotherapeutics.
Exemplary cancers include, but are not limited to, small lung cell carcinoma,
squamous lung cell carcinoma, and cancers of the breast, ovaries, head and neck, or

30 any other cancer associated with depressed levels of hyaluronidase activity or

decreased hyaluronic acid catabolism.



0 0 10044 20 Total Activity (units) per flask (U/mL times volume (mL)): 200880 EXAMPLE 6 5Genetic
stability testing of 282 cells A{.Determination of copy number of thel nucleic acid region encoding
soluble riluPH20 in 2B2 cells ~ The copy number of the nucleic acid region encoding soluble
rHUPH20 im2B2deelisnamas determined by PCR. Total genomic DNA wascextrasigdoimam 2 x 107 282 10
cells from the MCH using a Q1Aamp DNeasy kit ((gi gen). Genomic DNA also was extracted from
DG-44 CHO cells as a negative control. The purityof the extracted DNA was verified by agarose gel
electrophoresis and UV spectrophotometry. To generate fragments of DNA (versus high molecular
weight DNA), the genomic DNA was sheared hy sonication. This ensured maore accurate pipetting and
template 15accessibifity. Si@fﬁd’éﬁ%@ﬁ?Hﬂﬁﬁ%’ﬁgsa’fnt’ﬁ‘@%‘@m‘&cb‘ﬁﬂﬁw‘éfﬂ&ﬂﬁ@%mﬂions
equivalent to approxiHafety10@6i¢aHeis by from282nncthBRBed dfeetisbyoepmpirppaobskand analyzed in
duplicate in twg assays; (a target assay, which targeted and amplifi 0] .
00911110660 RSO0 PR LA T 8 TRy 8 en 290 8L g solunle
rHUPH20 plasaid® NAumnteaal i 88gehcasicomntrhanhiviptemyetdd @hd Hnddhlict:GaP DH sequence.

The endogenoys SsabAS 1S5S 366 ROTMAlHNA. e (esls Tl arast aasay, ngluded a standard

curve generated from a serial dilution of known amounts of the 5 H plasmid mixed into DG-44
CHO genomic ISMAMTREBAGEFERE RS Rt Hyelucoirasstarirles civn & yenkradebiiom serial dilutions
of DG-44 CHOgerapiicchNA waixad witheH424-plrsmidiBhAd Theimamimaliag, genome size was
assumed to be 3 x 109 base pairs. Each assay included a negative control. (nqQ template) and a
positive control (HZ2 Fﬁg%cr%é;taﬁ%/&t%er%@?ﬁ%@t’ﬁé@%?%ﬁc?ﬁ%&%ﬁ%ﬁ&% 8'94%ndogenous
control normalizimgaday)ingiead aetimasHyele prepaié dogsing 4hienHZ M3sBi dbimeasskptimer and the
HZM3.P2 geversgipiimeg tforth.inS Qs d respectively).and,the HZM3 probe (SEQ
ID NO:54), whic?rl?t cont‘aigé%% the fqurésgﬁlﬁ?%sa %%\%I\(}?( s-‘%i?ﬁ%‘f@f?&f%?ég.% né%lan]og\o RA (6-
carboxytetramEirRBId aten THabxsesteshpdracdiciplifionessing ittecAymtisdteecBidaystems Prism(r)

7900 Sequencg, kietestionSysiemoviiiisandaid reling £aRMitans (R0Gar.d minutes, 95C 10 min, 95
C 15 seconds and 60C for 1 min for 40 cycles). . The target gene copy numbers per cell were

calculated as tAE VRS BPRLAYLL EHAS S RIHFAARPESSS P A R b rtRIeRGrilE GRS of 2B2
genomic DNA .i2@:TheBlxoin Qp@itliesstatisticateatalasappliad tertheciaiasetithe:copy number of
the nucleic aci ion encodi luble rHUPHZ20, plasmid in.2B2 cells was found to be 206.61 8.35.
B.mRNA gequggﬁggﬂgliﬁgg#%%%%%%nné%&g ?%até)mf)o?ﬁ%ﬁﬁv 1ggelﬁtérated from the HZ24 plasmid in
282 25 cells was detéfiinechidRpeA dpasexhaeted ifrgin trertment 28 2dcalisfromiated WIGB using a

RNeasy Mini Kit{QiageR); fhgcsamplaasdeeated WithdNAse e FamAYs contaminating DNA, and
the purity of the RNA F\gas, verified by agarose gel electrophoresis and UV spectrophotometry. A

reverse transcAPHSH FEAEHB R AS YTSTHREEiTeRVI IR dverer rhondiprise pisved e feand a control
reaction lackingo3reverses ransariptose was perfesmead using. theexiraciesh BNA and oligo d(t) and

random pyimers, The resulting cDNA produycts were then used as templates in PCR WO

2009/111066Pdﬁ"‘i’d%‘%%%sﬁ./t%?o%‘ﬁggeéfq;}%ﬁﬁ%%ﬁ§ﬁ§ Wo %%Pé’n(te' %%’fnﬁrﬁ?‘ﬁg%sairs were used;

APO1/APO3 ari SPIgARE 2 SAPO BAPGE ave §1¢ edtgriod tocaumap iyt 7dd badempairieegion, while primer

pair AP | O/AP [ ify: rregion. (1811 base pairs) to obtain the reverse strand
WA OSI0BELLOFARIERY QQHOR BRI O

sequence of the 3' end. Table 5 sets forth the sequences of 5the primers. Each PCR reaction included
single primer controld; a nelAfive UEARAGhgYses Apinasysanaassaripatiandontrol (described above)
as template, angraipesitivacantglewith control primers and control template. The amplification
products yyere visualiéeq bl% agarose gel el ctr?iphoresis and confirmed to be of the expected size,
then purifidd to remove Excesa B HBre A5e TR E B Rt ek tanfGAT B o e diRgeseusB). The
purified productsiwersrsequefibedwsimdpshénBigRyketr) dety foihaton v dx Sy e Saguencng Kit (Applied
Biosystems) at i ] 6.1 nced re.assemhled and the
derived conserq}gftij{ia Eféﬁ%%%%%%%ggﬁy%\l@%%%é%gai}e%%(tgy Sr%e?g 32%@2@3@%@%3@ Sequencher
software versiéié. Poresiiapeh e worpsiativhjancrsl ishy44d:bagd pdirenit seglience data were
generated. The@aakemea WasIURTH e idenicalitadpe FRISIERG SeANSREEHSER, IDNO:47) except
for one b§§e p ir.diffgrence at position 1131, which was observed to be a thymidine (el's instead of the
expected’CytoSiHE YT HLFEY Srminfaestd iRt raeeerdintreshits s obeeetitnee. 20Table 16.
Primers for PCRamplifioatidimabdastigueneingiéimner name Sequence SEQ ID NO. APO1 1
1CTCTCCACAGGTGTC 56 AP02 AAGATTTCCTTACAAGAC 57 AP03 TGGCGAGAGGGGAAAGAC
58 APO4 CCATTTATTTGAACACTC 59 AP06 CCGAACTCGATTGCGCAC 60



APQO7 AGCCA11CCCAAAIIGTC 61 AP08 CTCCCAG I | CAA11ACAG 62 AP09CG 11
AGCTATGGATCCTC 63 ARl CGAGACAGAGAAGACTC1I GCG 64 WO
2009/111066PClY13S52009/001455 83 APl 2 CA! 1ICAACAGACCLTGCAL ICC 65 C.Southern blot
analysis of ZB822¢¥HE 1066 A Southern Blot analysis was performed on 2B2GEHzte/w@btain a structure
map. Total DNA was extracted from 1 x 1072B2 cells and 1 x 107 control DO-44 5 cells using a
Maxwell 16(r) system (Promega). The extracted DNA*and a Hz24 plasmid control construct were
evaluated for purity by agarose gel electrophoresis. DNA from 2B2 cells, DG-44 cells and the 11724
plasmid control were digested with Spe |, Xba I, and a double digest using BamH I/Hind Ill. Another
BamH I/Hind digest waL/PRFSIHRSEs BRaande pact iedimil eyrnuyaiennse Eproximately 1.4 kb was
10purified by gehextrachenidrshcaginactyaiyuiabrlie it faiddR ta-gene méeiadabeled probe.
Approximately 10 jig each of digested 2B2 DN d.DO-44 and 10 it -44 DNA with 250 pg
HZ24 plasmid Dﬁﬁ%gggglae% r%ﬁﬁlocr%lszé% ona I%’g%%lgeetg%ﬁ%r? ?%éﬁtgnvc\’/sé:gﬁ fzﬁéoghbt %Sijel following
electrophoresis, Bidn2a( B Ut8)blot transfer was performed. The nylon membrane was hybridized
with the labgled probe j15theq;wagheq ai/a9mi;lemperature for 30 minutes then twice at 55C for 30
minutes. An initial autoradiograph was exposed for 24 hours and visually inspected. It was determined
that a longer exposurelf4es &I@Hf%%"é@éﬁﬁ@&ﬂﬁﬂ%l&?&&%ﬁh%&f bo&aw g days for a darker
exposure of the ingbridized apdaaAftesdevialaging feive: helenssueiesizrdiusing an

Alphalmager(r) (Alpha Irmotech). 20No hybridizing bands were observ -44 negative
control digest arg-| gl%% eaqgﬁ/alﬁxdﬁzfﬁadﬁé%n(}/sogfeé?(lﬁ%g% Rizes C%erréng es%m‘ﬁé%?ﬁ%%ﬁ—é§4 digests
(BamH I/Hind I1I(6HieBes Hd) 185(6568)18ib 65t The. Bkibaskbhvetitpedt: add5 ki Mheranwas one major
hybridizing pand,Rida? i Radieu SR HYRAAEING BARES 4513 0B Enetrb 1% 6 kb) observed
using 2B2 DNA digested with Spe I, one major 25 hybridizing band 0f-5.0 kb and two minor hybridizing
bands (-13.9 anT 8 %P RIS CIERES Bgﬁfbc‘é%'f%ﬁ%("&ﬁé’&@kﬁ%ﬁfﬁ%g% 88 8HEShgle hybridizing

band of -1.4 kb obsieozd sy 1hc2BINDM Ardigést darvvith-Betm deliktired HY. clther pohsencg ef the single
-1.4 kb hybridizi ' j indi 2 ) r equence insertions
or deletions with%ﬁqéu;glggiﬁ gg@?a¥Eﬁe(é%%h%gsg#‘r%a&ngﬂwg%%%&ggf\ﬁ%%gg%@rﬁgéﬁ /501455 84 the
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Feed #3 Feed #AEERyinsyiile prgigeglgapy (CSPGs). Following spinal cord injury, glial scars
containing CSPGs are produced by astrocytes. CSPGs play a crucial role in the

inhibition of axon growth. In addition, the expression of CSPG has been shown to
30  increase following injury of the central nervous system (CNS). Hyaluronidases also

can be utilized for the treatment of herniated disks in a process known as
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CD CHO liquid medium 1L IL JLIL IL IL IL GlutaMAXTm _ 120 mL 80 mL 40 mL 40 mL 40 mL 30 mL
30 mL WO 20091111066PCMJS2009/001455 85 CD CHO ACT powder 1 48.69 24.3g00000
Yeastolate Ultrafiltrate (200g/L) 150 mL 300 mL 300 mL 150 mL 150'ml 0 0 Sodium butyrqte‘1'.65 g
2.35 g 1.658M068®1168649 1.658 1.65 g Table 18. Bioreactor Parametefischi@usy D% viability pH
Hyaluronidase Units Vol (L) Glucose Feed 0 3.6 97 375.28 031

chemonucleolysis. Chondroitinase ABC, an enzyme cleaving similar substrates as
hyaluronidase, can induce the reduction of intradiscal pressure in the lumbar spine.
There are three types of disk injuries. A protruded disk is one that is intact but
bulging. In an extruded disk, the fibrous wrapper has torn and the NP has oozed out,
5 butis still connected to the disk. In a sequestered disk, a fragment of the NP has
broken loose from the disk and is free in the spinal canal. Chemonucleolysis is
typically effective on protruded and extruded disks, but not on sequestered disk
injuries.
D. Soluble rHuPH20-expressing cells
10 The methods described herein can be used to generate and purify large
. quantities of soluble rtHuPH20. Soluble tHuPH20 is expressed in CHO cells that are
grown in large-scale cell culture. Expression is effected using an expression vector
that contains the nucleotide sequence encoding the sequence of amino acids set forth
in SEQ ID NO:3 (corresponding to amino acids 1 to 482 of the precursor human

15 PH20 polypeptide set forth in SEQ ID NO:1). F ollowing translation, the 35 amino
acid signal sequence is cleaved and soluble rHuPH20 is secreted into the medium.,
The vector also contains an IRES downstream of the soluble rHuPH20 encoding
region, a mouse dihydrofolate reductase gene and the SV40 pA sequence. The
expression vector was introduced into DG44 cells, which are dihydrofolate reductase

20 deficient (dhfr-) that have been adapted to grow in suspension culture in a chemically
defined, animal product-free medium. The resultin g soluble rHuPH20-expressing
cells inctude those described in Examples 1 and 4, below, and include cells designated
3D35M, 2B2, 3E10B, 1B3, 5CI, 1G1! and 2G10 cells.

Other cells can be used to produce hyaluronidases similar to rHuPH20.

25 Generally, protein expression systems suitable for the introduction of critical N-linked
glycosylation residues on hyaluronidases are used. Such cells include, for example,
yeast cells, fungal cells, plant cells, insect cells and mammalian cells. Many cell lines
are available for mammalian expression including mouse, rat human, monkey,
chicken and hamster ceils. Exemplary cell lines include but are not limited to CHO

30 (including DG44 cells and CHO-S cells), Balb/3T3, HeLa, MT2, mouse NSO

(nonsecreting) and other myeloma cell lines, hybridoma and heterohybridoma cell
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lines, lymphocytes, fibroblasts, Sp2/0, COS, NIH3T3, HEK293, 293S, 2BS§, and HKB
cells. Ceil lines also are available adapted to serum-free media, which facilitates
purification of secreted proteins from the cell culture media.
a. 3D35M cells
5 Exemplary of soluble rHuPH20-expressing cells are 3D35M cells, described
i Example 1, below, and U.S. Patent Publication Nos. 20040268425, 20050260186
and 20060104968. 3D35M cells are dihydrofolate reductase deficient (dhfy-) DG44
CHO cells that expréss soluble rHUPH20. The cells were transformed with an HZ24
expression vector having the nucleotide sequence set forth in SEQ ID NO:50. This
16 vector contains a CMV promoter driving expression of nucleic acid encoding a 482
amino acid (SEQ ID NO:3) polypeptide that corresponds to amino acid positions 1 to
482 of the full length human PH20 set fcrtﬂ in SEQ ID NO:1. This includes a 35
amino acid N-terminal signal sequence. The vector also contains an internal ribosome
entry site (IRES) after the PH20-encoding sequence, followed by a mouse
15 dihydrofolate reductase gene and the SV40 polyadenylation sequence. Following
translation, the 482 amino acid polypeptide is processed to remove the 35 amino acid
signal sequence, resulting in the secretion of soluble rHuPH?20.
Charactenization of 3D35M cells demonstrated that the nucleic acid region
encoding soluble tHuPH20 is present in the cells at a copy number of approximately
20 318 copies/cells. Soluble rHuPH20 produced from 3D35M cells by the methods
herein is a mixture of species that can include one or more of the polypeptides having
sequences set forth in SEQ ID NOS:4-9. In an exemplary characterization of these
species (described in Example 11), the species set forth in SEQ ID NO:4 was present
at an abundance of 0.2%, the species set forth in SEQ ID NO:5 (corresponding to
25  amino acids 1 to 446 of SEQ ID NO:4) was present at an abundance of 18.4%, the
species set forth in SEQ ID NO:6 (corresponding to amino acids 1 to 445 of SEQ ID
NO:4) was present at an abundance of 11.8%, the species set forth in SEQ ID NO:7
(corresponding to amino acids 1 to 444 of SEQ ID NO:4) was present at an
abundance of 56.1%; and the species set forth in SEQ ID NO:8 (corresponding to
30 amino acids 1 to 443 of SEQ ID NO:4) was present at an abundance of 13.6%. Such

heterogeneity in the soluble rtHuPH20 preparation is likely a result of C-terminal
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approximately 5 hours, yielding approximately 32 L ¥f harvested cell culture fluid (HCCF). The HCCF
was supplemented with EDTA and Tris to final concentrations of 10 mM each, pH 7,6. The HCCF was
then stored at 2-8C before 10being concentrated and subjected to a buffer exchange. To

concentrate theSASEEMP A ERiospAmptsTe dping honrmdeaiancyd wtHisationsmahmCO was first
equilibrated in $a010dd ekl 10 mM Hepes, 10 mM EDTA, pH 7.5. Fifteen L of HCCF was
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2 L storage bagrethotrexate. Addxtmnal supplements, such as glutamine, aiso can be added. In some
5 examples, the cells are grown in cell cuiture medium containing, for example, 50 nM,
100 M, 500 nM, 1 pM, or 2 uM methotrexate and lacking hypoxanthine and
thymidine. In one example, 3D35M cells are cultured at 37°C in 5-7% CO, in culture
medium (such as CD CHO Medium, Invitrogen) without hypoxanthine and thymidine
and with 100 nM methotrexate and glutamine or a glutamine substitute, such as L-

10 Alanyl-L-Glutamine, a stabilized, dipeptide form of L-giutamine. Other cell culture
media appropriate for CHO cells can be used to culture 3D35M cells including, but
not fimited to, Dulbecco's modified Eagle's medium (DMEM), Eagle’s Minimum
essential medium (EMEM), Iscove’s modified Eagle’s medium (IMEM), F12 and
RPMI. 3D35M cells grown under such conditions in shaking flasks can produce in

15 excess of 1000 units/mL hyaluronidase activity. When cultured in a bioreactor, such
as described in Example 3, below, 3D35M cells can produce soluble rHuPH20 with
enzymatic activity in excess of 2000 units/mL.

b. 1B2 cells
Exemplary of seluble rHuPH20-expressing cells for production of rtHuPH20 in

20 the methods provided herein are described in Example 4 and designated 2B2 cells.
2B2 cells were generated by adapting 3D35M cells to higher methotrexate levels (ie.
20p1M) and selecting clones that grew in the higher methotrexate concentration. This
adaptation increased the hyaluronidase activity produced by the cells. DG44 cells are
dihydrofolate reductase-deficient (dhfr-) and, therefore, cannot make nucleosides. The

25 expression vector present in 3D35M and 2B2 cells contains, in addition to the PH20
gene, the coding sequence for mouse dihydrofolate reductase. Methotrexate is a
strong competitive dihydrofolate reductase inhibitor. Therefore, by increasing the
concentration of methotrexate in the culture media, the hyaluronidase-expressing cells
are forced to produce more mouse dihydrofolate reductase to remain viable. This can

30 be effected by, for example, gene amplification or rearrangement of the integrated

DNA to a more stable and productive arrangement. Thus, forcing an increase in the
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additional 9.6 m - 1,.10m s,.pH 7.0 buffer was 25added to bring the protein
concentration tpéii%hr_&g%m%g?ﬁ%l?g%g?&g? %rl??nf? (C)?ET & erﬁlé?ﬁ‘uif’ ﬁ\%ﬁgﬁzﬁﬁﬁﬁ% was diluted in the
buffer to yield A ¢!h¥gHEa b S alvitiomitebtaoSEbecoB athdib hdtiBmg avenediilterdohimoyghagl 0.2 pm filter.
The formulatech nearus! s el daian. ot o0t L4Vl Slasa s, e combiner foralof which yielded
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units/mL enzyme activity, and 130,00 units/mg and 124,00 units/mg specific activity (calculated from
enzyme activity and protein concentration). The purity of the soluble rHUPH20 samples was
determined by SDSPAGE, IsoElectric Focusing (TEE), reverse phase high pressure liquid
5chromatography (RP-HPLC), size-exclusion chromatography (SEC) and anion- exchange
chromatography. As determined by RP-HPLC, purity of the two Lots was observed to be
approximately 95%. As determined by SEC, purity of the two Lots was observed to be approximately
99%. Endotoxin levels were shown to be EU/mL and 0.1 EU/mL for lots 056-99 and 056-100,
respectively. Osmolarity was 10 measured to be 271 mOsm/kg and 291 mOsm/kg for lots 056-99 and
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feed parameters throughout the run are provided in Tables 19 and 20, respectively. Table 19. Feed
Media formulations Componént Initial bioreactor medium Feed #1 Feed #2 Feed #3 Feed #4 Feed #5
CD CHO Liquid medium 12L 070 0 0 0 GlutaMAXTm -1 800 mL 120°TAL 80 mL 40 mL 40 mL 40 mL

CD C110 AGHopowderid4.4 g 97.2 g 48.6 g 24.3 g 24.3 g 24.3 g SWF 181800,k 299 mL 700 mL
700 mL 700 mL Yeastolate Ultrafiltrate (200WL) 0 0.0 200 mL 200 mL 200 mL Dextrose 0 30g 60g

409 40g 40g Gentamicin30mL000O0O rHulnsulirt25 mL

such as described in Example 8, below, 2B2 cells can produce sohible rHuPH20
having enzymatic activity in excess of 17000 units/mL hyaluronidase activity.
Soluble tHuPH20 produced from 2B2 cells by the methods herein is a
mixture of species of polypeptides having sequences set forth in SEQ ID NOS:4-9. In
5  anexemplary characterization the soluble rHuPH20 product produced by 2B2 cells
(described in Example 11), the species set forth in SEQ ID NO:4 was present at an
abundance of 1.9%, the species set forth in SEQ ID NO:5 (correspénding {0 amino
acids 1 to 446 of SEQ ID NO:4) was present at an abundance of 46,7%, the species
set forth in SEQ ID NO:6 (corresponding to amino acids 1 to 445 of SEQ ID NO:4)
10 was preseni at an abundance of 16.7%, the species set forth in SEQ ID NO:7
(corresponding to amino acids 1 to 444 of SEQ ID NO:4) was present at an
abundance of 27.8%; and the species set forth in SEQ ID NO:8 (corresponding to
amino acids 1 to 443 of SEQ ID NO:4) was present at an abundance of 6.9%. As
noted for soluble rtHuPH20 produced from 3D35M cells, the heterogeneit.y in the
15 soluble tHuPH20 preparation from 2B2 cells is likely a result of C-terminal cleavage
by peptidases present during the production and purification methods provided herein.
E. Cell culture expansion
The methods described herein employ bioreactors to grow large volumes of
cell culture to produce large quantities of soluble rtHuPH20. As described in detaj]
20 below, these methods include a cell expansion phase, a protein production phase, a
protein concentration and buffer exchange phase, and a purification phase. The
soluble rtHuPH20-expressing cells, such as 2B2 cells, are initially expanded from an
original inoculum, such as an aliquot of cells from a working cell bank (WCB)Y or
master cell bank (MCB), to a larger volume prior to culture in the bioreactor for the
25 production phase. The final culture volume in the expansion phase is directly
proportional to the volume of the bioreactor used in the following production phase.
Typically, a larger bioreactor is inoculated using a larger final culture volume from
the expansion phase than is a smalier bioreactor.
The soluble tHuPH20-expressing cells are expanded through a series of
30 cultures, each increasing in volume from the previous one, and each being uséd as the

inoculum for the subsequent culture. Exemplary of such cells are 2B2 cells. The
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original inoculum is typically one in which the purity and identity of the cells and the
cell number are defined. These cells can be stored frozen, such as at -20°C, -70°C or -
80°C, or can be maintained in liquid media at, for example, 4 °C, or maintained in
culture at, for example, 37°C. In some instances, the original inoculum is a master
cell bank or working cell bank aliquot that has been stored frozen. In such cases, the
inocutum is thawed, such as in a 37°C waterbath. The original cell inoculum is
typically centrifuged and the cells are resuspended in an appropriate cell culture
media. For example, 2B2 cells can be resuspended in, and subsequently cultured in,
basal media, such as CD CHO media (Invitrogen), or reconstituted powdered CD
CGO AGT™ media (Invitrogen), supplemented with 8mM glutamine or L-alanyl-L-
glutamine and 20 uM methotrexate. In another example, cells can be grown in basal
media supplemented with 8 mM glutamine or L-alanyl-L-glutamine and 100 mM
methotrexate. Any other suitable cell culture media also can be used to expand
hyaluronidase-expressing cells. For exarnple, cells can be cultured in Dulbecco's
modified Eagle's medium (DMEM), Eagle’s Minimum essential medium (EMEM),
Iscove’s modified Eagle’s medium (IMEM), F12, RPMI, or cther chemically-defined
or undefined media, with or without additional supplements. Typically, the cells are
grown in serum-free media, but also can be grown in media containing serum. One of
skill in the art could prepare cell culture media using other basal cell culture media to
which various nutrients can be supplemented to make the cel] culture media in which
soluble tHuPH20-expressing cells are cultured.

The cell inoculum is added to the first of a series of increasing volumes of cel}
culture media, thus expanding the cell culture. Following the initial inoculation, the
cells are expanded in a humidified incubator or bioreactor at an appropriate
temperature with an appropriate amount of CO,. Typically, the amount of CO, is
between 4% and 9%, typically between 6.0% and 8.0%, such as 7.0% and the
temperature is between 35°C and 39 °C, typically between 36 °C and 38 °C, such as
37°C. For example, 2B2 and 3D35M cells can be grown in a 37°C humidified
incubator with 7% CO,. The culture can be agitated, such as at 90-130 rpm, during
this process. When the cells rezach the desired density, such as, for example, greater

than 1.0 x 10° cells/mL (e.g. between 1.5 x 10° cells/mL and 2.5 x 10° cells/mL), the
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cell culture 1s used to inoculate a larger volume of fresh cell culture media. For
example, cells can be inoculated into the next culture at a density of 4 x 10* to 4 x 10°
cells/mL, typically 2 x 10° to 6 x 10° cells/mL, such as 4 x 10° cells/mL. The process
is repeated until the cells have been expanded to the desired volume and cell density
for seeding of, for example, 4 x 10% to 4 x 10° cells/mL into the bioreactor.

In one example, soluble rHUPH20-expressing cells, such as 2B2 cells, are
initially added to approximately 20 mL of fresh cell culture media in a 125 mL shaker
flask, resulting in a culture volume of 20-30 mL, typically 25 mL. Following
incubation ét 37°C, 7% CO; and expansion of the cells to a density of greater than 1.5
x 10 cells/mL, fresh media is added to the flask to expand the cell culture to 40 m1L.
The cells are incubated again until a density of greater than 1.5 x 10% cells/mL is
attained, after which the entire cell culture (approximately 40 mL) is added to fresh
media to make 100 ml. culture volume in a 125 ml. spinner flask, This process is
repeated by transferring the entire cell culture {(approximately 100 mL) to 2 250 mL
spinner flask containing sufficient fresh media to make a final culture volume of 200
mL, then a 1 L spinner flask containing sufficient fresh media to make a final culture
volume of 800 mL, then a 6 L spinner flask containing sufficient fresh media to make
a final culture volume a final volume of 5 L, and finally to & 36 L spinner flask
containing sufficient fresh media to make a final culture volume of 32 L. Between
each transfer, the cells are incubated until the culture reached a density of greater than
1.5 % 10° cells/mL. In some examples, a higher cell density is attained following
incubation of the final 36 L spinner flask. For example, cells in the 36 L spinner flask
can be expanded to a cell density of 3.55 x 10° cells/mL to 6.05 x 10° cells/mL. This
process can be used to expand soluble rHuPH20-expressing ceils before introduction
to 2 400 L bioreactor (300 L culture volume) for the protein production phase (see,
e.g. Example 8). Smaller volumes of cell culture and different cell densities can be
used for smaller bioreactors. For example, cells can be expanded to a volume of
approximately 20 L with a cell density of between 1.8 x 10° cells/mL and 2.5 x 10°
cells/mL prior to introduction to a 125 L bioreacter. In another example, soluble

rHuPH20-expressing cells are expanded to a volume of approximately 800 mL with a



33.7 34 6.78 8190 29 2300 - ,~ "The bioreactor was harvested and-filtered through a system that
contained a series of Millipoﬁ@od filters DOHC (0.5 m2) and A IHi(QWs;;acks, which contain layers of
graded-pore-size diatomaceous earth, followed by final filtration through capsule 5filter (Sartorius
Sartobran 36®)isntw1aiba L storage bag. The harvest was performed usingraspesistaltissoump and
completed in approximately 2 hours, yielding approx'bmately 30 L of harvested cell culture fluid (HCCF).
Twenty-eight L HCCF was supplemented with EDTAand Tris to final concentrations of 10 mM each,
and a pH 7.5. The remaining 2 1 HCCF was left without Tris/EDTA, to assess the effect of 10 adding
TrislEDTA on thqlgpncentr tion/bufger exchange step. The HCGF was then stored at 2-8C before
being concentrite %“ﬁ%?ﬂ]&%&‘% 2 blfrereEyomarg8 2 T8 SHEERk ARPHHR protein, a 0.1 m2
Millipore Pellicortr2duiginaioA Sdréénwassette with a 30 kDa MWCO was first equilibrated in 20 mM
Na2S04, 10 mM TrispH 7.5, Zs‘lé_@éeH CFE. with and without.'tl)'fr:idS{lEDTA as concen rged 10x and

C
buffer 15exchanged 10)1(S\B|rﬁwc? r?ﬂ\%?\% eSp(S%,e?LSSSr%Rﬂ s, pﬁ%fbﬁ et %%C%re i levels were

measured by absersahekihintheerttheingahisting HoeFellpprosimatelyteosth pwasithen
concentrated apghshbiggigdimiaiar exsRangs:. Te R.tanz Milipara felligon; 2 higmas,A screen

cassettes with a 30 kDa MWCO were assembled in the TFF system and équilibrated in 20 mM

Na2S04, 10 ik HiclinspaPpreacoHEBR 4l EortBREXpdemsp piekith drsRyitekito 2.5 L, and buffer
exchanged 10%Ewithp2O1mNM INa28Qde 40k Sfimepitthdals Dasvigde natenvas fiered through a 0.2 Etin
vacuum filter iru(é \%HIT ah% 5(?10 mL storlzilp?e ba}?ﬁf’ fcpréa ‘tf%igal vo%ume of 2.6 L. The retentate was then
stored at 2-8C. Samptes ke durng the ®d EhiFai arld ﬁﬁe?hé‘;?ﬁﬁgﬁﬂ‘e(wél@é@s were analyzed
by RP-HPLC todetwerwide-tediectivhslts 28adaRidhnof Tidi DT (orthesamplend bt observed that
the additipp of J4i IH 0 iglent ssing.ste rpduction and
character?fatioigoé(gb?gﬁeg%%aéﬁll 69 Il_rgfs‘Sr gglﬁ éﬁfgﬂ’- gggl f’i%rﬁ%&%ﬁ%ﬁ Vi ElEOK.G).

Modifications deétimed spévesitnkectien O wrskin mcelimor 26T thid e apmEatiastchiey steps to

produce and pytify-iwedotrahsakible, BIMRHRML ol A96: 122NV OF 350-450 mL per flask,
20091111066PC /Tlﬁég 0%001355 91 and 056-123. The process described below include thaw of
frozen cells from the’ researeREAIPBENk 122438 BIoas S BA B rEIR e ShdAtdUs éitre; operation
of 36 L fed-bateh Bbidieadtsr bysteabatthe 3G stale;odihieminmt clgrificationpandspaffer exchange of
bulk produgt; 4, , Q . and for ion, fill, and_ finish operations. A vial of 2B2
(1 x 107‘(?5”3) (ﬁgr%v%%%{%u %%éé‘nggji‘%ne?%% é@%’ﬁcﬁ“ E)g(?rqmogen, Carlsbad, CA)
supplemented fvith 28 ftgimBRetEere and 40 mL/L GlutaMAXT"-I (Invitrogen), after which it was

expanded to 400 ML 386k led &BakQ mediumsuppiemenig i AQL/L GlutaMAXTm-l and
no 10methotrexate, A 36 L ioreactorF%Bellco 1964 series) containing 25 LCD CHO medium
T

supplemented Tt Tene! 1o rarRseT Heps R PadSH IR R HRsERiAtaRESD HhL gentamicin
sulfate was incohlhted-uithi20en4 kectdtet énat @B ditialeaeedimg genaityotH9 x 40GseilmL. The
agitation sgt pQint.qf the, biQ gactar was set.ta 80 REM. temperatyre: 37C; pH: 7.15; dissolved oxygen:
25%. The bioreactor 15rece¥ve E%iﬂ%;%d’?ﬁ“é“&%? ay S a?%ﬁﬁ%mff@ﬁ%b%éngs controlled by an
Applikon ADI 1038 Eahtv8HEL produiercistreimisded Uetimesdtirdifightutithesi@daybioreactor run, at

127, 163, 208 qnd hayisainstinacwatian.the faedh m@@k@awsgﬁimf%ﬁﬁdgt%%n %@&g@gct rvia

peristaltic pum%. The temperature setpoint of the bioreactor was reduced from {636.5C on day

] 0
7,10 36.0C on 8;?“@%8%@‘?%‘%85& Biaay The Ynecedaicnnditeatklsescmpdialland the

bioreactor feedrpatametersifueughiau the dwrraprovideddd Fales2LaNE d%Eephectively. Table
21. Feediﬁedi%g%re lSJ|J?ltiO eg%nggr}ent Initial bioreactor medium Feed #1 Feed #2 Feed #3 Feed #4

CD CEIO"ACT powder {imvitrogan: part # 1 A5056 Sfoi% Y86698% 009 glakilig 9%3 g 24.3 g CD
CHO ACT powder @rbitsotedifipaiions 10,7486828plot 11 5206 3)263i3:01h6s e MO

2009/ 111066P§J/&§§£@%Q@%ﬂ@5@%e art Canrempiricaliy determnine the appropriate conditions

for protein production for any given bioreactor and cell type.
Bioreactors of different sizes and designs can be utilized in the methods
30 herein. Bioreactors with working volumes of between 1 L and 5000 L or more can be

used in the methods herein. In some examples, a 5L, 361,125 L, 400 L or 3500 L,



CD CHO AGT powder (Invitrogen; part #:12490-017; lot # 1300803)218.7 g 0 0 0 0 SWFI 20 L 700
mL 700 mL 600 mL 600 mL Q’I\u/t,aMAXTm-I (Invitrogen) 800 mL 160 mL 80 mL 60 mL 40 mL
Yeastolate Ultrafiltrate (Invitrogen; 200WL) 0 100 mL 200 mL 300 mL 300 mL Dextrose (D-glueose) 0O
40 g 40 g 60xp400g Gentamicin 30 mL 0 0 0 0 rHulnsulin 100 mg 40 mg 0108 Bedivisputyrate 0 0
1.19g 2.2 g 1.1 g Table 22. Bioreactor Parameters I—!@urs Viable cell density (x 105 cells/mL)

10

15

20

23

30

bioreactor is used in the methods herein to culture cells in volumes of approximately 4
L,23 1, 100L, 300L and 2500 L, respectively. Typically, the bioreactor is sterilized
prior to the addition of cell culture media or cells. Sterilization can be effected by
autoclaving or otherwise treating with steam for some bioreactors, or by treatment
with a sterilizing solution, such as dilute sodium hydroxide, dilute nitric acid or
sodium hypochlorite. In some examples, the bioreactor is sterilized by steam at
121°C, 20 PSI for 30 minutes. Following sterilization, cell culture media can be
added to the bioreactor and then assessed for contamination, such by microbial
contamination, after a period of time to ensure that the sterilization process was
effective.

The cell culture from the expansion phase, described above, is added to the
sterilized bioreactor containing fresh cell culture media. Generally, the soluble
tHuPH20-expressing cells are inoculated into the fresh cell culture media at a cell
density of 10 to 107 cells/mL, such as 10° to 10° cells/mL. For example, cells can be
inoculated at a density of I x 10%, 5 % 10%, 1 x 10°, § x 10°, 1 x 10%, 4 x 10, or 1 x
107 cells/mL. In one example, soluble tHuPH20-expressing cells are inoculated at a
cell density of 4 x 10° cells/mL. The total cell count following inoculation can be,
therefore, between 107 and 10", depending on the size of the bioreactor and the celi
density. For example, a cell culture volume of 100 L can have a cell density
following inoculation of approximately 10°,10'%, 10" or 10" cells. In another
example, a cell culture volume of 2500 L can have a cell density following
inoculation of approximately 10'°, 10", 10" or 10'° cells.

The volumes of inoculating cell culture and fresh culture media used are
dependent upon the size of the bioreactor and the cell density of the inoculum. For
example, approximeately 30 L of soluble rHuPH20-expressing cells, such as 282 cells,
can be added to a 400 L bioreactor containing 230 L fresh cell culture media, for a
total volume of approximately 260 L and an inoculation cell density of 4 x 10°
cells/mL (total cell count of approximately 10'' cells). This can be scaled up or down
as nccessary, depending on the bioreactor. For example, approximately 20 L of
soluble rHuPH20-expressing cells, such as 3D35M cells, can be added to a 125 L,

bioreactor containing 65 L fresh cell culture media, for a total volume of



% viability PH Hyaluronidase Units Vol (L) Glucose Feed 0 4.9 92 7,26: 79 25 7780 24 9.2957.21 141
256060 48 17.3 97 7.13 243|25 5280 72 33 99 6.82 407 25 3910f\%§/49.3 99 6.77 658 25 3200 - 127
67 98 6.83 1296 25 1610 Feed #1 144 88.1 98 6.78 1886 26 2860
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approximately 85 L and an inoculation cell density of 4 x 10° cells/mL (total cell
count of approximately 3.4 x 10'? cells. In another example, for production in a 3500
L bioreactor, 2B2 cells are added to fresh cell culture media for a total cell culture
volume of 1900-2300 L, such as 2100 L.

5 The fresh cell culture media contains the appropriate supplements to provide
the necessary nutrients to the cells to promote cell growth. Supplements that can be
added to the basal cell medium include, but are not limited to, glucose, insulin,
sodium butyrate, yeast extract and glutamine or a glutamine substitute, such as L-
alanyl-L-glutamine. In some instances, the basal medium contains sufficient ghacose

10 that no further glucose needs. to be added.. In other instances, glucose is added to the
media later in the production process, such as in a subsequent feed media. The
addition of insulin to the medium can promote cell growth and increase peak cell
density. Glutamine or glutamine-substitutes, such as or L-alanyl-L-glutamine, can
support cell cycle progression and also enhance cell growth, One of skill in the art can

15 empirically determine the amount and quality of the nutrients that can be
supplemented to the basal medium. In some examples, glutamine or ghutamine-
substitute is added to the basal cell culture medium at 1 mM, 2 mM, 3 mM, 4 mM, 5
mM, 6 mM, 7mM, 8 mM, 9 mM, 10 mM, 15 mM or 20 mM. Insulin can be added to
the cell culture medium at, for example, 0.5 mg/L. to 50 mg/L, such as 1 mg/L to 40

20 mgL, 2mgto 30 mg/L, or 5 mg/L to 20 mg/L. For example, basal cell culture
medium supplemented with 5mg/L insulin and 8 mM L-alanyl-L-glutamine can be
used as the fresh cell culture media into which the soluble rHuPH20-expressing cells
are inoculated. Additional supplements, such as antibiotics, anti-fungals, indicators,
salts, vitamins, amino acids and growth factors also can be added.

25 The individual parameters of the bioreactor can be set to maintain optimal
conditions throughout the protein production process. The specific parameters that
can be set depend on the bicreactor used, and can include, but are not limited 1o,
temperature, pH, dissolved oxygen, impeller speed, vessel pressure, air sparge and air
overlay. In one example, the conditions of a 125 L bioreactor containing 100 L cell

30 culture of 3D35M cells are set to; temperature: 37°C; dissolved oxygen: 25% + 10%;

impeller speed: 50 RPM; vessel pressure: 3 psi; air sparge: 1 L/minute; air overlay: 1



- 163 92.4 99 6.89 2439 26 1680 Feed #2 192 91 97 6.85 3140 27, 1480 208 92.7 96 6.91 3188 27
230 Feed #3 235 70 76 6,86.5118 28 1940 261 63 61 6.84 5862 2&2,80 Feed #4 291 36.4 45 6.76
7072 29 1570 - 307 29.3 32 6.81 8160 29 1250 Harvest The bioreactor was harvested and filtered
through a sy&téMsthdftontained a Sseries of Millipore Pod filters DOHE{UOEHPPAHEAI HC stacks
(0.1 m2), which cpntain layers of graded-pore-size gjatomaceous earth, followed by final filtration
through capsule filter (Sartorius Sartobran 300) into 20 L storage bags. The harvest was performed
using a peristaltic pump and completed in approximately 1 hour, yielding approximately 34 L of
harvested cell rtrﬁli%% felugljgl W%Fe)no-{helrs e@a%lf: ee %htehgonditi'ons of a 400L bioreactor containing
an initial cell culture volume of 260 L are set to; temperature: 37°C; impeller speed
40-55 RPM; \iasse_l pressure: 3 psi; air sparge: 0.5-1.5 L/minute; air overlay: |
L/minute. In a further example, the conditions of a 3000L bioréactof containing an
5 initial culture volume of 2100 L are set to; temperature: 37°C (or between 36.5°C and -
37.5 °C; impeller speed: 35 RPM (or'70~80.RPM); vessel pressure: 5 psi (or 3-7 psi);
air spzirge: 12 L/minute (or 1 1-13 L/minute); dissolved oxygen: 25%, or> 25%; pH
pre inoculation: 7.2 {or pH 7.1-7.3); pH post inoculation: <7.2 (or £7.3). One of
skill in the art can empirically determine the appropriate conditions for growth of a
10 particular soluble rHuUPH20-expressing cell in a particular bioreactor.
| Thé soluble rHuPH20-expressing cells are typically cultured in the bioreactor
for between 10 and 25 days. In some examples, the soluble tHuPH20-expressing cells
are cultured in the bioreactor for 12, 13, 14, 15 or 16 days before harvesting. In other
-e)-(ampies-, the cells are harvested when the viable cell count (VCC} falis to a
15 perticular level, such as, for example, 25 %, 30 %, 35 %, 40 %, 45 %, SO %, 55 %,
60% or 70 %. In one example, the cells are harvested when the VCC is between 30 %
and 35 %. In another example, the cells are harvested within 24 hours of the vee
dropping beiow 50 %. .
_ Dunng the bioreactor culture, the cells can be grown as batch cultures, in -
20  which the culture is grown to completion without the addition of further nutrients. In
- other examples, the cells are grown as fed-batch cultures and pro\;ided with a series of
feed media at particular time points to suppiement nutrients and glucose throughout.
In some instanees, the nutrients provided in thie cell culture mediuvm into which the
cells were inoculated have depleted by 3, 4, 5, 6, 7 days or more post-inoculation.
25 - Thus, providing additional nutrients or supplemeﬁts can produce higher yields of
protein than batch cultures. In one example, cells are provided with feed media on
days 6,9 and 11 post-inoculation. In another example, cells are provided with feed
media on days 7, 9 and 11 post-inoculation. In a further cxample cells are prov;ded

with feed mediaon days 5,7, 9 and 11 post—moculatlon The volume of feed mcd:a

30 added to the bioreactor culture can range between, for exampie 0.5 % and- 20%, such
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10 29 L bioreactor volume plus-approximately 5 L PBS chase. The HCCF was 93 supplemented with
EDTA and Tris to final conce@iryations of 10 mM each, and a final pftlgf 7.5. The HCCF was then
stored at 2-8C before being concentrated and subjected to a buffer €xchange. To concentrate the
protein, a 7.6vfi2dartankss Sartocon 2 crossflow cassette 5 with a 30 kDa-MWE6 wassfirst equilibrated
in 20 MM Na2S04, 10 mM Tris, pH 7.5. 34 L of HCCF was concentrated 10x to 3 L and buffer
exchanged 10x with the 20 mM Na2S04, 10 mM T8, pH 7.5 buffer. The retentate was filtered through
a 0.2 um capsule filter into a 5 L storage bags for a final volume of 3.0 L. The retentate was then
stored at 2-8C. 10The caoncentrated and buffer exchanged protein solution was then purified using
column chromatddrabfiyZrolgh K6 Febhdrsddhesethin] Brprehyr S dpRamsdasssicshriban Amino
Phenyl column feedimaetiydsaxyapatite s pibinsyulhgchy @l urgnidase units i dhg rretein solution before
and after each chrom%ogﬁ#)% st?p were assessed and used to determine the yield for each step.
15Briefly, a Q sepharods cottmn With 5 T PRETHN B8 drarBasieEm SHR 88 8m was sanitized
with 2.1 L 1.0 Ndge@eltlangrstateshiiod &INciNAOH theioelia Hsemitlwasiihemeleaned with 2.5 L of 10 mM
Hepes, 40Q m ' in.4.5 L sterile water for injection (SWFI) and equilibrated with
43 L of 10<3m M@Pé’%%%?@g %ﬁ"@f}‘%ﬂ‘@%ﬂ%& %ﬁ?f‘e“reg&acﬁéf#gghgﬁtr&l%i%"é‘)’ﬁ“g (39%:960 20
hyaluronidase SHit&RIE) W &8 [Bmirsdsabratete wetumd-Fhe fidwhhoagmaridsfitet, wash was 5830 mL at
75 hyaluronidasgrdeitsies fwlisatingdhalHealy: Al lbe AL GHERRAXBL Dol the resin. The
column was Washéa_d with 4.2 L of 10 mM Hepes, 25 mM NaCl, pH 7.0, and 4.6 L of 10 mM Hepes, 50
mM NaCl, pH 75 HES BubE AR hate b2 o eepratednimHEp s ingmidiRhC 1, pH 7.0,
yielding 2880 mki2 &t 95064 enitatil anaind ditesed dhroyaha B2pldilien dund:RBENYl Sepharose
column with a C n bed (height.28.cm, diameter 1Q c as sanitized with 5.0 L 1.0 N NaOH
and storegain O%iﬁ Rlirrﬁ%%‘bggﬁgr (%qﬁaéqerf wgéytwgﬁ?iﬁ% %ie\gffh[?}.gxﬁ’év\’/%f%\lﬁarﬁleaned with 4.6 L of
5 mM potassiufPpleaspledtdn @Baveaimmisnitm sulfatedindsesedagaintaitiv6itBelsSWFI. The column
30 was then equibraieddn 4 &k QiiR-MMAQRSSIHM PRgsARjE: 0.5 MM ammonium sulfate. To the

eluate from the Q Sepharose column, 9.6 mL of 1 M potassium WO
2009/111066PCT/US206SHIpIeme s A1shssh hatberfisioprdicca banbei Mo pretwlesiwmil phosphate dibasic

and 0.4 mL 1 mkoGaGia yasaddeshclibis nasthenloaded-antadhe.eplumaandibeflow through and
chase (5 potassium phosphate, 0.5 mM ammoniym sulfate) were collected, yielding 6905 mL at
M fhase cah Fnce o ?j{;’b

36,280 units/mL" The Product was At Nislik:4 Bi PSRN AT PHB AP BE#bnate column
with a 2.2 L coleathddoeity(faibten2ent fagdimsiaterat Gromp was! sgioiizeshwithnaiB L pkodiNaOH and
stored 0.1 N VAR P s LS ep COSGEL I SAL SWE leaned i S0 L of s i

potassium phosphate, 0.5 M ammonium sulfate and rinsed again Wlthqgﬁalfys ’The column was
then equilibratedRFS 6TLEF54HM BotassrferpRESinm e et arrrmbailimsswidtenTire flow through

material from thie:Phedi SephaesencRinevagsdoateshonta the %%MH@%&Q&Q&@E column. The
column was w hed wig;eg.g Lof5 mM%otassmm pho%)gzate, 0.5M ammonium sulfate, pH 7.0, then

with 9.7 L°of 20 MM BIIRE. D& BAmBRibAT it [0ke 08" m A wift 6.5 0% 80omii a5 bicine, 100
mM NaCl, pH $@4THEpriowie 1a%:ehotsd, aitts Q0% 0t epet e @M N ae haldfd:n? .0, resulting
in 4460 mL at 48,4 ' iltered through a 0.2 um filter. Hydroxyapatite column with a
1.1 L column bé%a(%i%#n%{%{r{gﬁg%a ﬂ%l%ﬁt% g, c?ﬁ? \%gcfrgg%xl ignoet ?Ntliﬁ}ftz.s?% i¥§ Ng%a(lﬁ-("and stored in
0.1 N NaOH priérto’ige “Pie X editinn WasShkutalizedmeith 2ybieek200!mbpatkasium phosphate,

pH 7.0, then equiibraled:iinc3dePhedmMRARIRSSIUMRR0TNAIR, PG TV NAGL,T0, the eluate from the
Amino P e§1yl Eoronaéae?golumn, 11.2 mL of 1 M potassium phosphate mo oglasm, 11.2mLIM

potassiuni-phoSARELREARIE B85 nE of shill endbe 57488 episea Thiswasthére loaded onto the
column and subseéquentiysnashekithplarhenf 20 & MM LORITUTRIASRNALSLQ0MM NaCl, 0.5 M
ammonium sulfgggmptHfY %1 thg\gtwiath 3.5tL.of 10 mN1 potassium phosphate, 100 mM NaCl, 0.5 M
ammonium sulfate. pH 7.0 The produbi AL R Mt 1.4 L of 70 mM potassium phosphate, pH 7.0,
resulting in 1260 mL &x4Bpl560CwRteimmhts andufitersdititroai 4,01 2dean filter fcERenpairfied product was
concentrated usi . 0 0. MWCO cartridge that had been equilibrated in 130
M NBCL. 10 ok Lo @el%%g%' %ﬂgr%g §fog'§3§t% 24 concenitr t{‘e‘%’&eﬁsf gﬁl”rﬁLsgific.iélﬁng/mL to 120
mL and brfffer @%&‘fﬁ%&éﬂ*lfewwrthquiwhﬁmm@z@rﬁmmvpﬁgpbsppmm buffer then filtered
through a 0.2 pupfiliaied ABEEEASHIRMRRIS SIS RE AR LA JHQ&E@F@%F?&J&% goluble rHuPH20
concentration of the remaining 118 ml was 1145 mg/mL. An additional 17 mL of 130 mM NaC1, 10
mM Hepes, pH 7.0 buffer was added to bring S the protein concentration to 10 mg,/mL (LM 056-122).
Ten mL of the 10 mg/mL protein solution was diluted in the buffer to yield a 1 mg/mL solution (Lot
056-123. Both solutions were filtered through a 0.2 um filter. The formulated product was filled into 10
mL and 1 mL glass vials, the combined total of which yielded 1308 mg soluble rHUPHZ20. The vials
were frozen at 10-80C then transferred to -20C for storage. Lot 056-122 and 056-123 were then
characterized with respect to activity and purity. Lots 056-122 and 056-123 exhibited 1,376,992
units/mL and 129,412 units/mL enzyme activity, and 136,900 units/mg and 124,400 units/mg specific

activitys (caletnilated from en7zvme activiityy and nrotein concentratinn The niirityy of the ecolithle rHiiPH20



peristaltic pump. The temperature setpoint of the bioreactor was reduced from 37C to 36.5C on day 7,
to 36.0C on day 9 and finally{ouj35.50 on day 11. The content of each feed media and the bioreactor
feed parameters throughout the run are provided in Tables 23 and szrespectively. 15Table 23. Feed
Media formulatioergiQosmaponent Initial bioreactor medium Feed #1 FeedéRiFead/#346eed #4 CD CHO
liquid medium (Invitrogen) 20L 0 0 0 0 CD CHO AGI?powder 09g97.2948.6924.39g24.3gSWF10
700 mL 700 mL 600 mL 600 mL GlutalWAXTm-I (Invitrogen) 800 mL 160 mL 80 mL 60 mL 40 mL
Yeastolate Ultrafiltrate (Invitrogen; 200g/L) 0 100 mL 200 mL 300 mL 300 rnL Dextrose (D-glucose) 0O

409409600 S05,CenaMEn 200 70,00 QEHIEUR 0000 MHR A8 A2 9 119
- media added to the cell culture to increase cell growth and peak cell density.
Subsequent feed media can be designed to promote protein production moré than cell
growth: Supplements such as insulin can be excluded or reduced in amount, as can
5  glutamine or glutamine-substitute, such as L-Alanyl-L-Glutamine. In contrast,
supplements such as yeast extract that enhance protein synthesis can be increased in
amount, In addition, supplements that enhance cell cycle arrest and, therefore,
increased protein production, also can be included. Exemplary of such supplements is
sodium butyrate.
10 : In one example, insulin is added to one or more feed media. The ad;lition of
insulin can increase peak cell density by, for example, 2%, 5%, 10%, 15%, 20%,
25%, 30% or more. Although insulin caﬁ be incorporated into any feed media,
typically, insulin is added to early feed media, sucH as the first feed media, or the first
and second feed media, to promote maximal cell growth in the initial phase of the
15  bioreactor run. For example, a feed media, such as the first feed media, can contain
amount of insulin at or about 5 mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, 30 mg/L,
35 mg/L, 40 rﬁg/L, 45 mg/L, 50 mg/L, 55 mg/L, 60 mg/L or more. In contrast, the
amount of insulin added to later feed media can be reduced or can be completely
omitted. | |
20 Glutamine or glutamine-subst.i'tute, such as L~Alan5vfl—L—Glutarnine, also can be
. added to the feed media. In some instances, the amount of glutamine or glutarnine- -

* substitute added to the first feed media is more than the amount of glutémine or
glutamine-substitute added to subsequent feed media. In particular examples, the
amount of glutamine or glutamine-substitute added to each subsequent feed media is

25 reduced compared to the amount added in the prior feed media. The optimal amount
added to each feed media can be determine empirically by one of skill in the art, and
can include, for example, Céncentrations of glutamine or glutamine-substitute at or
about 1 mM, 5 mM, 10 mM, 15 mM, 20 mM, 25 mM, 30 mM, 35 mM, 40 mM, 45
mM, 50 mM or more. ' '

30 Typically, the basal media used in the feed media also is supplemented with

glucose, The amount of glucose added to each feed media can be increased or

RECTIFIED SHEET (RULE 91)



WO 2009/111066PCL11820q9/001455 97 Table 24. Bioreactor Parameters Hours Viable cell , density
(x 105 eells/mL) % viability pH Hyaluronidase Units Vol (L) GIuco&e Feed 0 4.7 98 7.28 113 24 8200 -
24.8.9 98 7.23 202 24 6160 - 50 19.3 97 7.15 332 24 5480 76 36.7 99 6.85 680 24 3620 - 120 73.6 99
6.76 1619 2xc2ho01keed #1 145 84.3 99 6.75 PCT/US2009/001455

48

decreased relative to the previous feed media, or can stay approximately constant. In
some examples, the amount of glucose added to the feed media is or is about 10 g/L,
15 g/L, 20 g/L, 25 g/L, 30 g/L, 35 g/L, 40 g/L, 45 g/L, 50 g/L, 55 ¢/L, 60 g/L, 75 g/L,
80 g/L or more. |
5 In addition, supplements that promote protein synthesis also can be included.
Such nutrients include, for example, yeast extract. In some instances, the amount of
yeast extract included in the feed media is increased during the bioreactor run. For - -
example, the amount of yeast extract in the third feed media can be increased
compared to the amount in the second feed media, which can be increased compared
10 to the amount in the second feed media. In some examples, the amount of yeast
extract added to the feed media is between 5 and 1000 g/L, such as or as about 10 g/L,
20 g/L, 30 g/L, 40 g/L, 50 ¢/L, 75 /L, 100 /L, 125 g/1, 150 /L, 175 g/L, 200 g/L,
250 g/L, 300 g/L, 350 g/L, 400 g/L or more.
Supplements that enhance cell cycle arrest and, therefore, increase protein
15 production, zlso can be included. Typically, such supplements are included in feed
media that are added to the bioreactor later in the run and not included in the first feed
media. For example, supplements that enhance cell cycle arrest can be added to the
second feed media and subsequent feed media. Exemplary of such supplements is
sodium butyrate, In some examples, the amount of sodium butyrate added to the feed
20 mediais between 0.1 g/L and 10 g/L, such as or as about 0.2 g/L, 0.3 g/L, 0.4 g/L, 0.5
gL, 06gL,07gL,08gL,09g/1L,10gL,1.1gL,12¢L, 1.3L,14¢1L,1.5
gL, 1.6 g/L, 1.7 /L, 1.8 ¢/, 1.9 ¢/L., 2.0 ¢/1, 2.5 g/L, 3.0 g/L, 3.5 g/L, or more.
Further, any one or more of the bioreactor conditions can be altered during the
production phase to optimize protein production. In one example, the temperature is
25  lowered. This can serve to promote cell cycle arrest, prolong cell viability (thereby
increasing total protein production), and help stabilize the hyaluronidase that has been
secreted. For example, the temperature of the bioreactor can be reduced at cach
feeding, such as from 37°C to 36.5°C on the second feeding, to 36°C ¢n the third:
feeding and to 35.5°C on the fourth feeding. One of skill in the art can empirically
30  determine the appropriate feed media and the time at which to provide the feed, as

well as the appropriate conditions in the bioreactor,
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In one example, cells are provided with feed media on days 6, 9 and 11 post-
inoculation. In another example, cells are provided with feed media on days 7, 9 and
11 post-inoculation. In a further example, cells are provided with feed media on days
5,7, 9 and 11 post-inoculation. The feed media provided at each time-point can be the
5  same or different, and can include supplements such as, but not limited to, glucose,
sodium butyrate, insulin, glutamine or a glutamine substitute and yeast extract. For
example, 2B2 cells growing in a 260 L culture in a 400 L bioreactor can be provided
with a first feed at day 5 containing 10.4 L of 4 x basal media (e.g. CD CHO media)
with 33 g/L Glucose, 32 mM L-alanyl-L-glutamine, 16.6 g/L. Yeast extract and 33

10 mg/L Insulin, a second feed at day 7 containing 10.8 L of 2x basal media (e.g. CD
CHO media), 33 g/L Glucose, 16 mM L-alanyl-L-glutamine, 33.4 g/L Yeast extract
and 0.92 g/I. Sodium Butyrate, a third feed at day 9 containing 10.8 L 1x basal media

. {(e.g. CD CHO media), 50 g/L Glucose, 10 mM L-alanyl-L-glutamine, 50 g/L. Yeast
extract and 1.80 g/L Sodium Butyrate, and a fourth feed at day 11 containing 1x basal

15 media (e.g. CD CHO media), 33 g¢/L Glucose, 6.6 mM L-alanyl-L-glutamine, 50 g/L
Yeast extract and 0.92 g/L Sodium Butyrate, This can be scaled up or down by one of
skill in the art for production of rHuPH20 in larger or smaller bioreactors,
respectively. Further, one of skill in the art can alter the amount of type of one more
supplements added to the media to enhance cell growth and/or ﬁrotein production.

20 In another example, the following feed media are provided to cells on days 5,
7,9 and 11: Feed #1 Medium: basal media + 33 g/L Glucose + 26.6 mM L-alanyl-L-
glutamine + 83.3 g/L. Yeastolate + 33 mg/L rtHulnsulin; Feed #2: basal media + 33
%L Glucose + 13.4 mM L-alanyl-L-glutamine + 166.7 g/L Yeastolate + 0.92 g/L
Sodium Butyrate; Feed #3: basal media + 50 g/L Glucose + 10 mM L-alanyl-L-

25  glutamine + 250 g/L Yeastolate + 1.8 g/L Sodium Butyrate; Feed #4: basal media +
33.3 g/L Glucose + 6.7 mM L-alanyl-L-glutamine + 250 g/L Yeastolate + 0.92 g/L
Sodium butyrate.

G. Cell culture harvest, protein concentration and buffer exchange
Following the protein production phase, the cells are harvested and the soluble
30 rHuPH20 that has been secreted into the cell culture media is concentrated prior to

initiation of the purification process. In addition to concentrating the protein, the cell



31.6 31 6.66 12864 28 1850 Harvest The boreactor was harvested and filtered through a system that
contained a series of Millipote Pod filters DOHC (0.5 m2) and Al HC stacks (0.1 m2), which 5contain
layers of graded-pore-size di\éTo/maceous earth, followed by final filtration through capsule filter
(Sartorius Sattabran 3@0) into 20 L storage bags. The harvest was perfarmeshuising gperistaltic pump
and completed in approximately 75 minutes, yielding approximately 30 L of harvested cell culture fluid
(HCCF). This includes the 28 L bioreactor volume 8%13 approximately 2 L PBS chase. The HCCF was
10supplemented with EDTA and Tris to final concentrations of 10 mM each, and a final pH of 7.5. The
HCCF was then stored at 2-8C before being concentrated and subjected to a buffer exchange. To
concentrate thE'pH5taNs0k SaHRstIcRomes s yalke AR HRRROBTA T ST St B s dBEPSssflow cassettes (
30 kDa MWCQysieass first sraddibsate @R o @ratbinNareiith ibh LA HTEfix diangdard Ritdyliters of HCCF
was concentrated 10x to 3 L and buffer exchanged 10x with th M Na2S04, 10 mM Tris, pH 7.5
buffer. The avér%atqglﬁeafﬁ&1 a'i%ng’ﬁrﬁ‘?ﬁdtﬁét%%ﬁlggﬁ?flg Sﬁe%;éeﬁ%gﬁ%%é%ﬁﬁ%eaeﬁ{glﬂ%@verage
transmembrareghedsufewasiis psigf THB avbrageviihreatenduriher thesdiafitirediorawias 150
mL/minute;an r g, The.r @)
e e R e S S S G
storage bags fBICnInSItiésfsdbrifTheebiaatate was then stored at 2-8C.  Viral inactivation
was performed by mixing, 235,k aflisres slwine.efoHa%e ik Lsitom¥n1a0, agiwiw Tri-butyl

phosphate in SWFI with 2.15 L of room- 5temperature concentrated and buffer exchanged protein in a

glass spinner AiSER A REB6246 T S¥AIRHL S AR A e s e Brst S S or IR L90aded onto the Q
sepharose coltisaiutasidiesdriieddielaw)cdlhé:lordmgdankpldoniidies syshichigesulted in a total
exposure. fime to the detergent.soluti f.69 minutes. The Q sepharose column with a 1.1 L column
b, cianicrer AT A e e B e el P B OB 834 0.1 N oM
prior to use. It tvag illenocleaire @ ifitrer3. Sapableld separptimgabe 240G urivi MacChophéchOamihsed in 4.5 L
sterile water formiggHREAR VRN AnELeauilipratet-wilh &bl 0h AR MM HeRas AFHNNAC!, pH 7.0.

The buffer exchanged, viral inactivated protein (2385 mL at 133,040 hyaluronidase units/mL) was
loaded onto th& EERRHFRPPIE BYfimirals pebvwhesedoRttiies TBsEoRMRKsEBHEmM NaCl, pH 7.0,

and 4.5 L of 1GeadkidepaschheadiNathot] Hoexbhgipredustouasdthen.eliediia2.5 L of 10 mM
Hepes, 400 mM NaC1, pH Zéowxleeldir@ 2500 mL af 133,680 units/m ,tand fmered thro%gh a0.2um
filter. AP enylpgretp arose column with a 2.2 T cotimn bed { %ig 28'Eh, didétet 40 cm) was
sanitized with 8.0 L., 0.0 NaQk andstotc? i 0nli NN Ol cpridy theusd. dtlvas theptaimged with 6,0 L
SWFI and equifipratesh in4 6 k0f BRNERREBSSIUTLRROSRIAIE 050V AmmPRiym Sulfate. To elute the

column, 9.6 mL of 1 M potassium phosphate’monobasic, 9.6 mL 1 M potassium phosphate dibasic

and 0.4 mL 1 AEEEEI0R NELRIHEE TG WekTHER TRt BrrenteacsrishREHEIEHIW 25 through

and chase (5 nd petassie cdRBRSPhate 8 M Rmmonikm silfate) wergepliected, yielding 6450 mL
at 43,8402 nitséllrnL. 'I;heo erert'ﬁt w%sdﬁtlterggd through.a 0.2 im filter. An Amino Phenél Boronate
column with a 2" 91 ESFam BeaSReight 20°chT: Hames? D6 LR MAEREftzR & £8 (1.0 N NaOH
and stored in OL1 NriN&@va0idrior tellubesel tnaaib thenTiin secbndthtdy O co iBMiks hand:kequilibrated with 9.0
L of 5 mM potassi , ium.sulfate. The fl raugh material from the WO
2009/111066&%?’%%}(?5%0 Egé)}?gﬁ%g[epr@ﬁ égegérq%?%%% %S%er‘ﬁﬁ’%gé a e Be g e ol Phenyl
Boronate colurfiii{oPH CORuFAR NS GhsHEY With Didow sk by reipdeas shombpirsphdtbe 0.5 M
ammonium Sulfﬂi@,sp@l—g‘eﬁs()a mp\fﬂtpo%,&meg{@@nmggpmmﬁﬁ M ammonium sulfate, pH 9.0. The
product was eluted with 4.4 L S%rggg Hepes, 100 mM NaC1, pH 7.0,‘£elding 54389 mL at 33,840
units/mL,%nd filtered WAFSBRA0. 3RS .aw"bﬁ?ﬁmﬁﬁféé‘fﬁéﬂ&% frinfndfis Bt %olumn bed

(diameter 7 cmhbightragroea)lwiassaritizaciuith Relct 1At Nai anehsioredyim®A N NaOH prior to

use. The column was. neutralized,with 3.6 L of. 200 mM potassium phosphate, pH 7.0, then equilibrated
032 L o1 8 iR I oA A 66T KA A hE el 10 e Arhind Beny
Boronate colun®, 11 mi2y 13¥M poressibnsphospiapéemiragasio, ii tamtedidgdatdssinm phosphate
dibasic and 0.44led. S Akl g Mg @%@ﬁ%@!@%@%@%&ﬂ%gf%?-é;?e%ha%g%%* rg}la%gd

subsequently washed with 4.8 L of 5 mM potassium phosphate, 100 arrunonium

sulfate, pPP7.0XBRER iitheR8 £2BP 8 R SHaEER Y pH sephaehadorAiviN aeeBIBtivhammonium
sulfate, 15pH %fing b geraticlowas eluted with &&dmetit mM&&@%QPQ&F&Q@%R‘TW@%TO, resulting
in 1500 mL at 114,320 units/mL, and filtered through a 0.2 um filter. The purified product was
concentrated using a 0.05 ft2 Millipore 30 kDa MWCO cartridge that had been equilibrated in 130 mM
NaCl, 10 mM Hepes, pH 7.0. The product was concentrated from 1500 mL at 0.961 mg/mL to 125 mL
and buffer 20 exchanged 10x with the 130 mM NacCl, 10 mM Hepes, pH 7.0 buffer then filtered through
a 0.2 um filter. A280 measurements were performed and indicated that the protein concentration of the
remaining 122 ml was 11.431 mg/mL. An additional 17.5 mL of 130 mM NaC1, 10 mM Hepes, pH 7.0
buffer was added to bring the protein concentration to 10 mg/mL (Lot 056-135). Ten mL of the 10
mg/mL protein 25solution was diluted in the buffer to yield a | mg/mL solution (Lot 056-136). Both

cenhiitione ware filtearad throitioch a O 2 n m filter The formiilated nrodiiet wace filled into B m!l and | ml



5 exchange chromatography: As determined by RP-HPLC, purity of:the two Lots was observed to be
between 93.5% and 93.7%. ’&e@/determined by SEC, purity of the t\NQ_}ots was observed to be greater
than 99%. Endotoxin levels were shown to be EU/mL and 0.09 EU/mL for lots 056-135 and 056-136,
respectivelywOgpnglatitgcwas measured to be 255 mOsm/kg and 260 migasmukkg skpvolets 056-135 and
056-136, 10respectively. The pH of each was 7.2. EXAMPLE 8 A.Production of Gen2 soluble
rauP1120 in 300 L Bloreactor Cell Culture The }oduction and purification methods detailed in
Example 7, above, were scaled-up for production using a 400 L bioreactor. A vial of 2B2 cells (1 x W7
cells) 15 was thawed and expanded S.r?toa shaker flasks through 36L spinner flasks in CD CHO
(Invitrogen, Ca B"éu‘f%&i‘%ﬂ)%?ﬁié'ilﬁé IE%%C% GRA RERRSHE LR Ehe STHEI A R AANRK Tm-1
(Invitrogen). Bi¢iCtheparalipbiybtelisifas thawed tvacdttwaiephadh, roedia washaeded and the cells
were centrifuged, The cell .re-sus ndceglin al25 mL SB Eﬁflm ith.20 mL.of fresh media and
placed in a 37%(%&7%1}0)%%% %Ig'l ?’1%1 Stor. The cellé Were Oefg%}gﬁ (8; u?:) 0 4%5mlﬁtlerﬁsthl-g0£25 mL shake
flask. When théaegshsgelngitgdusiiched brelsrenitran $uhad.0boeilsipik, the kaltd@Was expanded into a
125 mL spinnegfiagksihR-H00 M nrelbirgLelimenJdag fask wasdnoubateaat 3d G £ty CO2. When the

cell density reached greater than 1.5 x 106 cells/mL, the culture was expanded into a250 mL spinner
flask in 200 mLETRINRE VOIGHRMRBS thETrABIE Ssamaicin Bitstradthe svdecroge o] RimAthe cell density
reached greatenthanct b xs40&€altsémbrdhe-gulture was expanded into a 1 L spinner flask in 800 mL
culture volume and inﬁ%b?%ed at. 37C, _7%é302.f¥l\/h%1 the cell density reached greater than 1.5 x 106
cells/mL the culture was Bxpanded it A5 T ESThivePHARK FHOEHH 6RO Yoffie ahd incubated at
37C, 7% CO2.iwhenrtercetimendity deachad greppesthate dubliu INGBPkells/Mabithideculture was
expanded into Spi f i volume, incubate 37C,.71% CO2. WO
2009111?(%6%%&3%&?&%6}?3 ég 1%%15%%%& réac%gfgv{ia%g %teriﬁgg Bf/’csit%glr%t 121C for 30
minutes and 238 PoP D Cricm el sinaheresties wisesranoGluddmiEx Prehaasd Bimg/L
rHulnsulin wascageedaBefadiss thrieasipiwaseheaked fof saptamination,Arpyoximately 30 L

cells were transferred f og} the, 36L spinner flasks to the 400 L bjoreactor 5(Braun) at an inoculation
density of 4.0 X TOERRSIE LENEPYERP LAY ¢ R L SRS B S8s0128P arameters were temperature
setpoint, 37C; Impellén Speeekdf;36 RRMoMesseleR resatiresoBufish Al Sparge h&ivhtd AdMin.; Air
Overlay: 34/ min; s[he, react mpled daily for.cell counts, pH verification, media analysis,
protein productio% and retengt)ﬁéxgﬁié%ndpﬁrﬁa lt%%t}ﬁ%tlﬁrﬁt?%n efgg st ev%é% eagﬁé%%?lmms 10 (day 5),
10.4L of Feed #1Madiitr @seapeC ocensgngited hrotde selugomb ShitatMA)ICI0% 16.6 g/L
Yeastolate + 33:ma/IxkboNsuliR) s Ag dRek A LGS PERYS AR A 30.8nkr 9] 588 #2 (2 CD CHO +
33 g/L Glucose + 80 mL/L GlutaMAXTm-I + 33.4 g/L Yeastolate + 0.92 g/L Sodium Butyrate) was
added, and culta¥83ehniEratura Wab oHiAuY 15786 81 R bs e kPsiidaly 9)intees Inof Feed #3 15 (Ix
CD CHO + 50 giin€draapk st the mithinGuiabbexibnnd +i:a0igikiyeasiclaieisn ka8 g4s Sodium Butyrate)
was addeg, an&%&gére temperature was changed to 36 C. At 264 hours (day 11), 10.8 L of Feed #4
(Ix CD CHO + 33 g/L Glucose + 33 mL/L GlutaMAXTm-I + 50 g/L Yeastolate + 0.92 g/L Sodium
Butyrate) was &dded Fanifieatione temperature was changed to 35.5C. The addition of the feed media
was 200bserved to dramadicall:enbaneadhe RerHEPROLSRURIE LIMRHA0IA NS, Tnalstages of

t

production. The reactor was_harvested at 14 days or when the viability of the ce s%r(%%lﬁed below

40%. The prockSE Q] IRug isalipmsieprolirasity raten trritepate ki awthia thieatred cell density of

12 million cellstmlbeAtiasdeatiihmeatiityasnas Sapmiashiolsmycoplaga.irhsdeR;gadotoxin and
viral in vityp and in, 25vivo, TEM for viral particles and enzyme activity. The culture was pumped by
& put s e

a peristalfic purrfpc?ﬁ?E)nl?(E]c?fi"r?a(f’ur1 Y il S A8 AN O RSB REIRPBY e F8-F5PRNNeach containing
a layer of diatormacedes ganthafiiadeditodBopgrpandedpyesiof dtatemacaepsiearth graded to 1.4-1.1
pm, followed b ? ne, then throu kﬂ{ja second si %?; illistak filtration system
30(Millipore) c?r%%r%]%&é;%gﬁ{g ?ét‘%\r!rtleé%ré Eésg%rt O‘é“%%%épr?‘oy 8 é\)/iaf%tf’ﬁ %8 Q%éﬁ/er of
diatomaceous ‘B4t traGEtP e ErEndm(Héfidwwed 19y Aleetiolovetmdmbrane cobfnandithen through a
0.22 um final filterdsto a sterile single use flexible bag with a 350 L capacity. The harvested cell culture
fluid was supplemented with 10 mM EDTA and 10 mM Tris to a pH of 7.5. The culture was
concentrated 10x with SRR SAbRRtI AoRerdtidat arrrycd partmethsyhrsaindaetoslice TFF 30
kDa molecularcowsighicutatinMiHail)y prlyethesspHons (RERLilasfeastorius) , followed by a 10x
buffer exchange with 10 mM Tris, 20 mM Na2S04, pH 7.5 into a 0.22 um final filter into a 50 L sterile
storage bag. The concentrated, diafiltered harvest was inactivated for virus. Prior to viral
inactivation, a solution of 10% Triton X-100, 3% tri (n-butyl) phosphate (TNBP) was 10 prepared. The
concentrated, diafiltered harvest was exposed to 1% Triton X-100, 0.3% TNBP for | hour in a 36 L
glass reaction vessel immediately prior to purification on the Q column. B.Purification of Gen2
siluPH20 A Q Sepharose (Pharmacia) ion exchange column (9 L resin, 1-1= 29 cm, 0= 15 20 cm) was
prepared. Wash samples were collected for a determination of pH, conductivity and endotoxin (LAL)

assay. The column was equilibrated with 5 column volumes of 10 mM Tris, 20 mM Na2S04, pH 7.5.
Enllowina vviral inactiviatinn the concentrated diafilterad harvvect wace loaded onto the O ecoliimn at a



conductivity. The HAP purified protein was pumped via a peristaltic pump through 104 the 20 nM viral
removal filter. The filtered Q‘:irotein in 70 mM potassium phosphate, pH 7.0 was passed through a 0.22
pm final filter into a sterile bay. The viral filtered sample was tested for protein concentration, enzyme
activity, oliggsagsharse, monosaccharide and sialic acid profiling (as elesesbed/dnikssamples 9 to 10,
below). 5The protein in the filtrate was then concentrated to 10 mg/mL using a 10 kD molecular weight
cut off (MWCO) Sartocon Slice tangential flow filtrédion (TFF) system (Sartorius). The filter was first
prepared by washing with 10 mM histidine, 130 mA4 NacCl, pH 6.0 and the permeate was sampled for
pH and conductivity. Following concentration, the concentrated protein was sampled and tested for

protein 10 contemrstionriindiehziingyataomavsBRbufer exeneHIE AL PRIRTARAY dAthe

concentrated Qrofgin i, e AinakBufier 1Qmbhistickag oF 30.miM biakd orldl&fodtaliowing buffer

exchange, the concentrated protein was passed thou%cl)h a0.22 gﬂrg filter i%h%a t20nl?_ﬂsterile storage bag.
The protein witsceabspreaaritterdduniiioprbERTROMCBRRERISHS aRS TRTESSR AV SFée sulthydryl groups,

oligosaccharigde,psefikng: anebiresmelarits(asndeseribedtioExamples estos Tavbelow). The sterile
filtered bulk protein was then asceptically dispensed at 20 mL into,30 steri ials (Nalgene).
The vials%er@%ﬁﬂ’é%%@%%%@oé%%gt— B ERCt BRSdlc oﬁlgﬁ%?i;fﬁﬂ%{éﬁ% (()S:‘ %Iuble rHUPH20
using this meﬁfqdoyéeld,edlapmthatmgmm@aﬁemhisgm@)asp%tfﬁ@%i@@@itﬁ@ﬁ%ﬁ@ﬁo units/mg to
120,000 20unita/mg, Ca%%’?‘g;%é?géh %ﬁ%ﬁ&‘ﬂ%ﬁg&kB%i@ﬁ@?%@h@@&hﬁm&?g}? sHuPH20 The

production and puri |8§t|on efi2 soluble rHUPHZ20 in a 300L bioreactor cell culture contained some
changes in thelgntsesietisfonemiart taathie can Segdweddr Hacpting bR SEREMIEfHUPH20 in a

100L bioreactgy el cpidieAadaseribadinfxample ind able BhesaisHadtbppxpiaplary differences, in

addition to simple scale up changes, between the methods. E ble 25. Ex mgl?r differences between
Gent andGeriDEaRIoR FHOB T BISH GASH BT bR IPATER %?r%atﬁ%nﬁf& 3 ugﬁ%& bioreactor cell

an
culture methogs:<hrecessdifexsnek GRalisiojubleqidpleH0.Gen® seiuble theuPHEo Eell line 3D35M

2B2 Media use@%@%%gggi%g@g“%%% P YJ;%? (RiN55Q M WiPoufer tat

2009/111066P Jnoculum methotrexate (0.045 mg/L) Contains 0.10 uM
methotrexate fastharekading ¢hiie potmdndatssivethotibeardimearbil shaanis onwards 36 L

spinner flask '}ié’c}%&f@%@&%% s aRarAlRd RIS tRIHRRRL MR IHsUmeNation that monitors
olv

and controls pH, dissolved oxygen, sparge and overlay gas flow rate. 32ilr_gcﬁ)]|perating volume Final

operatingd Vol UiFHERT BRISHIISIFIRD BitR. OB £ o8t K RetsP ARRIERRH Yolume + 65 L)
Approx. 300L ek Rinreaatorfaitial cubitomuolumecnZath ) Culipke médiadrofinal bioreactor No

rHulnsulin 5.0 mg/L rHulnsulin Media feed volume Scaled at 4% of the bigreactor cell.culture volume
i.e.3.4,35 aﬁa%gy(f_%%%ﬁ?ﬁ%}m%oéﬁ%éf blfl(fr‘é%[}‘éff‘%’rl{}% u‘gri%n gﬁ&é%f.dg%%]%??‘ata%/g gf the bioreactor
cell culture vohfitie pentdi®, 4y 1k edii@ianthd mahomesisuttivighintattorgdrpisbdietor volume of -303L.

media feed Pegd it Madiiic GO, 0 tinBlicess sl mM @hiashy diaed e (CD CHO +

50 g/L Glucose + 8 mm GlutaMAXT"-1+ 1 odium Buﬁ%/érate Feed #3: CD CHO + 50 g/L Glucose

+8mM @%tarvm%v'sqpﬁritqdéyméaﬂml%&%a&i@%adﬁf HEHEAR BB ERPL%2 g/L Glucose + 32
MM GlutaMAX Lok ¢ 11 6 SinglbiY8agtalale tha38 mghieiy nsuindeed#2i2 0GR GEEiss 33 g/L Glucose
+ 16 mM GlutaMAXT"-I + 33.4 g/L Yeastolate +.,0.92 g/L..Sadiu tyrate Feed #3: Ix CD CHO + 50
g/L Glucose + R iiEliRA Cfm-(frfr%mgrﬁ_w@a\g%lg iﬁEllEB%mga% ’é%&lur%l %’u%rrg}'fee Feed #4:1x CD

CHO + 33 g/L Igheosdiza b kG letaMAXT Hieusd i ceastviawrbyCoRyilugSodiedadButyrate
Filtration of biqreaciof cell G 5e:RRMLPOMSHNE R IGRGIAKS AR ORR ¥etuted
25  from the chromatography column by altering buffer conditions to decrease the affinity
for the ligand or ligand-binding entity.
In one exampie, the soluble rHuPH20 is purified from the concentrated protein
solution by sequential purification through a beaded crosslinked agarose column, such
as a Q Sepharose™ column (ion-exchange chromatography), beaded crosslinked
30  phenyl-substituted agarose column, such as a Phenyl Sepharose™ column

(hydrophobic interaction chromatography), an Amino Phenyl Boronate column



1st stage - Four modules in parallel, each with a layer WO 2009/11.1066PCT/US2009/001455 106
0.22 pm and 0.22 pm) in seriq";s.’loo L storage bag of diatomaceou@rth graded to 4-8 p.m and a
layer of diatomaceous earth graded to 1.4-1.1 pm, followed by a cellulose membrane. 2'd stage -single
module cont&3RiAlHIldyer of diatomaceous earth graded to 0.4-0.11 pmramdraztayenrfsliatomaceous
earth graded to <0.1 pm, followed by a cellulose membrane. 3rd stage -0.22 pm polyethersulfone filter
300L storage bag Harvested cell culture is suppleménted with 10 mM EDTA, 10 mM Tris to a pH of
7.5. Concentration and buffer exchange prior to chromatography Concentrate with 2 TFF with Millipore
Spiral Polyethe@g%fol[jeC %K MW%C% Fil}aggguf]ert%xc an?ﬁygg'ne Conc,ent?étle 6x.with 10 mM Hepes, 25
mM NaC1, pli 7.0 20U stenfe s?(%?a%ey%)ag OhCe iR fing TOtY B4HE ALY 8RH8Rlice TFF 30K MWCO
Filter Buffer ExéhgitigeaishrGonoerirase 10xchvitftikBendiims c2bibiifa280hdptg 7.5 SQL sterile
storage bag Virglipactivali ' rap ne,Viral inactivation performed with the
addition of a I%%ﬁ%ﬁ%%%{l{? %g#?ﬁ%%%mgﬁ%%ﬁzﬁéﬂ\é%t h§ g?%ﬁrﬁfggﬁflgl%{s eaga(r&S%epharose) No
absorbance resfifRALRY RSsahrerNtsohtmne e ining sterdiendoitds fHeRie?0astbeund
chromatogmphyeRals - A fises 2t Rasiariis) rRsal flier (Rt GansRaakan.and buffer
uffer

exchange after chro_mat%graphy Hepes/saline pH 7.0 b Protein concentrated to | mg/ml

Histidine/saline "B & 6 DA 11t BEWE B0 £ Boodathesebeteri382009/001455 107

mg/ml Vial fillingofahié réied H2w i vblemgsiztoseehatvybife @lassibhasstoprer 204l volumes

Stored at QOC Jeflon/screw cap,Soluble rHUPH20 yield Approx, 400-700 mg- Approx. 11-25

EXAMPLE 9 Dgt%ﬁ%ﬁ%?ignwegﬁer%%?ﬁ%ﬁcC%é‘ﬂb’it‘ﬁ %?Xstg?ﬂ6?§€F|%8i&f6%ﬁ%%£%&%%ﬁﬁf§ of s

rHUPH20 in saffplesnsgaralisbinectttuiesBpurficétion fradtiensiaridourified solutions was

determineghusing a (iRl dissayuiich Rased PO e JAIMAAN of AR npojuble precipitate when
. reatly. €qui .

hyaluronic acid binds with serum albumin. The activity’is measured by incubating soluble rHuP1-120
with sodium hySFSFOFAHSRSERIBFSHEctRd by rnAnsdiqsamen oitife a1 0omainding pahebthen precipitating
the undigested lsadidnmohyatitienale with thevasdition of asidfied 19seeunalbygmd he turbidity of the
resulting sampléadi Jnea le{lrle,cg art064(a)tn]grgﬁ?ftetrt 30 minute development period. The decrease in
turbidity resulting from enzyme aetvity on the S5dioRTHYARTb S SHiBstFlA R BSSaRe of the
soluble rHUPH29 ‘Bpyitieties e tivityh SEhecntigthehiticunl usingralestibifationvausiegenerated with
dilutions of2 salbadtHPHEd ARG telPLNGE slandaid antheample achint

15measurements are made relative to this calibration curve. ns Of the samplé were
prepared in EnSyiEIDIRISHE SbfgtditsatinecmhsnhebilBermSetutiofifvasrprepedd bsldissolving 33.0
0.05 mg of hydByzesh cach chromatography step, the eluted protein can be filtered, such as through

g
oluble

a 0.22 pm filter, to remove any contaminating microorganism or large aggregates. In
some examples, the filtered eluate is stored, such as in sterile storage bags, prior to

20 usein the next step. Following column chromatography, the purified hyaluronidase
can subsequently be subjected to a virus removal step, followed by protein
concentration and buffer exchange for final formulation, Exemplary purification
methods are described in more detail below.

1. Beaded crosslinked agarose column

25 The concentrated protein cbtained from the of harvested cell culture fuid
(HCCF) can be loaded onto a beaded crosslinked agarose column, such as, for
example, a Q Sepharose™ column, which is a strong anion exchanger and captures
soluble rHuPH20 while allowing other proteins to flow through. The bound soluble
rHuPHZ20 can then be eluted using an appropriate buffer. The dimensions of the

30 column used is typically dependent on the volume of concentrated protein obtained

from the HCCF. For example, concentrated protein obtained from culture of



gelatin in 25.0 mL of the 50 mM PIPES Reaction Buffer (140 mM NaCl, 50 mM PIPES, pH 5.5) and
25.0 mL of SWFI, and dilutir'rgj\p/.z mL of 25% Buminate solution 20into.the mixture and vortexing for
30 seconds. This was performed within 2 hours of use and stored on’ice until needed. The samples
were dilutedVio2appastirated 1-2 U/mL. Generally, the maximum dilutiorpersstepaidssot exceed 1:100
and the initial sample size for the first dilution was ggt be less than 20 uL. The minimum sample
volumes needed to perform the assay were: In-process Samples, FPLC 25Fractions: 80 ML; Tissue
Culture Supernatants:1 mL; Concentrated Material 804; Purified or Final Step Material: 80 pL. The
dilutions were made inC}ri licate in.a Low WQ 200 /.111066PCT/USZOOS(9!OOl 55 108 Protein Binding
o6-well plate, B0 SEICF ABFF OGO it R Er i REEPEP BRI BT LREPORGA plates (BD
BioSciences). coluibl vt ris 26 &en daiph, Sicl e enrt] sl é20uvi tho At dam sdnteaiio noiadthek)/mL were prepared

in Enzyme Diluent Sqlution t nerate a standard curve and ad t Optilux plate in triplicate.
The cildtions 1 g 5 A B O o L DT D) OREEE 2 5 Ul
"Reagent blanfellvélg thit bdneataedratlareshEbriondeDilnom Sdlutiothavérdiroiidet 2the plate as a
negative contrgl, T\ piRierwas diamcoyeradianehyanmed Qmahoak Mgek loredminwes at 37C. The

cover was removed and the plate was shaken for 10 seconds. After shaking, the plate was 10 returned
to the plate to f5BcREEEABACAIHE N ternvespiabareiznitpMEAARE Detiasdess primed with the
warm 0.25mg/matosaditprdwalurenaiarbplellivndprenatgentissaling4PQ-marefgodium hyaluronate

(LifeCore Biomedical).i mL of SWFI.. This was mixed by gently rotating and/or rocking at 2-8C for
RS le%%??? ?‘sf?sr(‘%fx%‘é)?ef"‘ﬁé“r%a%&%r?‘ﬁf&?é‘%a%’%ﬁs@&?’eﬁ 1Rt RDROP 15384

2-4 hours, or unti complf 7
and the reactidiephainltiateldiby e ssitycth@ighart keyirtd dispensad30#disodiureya)uronate into
cach wellThe,plals s ErBOMAA AT MHT DEOR 94 2% SMRKGA [0 peconds before

being transferred to a heat block with the plate cover replace e was Iincubated at 37C for 10

minutes The MUR FiBROPBEE Waairepearbetaten the reQdtihasysphifrivigthe!z mdehine with

Serum WorkingnSgktien andchangtegdhecvelsimesettingfo 240 pL. (25 mL of Serum Stock Solution
[1 volume of Horse S};;r_um (\Eii%na) W%S diluted with 9 volumes of 500 mM Acetate Buffer Solution and
5% P it R s

the pH was adjusted PRSHECKERRT 5T B BRI FREERARE Buffer Solution). The
plate was remdévedifretvthehbat fitocid apggstace danigh the MUL FIBROP, 884 anet 240 pL of 25serum
Working Solutions was. fispensedd he wells, The plate,was removed.and.shaken on a plate reader
for 10 seconds. Atter a %rther 1%39%%:%1%%@'3,1%%%% |§|sfy Q%Otuémslgr%lﬁ e%sv?/g%éur%féré%@?essdﬂgl 640 mu and
the enzyme actiaselinie selpyasenesrddmpnvideteritabledinyedittifyadothimstatedhegecurve.

Specific activity(iaite/melwascalaulaiest ydividing.the %&M%ﬁ&lﬁ%ﬁu%‘?&/ﬁ%@%@é’éhe protein
concentration &%naoa%?lg WO 2009/111066PCT/US2009/001455 109 EXAMPLE 10 Determination of
sialic add and SRS cB REAR T SR LA A BB s A tfe SERIEREST Soluble
rHUPH20 can belassesséd byuikverse phiase souidghippiatograpby §RPLCDielewdag-nydrolysis with
5trifluoroggeti i 0 mple, the, sialic acid and monosacgcharide content of purified
hyaluroni%lgasectfcffltcg);fa ﬁ%SB%;Oglé(IEES(?LEZ%?nVéﬁ% %%Fgérlﬂlézgé]bgn%nﬁﬁril%g Eensgheenzﬁ}giIIy as described in Example
8) was determined. B¥éflyoadiogidrearnisie epasehirdialiirechivitin 4£0%6(wi etriflienpasstic acid at 100C
for 4 hours in dypbigate;RANeVIRgNYHRIMIIS EH&%WH!R?&GW&%%B&Q%V%%%E?ﬁ}ﬁ?fd‘ded in 300
ra

uL water. 10 A 41\}% liquot from each re-suspended sample was transferred to a new tube and dried
down, and 10 4§

T8 T SsOATY ABtite SBILOSH Wb Added (BaMpor® reldased
monosaccharites iyereTiverestenily laheleahyithe,additienof St atafaseltianeantaining 30 mg/mL

2-aminobgnzoic.acid,. 20 mg/mL sodi oborohydride, roximately 40 mg/mL sodium acetate
and 20 n?%me @ri%“géhﬂﬁﬂr?‘ﬁﬁ’éfh%rggﬁ%%e%ﬁﬁﬁ?m% %véée i%“?g‘}é&t%%’ 5t Werhthiids 24 soc in the dark.
The derivitizatioNr&actidn whd.aeh¢hedMbylthes abtitivhid@A40hT. pofnsibileyphase (©.2% (VIv)
n-butylamine, Qgi%:{v6) ARasRhAEACIds 164 Itiabigliolian) A ma blank ofwater also was
hydrolyzed and derivitized as descriBed for thé hyalurohidase sample as a negative c¢ontrol. The

released mondBAREHAHEE® R oobuap aphted IRt Reffeciusig terr@ditteayh@l8)reverse phase

column (4.6 x 50ueTHPHIDRAHAC RiRa udil g Bakae ant mapared: Ry florgseange detection (360
nm excitaj%on, 42% nm %nclil%szgn Q#antitation of the monosaccharide content was made by
i € o)

comparison of the chrom: BREHS hAMLPG b R5E SAniprROmRISErBltRatbgrams of
monosaccharidesstaadardsi\nelisdingii:&tglueosamine {&leNoNc2BDaakaciesamine (GalN),
galactose, fucose and mannose. Table 26 presents the molar ratio of each monosaccharide per
hyaluronidase molecule. WO 2009/111066 PCM5S2009/001455 110 Table 26. Monosaccharide
content of soluble rHUP1120 Lot Replicate GRIN GalN Galactose Mannose Fucose HUBO701E 1
14.28 0.07* 6.19



25.28 2.69 2 13.66 0.08* 6.00-24.34 2.61 Average 13.97 0.08* 6.1024.81 2.65 GalN results were
below the limit of detection E\&MPLE 11 5C-terminal heterogenei’w of soluble rHUP1120 from 3D35M
and 2B2 cells C-terminal sequencing was performed on two lots of SHUPH20 produced and purified
from 3D35Moellewin a1dk00 L bioreactor volume (Lot HUAO505MA) and2B 2 eslls #0:1as800L bioreactor
volume (Lot HUBO701E13). The lots were separately digested with endoproteinase Asp-N, which
specifically cleaves peptide bonds N- 10terminally at aspartic and cysteic acid. This releases the
C-terminal portion of the soluble rHUPHZ20 at the aspartic acid at position 431 of SEQ ID NO:4. The
C-terminal fragi?e ts Wﬁ'{? separated and characterized to determine the sequence and abundance of

each populati BERROBGER R SHS BT BIFrEER te Rirscape sfvel et e Lt uble rHUP1120
preparations ffims3iD3hdkeatipiantie S 12 callscicptayedineibiogrnedyesins eaditgined polypeptides

that differed fr ne.another.in their C-terminal sequence (Tables andé? .Tléi J(‘neterogeneity IS
likely the resu;?'rg?%-?e}%ﬁ?lg ’ctll%aea?/gatéa oF keereextprgé1 a8y @ﬁﬁﬁ&eﬁfﬁr’p%’l pzéspﬁ ‘(? §I§b ID NO:4) by
peptidases préstnttinfonebedizciiisd: smediam asetiestsolgtibag. during the production and purification

process. khe polypeptides j.the sel4blgiduRH ﬁ%ﬁ%ﬁ%ﬁo 3 t})ave e}mx;ﬂlo acid sequences
corresponding to amino acidsyja_l-%447, 1-446, 11-)43%’% 1-444 and 17%4% of the soluble rHUPH20 sequence

set forth SEQ 1D NOPIPHEg nusiifas eicier suthuebrid o aastivfahesargrsiypptiidasis forth in SEQ ID

NOS: 4 to 8, respegtivalyionshoiedin;tekles 2 (Rakhac the-abupdanceRfsashpalypeptide in the
soluble riduPII;LZO preparati ng from 3D35M cells and 2B2 cells differs. 25 WO
EABt<oB05Hs

2009/111066 PAERY TYOF BRI S PRI SO B R AR e FRS ™ Lot
HUAO505MA Evagrmnientiohifde acicbposition frefatue: ieo SEQRD-MN@uSetllenaerTheor. Mass Exp.

Mass Ertay EWIQ LR ARHOH 58 ciured CRREATAA4LRARKL RENETRER QIEY 2053.97 2054.42
. . . 0

range in size, depending on the volume and amount of protein being purified though
it. Exemplary sizes include columns that are 29 ¢m high, 20 cm in diameter with 9 L
resin for use in the purification of soluble rHuPH20 from cells grown in a 100 L
bioreactor culture, columns that are 29 cm high, 30 cm in diameter with 19-21 L resin
15 for use in the purification of hyaluronidase from cells grown in a 300 L bioreactor
culture, and columns that are 35 cm high, 80 cm in diameter with 176 L resin for use
in the purification of soluble rHuPH20 from cells grown in a 2500 L bioreactor
culture. One of skill in the art can scale up or down as appropriate.
The sterilized beaded crosslinked phenyl-substituted agarose column, such as
20 a Phenyl Sepharose™ column, can be equilibrated prior to loading of the protein with
an appropriate buffer, such as, for example, S mM potassium phosphate, 0.5 M
ammonium sulfate, 0.1 mM CaCly, pH 7.0. The protein eluate from the Q Sepharose
column purification also is supplemented with ammonium sulfate, potassium
phosphate and CaCly. These can be supplemented to the protein to final
25 concentrations of, for example, about 5 mM potassium phosphate, 0.5 M ammonium
sulfate and 0.1 mM CaCly, pH 7.0. Following loading of the protein, 5 mM potassium
phosphate, 0.5 M ammonium sulfate and 0.1 mM CaCly, pH 7.0 aiso is added to the
column and the flow through filtered is collected, such as in a sterile bag..
3. Amino Phenyl Boronate column
30 Following hydrophobic intera.ction chromatography, the column-purified

protein can be loaded onto an Amino Phenyl Boronate column for further purification.



(SEQ ID NO:66)  D28b 431-446 DAFKLPPMETEEPQIF 1890.91.1891.28 0.37 97.02 18.4% (SEQ

ID NO:67)

D28c 431-445\DAFKLPPMETEEPQI 1743.84 1744.17 0.33 86.4 11.8% (SEQ ID

NO:68) D28d 431-444 DAEI(LPPMETEEPQ 1630.70 1631.07 0.32 74.15 56.1% (SEQ ID NO:69)
D28c 431-443DAd Kb RPMETEEP 1502.70 1502.98 0.28 77.36 PCT/US2009/001455
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Amino Phenyl boronate ligand-mediated chromatography differs from many other
ligands used for affinity chromatography. Whereas most ligands bind to a particular
binding site on a protein by a mixture of noncovalent interactions, phenyl boronate
interacts predominantly by forming a tempaorary covalent bond with 1,2-cis-diol
groups. The boronate ligand will bind to any molecule containing the appropriate
group, including soluble rHuPH20, which is highly glycosylated.

The Amino Phenyl Boronate column used in the methods herein can range in
size, depending on the volume and amount of protein being purified though it.
Exemplary sizes include columns that are 29 cm high, 20 em in diameter with 6.3 L
resin for use in the purification of hyaluronidase from cells grown ina 100 L
bioreactor culture, columns that are 29 ¢cm high, 30 cm in diameter with 19-21 L resin
for use in the purification of hyaluronidase from cells grown in a 300 L bioreactor
culture, and, and columns that are 35 cm high, 80 cm in diameter with 176 L resin for
use in the purification of hyaluronidase from cells grown in a 2500 L bioreactor
cujture. One of skill in the art can scale up or down as appropriate. Buffers suitable
for equilibrating the Amino Phenyl Boronate column include, for example, buffers
containing 5 mM potassium phosphate, 0.5 M ammonium suifate, pH 7.0.

Foilowing loading of the Pheny! Sepharose column-purified protein onto the
Amino Phenyl Boronate column, the column is washed with suitable wash buffers.
Exemplary wash buffers include, but are not limited to, 5 mM potassium phosphate,
0.5 M ammeonium sulfate, pH 7.0, and 20 mM bicine, 0.5 M ammonium sulfate, pH
9.0 and 20 mM bicine, 100 mM NaCl, pH 9.0. In one example, the Amino Phenyl
Boronate column with the bound hyaluronidase is washed first with 5 mM potassium
phosphate, 0.5 M ammonium sulfate, pH 7.0, then with 20 mM bicine, 0.5 M
ammonium suifate, pH 9.0 and finally with 20 mM bicine, 100 mM NaCl, pH 9.0.
The bound hyaluronidase can then be eluted, such as with 50 mM Hepes, 100 mM
NaCl, pH 7.0. One of skill in the art can modify one or more of the buffers to
similarly effect purification. Typically, the eluted soluble rHUPH?20 also is filtered to
remove any microbial contamination or large aggregates.

4. Hydroxyapatite column



13.6% (SEQ ID NO:70)
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Following Phenyl Boronate column chromatography, the protein solution
containing the soluble tHuPH20 can be loaded onto a Hydroxyapatite column in a
final polishing step. Hydroxyapatite is a crystalline form of calcium phosphate with
the molecular formula Ca;o(PO4)s(OH),. It can be used as a polishing step to separate
closely copurifying proteins, operating by mixed-mode ion exchange due to its
inclusion of both positively and negatively charged moieties. Various hydroxyapatite
chromatographib media are available commercially, and any available form of the
material can be used in the methods herein. Examples of hydroxyapatites include, but
are not limited to, those that are agglomerated to form particles and sintered at high
temperatures into a stable porous ceramic mass. The particle size can vary, such as
ranging from about I um to about 1,000 pm in diameter. The porosity also can also
vary, such as from about 100 A to about 10,000 A.

The Hydroxyapatite column used in the methods herein can range in size,
depending on the volume and amount of protein being purified though it. Exemplary
sizes include columns that are 20 ¢m high, 30 cm in diameter with 13 L resin for use
in the purification of hyaluronidase from cells grown in a 300 L bioreactor culture,
and columns that are 23 cm high, 80 cm in diameter with 116 L resin for use in the
purification of hyaluronidase from cells grown in'a 2500 L bioreactor culture. One of
skill in the art can scale up or down as appropriate.

For the methods described herein, the Hydroxyapatite column can be
equilibrated with 5 mM potassium phosphate, 200 mM NaCl or 5 mM potassium
phosphate, 260 mM NaCl, 0.1 mM CaCly, pH 7.0. Equilibration using solutions such
as these make the column compatible with the partially-purified hyalurenidase, which
itself is supplemented with potassium phosphate and CaCl, to final concentrations of
5mM and 0.1 mM, respectively. Following loading of the protein onto the column,
the column can be washed with, for example, 10 mM potassium phosphate, 100 mM
NaCl, 0.1 mM CaClp, pH 7.0, to remove any unbound contaminating proteins. The
bound soluble rHuPH20 can then be eluted with an appropriate. elution buffer. For
example, clution can be effected by the addition of 70 mM potassium phosphate, pH
7.0. In some examples, the cluate is filtered, such as through a 0.22 pm filter.

6. Virus removal, protein concentration and buffer exchange

D28f 431-442 DAFICLPPMETEE 1405.64'ND N/A N/A 0.0% (SEQ ID

Table 28. Analys@f C-terminal fragments from Lot HYB0701EB Frag- ment Amino acid
position (relative to SEQ ID NO: Sequence Theor. Mass Exp. Mass
D28a 431-4WD Dk KiBPMETEEPQIFY 2053.97 2054.42 0.45 99.89 118986/u¢3kEd:510:66)

rror Elution time Abund -ance 4)

D28b



DAFKLPPMETEEPQIF 1890.91 1891.36 0.45 96.92 46.7% (SEQ ID NO:67) D28c 431-445
DAFKLPPMETEEPQI 1743:84 1744.24 0.40 85.98 16,7% (SEQ‘ID NO:68) D28d 431-444
DAFKLPPMETEEPQ 1630.70°1631.14 0.39 73.9 27.8% (SEQ IDNO:69)  D28e 431-443
DAFKLPPMBEMHaER11&02.70 1503.03 0.33 77.02 6.9% (SEQ ID NO:78)1/082009/001435
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The soluble rHuPH20 obtained flowing column chromatography can be
subjected to post-purification steps that serve to formulate the protein in the desired
buffer at the desired concentration. The protein also can be subjected to a viral
removal step to ensure it is free from contamination and suitable for use as a
therapeutic. Viral removal is typically effected with the use of a filter that allows only
the soluble protein to pass through while trapping any viruses (and other contaminants
that are equal to in size or larger that viruses). Such filters are available
commercially, and any can be used in the methods herein. Pores sizes of filters useful
for viral removal include, but are not limited to, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm,
40 nm, 50 nm, 60 nm, 75 nm and 100 nm. In one example, the purified hyaluronidase
is filtered through a filter containing 20 nm pores. The protein can be pumped into
the filter by, for example, peristaltic pump or by use of a pressure tank.

Following viral removal, the soluble rHuPH20 can be concentrated and
subjected to buffer exchange. The soluble rHuPH20 can be concentrated by 2x, 3x,
dx, 5%, 6 Tx, Bx, 9% 10x, 11x, 12x, 13x or more. In some examples, the protein 18
concentrated approximately 6x. This can result in, for example, a concentration of
between 0.1 mg/mL and 50 mg/mL. In some exampiles, the purified hyaluronidase is
concentrated to approximately 1 mg/mL. In other examples, the purified
hyaluronidase is concentrated to approximately 10 mg/mL. Any method of protein
concentration known in the art can be utilized. Exemplary of such methods include
concentration using tangential flow filtration (TFF) systems with molecular weight
cut off (MWCO) filters. For example, the purified hyaluronidase can be passed
through a 10 kDa MWCO spiral polyethersulfone filters to concentrate the protein
1Gx. In another example, the protein is passed through a series of four 30 kDa
MWCO filters. For large-scale production of hyaluronidase, such as, for example,
100 L and 300 L cultures, fiiters with surface areas of between 0.5 and 5 square
meters are typically employed for this purpose. In some examples, filters with a
surface area of 1.2 square meters or 2.8 square meters are used.

A buffer exchange is generally performed folkowiﬁg protein concentration to
formulate the protein in the desired buffer for subsequent use, for example, as a

therapeutic. One of skill in the art can empirically determine an appropriate buffer.



D28f 431-442 DAFKLPPMETEE 1405.64 ND N/A N/A 0.0% (SEQ {D NO:71) WO
2009/111066PCT/USZOO91QQ}§55 112 EXAMPLE 12 Production and purification of soluble rHuUP1120
in 2500 L Bioreactor Cell Culture The production and purification of soluble rHUPH20 can be scaled up
from a 5300vchateh-feddioreactor process (described in Example 8) tora2b9Rds/ateh-fed bioreactor
process. Like production of rHuP1-120 in a 300 L bioreactor cell culture, the production of rHUPH20 in
a 2500 L bioreactor cell culture is performed by firstsﬁwawing and expanding a vial of 2B2 cells,
culturing in a bioreactor, harvesting and clarifying the culture, concentrating and buffer-exchanging the
harvest, followed by 10viral inactivation. The rHuPH20 is then purified from the concentrate using a
series of purificRRPiBp thiuehinbeiorsessalissduipeniidedinarbeanadimisphienyP Bebnate and
hydroxyapatite tpegeyate, tplonas], byviral flirag onvilGeelh Gl tyse xpansion i@ gengsate higher cell
numbers required,'IL]or eedinggl_(tﬁhe 2500 L bioreactor 15cell culture compared to the 300 L culture, the
cell culture is sEffa ?/di?ﬁé‘ﬂa 1 Sy UDE FATE s ARsesd hronghArolsREicta s Eskaker flask,
two 2 L shakerdlagRg;mixagshistifear ftasks «ing 5th- W AVEBifikeasiosime G E Healthcare Life
Sciences),sa 1Q0 L Wﬁ%l% BioreactorTm, and a 600 L stirred tank seed bioreactor (ABEC, Inc.
Bethlehem, PA; Stainless q’echnology division). At each expansion, the 20target seeding density is 4 X
105 cells/mL The tempesateiieo dardisghiout trsieXpatisior i@ (od petifieern8eCsah®88C) with 7%
CO (or betweam 6:3::G02) The.desin e rgliaied 2 ARRiaMmalshy 140 REM{RLA0-130 RPM)
the 25 L and 100 L WAVE BioreactorTM are rocked at 20 RPM (or 15-25 or 18-22 RPM, respectively)
and the 600 L Stkd BSremelsr rouginste foalosrepveteegs 208 weihesgipls rHRA &B2 cells (1 x

107 cells) frombthaiworkiogheadbhaieisdhaneddfoandAGivais Rathioaappiaximaghrginutes
(preferablly no Pﬁgrgi}g% m% n%in%t%%_befpre naedti.a is added &the cells arehce,ntrifuged. The cells are
re-suspended {6 Approximately Efor 8 \ﬁ%é??ﬁ@ﬁ’ﬁﬁ%] RS FESTRIEERL FEBH AGTrm with
40 mL/L (8mMpGhamdsxmid aaosR0 thivbmethatraxateriniad2 v HakerBaflaskoand placed in a
37C, 7% CO2 | h I i LOX X lls/mL, the culture is
transferred intomg %%%é?rfl}f\@ﬁ a%E}e‘E%gs%(?%rtlgﬁwgfﬁ)ﬁ%gg@fﬁ?%%%%@%%%?&%%O%%f%ﬁg%eﬁ% a 50 mL culture
volume (or 45-85HRIRESIR e AtdRadsrannpcling ebroatigy rsachedepploximately 1.6 x 106

cells/mL, the ctbiuke s, expaBieshititaslidcfliaskoi: 2R0MLiERIEr alme 616%&89@;,0 mL) and
incubateﬁ.SWhﬁﬂ he c%%d ntslitg itrll1 the 1 Llflask reaches approximately 1.6 x 106 cells/mL, the culture
is expanded into 3% BB SRR S SRR & oo PRt RS Y SRITRESSf SR TateRf#00 mL (or between
350- 450 mL peyifbbkFoardhimc Hudtdd: Wkersherel density e thei 20Lsfasks iaashes approximately
1.2 x 106 cells IS.eX ' X fla e | total culture volume of
approximately %%%@é%ﬁ%@ég%‘%%%ﬂfsﬂgﬂ E%lél ffgglf)o?g%gl rl%%%é%%ﬁ%ﬁge% #‘Iiutfgr@&f)ﬁensity in the
2 L flasks reactfcBAppoxHRatsirteedisl sontenirdn/mitl | dneccateneaitcespsaidednintba 251 WAVE

BioreactorTM, sxitthaidotad ﬁt&i&ﬁcﬂ@%ﬁﬂt&%@ﬂﬁb‘?ﬁﬂ?@eﬂ&é ki{QrREIWeEM d 4rtBdwand incubated
with an air flow of 1.5L/minute.. ~ When th ell density in the 25 L WAVE BioreactorTM reaches

e . C
approximga(%ely ]é'o'ﬁ LG8 AN IS Ruf P& s Bl ERnift Bl e WA Rie flActor TM, with a
15total culture v@lumeind epprotiniatily8enip(griokineernTdndS bl USing GO1GH AGTTm media that
is supplement ' rexat /L GlutaMAXTm-l and 1 mL/L IN NaOH, and
incubated With%gﬁé\gti%f%%%f%%?r%n%%?%g’nﬁt%hc%E%dqeﬁnslfty;iﬁl{’h(}er%%ﬁlpwl,&vﬁ BioreactorTM
reaches approfiBtel) 7'8le 106 eetrinabr teswgltfidisexpinsds thintorsb0E kscedshin@actor

20ABEC, Inc. Bethlghem:Re 1iainkess. Teshneloay-division) with aiotal sylikre yolume of .
approxim elyﬁﬁ%%#or between 440-520 L) using CD-CHO AG I'm media that is supplemented with

40 mL/L Gluta DeLKRF I aba i chiitHe elrRelh the Gobindionsaetoersdches
approximately d:éhxd & eelsimri°C2stuFH2Q prrdustion 2 eABR0R de BIoteRAL0K With @ fotal volume of
3523 Land a \Q/e%kigr%tg/plutm%%ﬁgg)zo-gsoo Lt.rg)AB a énc,ﬁ thlehem, PA) is used for high yield
production of rHUPH20. Eollowing Sterizatior ,“ag;? SRIR: Md@%ﬁ@ﬁ-@ﬁ@AGTrm media
containing 24.3tgy¢d jenldezad©is @HOA BNt suppldrhentednitidaftQeptda@itaMAXTm-1 and 5
mg/L rHulnsulij is adgﬁgﬂt{g,,tn% Qir?&%%% Parameters are set 30to: temperature setpoint, 37C;
Impeller Speed 75 RPM; Vessel Pressure: 5 psi; Air Sparge 18 L/ min; dissolved oxygen: 25%; pH 9.2.
Before uéﬁ, the reactdbP§srehadsiiserdbpidiceeinteanprmionitaspaxineataiyobettwpen 300-500 L of cells

(depending  measuring one or more conditions, parameters or products at each point. This can



on cell count) from the 600 L seed bioreactor culture are inoculated into the cell culture medium in the
3500 L bioreactor at an inoci{l'rajijon density of 4.0 x 105 viable cells_per ml, to reach a total volume of
2100 L. During the 14 day cell'incubation, 5the bioreactor is sampled daily for cell viability, cell density,
pH verificati®i e eH¥¥matic activity. Temperature and dissolved oxygei/aRwia rssnitored closely.
Nutrient feeds are added during the 14 day bioreactor run, each at approximately 4% v/v. At day 5,
approximately 84 L (or 4% v/v) of Feed #1 Medium ?Ql g/L powdered CD-CHO AGTTm + 33 g/L
Glucose + 13.3 mL/L 10 GlutaMAXTm-| + 83.3 g/L Yeastolate + 33 mg/L rHulnsulin) is added. At day
7, approximately 87 L (or 4 % vl/v) of Feed #2 (40.5 g/L powdered CD-CHO AGTTm + 33 g/L Glucose
+ 66.7 mL/L. GlutaMEK ptimpg gonditiony areansiafained torpeodb ARG A EER A8 ded, and culture
temperature is changeeitieabyaad HrodaifitpppiRdiroately Sibditteihd dn\Wspuefbeeduipld20.3 g/L
powdered CD-CHO AGLM + 15 0_19/ Gluiiose + SOM!T/L Glruttal\r/llAX m-l + ?&50 lIEYeastoIate +1.8
g/L Sodium but;ff"é("té})r fg%&&g}fs RSN eeﬁ?ﬁgfhotﬁ ealséc' é’n%e&’f’o ‘ffé'%?.p Paay 152 approximately
94 L (or 4 % vivirefiwestitd), (2018 ghe powdeped [CDI@HEEA B 4E SRBydimaieess 33.3 mL/L
GlutaMAXLg 250 ofl deasiolaleti o Mgl AL AU GRIRk R afdegu DG atlhge temperature s

changed to 35.5 C. The 20reactor is harvested at 14 days, yielding 2400-2600 L harvest (typically
approximately 25B0Horintheae ifgirdssBrdSebemtisHdfe Fiées SPRATREES AFRRSN system
modules (Millipaggytimpatalicpeacheasiaiingm iayer ok dintamaispud]edatiiigrasedtd 4-8 Am and a
layer of diatomaceous earth graded to 1.4-1.1 Am,.followed by a 25cellulose membrane, then through
= 2econd Ml Tekat S L s s e SroRUr R RIRRAE,
diatomaceous epathegratiedunGdsolatieahnBHa0riadesed raidrorndcasiustalatsaragled to <0.1 Am,
followed by; g cejlylase merehisRemed handherahme: QR pr fraifitenietaaisierile single use
flexible bag with a 350 L capacity. The harvested cell cuIthre. fluid is U%Plemented 1V\{l'[h 0 mM
30EDTA and 105HVIPPAS Y 8B P IS Ut PR B SR, 85T HE L e 1S SRR RS A 5% Nith a
tangential flow fittxatibica (o rdpparatarst{Ralt) csimg.18-21 m2 of Sartoslice 115 TFF 30 kDa
molecular weight cut—oﬁ (M\/\@Q‘hgglxgmggg‘tgm&%(PES) filters (Sartorius), followed by a 10x buffer
exchange with 10 mM Tris, 20 mM Na2S04, pH 7.5 into a 0.22 um final filter into a 350 L sterile
storage bag. The concErfreteditignamfisinerrafeiahitedimed fBF Nirthedontmidedifsr Shactivation, a
solution of {9% JaitearodiRe3% &Hs(acptihpbnshaieatd MBR):was prepaed thEhescencentrated,
diafiltered harveﬁltgvas ex osedﬂkt:g)n 1%({ T{“QQ %B%OC% %.t:]%g/os'lz}\l I%g’t up.to %nhgqrt% gprgoo L stainless steel
reaction vessels |mrenr§ A %W’%nor {0 prﬁrfﬁca?lon onq e Q column. ‘Igj.lgurlflé)a‘uon SF6en2 rHuPIT20
10A Q SepharosksiPhasnmdiiapicarekehigt Condiorsthat pasibe HeaiRe¢i DEBIEm) is prepared.
The column is egiilibated: withR1solunty v umeas:af-d 9 firks c A0 vk Na2 S grddbh7 5. Following
viral inactivation, the conc.en%ated, diafistere , viral-i activatted Qarvl‘egt q;‘ %%)roxtirlnattelﬁ{ 250 Lis
loaded onto the E 8BRS HER PSR of B &R A P TR BB 7 Wash e SAith B ESumn volumes of
15 10 mM Tois, 20 mivpeta2SO4}! phitird pihdd Oontivt Hepest 66 mgluie@)l G6H [7velsThé protein is
eluted with 10 my) epes 490,MMiNaGapin fdRio-aRAazuaminali e in serile bag. The eluate

sample is tested for bioburden, protein concentration and enzyme activity. A280 absorbance reading

were taken at th& BEGing£riareie (BF R Beheye e8P henyl-Sepharose (Pharmacia) hydrophobic
interaction chromatogrephygshaegxb el tanmestiod fhenybraaphamsec{l 5 eolimrd176 L resin, H=35
cm, D= 80 cm) is prepared. The columpn is equilibrated with.5,column.xolumes,of 5 mM potassium
hosphate, 0.8 AR R o e s B R R Tl e
supplemeriéd withnivitaradrioitnmdsatatend/ w ahetassiornp osptaechrith B CHD2 stock
solutions to yielg:finglsaneantatinns ofca fMulit v andiDol MM e SBREHYEl pEhe protein is loaded

onto the PS column at a flow rate of 100 cm/hr. 5 mM potassium phosphate, 0.5 M ammonium sulfate
and 0.1 mM Ca®12%erero L anasa sToer SsiF. Brkist retispic pesbedHfifolish a 0.22 um
final filter into a sienitechaly theheflew. through is sampled for bioburden, protein concentration and
30enzyme activity. W '200%0%1%§6P§J{£%§12§%(‘)g 4%%111&%:1 An aminophenyl boronate
column (ProMedics; 176 L resin, H:é%gcm, = m) | {hen prepared. The column is equilibrated
with 5 coludfh volumesSehbipmaias siadvpitospiinarameras assmrioilinBuhtde The PS-purified
protein is loadeqpqin 06 RMIBARNERY RRNALR RUMRALR oW, s-0f:5enetr/k e flow rate was
Sincreased to 100 cm/hr for the remainder of the process. The column was first washed with 5 mM
potassium phosphate, 0.5 M ammonium sulfate, pH 7.0, then 20 mM bicine, 0.5 M ammonium sulfate,
pH 9.0, and then with 20 mM bicine, 100 mM sodium chloride, pH 9.0. The protein is eluted with 50
mM Hepes, 100 mM NaC1l, pH 6.9 and passed through a sterile filter into a sterile bag. The eluted
sample is 10tested for bioburden, protein concentration and enzyme activity. The hydroxyapatite .
(HAP) column (BioRad; 116 L resin, HREGRREDSBEEMRSEepared. The column is equilibrated with 5
mM potassium phosphate, 100 mM NaCl, 0.1 mM CaCl2, pH 7.0. The aminophenyl boronate purified
protein is supplemented to final concentrations of 5 mM potassium phosphate and 0.1 mM 15CacCl2

and loaded onto the HAP column at a flow rate of 100 cm/hr. The column is first washed with 5 mM
notaceirim nhoenhate nH 7 100 mM NacC1 O1 mhM CacCl? then 10 MM notaceinim nhoenhate nH 7



Table 29 sets forth some exemplary differences between production-of rHuPH20 in a 300 L and 2500
L bioreactor culture 15Table@!% Exemplary differences between production of rEIuPH20 in a 300 L
and 2500 L bioreactor culture Process Difference 300 L cell culture 2500 L cell culture Cell line 2B2
2B2 Media usgehioraxpand cell inoculum Contains 20 p.M methotrexate¢9/maibdbiegntains 20 uM
methotrexate (9 mg/L) Cell expansion Expanded through 125 mL flask, 250 mL flask, 1 L flask, 6 L
flask and 36 L flask. Expanded through 125 mL fIaéI%, 250 mL flask, 1 L flask, 2 x 2 L shaker flasks, 6 x
2 L shaker flasks, 25 L WAVE BioreactorTM, 100 L WAVE BioreactorTM, and a 600 L stirred tank
seed bioreactor Final operating volume in bioreactor Approx. 300L in a 400L bioreactor Approx. 2500
L in a 3500 L @B?%Bfmﬁ?ﬂg OnfEiERSE sl eArh it Geniang e, 21fewith 5.0 mg/L rHulnsulin

40 mL/L (8 mMpfetiadi b, XTEpmh G Op AT, TeRwikH S, QseoitagbistosulinctRfmditnéd mM)

GlutaMAKum-1 Media fegd volume, Scaled at 4% of the bioreactor cell culture volume i.e.
approximately SOATBE 4%%%3[??&3%%?@&?% SrESb LS P ITSTMAtER ~Wo

2009/111066PGEHRIS2009001 466118 RingesmbDifféikprte 306 deitelllouttara 28000 vethculture 10.4,

108, 11.2anddf, buleSingg adatget Noreaclor valume, 0300 b 848 Hbuonlgé L. resulting

in a target bioreactor volume of -2500 L. M d Feed #1 Medium: 4x CD + 33 g/L Glucose +
32 mM GlutaVi&¥eT ke ¢eils Gghe YienditetdtendesSringhcapaind ghiitekesing; X GBDRC + 33 g/L

Clucose + 16 M GEANRX TRl -3 du0lholiaaaiolaie .92 alkBodiym Buluiaje Feed #3: X CD
CHO + 50 g/L Glucose -I- 10 rriM GlutaMAXTm-I + 50 g/L Yeastolate + 1.80 g/L Sodium Butyrate

Feed #4:1x CO'EER8lE 3iyiiy-Ericoemnis anplidvel ot ﬁ%ﬂlﬁmfgsa@mé@f’é?&té’lihdgz g/L
Sodium Butyrateresid:# T edilmi 181 YitTpeowderad GR-€HEWGihtom doBdgAomlucase + 26.6 raM
GIutaMAX@m-I + %t glrlﬁe\{%% tol teérltiggm /L rHulnsulin Feed #2: 40.5 g/L powdered CD-CHO.

) uta

AGTT" + g/Er ucose + ¥ Tm-1 + 166.7 g/L Yeastolate +0.92 g/L Sodium

butyrate Feed #3: 203 yhlqdwd&iZEtcOR0FHiNAB EhnrticBirghrGlacasberas@smi/bGlutaMAXT"4-1 +
250 gL Yeastolaiotl il SORAT OUNAIR i 142038l BOUIBIRGRLCHO AGTT + 333

g/L Glucose + 6.7 mM GlutaMAXTm-I + 250 eastolate + 0.92 g/L"Sodium butyrate Filtration of
bioreactor cell CHRUASSPS2 gt a58 Yo (Fldddis S ISpRil) Bragfoithoarmyerdpuiftémaceous earth

graded to 4-8 pherhedd.aRydsebdirtomracapus;ealtif grdaditonddidumielipwed by a cellulose
membran{e5 2n staq?. -s'&ngle module containing a Ia‘yer of diatomaceous earth gr dgtgl to 0.4-0.11 gm
1S I gﬁ

and a layet of QXM ARRSTL e ARG8T BHPGRC st dg8Ts6eR! AR each with a
layer of diatomactods. éaldtiigraidiedhoptegeprn andcattayef dfuglidtoimacaobseearthrgiaged to 1.4-1.1

pm, followed b¥t§1§eﬁﬁ‘%&ﬁﬁiﬂﬁ§m@@§'sgﬁﬁﬁgﬁ’oajegm%@rsp&@%?ﬂﬁg A layer of diatomaceous earth

graded to 0.4-0.11 gm and a layer of diatomaceous earth graded to <0.1 gm, WO
2009/111066PEIAP8Log 0I5 A48 PPoweds Diferardelectrophoresed hyaluronidase-

containing samples and chromatography, such as, for example, RP-HPLC. The purity

20 of a hyaluronidase-containing sample can be assessed by, for example, SDS-PAGE,
RP-HPLC, size-exclusion chromatography, anion-exchange chromatography and
isoelectric focusing (IEF). Soluble rHuPH20-containing samples, such as samples
containing purified hyaluronidase, can be further characterized by assessing the sialic
acid and monosaccharide content. This can be accomplished by, for example,

25 hydrolyzing the sample with 40% triftuoroacetic acid, fluorescently labeling the
released monosaccharides and separating them using RP-HPLC (see Example 10).

Soluble tHUPH20 produced and purified using the methods provided herein

also can be assessed for the presence of post-translational modifications. Such assays
are known in the art and include assays to measure glycosylation, hydroxylation, and

30 carboxylation. In an exemplary assay for glycosylation, carbohydrate analysis can be

performed, for example, with SDS page analysis of soluble rHuPH20 exposed to



300 L cell culture 2500 L cell.culture followed by a cellulose membrane. , 3rd stage -0.22 pm
polyethersulfone filter 300L storage bag followed by a cellulose mémbrane. 3rd stage -0.22 p.m
polyethersulfone filter 350L storage bag Concentration and buffer exchange prior to chromatography
Concentraté"&sthfdifi*Sartorius Sartoslice TFF 30K MWCO Filter Bufféf Ex&H84i¢jd48te Concentrate
10x with 10 mM Tris, 20 mM Na2S04, pH 7.5 SOL sterile storage bag Concentrate with 2 TFF with
Millipore Spiral Polyethersulfone 30K MWCO Filter Buffer Exchange the Concentrate 6x with 10 mM
Hepes, 25 mM NaC1, pH 7.0 20L sterile storage bag Q sepharose column 9 L resin, H=29 cm, D= 20

cm 81 L resin, H= 26 cm, D= 63 cm A Phenyl-Sepharose (PS) cplumn,_ 9-2 H=29 cm, D= 30
cm 176 L resin, 14 @5‘%35"“8@%‘}#&%?%?1% WBFoHegfgéat‘? fﬁsﬁsﬁ ‘f_a‘sreésgt "’ﬂﬁgg cm, D= 30 cm

176 L resin, H=3fiah gBea8iom deapxmmtﬁglﬂdma)mmmd:mdmm whileD 30 cm 116 L
o e TR b S e SR 0B I Ih el e SRTREE BUE (oo 1o

filtration (TFF) T%re molecular welg i cut off art ocon cassettes 6x buffer
exchange with IQWQimmJirhb/dlégtmﬁiMlmmdiﬁvwﬂ@wfmﬁfﬂﬂﬁtﬁﬁ%ﬁe riuBHAM histidine, 130

MM NaC1, BH 6,5 ules anfltolisara B06ioEs Hut s Bisidiomirkofsipitiah pH 6.5 buffer

Vial filling 20 ml. f|| volumes Stored at 90C 400 mL fill volumes Stored at 90 rotein does not

polysorbate 80, BreBeriepibsh dobeledirlihinBREsHLRS Hprriises can &fftid ?ﬁﬁ%ﬁ?’caﬂons will be
apparent to thosguefopkiitémikiigedréaibishitendae- thahshisisyantin Beclinitedcenlyayothe scope of the

appended clims, A2 CHAIMS, & ST APSHERG. Pl HUBHRD: capREsing: )

inoculating cell rﬁg lum 1n a bioreactor with an inoculum o ce’l s that encod luble rHUPH20 to

produce a cell cafexghmesiylation paeesal s xxBfldrisExsawmlaeHYES arsdhadoiedifés of nucleic acid

encoding spfubleykiyRiiiOnihechinr enciareanigipscaklonst HaQdiars, erpeﬂcﬁmwe- about 10b0_ 1011
cells are inocula E&%{ﬂ#oo liters cell ¢ ture anld the %%l are guhtur e}set }e Ig:)erature b)
feeding the cells §t1?éé8°ﬂ?é]d| éfn‘fﬁlﬁng ucose £ a)ﬁ Ee’f) amlﬁg Human insulin and
yeast extract in @mtmntslsﬁlﬁlblératdmmbmasétce?rl-@mwmi‘am é@akm@nr@bﬁ%[t%\ah@ todncrease

soluble rHUPH29 synthesis,wherei e fees inaiium is addech o eveultwaatayaiume of 0.5 % or

about 0.5 % to 20% or about 20% aof the cell culture volume; c) feeding the cells with a second

feed medium coHféﬁ?ﬁﬁ@%ﬂf%ﬁsﬂ%‘aﬁﬁ?%ﬁﬁ%ﬁ%%@ﬁ@e%’?é‘é‘io&ﬁj&%é)&wpﬁﬁﬁ/rate in amounts
sufficient tojincrease sakubiensbluauaﬁ)smtsanﬁmupmmIceyqiesasrﬁst:rmdmse lowering the

temperature corrm% ‘rggse Gt Pgoat#f Qz%teum} eﬁ?’ 2 teimpf‘erat re sufg%l&né 0 crease cell cycle

arrest, increase CelViability and Sta |ze aluronigase: w ahe amount of
L-alanyl-L- glutamﬂdeJlssde{éreme:dtmmék%@id’th@%&ﬁd&ﬁﬁﬁﬁ@hl&hyﬂwgﬂatmn@é mstepb);  the

amount of yeast exlfagtnInGFaseebEAmBAAdig e AL ALIEAS Brtiad :sihblyand the

feed medium is added to the culture at a volume of 0.5 % or about 0.5 % to 20% of the cell culture
volume; d) fedhimg ieestis LI PRdtfe feadonietitm Bty GHebBE T %Rlanyl-Lglutamine,
yeast extragt andrﬁgdik;ms lutyratel in awennits, sigdfidientterincridgise CalutleaBMPH2@synthesis and

increase cell cyclg, Airesh % sci 14:1171-1180).
- The enzymatic activity of soluble rtHuPH20 in a sample can be assessed at any

point dﬁﬁng the methods described herein. In one example, activity is measured using
a microturbidity assay (see e.g. Example 10). This is based on the formation of an

25  -insoluble precipitate when hyaluronic acid binds with serum albumin. The activity is
measured by incubating soluble rHuPH20 with sodium hyaiuronéte (hyaturonic acid)
for a set period of time (e.g. 10 minutes) and theﬁ precipitating the undigested sodivm
hyaluronate with the addition of acidified serum albumin. The turbidity of the

- resulting sample is measured at 640 nm after an additional deyelopment period. The
30 decrease in turbidity resulting from enzyme activity on the sodium hyaluranate

substrate is a measure of the soluble rHuPH20 enzymatic activity. In another exam_plé,

RECTIFIED SHEET (RULE 91)



lowering the temperature compared to the temperature in step c) to.a temperature sufficient to
increase cell cycle arrest, in(l:gggse cell viability and stabilize the sd\lyq_tﬂ)yle hyaluronidase; wherein:

the amount of L-alanyl-L-glutamine decreased compared to the amount of L-ahmyl-Lglutine in step c);
the amountsvoh yeast exiyact, glucose and sodium butyrate are increaseg-¢ampasad;iasthe amounts of
yeast extract, glucose and sodium butyrate in step %) and the feed medium is added to the culture
at a volume of 0.5 % or about 0.5 % to 20 % of the éll culture volume; e) feeding the cells with a
fourth feed medium containing glucose, L-alanyl-Lglutamine, yeast extract and sodium butyrate in
amounts sufficient to increase soluble rHUPH20 synthesis and increase cell cycle arrest, and - 122 -

lowering the tefFRPRUFS ORI AT EFIS TR teina e PGPSR &tedy &y tohichamnidialhietiayiiernt to
increase cell cypjelagstadnrreasaseall viakilibn andwiakibzeiiheselmiehyateranidaseswherein:

the amount of L-alanyl-L-glutamine and glucose is. decreased compared.to the amount of
L-aIanyI-L-quté.r}n%fr?éﬁé% %ﬁ&%’?}éqﬁt%{] Ee)ma%?ﬁé’%?ﬂlo%ﬁ?%’ﬁ% 13171126%11%#3’( i8-déi¥¥ased
compared to thEubhmtion dos@ALHTRBUIEALE e Stepdhoanterouthedeedsnedionit icadded to the
culture at a:vol 9 about 0.5 % to 20% of the .cell.cultur lume; Ocontinuing to culture
the cells uni v?aégliqii‘t%g&?ﬁggkgér?&% g%llé;aaléet%?%ggﬁf @&&?&%ﬁa‘%ﬁ?ﬂr‘%@é’ fllromCad Uiture fluid; and
h) purifying the {HSIELEAO Seapierily Revpistoceihisutifes flatd. Folloginpheawethodvoticthim 1, wherein the

temperature in gigpiakis@rHisRULR TifpH 20 3nd R&Methodiol clain LAk Glaim. 2, wherein the
temperature in ste%g%el,s or is about 36.5 C. 4. The method of any of claims 1-3, wherein the

temperature in SIBHAFIS deseted using 4 aviBYRSEP HIUATR BtiamTEd SompREInA #7 temperature in

step e) is 35.5 GbtainedGolbeinpatedel wily 0fpleimsate3nbawmintheoharvesteglbesture fluid is
filtered prigy to purific otir%Qas re eZL.ZThaetmetthcx?I og an fclaimsr:réq, whe({ein he soluble rHUPH20
purification is effected by column chromatography. =< “BO¥ A& HSGHE 4 §iEF&iM< -7, wherein
the column chrainsgraptip tompasBslbeddadlcri§sinkedlagardsencaindi-ghydnlateghaphy, beaded
crosslinked phepyl-syasiiuiad agRss, coHYmE,Aigmatography, amino phenyl boronate column
chromatography and hydroxyapatite column chromatography. 9. The method of any of claims 1-8,
wherein the feed medi PR AT Hher BiRRRIAS e i8I GRN 78R 1Ts b CaBming s thie cell culture
volume. 10Gnéuthethadsfosittdaing satioial R RRH6 MUY iSRG es, bad:HIOGHIating cell medium
ina biorqutor with apsino ulum gf ?elrlg hat encode soluble rHUPH20 to proguce a cell culture,

wherein: > the tolls compre DafvBET YD SHE308 Btk SPRYIGHIY -6 AR soluble

rHUPH20; the bidateddropodinainsratsisssid 0@thiter srofeetl caulteresdheRnoeulation cellsdensity is at or

about 4 x 105 Gelisite-And e Calls- A1 SEHIWEH AL AAOAT i e e P) dgding the cells with a first

37
feed medium containing or containing abou%t?;s gfL g%cose,%a n L-alanﬁ-?_-gb?amine, 16.6 g/L

yeast extract afitSBeRBIY SIS Rsthifrestaarienraditfrpoidmubleditontitesulireoatayolume of 4%

or about 4% of ihe eslheulsuieyebpanicdBRi-contaRIHRRAINGIhS £EIS wWith A se6qng.feed medium
containin%)r containicp al out 33 ﬁ%/ﬁl_ lucose, 16 mM, L-alanyl-L-glutamine, 33.4 g/L yeast extract and

0.92 g/L sodiur butyrate, Wherer g%éfgﬁsﬁ?é’&im“fg%%%%“ﬁﬁ’é‘ﬁﬂfh?é%f%volume of 4 % or about
4 % of the cell cuttwreopol(Hid and theplempetatur@iscloverat:to:36 nG; for exdinigeding the cells with
a third feed meﬁ%&&?&%ﬁlm;% G ini bou /L. glucase, 10 m -alanyl-|_-glutamine, 50
g/L yeast extract and 1.8 g/L spdiHrﬂ%@%&%ﬁﬂé?%ghé‘gengmauFﬁ’%é&%&éﬁ%B}ﬁe culture at a
volume of 4% GREBBIIERIBIHE sufleglasie bistdrmaichtthd taviperatreisslowerestes36 C; o)

feeding the cellmuina ieuriffecmeciy eenialong ok AORIAIIRG ARl g3 UL lucose, 6.6 mv
L-alanyl-L- Iutamineﬁ%%g%%east extract and 0.92 g/L sodium butyrate, wherein the feed medium is

added to fie culture & Sf Pgs el borwéh stones bentetinlradoiting alacahdeemperature is
lowered to 35.5fntontinuingeiareliuse dheiaslisantl takiliydops belowabieasianabaut 50%;
obtaining the harvest cell cultyre fluid; ) filtering the harvest cell culture fluid, i) purifying the
rHUPH20 from t ee%%?f%%&%%ﬁr%’%ﬁ Sﬁtsei%%gaﬁég'c?&%wgd’%bﬁk@%ﬁlﬁ'f‘ﬁr?‘éH?S natography,
beaded crossligRedlqyhehyhsiohstititéchagaress columrbohraratogiBphyn aguirapheny boronate
column chromajegiaEIURnARUISKIERASHe AOMD Gromatagraphy, 11,A method for producing

soluble rHUPH20, comprising: a)inoculating cell medium in a bioreactor Wi VA IHOC of cells that
encode soflibleSPRIIEE R tHRbddiehdseall sumireatoddoting enzie.deltbcpraprisedfetween 150 and
300 copies of m&@[e}QB&idoQﬁﬁﬁgj,igaﬁQJMbng&Wﬂé?ﬁ%r@?%gigpﬂ?p&gée%(?%i%§ %ﬁgst 100 liters of cell
culture; the inoculation cell density is at or about 4 x 105 cells/mL; and the cells are cultured at or
about 37C; 1))feeding the cells with a first feed medium containing or containing about 33 g/L glucose,
32 mM L-alanyl-L-glutamine, 83.3 g/L yeast extract and 33 mg/L insulin, wherein the feed medium is
added to the culture at a volume of 4% or about 4% of the cell culture volume; c) feeding the cells
with a second feed medium containing or containing about 33 g/L glucose, 13 mM
L-alanyl-L-glutamine, 166.7 g/L yeast extract and 0.92 g/L sodium butyrate, wherein the feed medium
is added to the culture at a volume of at or about 4% of the cell culture volume; and the temperature is

lowered to 36.5 C; d) feeding the cells with a third feed medium containing or containing about 50
al/l aliicoce 10 MM | 2alanvl-l calhitamine 250 A/l veact aviraect and 1 Q A/l ecodinim - 124 - hiitvvrate



50%; g) obtaining the harvest cell culture fluid; h) filtering the harvest cell culture fluid; and )]
purifying the rHUPH20 from t’_[je harvest culture fluid using beaded:crosslinked agarose column
chromatography, beaded crosslinked phenyl-substituted agarose céftimn chromatography, amino
phenyl borgnatewalimp chromatography and hydroxyapatite column GhFemaiQ@faRing 12. The
method of any of claims 1-11, wherein at least or about 0.5, 1, 5, 10, 15, 20, 25, 30, 35 or 40 grams of
soluble rHUPH20 is produced per 100 L of cell cultbie. 13. The method of any of claims 1-12,
wherein the specific activity of the soluble rHUPH20 is at least or about 80000, 100000, 120000,
140000, 160000 or 180,000 units/mg. 14. The method of any of claims 1-13, wherein the volume
of cell culture pddHEoBiRFEserstid s fiermpten obbe3nbrlabs, o Tiond 12 STEPEHN BB, 3000 or

3500 liters.  of e daetmrsthagl @t anxef Haiment-ddenvbarein theicellsdhatenaoaadsoible rHuPH20
are DG44 CHO cells. 16. The method of any of claims 1-15, wherein the rHUPH20.is encoded by

a nucleic acid TSRS GBI RIS NG Rt 8 SERSHK SRS DRSS T 31V90N 5 vested cell
culture fluid, cairgorigipg satidiel dHtRH2Gnvithtan enefimatcdactiiitypibahis Gretes thfan 5000 units/mL
as harvested. .. 18. A harvested cell,culture fluid of claim 17, wherein the.enzymatic agtivity is or is
hout 10,000, 5 600" HD00T TR 600 5400, S GO SO0 SO0 e e
3057SEQ.PCHEXPSEQUENGEW ISTING <110> Halozyme, Inc. Baker, David Bookbinder, Louis
<120> LARGEK_SCAIEEXRWB%TION OF SOLUBLE HYALURONIDASE <130>
0119374-00094/3057PC <140> Not Yet Assigned <141> Herewith <150> 61/068,622 <151>
2008-03-06 <160> 71RerfpBevrag espep e AAnBdired Ecitpsga wrppotes onaspare 094b> PRT

<213> Homo $a3RieRe ©A2aR Ml Pieemseyduman PH20 <400> 1 met Gly Val Leu Lys Phe Lys His
lle Phe Phe Arg Ser Phe Val Lys 151015 Ser Ser Gly Val Ser Gin lle Val Phe Thr Phe Leu Leu lle Pro

Cys 202&% 0 Cys Leu Thr Leu Asn Phe Arg Ala Pro Pro Val lle Pro Asn val Pro 354045 Phe Leu Trp
Ala Trp ASil Ala Pro Ser Glu Phe Cys Leu GhEKsSMPPERBD05560 Asp Glu Pro Leu Asp Met Ser Leu Phe

Ser Phe lle Gly Ser Pro Arg-65 70,75 §PaIL%lﬁ?§[L'ﬁ‘f%1 E2§Pé)§ﬂ5§ﬁ/§\é@ﬁ r.lle Phe Tyr val Asp Arg

Leu 859095 Gly Tyr Tyr Pro Tyr lle Asp Ser lle Thr Gly Val Thr Val Asn Gly 100105110 Gly lle Pro GIn
Lys lle Ser Leu Gin Aléﬁ? Higtanlpaais (3¢5 iy S EQFIDY 250 yesnsgsd e Trrssie Fpnstet Pro Val Asp

Asn Leu Gly MelAdaMal430aB0140i1dlq AeR. J R ald GlblbmRArsiRra g wsTepsAa Aeg Asn Trp Lys Pro
145150155160 Iaés{ﬁE%Val Tcﬁrﬁla s Asn Arg Ser lle Glu Leu Val Gln Gin Gin_Asn 165170175 Val Gin
I L

Leu Ser L2u THt i RIBE GRS PR T EB 1B P LR IAIA Gy Lys Asp Phe
Leu Val Glu Thotieikys pElvediot ys:H9G2J020bek ) DEW AngdaorAsiindi&ideu-48p &ly Tyr Tyr Leu Phe

Pro Asp Cys 210215 Tvr Asn His Hi Y$,\Pro.Gly Tyr.Asn Gly Ser Cys sn

s 230238248 Ve VAR S T P e e R R S oo 1o
Ala Leu Tyr ProcSet e G Y einadh Phictin Bin!Senmss dih2602652 70 masAl@ TR eu Tyr Val Arg
Asn Arg Val AggGlapda e e Mal2iaeB08Ricludes DNA encoding the Beta-lactamase

20 resistance gene (AmpR), an f1 origin of replication, a Cytomegalovirus immediate-
early enhancer/promoter region (CMV), a chimeric intron, and an SV40 late
polyadenylation signal (SV40). The DNA encoding the soluble tHuPH20 construct
contains an Nhel site and a Kozak consensus sequence prior to the DNA encoding the
methionine at ammino acid position 1 of the native 35 amino acid signal sequence of

25 human PH20, and a stop codon following the DNA encoding the tyrosine
corresponding to amino acid position 482 of the human PH20 hyaluronidase set forth
in SEQ ID NO:1), followed by a BamHI restriction site. The construct pCI-PH20-
IRES-DHFR-8V40pa (HZ24), therefore, results in a single mRNA species driven by
the CMV promoter that encodes amino acids 1-482 of human PH20 (set forth in SEQ

30 1D NO:3) and amino acids 1-186 of mouse dihydrofolate reductase (set forth in SEQ
ID NO:51), separated by the internal ribosomal entry site (IRES).



Ser Lys lle Pro Asp Ala Lys Ser Pro Leu Pro val Phe Ala Tyr Thr Page 1 3057SEQ.PC1.TXT
290295300 Arg lle val Phe Thr Asp Gin Val Leu Lys Phe Leu Ser Gin Asp Glu 305310315320 Leu Val
Tyr Thr Phe Gly Glu Thr Val ATE Leu Gly Ala Ser Gly lle 325330335Vl lle Trp Gly Thr Leu Ser lle Met
Arg Ser Metsleysobar 8ys Leu 340345350 Leu Leu Asp Asn Tyr Met Gly dhpdigdsgbsxsn Pro Tyr lle lle
Asn 355360365 val Thr Leu Ala Ala Lys Met Cys Ser Gin val Leu Cys Gin Glu Gin 370375380 Gly Val
Cys lle Arg Lys Asn Trp ASn Ser Ser Asp Tyr Leu % Leu 385390395400 Asn Pro Asp Asn Phe Ala
lle Gin Leu Glu Lys Gly Gly Lys Phe Thr 405410415 Val Arg Gly Lys Pro Thr Leu Glu Asp Leu Glu Gin
Phe Ser Glu Lys 420425430 Phe Tyr Cys Ser Cys Tyr Ser Thr Leu Ser Cys Lys Glu Lys Ala Asp
435440445 Val Lys &%ﬁﬂﬁﬁﬂﬁ@ﬁ%é%ﬁ%&%ﬁ@%w@&@ REBENMpal 56458460 Ile Asp Ala

Phe Leu Lys Pre:RictoViBBiuy JheiGluheRenine 4650705480 Blaa TwiAsmalarser Pro Ser Thr
Leu SerAlaT 485490495 Ser lle Leu Phe Leu lle lle Ser Ser Val Ala Ser

t Phe lle Val ] (
Leu 500505 Q‘%@Zﬁz@%ﬂ W 595k X sy oh B Sahrees ass o Reprsalifiafe PH20 <400>
2 Leu Asn PhetrangfgslaoRrodlisonead gloPratAsh Val Pro(Rheil etubjplifedGloifda ] shakig Ala Pro Ser

Glu Phe Cys Lgu 43y LysP lu Pro 202530 L ey Phe Ser Phe lle Gly Ser Pro
Arg lle Asn Ala 354_3%%9{ Th’?%%’f*cﬁ;%i%%}%%ﬁ?ﬂ%ﬂ&%ﬁp@%@gﬁﬁ%h”%?y“‘-ﬁfy"r yr 505560 Pro
Tyr lle Asp Se1RETHRf (G Walr FHfogpAsn Gly Gly lle Pro 65 70 75 80 Gin Lys lle Ser Leu Gin Asp His

Leu Asp Lys Ala Lys g Asimide SR8RRIEVHNG IYLMRERIG shAsR ASL LU Al et Ala Val lle Asp
Trp 100105110§Iu Glu Trp Arg Pro Thr Trp Ala Arg Asn Trp Lys PrO Lys Asp val 115120125 Tyr Lys

) g .
Asn Arg Ser II@BRICCAIVEPERTRER tin Jeartyaf &inl 9%%?@86&@51@@ X BgsfEsticiu Ala Thr Glu Lys
Ala Lys Gin Gluufee(BuERS Al aRolskSpa 600Gy 4 ysAspche ke wahiGlu Thille Lys Leu Gly Lys

A S TR PO SR RO s
Asp Asp Leu Serthuprieen14p4adm@id (Beeafiaedtiy bewmight digestion with Cla [ (New
England Biolabs) was added, and the cell/DNA solutions were transferred into 0.4 cm
gap BTX (Gentronics) electroporation cuvettes at room temperature. A negative
control electroporation was performed with no plasmid DNA mixed with the cells.
15 The cell/plasmid mixes were electroporated with a capacitor discharge of 330 V and
960 uF or at 350 V and 960 uF.
The cells were removed from the cuvettes after electroporation and transferred
into 5 mL of Modified CD-CHO media for DHFR(-) cells, supplemented with 4 mM
Glutamine and 18 ml/L Plurionic F68/L (Gibeo), and allowed to grow in a well of a 6-
20 well tissue culture plate without selection for 2 days at 37° C in 5% CO, ina
humidified incubator.
Two days post-electroporation, 0.5 mL of tissue culture media was removed
from each weil and tested for the presence of hyaluronidase activity, using the
microturbidity assay described in Example 9.
25

Table 1: Initial Hyaluronidase Activity of
HZ24 Transfected DG44 CHO cells at 40 hours
post-transfection

Dilution Activity
Units/ml
Transtection 1 | 110 10 0.25
330V
Transfection? | 1to 10 (.52
350V




210215220 Tyr Pro Ser lle Tyr-Leu Asn Thr Gin Gin Ser Pro Val Ala Ala Thr 225230235240 Page 2
3057SEQ.PCL.TXT Leu Tyr '&J/aI(Arg Asn Arg Val Arg Glu Ala lle Arg Val Ser Lys lle 245250255 Pro
Asp Ala Lys Ser Pro Leu Pro Val Phe Ala Tyr Thr Arg lle Val 260265270 Phe Thr Asp Gin Val Leu Lys
Phe Leu SewGin¥sgpitiu Leu Val Tyr 275280285 Thr Phe Gly Glu Thr pMal;idevdsain ey Ala Ser Gly lle
Val lle Trp 290295300 Gly Thr Leu Ser lle Met Arg Ser Met Lys Ser Cys Leu Leu Leu Asp
305310315320 Asn Tyr met Glu Thr lle Leu Asn P@Tyr lle lle Asn Val Thr Leu 325330335 Ala Ala
Lys Met Cys Ser Gin Val Leu Cys GIn Glu Gin Gly Val Cys 340345350 lle Arg Lys Asn Trp Asn Ser
Ser Asp Tyr Leu His Leu.Asn Pro Asp 355360365 Asn Phe Ala lle Gin Leu Glu Lys Gly Gly Lys Phe
Thr val Arg Gly 3703753804987 ¥8ro Thr |Lkt? &u Asp L E€ld GIn Phe Ber Glu Lys Phe Tyr Cys
385390395400 ser cys TyrB&ioThr LeuiSer Cys 1 ys Glu Lys Ala Asp val Lys Asp 405410415 Thr Asp
Ala Val Asp Val Cys lie Ala Asp Gly Val Cys lle Asp Ala 420425430 Phe Leu Lys Pro Pro met Glu Thr
Glu Glu Pro Gin lle POl fioAsTr 435440445 Bl SereRy eoBesidhfrbguns ek AachiaetRhe lle val Ser
lle Leu 450455460 Phe lle.lle Se r Val Ala.Ser Lepy 465470 <210> 3 <211> 482 <212> PRT
<213> Homo scgﬁPé%%agé%fytggé%f E[rgi%)r%grlsofﬁ%%r iﬁ’i’-‘fﬁ@iﬁéﬁ ?M%lf%lﬂ; \)fat?’Eeu Lys Phe Lys
His lle Phe PhecArysBersRieNatiaysidbdi0t 58k msSB oGy 86 SeailiGindtebyadb R iesthr Phe Leu Leu lle
Pro Cys 2025 J P Val lle val Pro 354045 Phe Leu
Trp Ala Tr% As%rEl ﬁ%gé %%ée@gﬁﬁlﬁ‘h%g%ﬁ%%{%é?g?§ﬁg)§§%é%6%/i%§®ﬁoé% 1¥<1=J%§Asp Met Ser Leu
Phe Ser Phe 1B %M Ar wBrienest 40 JRCASH, AtiThead (G Ginr@lgnyahd hritlehe Tyr val Asp
Arg Leu 859095 Gl TtrEynBea Tk AspISeEdle The Glvab Ty vah ASR G 09305110 Gly lle Pro
Gin Lys lle Ser%e Gjn Asp His Leu Asp Lys Ala Lys 115120125 Lys Asp lle Thr Phe Tyr Met Pro Val
Asp Asn Leu G ﬂ?#é?lﬂiﬁ 4t 190135140 lle Asp Trp Glu Glu Trp Arg Pro Thr Trp Ala Arg Asn Trp Lys
Pro 145150155160 Ten clones were identified from the 5 plates grown without methotrexate.

10 Table 2, Hyaluronidase activity of identified clones
Plate/Well ID Relative
Hyaluronidase
1C3 261
2C2 261
303 261
3ES5 243
3Co 174
2G8 103
1B9 304
2D9 273
41310 302

Six HZ24 clones were expanded in cuiture and transferred into shaker flasks
as single cell suspensions. Clones 3D3, 3ES, 2G8, 2D9, 1E! 1, and 4D10 were plated
into 96-well round bottom tissue culture plates using a two-dimensional infinite

15  dilution strategy in which cells were diluted 1:2 down the plate, and 1:3 across the
plate, starting at SO00 cells in the top left hand well. Diluted clones were grownin a
background of 500 non-transfected DG44 CHO cells per well, to provide necessary
growth factors for the initial days in culture. Ten plates were made per subclone, with
5 plates containing 50 nM methotrexate and 5 plates without methotrexate.

20 Clone 3D3.produced 24 visual subclones (13 from the no methotrexate



Lys Asp Val Tyr Lys Asn Arg Ser lle Glu Leu Val GIn GIn GIn Asn 165170175 val Gin Leu Ser Leu Thr
Glu Ala Thr Glu Lys Ala Lys Glu Phe 180185190 Glu Lys Ala Gly I;ys Asp Phe Leu Val Glu Thr lle
Lys Leu Gly Lys 195200205 Leu Leu Arg Pro Asn His Leu Trp Gly ?yr Tyr Leu Phe Pro Asp Cys Page
3 3057SEQPCATHTINF0215220 Tyr Asn His His Tyr Lys Lys Pro Gly Pyt Asiéinies Cys Phe Asn
225230235240 Val Glu lle Lys Arg Asn Asp Asp Leu Ser Trp Leu Trp Asn Glu Ser 245250255 Thr Ala
Leu Tyr Pro Ser lle Tyr Leu Asn Thr Gin Gln Ser Pro®%al 260265270 Ala Ala Thr Leu Tyr val Arg Asn
Arg Val Arg Glu Ala lle Arg val 275280285 Ser Lys lle Pro Asp Ala Lys Ser Pro Leu Pro Val Phe Ala
Tyr Thr 290295300 Arg lle Val Phe Thr Asp Gin Val Leu Lys Phe Leu Ser Gin Asp Glu 305310315320
Leu val Tyr Thr PratGpiadiiries hastalMonpthotrsee Ghties26@80836t Wedliledidessly Thr Leu

Ser lle Met Arg StMgtdassrRasfas a4 HR3ARARNLRHSLE LA SR ABRdd: MSb@l JAl e Leu Asn
Pro Tyr lle lle Asn ?5&%3?%38% Val Thr Leu Ala Ala Lys Met Cys Ser Gin Val Leu Cys Gln Glu Gin

370375380 Gly VA GnTS KErs Frpraced 'é@rTs%sr Wébefyﬂfélﬂﬁ@ LQPB%‘S@@@QMOO Asn Pro
Asp Asn Phe Alafiten@ia hehdBhadty s@inéahyptorscBhectes405iti04 i Yakdig iy dysiPro Thr Leu Glu

Asp Leu GIu5Ginrﬁ’é@ﬁ&g&@l%ﬁ&%ﬁ?@@?ﬁﬁ\; yd%ds S Tyr %Er Thr Leu Ser Cys Lys Glu

Lys Ala Asp 435440445 Val Lys Asp Thr Asp RV |‘i‘e K ASE #3Bys 450455460
lle Asp Ala Phe /66 RyRoPFdR9EvIaE BIexTH e;tiu,@mtmeﬁ/@ﬂnmm@s ﬂmm@wwwr <210> 4

<211> 447 <212z 3233RIHAMRSANENSFRLVT 5PSBH ARl LeluRiHR0nL:44,5400> 4 Leu Asn
Phe Arg Ala Pro Pro Val lle Pro Asn Val Pro Phe Leu Trp 151015 Ala Trp Asn Ala F?ro Ser Glu Phe

Cys Leu Gly Lys Phe Asp Glu Pro 202530 Leu Asp Met Ser Leu Phe Ser Phe lle Gly Ser Pro Arg lle
Asn Ala 354045 Thr Gly Gin Gly Val Thr lle PheEXwMRLBgp Arg Leu Gly Tyr Tyr 505560 Pro Tyr lle

Asp Ser lle jihr Gl valkHahAs lle Ser.Leu Asp His Leu
Asp Lys Ala Lys Lys Asp ||2\@5gﬁggg%%ﬂﬁé@rlgﬁgtﬁ‘g%@éﬁm%%%ﬁ‘ el 1‘R}I"et E‘Iﬁslal lle Asp Trp

100105110 Glu Glu Trp Arg Pro Thr Trp AT A T Alb Lys Asp Val 115120125
The copy number of the nucleic acid region encoding soluble rHuPH20 in

3D35M cells was determined by quantitative PCR. Total genomic DNA was
extracted from 3D35M celfs from the MCB. Six independént dilutions of the DNA
15 were prepared for analysis in duplicate, each of which contained approximately 6.6 ng
DNA (eqpivélent to approximately 100 cells). Negative confrols containing no
templatc also were prepared, as were positive controls containing the plasmid and the
DNA equivalent of 1000 CHO cells (6.6 ng). The reactions were assembled
according to the TagMan Universal PCR Master Mix Protocol (Applied Biosystems)
20 and run in duplicate. A standard curve was generated using eight dilutions of the
HZ24 plasmid, representing a range of approximately 5 x 10° to 49 copies of pla;smid
DNA. The standard was diluted in CHO control gehomic DNA (equivalent of 100
" cells)., The reactions were assembled acéﬂrding to the TagMan™ Univera] PCR
- Master Mix Protocol (Applied Biosystems) using the HZM3.P1 forward pﬁmer and
25 the HZM3 P2 reverse primer (set forth in SEQ ID NOS:52 and 53, respectively) and
the HZM3 probe (SEQ ID I\fO:54), which contained the fluorescent dyes 6FAM (6-
carboxyfluorescin) and TAM.RA (6-carboxytetramethylrhodamine). The reactions
were run in duplicate using the following cycling conditions: 50°C for 2 minutes,
95°C for 10 minutes, followed by 40 cycles of95"é for 15 seconds and 60°C for
| 30 minute. A standard quantitative PCR reaction to assay GAPDH copies for each DNA

RECTIFIED SHEET (RULE 91)



Tyr Lys Asn Arg Ser lle Glu Leu Val Gin Gin Gin Asn Val Gin Leu 130135140 Ser Leu Thr Glu Ala Thr
Glu Lys Ala Lys Gin Glu Phe.Glu Lys Ala 145150155160 Gly Lys Asp Phe Leu val Glu Thr lle Lys Leu
Gly Lys Leu Leu Arg 165170175 Page 4 3057SEQ.PC1.TXT Pro Asn His Leu Trp Gly Tyr Tyr Leu
Phe Pro Asp*&y8* i 1&&h His 180185190 His Tyr Lys Lys Pro Gly Tyr A$§TGHSEHOCHS Phe Asn Val
Glu lle 195200205 Lys Arg Asn Asp Asp Leu Ser Trp Leu Trp Asn Glu Ser Thr Ala Leu 210215220 Tyr
Pro Ser lle Tyr Leu Asn Thr Gin Gin Ser Pro Val AlafAla Thr 225230235240 Leu Tyr Val Arg Asn Arg
Val Arg Glu Ala lle Arg Val Ser Lys lle 245250255 Pro Asp Ala Lys Ser Pro Leu Pro Val Phe Ala Tyr
Thr Arg lle Val 260265270 Phe Thr Asp Gin Val Leu Lys Phe Leu Ser Gin Asp Glu Leu val Tyr
275280285 Thr PHRMS QWP mesiirsh atrar AtHeser BnireAR rstr 1y 98t28%8m0€ly Thr Leu

Ser lle Met Arg IRl S5 @RI 61y 48 Vekstoh Lis Agpli 8D B3I R3R0 Asn Tyr Met Glu Thr lle Leu
Asn Pro Tyr lle lle Asn Val Thr Leu 325330335 Ala Ala Lys Met Cys Ser Gin Val Leu Cys Gin Glu Gin

Gly val Cys 340345350 hetAggtlgescmp Tipmitsrs SercBéwAsdlya bied dithd aticAsitdya Asp 355360365

Asn Phe Ala lle G Lol G-V G851 by Ehe T VAl A0 B SIORTSABR LG PIg Thr Leu Glu Asp

Leu Glu Gin Ph lu Lys Phe Tyr'Cys 385390395400 Ser Cys Tyr Ser. eu Ser Cys Lys Glu
Lys Ala Asp¥al EP3 A4 p4054e B2k Tihe Rdreaf Qe msprugice st uaamprisg GpaditTys lle Asp Ala

420425430 Phe deeqhey/soRyaitrddYiet e WP SlonRE G Ginite Db ey Iy o dbadddT 210> 5 <211>
446 <212> PRT <ﬁ[§> Homo sapiens <220> <223> soluble rHUPH20 1-446 <400> 5 Leu Asn Phe
I

Arg Ala Pro Pro \% g'Pro Asn Val Pro Phe Leu Trp 151015 Ala Trp Asn Ala Pro Ser Glu Phe Cys
Leu Gly Lys Phe Asp Glu Pro 202530 Leu AspM@{ﬁgtkejJ Phe Ser Phe lle Gly Ser Pro Arg lle Asn
Ala 354045 Thr Gly Gin Gly Val Thr lle Phe Tyr val Asp Arg Leu Gly Tyr Tyr 505560 Pro Tyr lle Asp
Ser lle Thr Gly Val Thr Val ABFPesgtiennd Braigertiorsdd-em Fﬂ}é‘?é ‘Sé‘rlﬂﬂpGin Asp His Leu Asp Lys
Ala Lys Lys@sp lle 859095 THhL.Bherdastan@i-fi@sVal Asp Asn Leu Gly Met Ala Val lle Asp Trp

A vial of 3D35M was thawed and expande-d from T-25 flasks through 1 L
spinner flasks in CD CHO (Invitrogen, Carlsbad Célif.) supplemented with 100 nM
Methotrexate and 40 mL/L GlutaMAXT™.] (Invitrogen; 200 mM stock solution).
Cells were transferred from spinner flasks to a 5 L bioreactor (Braun) at an

15 inoculation density of 4 x10° viable cells per ml in 5 L media. Parameters were
temperature Setpoint 37°C, pH 7.2 (starting Setpoint), with Dissolved Oxygen
Setpoint 25% and an air overlay of 0-100 co/min. At 168 hrs, 250 m! of Feed #1
Medium (CD CHO with 50 g/1. Glucose) was added. At 216 hours,‘250 ml of Feed #2

Medium (CD CHO with 50 g/L Glucose and 10 mM Sodium Butyrate) was added,

20  and at 264 hours 250 ml of Feed #2 Medium was added. This process resulted in a
final productivity of 1600 Units per ml with a maximal cell density of 6 x10° cells/ml.
The addition of sodium butyrate was to enhance the production of soluble rHuPH20
in the final stages of production. '

Conditioned media from the 3D35M clone was clarified by depth filtration

25  and tangential flow diafiltration into 10 mM Hepes pH 7.0. Soluble rHuPH20 was
then purified by sequential chromatography on Q Sepharoée (Pharmacia) ion
exchange, Phenyl Sepharose (Pharmacia) hydrophobic interaction chromatography,
Amino pheny! boronate (ProMedics) and Hydroxyapatite Chromatography (Biorad,
Richmond, CA), | '

- 30 Soluble rHUPH20 bound to Q Sepharose and eluted at 460 mM NaCl in the

same buffer. The eluate was diluted with 2M ammonium sulfate to a final

RECTIFIED SHEET (RULE 91)



100105110 Glu Glu Trp Arg Rro Thr Trp Ala Arg Asn Trp Lys Pro Lys Asp Val 115120125 Tyr Lys ASP
Arg Ser lle Glu Leu Val Gin Q&Gin Asn val Gin Leu 130135140 Ser Leu Thr Glu Ala Thr Glu Lys Ala
Lys Gin Glu Phe Glu Lys Ala 145150155160 Gly Lys Asp Phe Leu Val Glu Thr lle Lys Leu Gly Lys Leu
Leu Arg 1654y 8ibdm i Asn His Leu Trp Gly Tyr Tyr Leu Phe Pro AspyeysidddiaGikls Page 5
3057SEQ.PC1.TXT 180185190 His Tyr Lys Lys Pro Gly Tyr Asn Gly Ser Cys Phe Asn Val Glu lle
195200205 Lys Arg ASn Asp Asp Leu Ser Trp Leu@rp Asn Glu Ser Thr Ala Leu 210215220 Tyr Pro
Ser lle Tyr Leu Asn Thr Gin Gin Ser Pro val Ala Ala Thr 225230235240 Leu Tyr val Arg Asn Arg val
Arg Glu Ala lle Arg val Ser Lys lle 245250255 Pro Asp Ala Lys ser Pro Leu Pro Val Phe Ala Tyr Thr
Arg lle Val 260285210toRe Ti0mM apmpaitre suifpts prinesisbibra st ASHEH: T@barseTyr 275280285

Thr Phe Gly Giie ¥ Bty abhiad estiGheAR Saiu@lyHacyahdehin-290295300:Ghedr Leu Ser lle met Arg
Ser Met Lys Ser Cys Leu Leu Leu Asp 305310315320 Asn Tyr Met Glu Thr lle Leu Asn Pro Tyr lle lle

Asn val Thr LAP858538735 T8 SAIRONS SR &8 was atvishh Nest tha Pesiy BirPBAPEifr Iy Val Cys
340345350 lleriargslys AsniTapvasigen SHOAER T ndabidiseathAsnRiAnm3nEae0365 Asn Phe

Ala lle Gin. Leu.Gly, Lys Gly Gly Lys Phe Thr Val Arg Gly 370375380 Lys Pro.Thr Leu Glu Asp Leu Glu
Gin Phe ger G ueLfi}g vé#ﬁ%%%?&@%@%ﬁ@@éy %gqﬁy?egléraqﬁ#? fég!} 5er ys Lys Glu Lys Ala
Asp Val Lys ABplaso% papsbiRteraad pl MANCAAspny ah@yiswith Alboidp Ghysiiah Gyespleriksp Ala
420425430 Pheiley s £ REcie) Glu Thr Glu Glu Pro Gin lle Phe 435440445 <210> 6 <211> 445
<212> PRT <213> Homo sapiens <220> <223> soluble rHUPH20 1-445 <400> 6 Leu Asn Phe Arg Ala

Pro Pro Val lle Pro ABRVET PR PAR eGP0 myssested #aposilic AfS PO IBEXEHI Phe Cys Leu Gly Lys
Phe Asp Glu RiR202530/ kaibAsaMetRer derRherSieniig e Sk Rigphrg)lle Asn Ala 354045
Thr Gly Gjp Gly val Thr lle.P al Asp Arg Leu Gly Tyr Tyr 505560 Pro Tyr lle Asp Ser lle Thr Gl
val ThBrI g? AS%UE%)?%RH elel:ﬂ%uég%g Bcp as agsmghja peXk f}/om %4 to Zg mmutesp{}m'a P y
' Pharmacia SRPC styrene divinylbenzene column with a gradient between 0.1% ‘
TFA/H,0 and 0.1% TFA/90% acetonitrile/10% H,0 and resolved as a single broad 61
kDa band by SDS electrophoresis that reduced to a sharp 51 kDa band upon treatment
with PNGASE-F. N-terminal amino acid sequencing revealed that the leader peptide
15 had been efficiently removed.

B, Upstream Cell Culture Expansion Process into 100 L Bioreactor
Cell Culture

A scaled-up process was used to separately purify soluble rHuPH20 from four
- different vials of 3D35M cell to produce 4 separate batches of sHuPH20; HUA0406C
20 HUAO0410C, HUA0415C and HUAO0420C. Each vial was separately expanded and

2

cultured through a 125 L bioreactor, then purified using column chromatography.
Samples were taken throughout the process to assess such parameters as enzyme
yield. The description of the process provided below sets forth representative
specifications for such things as bioreactor starting and feed media volumes, transfer
25 cell densities, and wash and elution volumes. The exact numbers vary slightly with
each batch, and are detailed in Tables 3 to 10.
Four vials of 3D35M cells were thawed in a 37°C water bath, CD CHO
containing 100 nM methotrexate and 40 mL/L GlutaMAX ™. was added and the
cells were centrifuged. The cells were re-suspended in a 125 mL shake flask with 20
30 mL of fresh media and placed in a 37°C, 7% CO, incubator. The calis were expanded
up to 40 mL in the 125 mL shake flask. When the cell density reached 1.5 - 2.5 x 10°

cells/mL, the culture was expanded into a 125 mL spinner flask in a 100 mL culture



Gin Lys lle Ser Leu Gin Asp Hlis Leu Asp Lys Ala Lys Lys Asp lle 859095 Thr Phe Tyr Met Pro Val Asp
Asn Leu Gly Met Ala Val lle AL_Q Trp 100105110 Glu Glu Trp Arg F*{Jhr Trp Ala Arg Asn Trp Lys Pro

Lys Asp Val 115120125 Tyr Lys Asn Arg Ser lle Glu Leu Val Gin GIn Gin Asn Val Gin Leu 130135140

ser Leu Thrv@lx@pa Ta6sGlu Lys Ala Lys Gin Glu Phe Glu Lys Ala 145180158189/@@1yskys Asp Phe Leu
Val Glu Thr lle Lys Leu Gly Lys Leu Leu Arg 165179%75 Pro Asn His Leu Trp Gly Tyr Tyr Leu Phe Pro
Asp Cys Tyr Asn His 180185190 Page 6 3057SEQ.PC1.TXT His Tyr Lys Lys Pro Gly Tyr Asn Gly Ser
Cys Phe Asn Val Glu lle 195200205 Lys Arg Asn Asp Asp Leu Ser Trp Leu Trp Asn Glu Ser Thr Ala

Leu 210215220 Y Pr Seﬁ rLeu}E gvaér}g% § g’%ﬁﬁé?é% @%Ia Thr 22%230235240 Leu

Tyr Val Arg Ash’ rg va W faife A{% Cf_ys Ser Pro Leu
Pro Val Phe Al& iy 2B Hﬁsmmazmzmﬁdmdﬁ’smtﬁmMbeéuﬂ:ysePﬁeskewBﬁr Gin Asp Glu

Leu Val Tyr 275260385 Tar e G R el Alp b Bhyla Ser Bive gab e Jym 200295300 Gy
0 DTS

Thr Leu Ser lle Met Arg Ser Met Lys Ser Cys Leu Leu Leu Asp 3053 Asn Tyr Met Glu Thr lle
Leu Asn Pro T§eMatnecasisd aiSth?- ééulgﬁg%asQSImmum@yssma@%i%p@uhhmm Cys Gin Glu

Gin Gly V& Cyg.30G3458r0. 0108 Ly18:ACkhd SRARNP & eEABR doft Lekhbishk@UiAAsn Pro Asp
355360365 Asn Phe Ala lle Gin Leu Glu L_ys Gly Gl%ﬁs Phe Thr Val Arg Gly 370375380 Lys Pro Thr

Leu Glu Asp LEGER] Eiiehe - Sarcll LY<Lrheyieydl8us 366 S8t SEf T8 PR Thr Leu Ser
Cys Lys Glu Lyafdan/ssp Muké/ﬁoﬁﬁﬁe%ﬁ‘lﬁ@%&a_ by A4S, Alg &@EA%Mahﬁysmeeedaﬁsp Gly Val Cys
lle Asp Ala 4 ys Prq Pro met Glu Thr, Pro Gin lle 435440445
<210> 7 <2115995¢ §§2> <2i Hﬁﬁrﬁges%‘ ﬁ‘érﬁé”é?ﬁ%“édﬁg SR H%li‘ﬁm <400> 7
Leu Asn Phe A¥g Akeipms Pebivakiié iRrobAsd M@Wi‘-”@o%@@eu Trp 151015 Ala Trp Asn Ala Pro Ser

Glu Phe Gys Leu Gly Lys PhecAsp Gltk Bigi202530,Lel ASpMetSes bt Phe;Serehglle Gly Ser Pro
Arg lle Asn Ala 354045 Thr Gly Gin Gly Val Thr lle Phe Tyr Val ASp Arg Leu Gly Tyr Tyr
HO media was added. Beéfore use, the reactor was checked for contamination.

When the cell density in the 36 L spinner flasks reached 1.8 -2.5 x 108 cells/mL, 20 L.
cell culture were transferred from the 36L spinner flasks to the 125 L bioreactor
{Braun), resulting a final volume of 85 L and a seeding density of approximately 4 x

15 10’ cells/mL. Parameters were temperature setpoint, 37°C; pH: 7.2; Dissolved
oxygen: 25% # 10%; Impeller Speed 50 rpm; Vessel Pressure 3 psi; Air Sparge 1 L/
min.; Air Overlay: 1 L/min. The reactor was sampled daily for cell counts, pH
verification, media analysis, protein production and retention. Nutrient feeds were
added during the run. At Day 6, 3.4 L of Feed #1 Medium (CD CHO + 50 g/L

20 Glucose + 40 mL/L GlutaMAX™.1) was added, and culture temperature was changed
to 36.5°C. Atday 9, 3.5 L of Feed #2 (CD CHO + 50 g/L Glucose + 40 mL/L
GlutaMAX™-1 + 1.1 g/L Sodium Butyrate) was added, and cuiture temperature was
changed to 36°C. Atday 11, 3.7 L of Feed #3 (CD CHO + 50 g/L. Glucose + 40
mL/L GlataMAX™-1+ 1.1 g/L Sodium Butyrate) was added, and the culture

25  temperature was changed to 35.5°C. The reactor was harvested at 14 days or when
the viability of the cells dropped below 50%. The process resulted in production of
soluble tHUPH20 with an enzymatic activity of 1600 Units/m! with a maximal cell
density of 8 million cells/mL. At harvest, the culture was sampled for mycoplasma,
bioburden, endotoxin, and virus in vitro and in vivo, transmissicn electron Microscopy

30 (TEM) for viral particles, and enzyme activity.



505560 Pro Tyr lle Asp Ser lle Thr Gly Val Thr Val Asn Gly Gly lle Pro 65 70 75 80 Gin Lys lle Ser Leu
Gin Asp His Leu Asp Lys Ala Lys Lys Asp lle 859095 Thr Phe Ty‘k;\l\_/l/gt Pro Val Asp Asn Leu Gly met
Ala Val lle Asp Trp 100105110 Glu Glu Trp Arg Pro Thr Trp Ala Arg Asn Trp Lys Pro Lys Asp Val
115120125, y¥ndsys Ash Arg Ser lle Glu Leu Val Gin Gin Gin Asn Val 8in/l1ew®30185140 ser Leu Thr
Glu Ala Thr Glu Lys Ala Lys Gin Glu Phe Glu Lys Ala 145150155160 Gly Lys Asp Phe Leu val Glu Thr
lle Lys Leu Gly Lys Leu Leu Arg 165170175 Pro A7\§n HIS LeU Trp Gly Tyr Tyr Leu Phe Pro Asp Cys
Tyr Asn His 180185190 His Tyr Lys Lys Pro Gly Tyr Asn Gly Ser Cys Phe Asn Val Glu lle Page 7

3057SEQ.PC1.TXT 195200205 Lys Arg ASn Asp Asp Leu Ser Tr%Le Tr%) %%n‘é%lg Ser Thr Ala Leu
210215220 Tyr Pro B ars Iypdred teiPiprraeint esih SRR RAVSS NS NIA R D5850% 35240 Leu Tyr

Val Arg Asn ArgiMaliAieGib Rlsaia.frgvalisemkysie 2462b0aG5rRnt vis (S Atatiys estPro Leu Pro

val Phe Ala Tyr Thr Arg lle val 260265270 Phe Thr Asp Gin Val L s Ph Lgu.Rer Gin Asp Glu Leu
val Tyr 2752 f &H@@EP@EPW%P@‘E‘&&%% R %é'{‘/éf%e Frp 290295300 Gly Thr

Leu Ser lle MahArgiGenMet 1.93 SersGyspher2ed deliikspB058031B326IREA sty#2Afet Glu Thr lle Leu
Asn Pro Tyr lle lle Asn Val Thr Leu 325330 A AlR,LYSMet £ XS DGk Malshiuneys Gin Glu Gin
Gly val c&s 3 4@&?‘?@‘ TARYS °§P§ﬁa?ﬁdi%§ﬁ%§?éser Asp Tyr R Lgu Asn Pro Asp 355360365
Asn Phe Ala IB @lir beW Glutiliss@iji Gipieys PhevPAPY al6xraETy 970er8388LI8 BY Thr Leu Glu Asp

Leu Glu Gin Rhgpgar Gy hysPRe, TGS RR3093 954 ARs ety iy SeL TharileucarCys Lys Glu
Lys Ala Asp Val Lés ASE 405_4f041 Thr Asp Ala Val AS‘J%VaI C Ile§la A§p Gly Val Cys lle Asp Ala
420425430 Phag abis/s PRYIBFS Thsi estertiaR el (PYr ETH G98490'F3 1> 8 <211> 443 <212> PRT

<213> Homo sgpiensasd? dnisi2d»sohible siyPH20 1-443 <400> 8 Leu Asn Phe Arg Ala Pro Pro Val
lle Pro ASn Val Pro Phe Leu Trp 151015 Ala, Trp Asn Ala P Q %S{tGléhEQﬁ CHSLeMGly Lys Phe Asp
Glu Pro é%ZSSO Leu%ﬁ‘sgpliel\%tetl\éer}1 B %%gorrﬁﬁle (“le@%rl)e/ ée? Pro cArg lle I,‘Asn Ala 354045

huffer exchange steps.

15

Parameter BEUADM06C | HUAO4610C | HUAD415C | HUAG420C
Time from thaw to inoculate 100 | 21 19 17 18

L bioreactor {days)

100 L inoculation density (x 10° | 0.45 0.33 0.44 0.46
celis/mL) =

Doubling time in logarithmic 29.8 273 29.2 23.5
growth (hr)

Max. cell density (x 10° 5.65 8.70 6.07 9.70
cells/ml)

Harvest viability (%) 41 48 41 41
Harvest titer (U/ml) 1964 1670 991 1319
Time in 100-1. bioreactor {days) 13 13 12 13
Clarified harvest volume (ml) 81800 93300 91800 89100
Clarified harvest enzyme assay 2385 1768 1039 1425
{U/mL)

Concentrate enzyme assay 229354 17091 8561 17785
(U/mL)

Buffer exchanged concentrate 15829 11649 9915 2679
enzyme assay {U/mL)

Filtered buffer exchanged 21550 10882 9471 8527
concentrate enzyme assay (U/mL)

Buffer exchanged concentrate 10699 13578 12727 20500
volume(mlL)

Ratio enzyme units 0.87 0.56 1.32 14
concentration/harvest

A Q Sepharose (Pharmacia) ion exchange column (3 L resin, Height = 20 cm,

Diameter = 14 cm) was prepared. Wash samples were collected for a determination

of pH, conductivity and endotoxin (LAL) assay. The column was equilibrated with 5

column volumes of 10 mM Tris, 20 mM Na;SOy, pH 7.5. The concentrated,




Thr Gly Gin Gly Val Thr lle Phe Tyr Val Asp Arg Leu Gly Tyr Tyr 505560 Pro Tyr lle Asp Ser lle Thr
Gly Val Thr Val Asn Gly Gly ‘L[;bwl?ro 65707580 Gin Lys lle Ser Leu Q:D Asp His Leu Asp Lys Ala Lys
Lys Asp lle 859095 Thr Phe Tyr Met Pro val Asp Asn Leu Gly met Ala Val lle Asp Trp 100105110 Glu
Glu Trp Arg PRO2FHITHSAla Arg Asn Trp Lys Pro Lys Asp Val 115120128 TiS1ps/mstsArg Ser lle Glu
Leu Val Gin Gin Gin Asn val Gin Leu 130135140 Ser Leu Thr Glu Ala Thr Glu Lys Ala Lys Gin Glu Phe
Glu Lys Ala 145150155160 Gly Lys Asp Phe Leu val’&lu Thr lle Lys Leu Gly Lys Leu Leu Arg
165170175 Pro Asn HiS LeU Trp Gly Tyr Tyr Leu Phe Pro Asp Cys Tyr Asn His 180185190 His Tyr
Lys Lys Pro Gly Tyr Asn Gly Ser Cys Phe Asn Val Glu lle 195200205 Page 8 3057SEQ.PC1.TXT Lys
Arg Asn Asp Aspliadiitesest W%&H&Wﬁaﬂﬁ‘)@%t%@?%ﬂ%ﬂé@?ﬂ@?ﬁ@ﬁg@(’m@ro@ér lle Tyr Leu
Asn Thr Gin GIn Getrfiovhéak dteedeith 3rc3Rh2 303246 LetaNyTa A MR Am, el Asg Glu Ala lle

Arg Val Ser Lys lle 2 5 Pro.A I Pro Ley Pro Val Phe Ala Tyr Thr.Arg lle Val
260265270 Phe ﬁ%ﬁ%@%‘?@ﬁ'&’u”?@/sﬁﬁ?%t@%%e%ﬁ?i%% 5 £y ‘|‘Er§/@/§9§§§6§g%5 Thr Phe
Gly Glu Thr Val Affined B HSER Bl fllgivdiiieupin 200205306 Gilel ttd esteSids b Met Arg Ser Met
Lys Ser Cys Leu Leu LeyASRs3pRad@3bRaat i JubMeb Sl e dis %ﬁ%ﬁ@%@g ﬂage lle Asn Val

Thr Leu 325330335 Ala Ala’ Lys met CYS Ser GIn Val Leu Cys GIn Glu GIn Gly 40345350 lle

Arg Lys Asn Trp 2hrsEPEsaadpProhl stirbireose (PALFPIRNASY 3559803685 PHE Ala lle Gin Leu

Glu Lys Gly Gly lyisoiting FDodsa) wagpeeyatd0 372 380k SvRE @qLibeaudGHinAssgplenh Glu Gin Phe Ser
nap 40410415 TR REP KA ACE U E S A A S R A AP, G0
Phe Leu Lys Pro o ThepGieimépatidraneire 435 4q0plerEnted wif] AM 4amearsa@ss e, 213> Homo
sapiens <230> <kPrasQl4Rlenbkiiale 20 Y- 40050 ot AaN PR VchARREE Ee yal lle Pro Asn
val Pro Phe Leu r;l;l(/% 05 M aﬁd 0.1 mM, respectively. The protein was loaded onto the PS column at
a flow rite of 100 cm/hr. 5 mM potassium phosphate, 0.5 M ammonium sulfate and
0.1 mM CaCl, pH 7.0 was added at 100 cmvhr. The flow through was passed through‘
a (.22 um final filter into a sterile bag. ‘
15 Tﬁe PS-purified protein was the loaded onto an aminophenyl boronate column
(Pquedics) (6.3 L resin, Height = 20 ¢m, Diameter = 20cm) that had been |
equilibrated with § column Qoiumes of 5 mM potassium phosphate, 0.5 M ammonium
sulfate. The protein was passed through the-column at a flow rate of 100‘cm/hr,'_ and
the column was washed with 5 mM potassium phosphate, 0.5 M ammonium sulfate,
20 pH 7.0. The column was then washed _with‘20 mM bicine, 100 mM NaCl, pH 9.0 and '
the protein eluted with 50 mM Hepes, 100 mM NaCl pH 6.9 through a sterile filter
and into a 20.L sterile bag. The eluate was tested for bioburden, protein concéntratioﬁ
and enzyme activity.
A hydroxyapatite (HAP) column (BioRad) (1.6 L resin, Height = 10 cm, ‘
25 Diameter = 14 cm) was equilibrated with 5 mM potassium phosphate, 100 mM NaCl,
0.1 mM CaCl, pH 7.0. Wash samples were collected and tested for pH, conductivity
and endotoxin (LAL assay). The aminophenyl boronate purified protein was
suppiemented with potassium phosphate and CaCl, to yield final concentrations of 5
mM potassium phosphate and 0.1 mM CaCl, and loaded onto the HAP column at a
30 flow rate of 100 co/hr. ‘The column was washe‘d with 5 mM potassium phosphate
pH 7.0, 100 mM NaCl, 0.1 mM CaCl,, then 10 mM potassium phosphate pH 7.0, 100

RECTIFIED SHEET (RULE 91)



151015 Ala Trp Asn Ala Pro _§er Glu Phe Cys Leu Gly Lys Phe Asp-Glu Pro 202530 Lets Asp Met Ser
Lets Phe Ser Phe lle Gly SexPro Arg lle Asn Ala 354045 Thr Gly GIn Gly Val Thr lle Phe Tyr Val Asp
Arg Leu Gly Tyr Tyr 505560 Pro Tyr lle Asp Ser lle Thr Gly Val Thr Val Asn Gly Gly lle Pro 65 70 75
80 GIn Lys W@%@X%{P@In Asp His Leu Asp Lys Ala Lys Lys Asp lle 859695SEHPBHEFyr met Pro val
Asp Asn Lets Gly Met Ala Val lle Asp Trp 100105119 Glu Glu Trp Arg Pro Thr Trp Ala Arg Asn Trp Lys
Pro Lys Asp Val 115120125 Tyr Lys Asn Arg Ser lle élu Lets Val GIn GIn GIn Asn Val GIn Lets
130135140 Ser Leu Thr Glu Ala Thr Glu Lys Ala Lys GIn Glu Phe Glu Lys Ala 145150155160 Gly Lys

Asp Phe Leu val Thrlle L I Leu Lets Arg,165170175 Pro Asn His Lets Trp Gly Tyr
Tyr Lets Phe Pré’ %@E/’s y’%&’éﬁ?%g@oyf@%%’(ﬁeﬂg ﬁs%ittﬁg Y_/§/85‘ g‘f(‘)n &%Qltii/srsﬂgnn Gly Ser Cys Phe
Asn Val Glu lle 1869002081%8 A Asred8podgpd @225en Tifpriete T plAseriBlat@eeBagAla Leu Page 9
30575E0.Pel.rxigl oLl Lyl @r%?o’bﬂﬁxe;&r,’éplgﬁ i o Eﬁfrﬁf&gﬁﬁ éﬁ&.ﬁé‘%&@ﬁ la Ala Thr

225230235240 Leu Tyr Val Arg Asn Arg Va a lle Arg Val Ser Lys lle 24 250255 Pro Asp
Ala Lys Ser Pro Leu Pra'/BPPheafiedrpiorit weg thenasuakeszh sHuPhyid seoiyalal Leu Lys Phe

e Trp 29029530 (1 Thr Lou. Sl MEL A Sor Mot LYS et LS L oo A S06310315320
e Trp : r Leu Ser lle Met Ar r Met rCysLeuleuleuAs

Asn Tyr Met Glu?%ﬁr;%(% FARLH PSS PR RS Ivﬁr#%?e%l?géﬁ%warﬁﬂéﬂ s Met Cys Ser
G]n Val Leu Cys@tp@l@n@im@lymim@;%&@s%_@ IBhA fdtiays vwasnedtgd ASpr@emSer Asp Tyr Leu
His Leu Asn ProAsp 35530365450 Rl Al SRk Gl ys el ysiRig T Val Arg Gly

370375380 Lys Pro_Thr Leu Glu Asp Leu GluGin Phe Sér Glu Lys Phe Tyr Cys 385390395400 Ser
Cys Tyr Ser Thrifefliggrangoiogeseielates mprmiiss VR B sy mBs i ate 3V Fhihisp Ala val Asp Val
Cys lle Alaisp Glycatdtasstdle AgprAlasing a 10 kB20425430.B16t LatoEye v ByeMetdalu Thr Glu Glu
435440 <210> gez 1>e4|§q @%1?&3 i(];} > Bs,os t&%érggos <§%'\2A(P§eﬁ%§?v @/g{[éirorre]ida?es(f <400> 10
Met Arg Pro Phe Ser PRIGHR VAl eraLeu IS e’ﬁtﬁ% p A e prep
by washing with a Hepes/saline solution (10 mM Hepes, 130 mM NaCl, pH 7.0) and
ihe permeate was sampled for pH and conductivity. Following concentration, the
concentrated protein was sampled and tested for protein concentration and enzyme
15  activity. A 6x buffer exchange was performed on the concentrated protein into the
final buffer: 10 mM Hepes, 130 mM NaCl, pH 7.0. The concentrated protein was
passed thoﬁgh a 0.22 pm filter into a 20 L sterile storage bag. The protein was
sémpled and tested for protein concentration, enzyme activity, free sulthydryl g'oups,
oligosaccharide profiling and osmolarity. - '
20 Tables 4 to 10 provide monitoring data related to each of the purification steps
described above, for each 3D35M cell lot,

Table 4. Q sepharose column data

Parameter HUA04G6C HUA0410C | HUA0415C HUA0420C
Load volume (mL) 10647 13524 | 12852 20418
Load Volume/Resin 3.1 4.9 4.5 7.3
Volume ratio '
Column Volume {mL}) 2770 3840 2850 2880
Eluate volume {(mL) 6108 5923 5759 6284
Protein Conc. of Eluate 2.8 3.05 2.80 2.86
(mg/nl) |
Eluate Enzyme Assay 24493 26683 18321 21052
{(U/mlL)

| Enzyme Yield (%) 1 65 107 87 76

25
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151015 Ala Ala His Leu Leu Pro Val Cys Thr Leu Phe Leu Asn Leu Leu Ser 202530 Met Thr Gin Gly

Ser Arg Asp Pro Val val Pro.Asn Gin Pro Phe Thr 354045 Thr lle
Met Lys Lys His Gly Val 505% Asp Val Asp lle Ser lle Phe Asp Va

rp Asn Ala Asn Thr Glu Trp Cys
al Thr Asn Pro Gly Gin Thr 65

70 75 80 PREONGCHPFo Asn Met Thr lle Phe Tyr Ser Ser Gin Leu GypTHU88BO09&G Fyr Pro Tyr Tyr
Thr Ser Ala Gly Glu Pro Val Phe Gly Gly Leu Pro 100105110 Gin Asn Ala Ser Leu Asn Ala His Leu Ala
Arg Thr Phe Gin Asp lle 115120125 Leu Ala Ala Me¥*Pro Glu Pro Arg Phe Ser Gly Leu Ala Val lle Asp
130135140 Trp Glu Ala Trp Arg Pro Arg Trp Ala Phe Asn Trp Asp Thr Lys Asp 145150155160 lle Tyr
Arg Gin Arg Ser Arg Ala Leu Val Gin Lys Gin His Pro Asp 165170175 Trp Leu Ala Pro Arg Val Glu Ala
Ala Ala Gin Asp GkiFheltinGienisgessadamisai Glu Glu Trp Met Ala Gly Thr Leu Lys Leu Gly Gin

Ala Leu 19520

DROBATEPTO Gin Gly
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Table 6. Amine Phenyl Boronate column data

L L At g

I

I Lo

213>Mespula

Parameter. , HUAD406C HUA0410C | HUAD415C  : HUAQ420C
Load Volume {mL) 16136 17958 16931 17884 :
Load Volume/Resin 299 315 3.08 . 298 !
Volume ratio ' '
Column Volume (mL) 5400 5700 3500 5300

Eluate volume (mL) 17395 22084 20686 19145

-t Protein Conc. of Eluate 0.0 | 0.03 0.03 0.04

(mg/mL) . .

Protein Conc. of Filtered | not tested 003 0.00 0.04 ,
Eluate {(mg/mL} !
Eluate Enzyme Assay 4050 2410 1523 4721

(UfmL)

Protein Yield (%) 0 11 11 12

Enzyme Yield (%) not deterrnined | 41 40 689 .

Table 7. Hydroxyapatite column data

Parameter HUA0406C HUAD410C | HUA0415C HUA0420C
Volume Before Stock 16345 "1 20799 20640 19103
_Solution Addition (mL)

1 Load Volume/Resin 10.95 [3.58 14.19 12.81 -

Volume ratio

Column Volume {mL) 1500 1540 1462 1500 -

Load volume (mL) 16429 20917 20746 19213

Eluate volume {(mL) 4100 2415 1936 | 2419

Protein Conc. of Eluate not tested 0.24 0.17 0.23

{(mg/mL)
Protein Conc, of Filtered | NA NA . 0.17 NA

Eluate (mg/mL) _ ,

Eluate Enzyme Assay 14051 29089 20424 . 29826

(U/mL)
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<400> 11 Ser Glu Arg Pro Lys"Arg val Phe Asn lle Tyr Trp Asn val Pro Thr 151015 Phe Met Cys His
GIn Tyr Asp Leu Tyr Phe Asﬂ\G/Iu Val Thr Asn Phe 202530 Asn lle. Lys Arg Asn Ser Lys Asp Asp Phe
GIn Gly Asp Lys lle Ala 354045 lle Phe Tyr Asp Pro Gly Glu Phe Pro Ala Leu Leu Ser Leu Lys Asp
505560 Gly W{2qogiikipsd ys Arg Asn Gly Gly Val Pro Gin Glu Gly Asn [eCc6BF00EB@&T hr lle His Leu
Gin Lys Phe lle Glu Asn Leu Asp Lys lle Tyr Pro 8
Phe Glu Arg Trp Arg 100105110 Pro lle Phe Arg Gin Asn Trp Gly Asn Met Lys lle His Lys Asn Phe
115120125 Ser lle Asp Leu val Arg ASn Glu His Pro Thr Trp ASn Lys Lys Met 130135140 lle Glu Leu

95 Asn Arg Asn Phe Ser Gly lle Gly Val lle Asp

I Lys Leu

Glu Ala Ser Ly LysTFyr-Ala-Arg-PRhe Rhe 1451501':':" 60-Met-Gly-Glu—Thr-l-ey

PRSI Bye PYriaiag Phe Fae 145250 g P
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530 Gin

Phe Asn lle L

S |yr AsSer-MetAs

FASITETICEATY

\Jl_y \Jlu IIII

354045He-SerteaPhe-+ Hr Asp Pro

Gly Asn Phe Pro Ser Met Val Lea Lea 505560 Lys Asn Gly Thr Tyr Glu lle Arg Asn Glu Gly Val Pro

Gin Lys Gly 657654 Adpal eanrent

Natigisdaga Glu Gin Phe Thr Lys Glu Lea Asp Glu lle 859095 Tyr

Pro Lys Lys lIeRAlad=i¢Gly e Gy valdigddis e Higda B0 IO /ATy RigaligAsBe AArg Arg Asn
Val Asp Asn L&tehys!tiecAsnLys 4575 3298 2963 3492
Concentrate Volume 562 407 237 | 316
(mL)
Protein Conc. of 0.9 1.24 1.16 1.73
Concentrate {mg/mL)
Protein Yield (%) 111 102 103 98
5
Table 10. Buffer Exchange into Final Formulation data
Parameter HUAB406C HUAD410C | HUAD415C HUA0420C
Start Volume (ml) 562 407 237 316
Final Volume Buffer 594 516 310 554
Exchanged Concentrate
(mL)
Protein Conc. of 1.00 0.97 0.98 1.0G
Coneentrate {mg/mL)
Protein Cone. of Filtered | (.95 0.92 0.95 1.02
Concentrate {mg/mL)
Protein Yield (%) 118 99 110 101
The purified and concentrated soluble tHuPH20 protein was asceptically filled
into sterile vials with 5 mL and 1 mL fill volumes. The protein was passed though a
10

0.22 pm filter to an operator controlled pump that was used to fill the vials using a

gravimetric readout. The vials were closed with stoppers and secured with crimped

caps. The closed vials were visually inspected for foreign particles and then labeled.

Following labeling, the vials were flash-frozen by submersion in liquid nitrogen for

no longer than 1 minute and stored at <15°C (-20 % 5 °C). Production and purification



115120125 Asp lle Ser lle Asp Lea Val Arg Lys Glu His Pro Lys Trp-Asp Lys 130135140 Ser Met lle
Glu Lys Glu Ala Ser ASn ArdJEﬁe Glu Thr Ser Ala Lys 145150155]@2/1Ie Phe Met Glu Lys Thr Leu Lys
Lea Ala Lys Glu lle Arg Lys Lys 165170175 Thr Glu Trp Gly Tyr His Gly Tyr Pro His Cys Lea Ser Gly
Ser Thr 180Y85180/1A8#d_ys Pro Ser Phe Asp Cys Asp Ala Lea Ser MetrSen@ush@ndsp 195200205
Lys Met Ser Trp Lea Phe Asn ASn Gin ASn Val Le%éeu Pro Ser lle 210215220 Tyr Leu Lys Asn Val
Leu Lys Pro Asp Glu Lys lle His Lea Val Gin 225230235240 Glu Arg Lea Lys Glu Ala lle Arg lle Ser
Lys ASn Phe Lys His Lea 245250255 Pro Lys Val Lea Pro Tyr Trp Trp Tyr Thr Tyr Gin Asp Lys Glu

Ser 260265270 lle Ph Glu Ala Asp Val Ly n Thr Phe Lys Glu lle Lea 275280285 Thr Asn
Gly Ala Asp Gly {Iseeﬁlé)?ﬁé arlf}gpyl\%ﬁﬁelﬁ ?&ﬁ%ﬁﬂ%‘ﬁ%@%%%ﬁ%?%ﬁoﬂfﬁ&%‘ﬂ@ Cys Glu Lys
Lea Lys Glu TyrHigdiMeviths Hee@053t08i153205\08a GlitsRhg te1AdoPhedisgsngal Thr Lys Ala Val Lys
Glu Asn Thr 325330335 Page 12 3057SEQ.PC1.TXT Pro Leu Asn Phe 340 <210> 13 <211> 382

<212> PRT <213> Apis mellifera <220> <223> hyaluronidase <400> 13 Met ser Arg Pro Leu Val lle
Thr Glu Gly Met Met lle Gly Val Leu 15.1015 Le¥MEPLEHAla Pro lle Asn Ala Leu Leu Leu Gly Phe val

Gin Ser 202530 Thr Pro AS Asn Asibysclibh YRGARS SRS EMg! Tyr Trp Asn 354045 val Pro Thr
Phe Met Cys His Lys %Gly Leu Ag% Phe Glu Glu val 505560 ser Glu Lys Tyr Gly lle Leu Gin Asn Trp

Met Asp Lys Phe Arg G683 76173 Sbeeitiendweried peovawasyrdassbioaieMet Phe Pro Ala Leu
Leu 859095 LysétBptiexatAsnds yoAstival Mal Al A0 Wers Gly-E v Val Re0.6ir,100105110 Leu Gly

Asn Leu Thr LyﬁsS a?#ﬁ% ncl;é é{g%l Phg@r&ﬁs@ (Ij\)'ggLeu I%e %ﬁ%l% Asn Gin lle Pro Asp Lys Ser Phe
Pro Gly Val Gly Val lie Asp Phe 461 B SETHRA SPHERAFGENNIRGS F1 Ala Ser Leu
Gin Pro 145156388M8X /1 ansl 1y MurSto rak @du Viad aik Argrotadpiéd His RpadPhe Trp 165170175
Asp ASp Gin ABAMRLSIGIR b Al ks H18 ALRRE Glllis TN 480185190 Gl Glnd.u Phe met
Glu Glu Thr Leu L%s Ala Ala LygyA%?Me Arg 195 0%05 Pro Ala Klaefbi‘,ﬂe??f?& E}yér%yf‘)}rr} Ala Tyr Pro
Tyr Cys Tyr ASH e 7% €O, Bumidiiied incubator. The amplified population of cells was cloned

out by limiting dilution in 96-well tissue culture plates containing medium with 2.0

uM methotrexate. After approximately 4 weeks, clones were identified and clene

3E10B was selected for expansion. 3E10B cells were grown in CD CHO medium

15  containing 8 mM GlutaMAX™.] and 2.0 pM methotrexate for 20 passages, with

testing for cell viability by trypan blue staining and counting with a hemocytometer,

and enzyme activity by the microturbidity assay (described below in Example 9). A

master cell bank (MCB) of the 3E10B cell line was created and frozen and used for

subsequent studies.

20 Amplification of the cell line continued by cutturing 3E10B celis in CD CHO
medium containing 8 mM GhutaMAX™.-1 and 4.0 uM methotrexate. After the 12
passage, cells were frozen in vials as a research cell bank (RCB). One vial of the RCB
was thawed and cultured in medium containing 8.0 pM methotrexate. After 5 days,
the methotrexate concentration in the medium was increased to 16.0 KM, then 20.0

25 pM 18 days later. Cells from the 8™ passage in medium containing 20.0 pM
methotrexate were cloned out by limiting dilution in 96-well tissue culture plates
containing CD CHO medium containing 4 mM GlutaMAX™.] and 20.0 uM
methotrexate. Clones 1B3, 2B2 and 5C1 were identified 5-6 weeks later, Cells from
the 9™ passage of 3D35M also were cloned out by limiting dilution in 96-wel] tissue

30 culture plates with CD CHO medium containing 8 mM GlutaMAX™.] and 20.0 uM
methotrexate, and clones 1G11, 2E10 and 2G10 were identified.



210215220 Thr Pro Asn Gin Pro Ser Ala Gin Cys Glu Ala Thr Thr Met Gin Glu 225230235240 Asn Asp
Lys Met Ser Trp Leu Phe Glda?@_g,r Glu Asp Val Leu Leu Pro 245250%5}5, Ser Val Tyr Leu Arg Trp Asn
Leu Thr Ser Gly Glu Arg Val Gly Leu 260265270 val Gly Gly Arg Val Lys Glu Ala Leu Arg lle Ala Arg
Gin Met Thr ¥552802858¢T hr Ser Arg Lys Lys Val Leu Pro Tyr Tyr Trp Tyrd:ysSbyssBinibsp 290295300
Arg Arg Asp Thr Asp Leu Ser Arg Ala Asp Leu Glu ?? Thr Leu Arg 305310315320 Lys lle Thr Asp Leu
Gly Ala Asp Gly Phe lle lle Trp Gly Ser Ser 325330335 Asp AS lle ASn Thr Lys Ala Lys Cys Leu Gin
Phe Arg Glu Tyr Leu 340345350 Asn Asn Glu Leu Gly Pro Ala Val Lys Arg lle Ala Leu Asn Asn Asn
355360365 Ala Asn Aﬁp%ﬁ%%}lﬁau Thr V%llngslg?V§l Ser Val Asp Gin Val 370375380 <210> 14 <211>
331 <212> PRT <213> Dolienove i hiadiaa 23087 SEG BT %and 2509 ¥554d5ditronidase
<400> 14 Ser Gldensi Rt yid Are) Val IPine: Ashutle dRF0THLASSY ab Psaakbr A5101BPhe Met Cys His
Gin Tyr Gly Le S Mal Thr A I’gs 202530 Asn lle IS As r Lys Asp Asp Phe
Gin Gly Asp Lytgq}}grs%}%%4%ﬁ%vﬁ%tgﬁreg%yaﬁ£égc 6 &ﬁ%%lllua%iﬁtéo %%\%SL% pl?él% Id%ﬁ_@u Lys Glu
S05560 Gly AstFtFyRingshcemttazea Glydveti Pio G iheGRIG [§ataneieves: 745 80 Thr lle His Lev
Gin Arg Phe IIe;{éﬂmﬁ&;lygﬁua%}é@fgm};gwrg}{gég%g@ét_?%pa@i@ AR fiheyisn Gly lle Gly Val lle Asp
Phe Glu Arg Trp Arg 100105110 Pro lle Phe Arg Gin Asn Trp Gly Asn Met Met lle His Lys Lys Phe

115120125 ser lle AsiThitd Vial BiygiAsm@hsdtistRie BhesBR AsRdy/sdysddet 130135140 lle Glu Leu
Glu Ala Ser Lys Arg Phe Glu Lys Tyr Ala Arg Leu Phe 145150155160 met Glu Glu Thr Leu Lys Leu

Ala Lys Lys Thr Ardglbyss@instAla AspSiaiEeHRERAD Gy hyie Tyt Gly hyceBreuliur-Symiehe j\sn Met Ser
Pro Asn Asn 18018%1@gatien Val Pro ASpRYS AspAta ThrAjg et tethSta-AsnagpLtys-Met
195200205 SerTFrp-LeuPhe AsniAsn Gin Asn Vall eu L eu Pro Ser Val[Tyr lle 15220 Arg His Glu
Leu Thr Pro Asp Gin Afd Val Gly|Leu Val Gin Gly Argy 225230235240 Val Lys GI&#82la Val Arg lle Ser
Asn Asn Leu LLys His S&r Pro Lyd 245250255 Val Leu Ser Tygadrp Trp Tyf var Tyr Gin ASpAsp Thr Asn
Thr Phe 260265270

i 5872

142 2287

144 955

169 1200

195

238 1611

242 2139

265 3070

336 2252

‘Table 12. Hyaluronidase activity of 183, 2B2 and 2E10 cells

Hours post Soluble rHuPH20 Enzyme activity in cell culture {units)
inoculation
1B3 2B2 Z2E10

o8 470

123 , 1179

i43 . 2228

216 2814

290 2860

291 25342

337 2992




Leu Thr Glu Thr Asp Val Lys Lys Thr Phe Gin Glu lle Ala lle Asn 275280285 Gly Gly Asp Gly lle lle lle
Trp Gly Ser Ser Ser Asp Val Agp Ser 290295300 Leu ser Lys Cys Ly_gArg Leu Arg Glu Tyr Leu Leu
Thr Val Leu Gly 305 310 315 320 Pro lle Thr val Asn Val Thr Glu Thr Val Asn 325330 <210> 15 <211>
367 <212> FRIN8ABMIolistes annularis <220> <223> hyaluronidase #400x2bbTyrs¥al Ser Leu Ser
Pro Asp Ser Val Phe Asn lle lle Thr Asp Asp 151015 lle Ser His Gin lle Leu Ser Arg Ser Asn Cys Glu
Arg ser Lys Arg 202530 Pro Lys Arg Val Phe Ser Il 8I'yr Trp Asn Val Pro Thr Phe met Cys 354045 His
Gin Tyr Gly Met Asn Phe Asp Glu Val Thr Asp Phe Asn lle Lys 505560 His Asn Ser Lys Asp Asn Phe
Arg Gly Glu Thr lle Ser lle Tyr. Tyr 65707580 Asp Pro Gly Lys Phe Pro Ala Leu Met Pro Leu Lys Asn
Gly Asn Tyr Page 14 6@%&@%&%’%@2@9%@1@@@%}QXrﬁeﬁ%ﬁO@MQ/&SB@ &lin Arg Gly Asn lle
Thr lle His 100 #0&dH lilvetreGirdedmPhdedsy Gla AP Lels/ASpih ysMahd bf RranBspasys Asn
115120125 Phe Gly Gl ly.val lle Asp Bh IBlJ,I rg Trp,Lys Pr he 130135140 Arg Gin Asn
Trp Gly Asn Th%rlg%l%eéﬁ-ﬁgsgy? é;&"%@%‘?ﬁe‘gf f%fglngi@)égléﬁgéél% %g SA‘?&%)%B%IU His Pro Lys
Trp Ser Glu Serftés flenBiniye 4 PEH1P0nEuGI suRdeTtnteyisiils P g Gludoys, T9reila @y Tyr Phe Met
Glu Glu 18918580 THA-£Y LS ARSI DI EALARGLYSTID Gl 1. 198200205 Tyr
Gly Phe Pro Tyr Cys Tyr Asn Val Thr Pro Asn Asn Pro Gly Pro 210215220 Asp Cys Asp Ala Lys Ala
Thr lle Glu Asn"&p AT RS Sk Y @p 8D R sebplor iyF HaR manahicattivie’ (Etblshe Pro Ser Val
Tyr Val Arg Hisi®lu 245250255 Gin Lys Pro Glu Glu Arg val Tyr Leu Val Gin Gly Arg lle Lys Glu
260265270 Ala Val Arg lle Ser Asn Asn Leu Glu His Ser Pro Ser Val Leu Ala 275280285 Tyr Trp Trp
Tyr Val Tyr Gin Asp L¥siNeet3AdpyliénToritiew Sahv@luc2982958C01T aGASpidalkBickys Thr Phe Gin Glu

lle Val Thr Asp Gly Gly. Asp.305310315320 Gly lle lle lle Trp Gly Ser Ser Ser Asp Val Asn Ser Leu Ser
Lys 325330335 Cyswyeasg Leu AfgIehe TYURHZ0 dinaancrwtivisy @lgeP ol AlaiB20345350 Val
Asn val Thr GJu TRPYHPAER Gly ATg35apSEr LEU AL e 355360365 52105 16 <21{>462 <212>
PRT <213> Mus musi{‘z.j'us <220> ‘235%‘ hya!uronidegs,ye TEa8

124 878

194 - 2151 1387 2430

196 2642

285 6231 3831 7952

287 : 8822

364 5880 2055 11064

366 . 15684

10 In both the batch and fed-batch conditions, culture of 2B2 ells exhibited

higher enzymatic activity, although other cells (e.g. 2G10 cells) also exhibited good
enzyme productivity the 2B2 cell line was, therefore, selected for expansion in
medium containing 20.0 M methotrexate. After the 13" passage, 2B2 cells were

frozen in vials as a research cell bank (RCB),

i5 EXAMPLES
Enzymatic activity of soluble rHuPH20 produced in 3£10B and 2B2 cells
Soluble rtHuPH20 produced by 3E10B and 2B2 cells was assayed for
enzymatic activity using the Microturbidity assay (Example 9). Frozen vials of
JE10B and 2B2 cells banks were thawed and the cells were cultured separately for
20 two passages in growth medivm (CD CHO medium with 8 mM GlutaMAX™.-] and



<400> 16 Met Leu Gly Leu Thr Gin His Ala Gin Lys Val Trp Arg met-Lys Pro 151015 Phe Ser Pro Glu
Val Ser Pro Gly Ser Ser ProAla Thr Ala Gly His 202530 Leu Leu A@LIe Ser Thr Leu Phe Leu Thr Leu
Leu Glu Leu Ala Gin 354045 Val Cys Arg Gly Ser Val Val Ser Asn Arg Pro Phe lle Thr val Trp 505560
Asn Gly Asp¥PifHi81114$ Cys Leu Thr Glu Tyr Gly Val Asp Val Asp 6578¢5803al/Bet¥al Phe Asp Val
Val Ala Asn Lys Glu Gin Ser Phe Gin Gly 859095 Sgy Asn met Thr lle Phe Tyr Arg Glu Glu Leu Gly
Thr Tyr Pro Tyr 100105110 Tyr Thr Pro Thr Gly Glu Pro Val Phe Gly Gly Leu Pro Gin Asn Ala
115120125 Ser Leu val Thr His Leu Ala His Thr Phe Gin Asp lle Lys Ala Ala 130135140 Met Pro Glu

Pro Asp Phe SEu e ARGk e dsa TAAI I4SIAOSSATN TR ALO R AT Al Phe Asn

Trp Asp Ser Lys Asp IIeﬂT r Arg 165170175 Page 15 3057 et Glu Leu
Val Gin Ala GIdHi& %ré/ﬂ\é&wpﬂﬁw@tﬁa@mwgo Tlets aigry arachlembinin 28 mLygsosdh Gin Phe Gin

Glu Ala Ala Glu89300205 Ale TiedMelAl8.Gly Tarkey Gip ey Glymin VakLeuArghio Arg
210215220 Gly, Leu Té?)%lﬁ? { Lyr Gly Phe Pro Asp Cys Tér Asn Asn Asp Phe 225230235240 Leu
SR B8

Ser Leu Asn Tf/lraylsﬁrrl PRed HoRPG A iR PAETIORETRINAES Bin Leu Gly Trp
Leu Trp A$n GapiBexifytelyld (e fyOR da RE02G5RY 1S et erdyet &P By AIA Afgdeau Met Gly Thr Gly

Lys Ser Gin Met 275280285 Ty rg His.Arg Val.Gin Glu Al u Arg Val Ala lle Val Ser
290295300 Arg Asp Pro H%lg“\‘} |C¥robv§ ia(? met ’rrgs‘ﬁ}?l%i: ?ﬁhml é@bigeg@n‘%@%% 15320 Met Thr
Asp Tyr Leu LelfBfSHEgtGRIGIY #/EU Bl MissShrduBitSR5830835 GiwGetidyp e Gin Gly val Ala

Gly pla Val Leu i Bub@i SeESeiAI0ARIR0 hon bl SELE bYp G SRE Gy dlalle Lys Ala

Tyr Met 355360365 Asp Ser Thr Leu Gly Pro Phe lle Val Val Thr 0375380 Leu
Cys Ser Glu AlFTEIPESS S5 1413 #h b esky)adgyCy S 328 herg Hid 3859562 8wed ioiset STyr Pro Glu Ala

Leu Leu Thr LegAsiry Alaigerihapend 0bdhiatbulaiGder T nnbisAssGl-AmLPro Pro Ser
Leu Lys Gly Thr Leu %0425430 ser Leu Lys Asp Arg Ala Gin Met Ala met Lys Phe Arg Cys Arg Cys

435440445 TyF1 %réz yafrhﬁl 9&‘#&"8 f ?fy%ctfr tyCys Asp Lys Arg Gly met
Tables 14 and 15 set forth the viability (viable cell density (VCD) and

percentage viability) and activity (units/flask) of the 3E10B and 2B2 cells at each
time point. The enzyme activity of soluble rHuePH?20 produced by 2B2 cells was

15 consistently higher than that produced by 3E10B cells. For example, on day 8, the
enzyme activity of soluble rHuPH20 produced by 2B2 cells was 69% higher than that
of produced by 3E10B cells (2484 units/mL compared to 1469 units/mL). A similar
trend was observed throughout the production phase. The viability of the cell cultures
declined at a similar rate. When the production rate of the cells was calculated, it was

20 observed that 3E10B cells produced 0.23 picograms soluble rHIuPH2O per cell per day
(ped) on day 8 and 0.38 ped on day 15. In comparison, 2B2 cells produced 0.46
picograms soluble tHUPH20 ped on day 8 and 0.69 ped on day 15, which was 100%
and 82% higher than production by 3E10B on days 8 and 15 , respectively. A master
cell bank (MCB) of 2B2 cells was then prepared for subsequent studies.

25 Table 14. Viability and activity of Clone 3E10B
Hours post VCD % viability Activity Volume (mnl)
inocutation (Units/mL)
0 5 99 0 20
190 79.8 96 1469 20
240 61.6 76 2388 20
] 332 16.8 22 5396 20




450455460 <210> 17 <211> 473 <212> PRT <213> mus musculus <220> <223> Hyaluronidase 2
<400> 17 Met Arg Ala Gly Ley_f/:‘-ly Pro lle lle Thr Leu Ala Leu val L\e\LJ/G|U 151015 val Ala Trp Ala Gly
Glu Leu Lys Pro Thr Ala Pro Pro lle Phe Thr 202530 Gly Arg Pro Ph& Val Val Ala Trp Asn Val Pro Thr
Gin Glu Cys¥2®8404s5Pro Arg His Lys Val Pro Leu Asp Leu Arg Ala Phe/dsspovalibys Ala 505560
Thr Pro Asn Glu Gly Phe Phe Asn Gin Asn lle Thr Thr Phe Tyr Tyr 65 70 75 80 Asp Arg Leu Gly Leu
Tyr Pro Arg Phe Asp Ala Ala Gly Thr Ser val 859095 #is Gly Gly Val Pro Gin Asn Gly Ser Leu Cys Ala
His Leu Pro met 100105110 Leu Lys Glu Ser Val Glu Arg Tyr lle Gin Thr Gin Glu Pro Gly Gly

| Trp val Arg Asn 130135140 Trp Gin Glu

115120125 Leu
Lys Asp Val Tyr

Asp Arg Val Met;

Ala Arg Gin Phe

Phe Tyr Leu Phg
210215220 Gly 4

Ala Glu Ser Thr

la Val lle Asp

Trp GM Glu

P Arg Pro V

Arg G Ser Se

r Argltn Led Val AlZ 1451501551648 Ser A{rg His3¥ro Asp Trp Pro Ser

Leu Trp Gly
r Thr

LYyS GigpAla G Pages16 3PS7SEfF.PCL.TXT 1§54 0175 Tyr GigPhe Glu Phe Ala
met Leu Asn Thr| pu Arg 180185190 Ty all VLS Ala \/al is
» 195283205 Pfo Asp cys Tyr Asn s Asp Tyr vaqdf'é?n Asni{Trp GR? ser Ty

|'3 Lo Phao P
CCO T 11T

Arg Totsl Ri@iAsp(Malsiler YiatAla/ALgiAeRE Asprtei(Higy Blasiop 22523023

ra-Sar val-Tovae | -ew Acn f-‘||| ')AE')En’)EL: Thr l ol Alna CSar A

b240 Leu Trp
Val His Ser

urocTvar 1yt

OO

LIVULIJI 1

CLCU 7T JUT OO0

Arg Asn Phe Val Ser Phe Arg val 260265270 Arg Glu Ala Leu Arg val Ala His Thr His His Ala Asn His
Ala Leu 275280285 Pro val Tyr V&élﬂhés‘-l' Hﬁmiﬁmﬁ hcﬁ'vytyTﬁrmogGWﬂ_eu Thr Gly 290295300 Leu

Ser Gin Val Asp by Yan W “?"Mnﬁx?é M y Val lle Phe
Trp Gly Asp SerGlu ASP Ala Seér ser 32533C335 Met G U Th rG“}’/s GIn'Tyr Leu Lys Asn Tyy Leu Thr Gin
Leu Leu val 340B455SBIB8MTy| Ile Val' Asn Val Ser Trp Ala TRE @t faskEys Ser Trp Thr 355360365
Gin Cys His Gly H|s GIy)Arg Cys Val Arg Ard Asn Rip Ser Ala Asn 70375380 ThggPhe Leu His Leu
Asn Ala Ser Ser I “b Avor .o\ al P_r_c f"!_\yl H=~ QSEQOHQQR/IF\“ Thr Prn ser ||| Drr\ f\ll‘! | eu Arg Pro Glu
Gly Gin Leu ser Glu Alagg,0541 D415 ,&g[') Leu Asn T())’/r Leu C;ln Lygﬁls Phe Arg ngGln Cys Tyr Leu
Gly 420425430 Trp GIg4Gly Gly Gin Tys GingArg A8k Tyr Lys Gly383& Ala Gly Asr20
332 32 38 8196 20
358 158 17 . 9680 20
. 382 9.8 13 10788 20
427 0 0 10044 200
Total Activity (units) per flask (U/mL times volume (mL)): 200880
EXAMPLE 6
5 Genetic stability testing of 2B2 cells
"A. Determination of copy number of the nucleic acid region encoding soluble

 rHuPH20 in 2B2 cells

The copy number of the nucleic acid region encoding soluble rHuPH20 in 282

cells was determined by PCR. Total genomic DNA was extracted from 2 x 107 2B2

10

cells from the MCB using a QlAamp DNeasy kit (Qiagen). Genomic DNA also was

extracted from DG-44 CHO cells as a negative control. The purity of the extracted

DNA was verified by agarose gel electropharesis and UV spectrophotometry. To

generate fragments of DNA (versus high molecular weight DNA), the genomic DNA

was sheared by sonication. This ensured more accurate pipetting and template

15

accessibility, Six independent dilutions of the genomic DNA (to amounts dilutions

equivalent to approximately 1000 cells/pl) from 2B2 and DG-44 cells were prepared

- and analyzed in duplicate in two assays, a farget assay, which targeted and amplified

RECTIFIED SHEET (RULE 91)



435440445 Ala Ser Arg Ala Trp-Ala Gly ser His Leu Thr Ser Leu Lea Gly Lea 450455460 val Ala Val
Ala Leu Thr Trp Thr Leta 465470 <210> 18 <211> 412 <212> PRT <213> mus musculus <220>
<223> hyalurin dase 3 <400>18 Met lle Met His Leu Gly Lea Met Met Val val Gly Lea Thr Leu cys
151015 Letavimeioklis iGdy Gin Ala Leu Leu Gin Val Pro Glu His Pro PhepgerR0x93 )43l Val Trp ASn
Val Pro Ser Ala Arg cys Lys Ala His Phe Gly val 354045 His Lea Pro Leu Asp Ala Leu Gly lle Val Ala
Asn His Gly Gin His 505560 Phe His Gly Gin Asn llé!Ser lle Phe Tyr Lys Asn Gin Phe Gly Leu 65 70
75 80 Tyr Pro Tyr Phe Gly Pro Arg Gly Thr Ala His Asn Gly Gly lle Pro 859095 Gin Ala val ser Lea Asp
His His Lea Ala Arg Ala Ala His Gin lle 100105110 Lea His Ser Leu Gly Ser Ser Phe Ala Gly Leu Ala
Val Leu Asp Tr# 3&Bt2@ispsoitia [GihcryrFigaRibregarfisAln Gyl vidnrHgP 519 flasnkids Arg Gin

130135140 Pagen{. AATASER RlckISTRNAEethAle Ala SenTin Yaldsn Thgln.Cln Met Phe
Pro Gly 145150155160 Leu Asp Pro GIn Glu GIn Leu His Lys Ala His Thr-Ser Phe Glu GIn 165170175

Ala Ala Arg Ala TR CRISBEERESSA™RF Matiesh Bsanesyakizg hereiisoiiws 1wt AfrPro Ser Gly Leu Trp
Gly Phe Tyr ArgrEjudeda m&wﬁyc@smwﬁﬂﬂ&a%@u Eﬁnmidiﬁotﬂeﬁmtamaﬁ%ﬁm Tyr Thr Gly His

Cys His Al Ala 522Q lle T hr Gln eu Trp Ala Ala Ser Ser
225230235 ﬁzo?;zé] 96 o Eryr LeuOTFﬁ lﬁr& r%‘ &j*}&ﬁf‘f‘g}} BA5250255 Arg Gln
Ala Phe Val Argnqigdpdg a@m@mwmwm&mmwammwmmmw gshathiis Ser His Pro Leu

Pro Vel Leu ASORA SErAGhe ALTIRNREDTIL e AL AT AGLOIN ABLIE Lelh B8 ey Asp Acp
Leu Met GIn 290295300 Thr lle Glﬁé Val Ser Ala Ala Leu Gly ThrAla Gly Val Val Leu T

305310315320 &Iy ALB Eé%f B e gdrarinsluieda BRMFCe Tt Asgnive mnd 325330335 Asp
Tyr Leu Val Glyp'ﬁhtlteewﬁiyl P T4 pNahieNs0 Nadn&mgm@&@&ﬂ@ﬁ&ﬁ Klarsp Metdla Cys Ser His

Gln Arg Cyg Hi rq cvs 3 536036 s Asp Pro Gly.GIn met Glu Ala Phe Leu His
Leu GIn Pro 37 %%%%%%ﬁ& ‘& f’ BSP g&—x e f&? gd ﬂf@t ys Tyr Ser 385 390

395 400 Gly TriAME ﬁ’?ﬁ%r@@;@ﬂ_@@ @mfmﬁwg :ﬁmrmm@r@ﬂ_@:sﬂm SEQ ID
NOS:52 and 53, respectively) and the HZM3 probe (SEQ ID NO:54), which

~ contained the fluorescent dyes 6FAM (6- ca_rboxyﬂuorescm)_and TAMRA {6--
carboxytetramethylrhodamine). The samf)les were ampliﬁedr using the Applied
15 Biosystems Prism® 7900 Sequence Detection System with sfandard cycling
conditions (50 °C for 2 minutes, 95 °C 10 min, 95 °C 15 seconds and 60°C for I min
for 40 cycles). '

The target gene copy numbers per cell were calculated as the ratio of target
copies to normalized copies (GAPDH) for the six dilutions of 2B2 genomic DNA.
20 The Dixon Q OQutlier statistics test _wa.é applied to the data set. The copy number of the

nucleic acid region encoding soluble rHuPH20 plasmid in 2B2 cells was found to be
206.61 + 8.35. |

B. mRNA sequence analysis

~ The sequence of the PH20 mRNA generated from &c HZ24 plasmid in 282
25 cells was determined. RNA was extracted from 2 x 107 2B2 cells from the MCR
‘ using a RNeasy Mini Kit (Qiagen). The sample was treated with DNase I to remove
contarninating DNA, and the purity of the RNA was verified by agarose gel
electrophoresis and UV spectrophotometry. A reverse transcription reaction using
SuperScript™ Reverse Transcriptase (Invitrogeh) aﬁd a control reaction Jacking
30 reversé transcriptase was performed using the extracted RNA and ol‘igo d(t) and

random primers. The resulting cDNA products were then used as templates in PCR

RECTIFIED SHEET (RULE 91)



<211> 435 <212> PRT <213> Sus scrofa <220> <223> hyalauronidase <400> 19 met Ala Ala His Leu
Leu Pro lle Cys Thr Leu PheiLeu Asn Leu Leu 151015 Ser val AlaiGIn Gly Ser Arg Asp Pro Val val
Leu Asn Arg Pro Phe 202530 Thr Thr lle Trp Asn Ala Asn Thr Gin Trp'Cys Leu Lys Arg His Gly
354045 Val fgpdiah Asgs Val Ser Val Phe Glu val val val Asn Pro Gly Gip-50536Q JHi&he Arg Gly Pro
Asn Met Thr lle Phe Tyr Ser Ser GIn Leu Gly 65 70 75 80 Thr Tyr Pro Tyr Tyr Thr Ser Ala Gly Glu Pro
val Phe Gly Gly Leu 859095 Pro Gln Asn Ala Ser L&& Asp Val His Leu Asn Arg Thr Phe Lys Asp
100105110 lle Leu Ala Ala Met Pro Glu Ser Asn Phe Ser Gly Leu Ala Val lle 115120125 Asp Trp Glu
Ala Trp Arg Pro Arg Trp Ala Phe Asn Trp Asp Ala Lys 130135140 Asp lle Tyr Arg GIn Arg Ser Arg Ala
Leu val GIn Lys@tifismime Tasn40Esst s vsipimsmaralieraosTdpABP BGAPAMarda Ala Gln Asp GIn
Phe Cln 1651716 Gl ARe0la(alon this TRiMel e 171 Ebbysdieie Gl G Page 18
3057SEQ.PC1.TXT 180185190 Leu Arg Pro His Gly Leu Trp Gly Phe Tyr Gly Phe Pro Asp Cys Tyr
195200205 AsRTRFTARH PREIGH Berseleaignct(h TRPIENAGHRE yebrd (P IR 219294220 Val Ser Ala

Gin Asn Asp Girbhitis heviisel setanld Belplyrcdd SRE Rrgnd 293BR23501¢6 AllatealiqlhixBer lle Tyr Leu
Val Asn Glu Ala Phe

Pro Ser Ala Ley Glu Gl r 45250255 Thr Gin Leu Tyr val Gin His Ar
Arg val 26§265%98W§}é\%1a&€? ) Eﬁ?ﬁ*}i’é‘p‘rﬁ@/‘%\%‘ﬂnﬁ eLPE%‘“"V%‘iEYé’ PHESEN (@Wé75280285 lle
Phe His Asp MesifhthAsn RrgrkeudnecriBeseArenGlu(Gieriloed Glo2Pe2ea30aHisGer Leu Gly Glu Ser

Ala Ala Gin Gl Al Ala Gl Vol abiel 50320 TIR YRl Se TR Gl AR T Arg Thr Lys Gl

Ser Cys Gin Ser lle 325330335 Lys Glu Tyr Val Asp Thr Thr'Leu Gly Pro € Leu Asn Val Thr
340345350 sePSRFARMCEMIBEIE)E beraziprasseicasehsericidHisrEnadddBseBbe6s Cys val Arg

Arg Pro Ser HigxpaeiluiAaeauhiadiend- eundsn REesS5A3ER380 38 3aphei Setdle: Lys,Pro Thr Pro
Gly Gly G Pr%ﬁ%@k 385390395400 GIn Gly Ala Leu Ser Leu Lys Asp Arg Val Gin Met Ala Glu
41 i

Glu Phe 4 ‘Arg Cys Tyr Pro Gly Trp Arg Gly Thr Trp Cys Glu Gln Gin 420425430

The purified products were sequenced using the BigDye® Terminator v1.1

Cycle Sequencing Kit (Applied Biosystems) and the primers set forth in Table 16.

The sequence data were assembled and the derived consensus sequence (SEQ ID

NO:55) compared to the reference sequence using Sequencher software version 4.1.2

15 (Gene Code Corporation). A total of 1449 base pairs of sequence data were

generated. The sequence was found to be identical to the reference sequence (SEQ ID

NO:47) except for one base pair difference at position 1131, which was observed to

be a thymidine (T} instead of the expected cytosine I. This is a silent muiation, with

no effect on the amino acid seguence.

20 Table 16. Primers for PCR amplification and sequencing

Primer name Sequence SEQ ID NQ.
AP0 TTCTCTCCACAGGTGTC 56
APQ2 AAGATTTCCTTACAAGAC 59
APG3 TGGCGAGAGGGGAAAGAC 59
APO4 | CCATTTATTTGAACACTC 59
APG6 CCCGAACTCGATTGCGCAC 60
APQ7 AGCCATTCCCAAATTGTC 61
APO8 CTCCCAGTTCAATTACAG 62
AP09 CGTTAGCTATGGATCCTC 63

- AP10 CGAGACAGAGAAGACTCTTGCG 64




Gly Thr Arg 435 <210> 20 <211> 419 <212> PRT <213> Sus scrofa <220> <223> hyaluronidase 3
<400> 20 Met Thr Met GIn Lgt;rgsly Leu Ala Leu Val Leu Gly val Ala Met Cys 151015 Leu Gly Cys Gly
Gin Pro Leu Leu Arg Ala Pro Glu Arg Pro Phe Cys 202530 val Leu TT‘“p Asn Val Pro Ser Ala Arg Cys
Lys Ala Arg f®bedely V@s354045 His Leu Pro Leu Glu Ala Leu Gly lle TheAlgsAs0ddissely Gin Arg
505560 Phe His Gly GIn Asn lle Thr lle Phe Tyr Lys Ser Gin Leu Gly Leu 65707580 Tyr Pro Tyr Phe
Gly Pro Arg Gly Thr Ala His Asn Gly Gly lle Pro 859805 Gin Ala Val Ser Leu Asp His HiS Leu Ala Arg
Ala Ala Tyr GIn lle 100105110 His Arg Ser Leu Arg Pro Gly Phe Thr Gly Leu Ala Val Leu Asp Trp
115120125 Glu Glu Trp.Cys Pro | eu Trp Ala Gly Asn Trp Gly Arg Arg Gin Ala 130135140 Tyr GIn Ala
Ala Ser cys Ala J[r‘bPA?a Gin Arg VieF S AahGAGAHEISAIEEIG0 As Pro GlgsGlu G Leu Cys Lys
Ala Arg Ala Gly Phe Glu Glu Ala 165170175 Ala Arg Ala Leu met GIu ASp Thr Leu Arg Teu Gly Arg
Met Leu Arg 180185190 Page 19 3057SEQ.PC1.TXT Pro His Gly Leu Trp Gly Phe Tyr His Tyr Pro
Ala Cys Gly Asn Gly 10520026l HistGhyalis Al BEedABn Tyr Thr Gly His Cys His Ala Ala Ala
210215220 Leu Ala Arg Asn Thr GIn Leu Tyr Trp Leu Trp Ala Ala Ser Ser Ala 225230235240 Leu Phe
Pro Ser lle Tyr Leu Prd PeutiGiy Béet Prel Rio wiaprEyiosisDdi5 280 2615 GlieidmRlevwgairArg Tyr Arg Leu
Glu Glu Ala Phe:Argr¥ah Aa A s 26026527Rqah GlyorlissBra His Bro.L ey Bign¥ableru,Ala Tyr Ala Arg
Leu Thr 275280285 His Arg Asn Ser Gly Arg'Phe Leu Ser GIn Asp Glu Leu Val GIn Thr 290295300 lle
Gly Val SerAlafi PEnee ay @H'(GIVVWBT‘E%%%%M@F}FB@%%@MQﬂiﬁﬁ%u Ser Phe Ser Ser

Ser Glu Glu Gllplﬁgtﬁla'mrlﬂ@l l:emmngt G&%ﬂ%@&ﬁﬁrﬁfrﬁ?ﬁy@h@& E&lrek&u@hbl%émyr Val lle Asn
Val Thr Arg Ala %{fgﬁl é ﬁséi s.Ser I—% g& s, His Gly His Gly Ar s Ala
355360365 Trp & < U4 B SRR %’féﬁ}%% 7’§ 0 Gly Ser Pro
Gly Ala Trp GluSget, Pﬂ@ S@@é%@@y@ﬁmﬁ@%@%Bﬁﬁ%ﬂ%ﬁ@ﬁm@%}a}%m@ Thr Cys GIn Glu
Pro Arg Pro Glugy Gy RiaG A0patd429, plasmid control and the approximately 1.4 kb was
10 purified by gel extraction and radicactively labeled with P to generate a labeled
probe. Approximately 10 g each of digested 2B2 DNA and DG-44 DNA, and 10 pg
DG-44 DNA with 250 pg HZ24 plasmid DNA, was electrophoresed on an agarose

gel. An image was take on the gel following electrophoresis, then a Southern blot
transter was performed. The nylon membrane was hybridized with the labeled probe

15 then washed at room temperature for 30 minutes then twice at 55°C for 30 minutes.
An initial autoradiograph was exposed for 24 hours and visually inspected. It was
determined that a longer exposure was needed, so a second autoradiograph was
exposed for 3 days for a darker exposure of the hybridized bands. After developing
the film, the bans were sized using an Alphalmager® (Alpha Innotech).

20 No hybridizing bands were observed for the DG-44 negative control digest
and single hybridizing bands of expected sizes were observed in the H724 digests
(B@H I/Hind 11T digest: ~1.4 kb; Spe I digest: ~6.6 kb; Xba I digest: ~6.5 kb}. There
was one major hybridizing band of ~7.7 kb and four minor hybridizing bands (~13.9,
~6.6, ~5.7 and ~4.6 kb) observed using 2B2 DNA digested with Spe [, one major

25 hybridizing band of ~5.0 kb and two minor hybridizing bands (~13.9 and ~6.5 kb)
observed using 2B2 DNA digested with Xba 1, and one single hybridizing band of
~1.4 kb observed using 2B2 DNA digested with BamH I/Hind I1I. The presence of
the single ~1.4 kb hybridizing band in the BamH I/Hind 11 indicated that there were

no large sequence insertions or deletions within the probed region. The results from



Glu Ala Thr <210> 21 <211> 449 <212> PRT <213> Rattus norvegicus <220> <223> hyaluronidase 1
<400> 21 Met Lys Pro Phe ngrjro Glu Val Ser Pro Asp Pro Cys Pro Ala Thr 151015 Ala Ala His Leu
Leu Arg Thr Tyr Thr Leu Phe Leu Thr Leu Leu Glu 202530 Leu Ala Gn Gly Cys Arg Gly Ser Met Val
Ser Asn Argwoaziheilies854045 Thr Val Trp Asn Ala Asp Thr His Trp Cyg+edbisefsesHis Gly val
505560 Asp val Asp Val Ser Val Phe Asp Val Val Ala Asn Lys Glu GIn Asn 65707580 Phe GIn Gly Pro
Asn Met Thr lle Phe Tyr Arg Glu Glu Leu Gly Thr 858b95 Tyr Pro Tyr Tyr Thr Pro Thr Gly Glu Pro Val
Phe Gly Gly Leu Pro 100105110 GIn Asn Ala Ser Leu Val Thr His Leu Ala His Ala Phe GIn Asp lle
115120125 Lys Ala Ala Met Pro Glu Pro Asp Phe Ser Gly Leu Ala Val lle Asp 130135140 Trp Glu Ala
Trp Arg Pro Argtﬁerﬁuﬁ% pha lred amp Lligessindicairdbp Usnese guiBp qintegrating Sies Afg Ser Met Glu
Leu val Arg Ala tediHAR! BraAspnl e kEé0dmb FtpePmeGiusThr Leu Val Glu Ala Glu Ala GIn Gly GIn Phe
GIn Glu 180185190 Ala Ala Glu Ala Trp Met Ala Gly Thr Leu GIn Leu Gly GIn Val Leu 195200205 Arg
Pro Arg Gly Leu Trp Gly Tyr Tyr Gly Phe Pro ABEK&YPILE Asn Page 20 3057SEQ.PCL.TXT

210215220 Tyr Asp Rhed-2HSE5FFQA fol; i ey Ser | 230235240 His Asp
Gin Asn Asp Gin Leu Gly Trp Leu Trp E?rlllélﬁ @i@%ﬁg&%@%?g%éégé&%eﬁe@?ﬁ%ger lle Tyr Leu Pro

Ala Ala LetsMet Gly TholGiye khs 2602652 pQ SekGinapetifivd wehfyeTonAig¥al GinGlu Ala Phe Arg
Leu Ala 275280b2§5 al_?%yr \@A i%r@é% @ﬁg Pro His Val Pro lle Met Pro Tyr val Gin Ille 290295300 Phe
uLéu Pro

Tyr Glu Lys Thr ASp TP EHPrdiceRIM BosStes T35 sEP ton &) Glu Ser Ala
Ala Gin Gly AlalAheGheintd 308l LeulTirp 82633803301t e:Geitsar Gibidreacldiher BFhadngGIu Ser Cys
Gin Ala lle Lys 3403433204l 1y, Met Asp Ser Thr Leu Gly Pro Phe lle Leu Asn val Thr Ser
355360365 Ala Ala Leu Leu Cys Ser Glu Ala Leu Cys Ser Gly Arg Gly Arg Cys 370375380 val Arg His

Pro Ser Tyr Pro Glu Alg Leuk@iaddifohai Seh R B ARR3IPI9DA00 560 RA6 S5 U GlgPro Thr His
Asp Gly A{g Pr%rlﬁfbls%%rﬁbeu Lys 405410415 Gly Thr Leu ser Leu Lys Asp Arg Ala Gin Met Ala met

Lys Phe Lys
A vial of 2B2 (1 x 10 cells) was thawed and cultured at 37°C, 7% CO;, for 8
passages in CD CHO (Invitrogen, Carlsbad, CA) supplemented with 20 pM
methotrexate and 40 mL/L GlutaMAX™-] (Invitrogen), after which it was expanded
to 600 mL. One week later, the culture was expanded to 5L in CD CHO medium
15 supplemented with 40 mL/L GlutaMAX™.-I and no methotrexate. A 36 L bioreactor
containing 25 L CD CHO medium supplemented with 1 L GlutaMAXT™- and 30 mL
gentamicin sulfate was inoculated with the 5 L culture at an initial seeding density of
3.6 x 10° cell/mL. The agitation set point of the bioreactor was set to 75 RPM;
temperature: 37°C; pH: 7.15; dissolved oxygen: 30%. The bioreactor received filtered
20 air overlay and an airfoxygen/CO, sparge, as controlled by an Applikon controller,
The culture was fed 7 times throughout the bioreactor run, at 161, 184,237,
256,280, 304 and 328 hours post inoculation. The feed media were filtered into the
bioreactor via peristaltic pump. The content of each feed media and the bioreactor

feed parameters throughout the run are provided in Tables 17 and 18, respectively.

25 Table 17. Feed Media formulations
Component | Feed Feed Feed | Feed Feed Feed Feed
#1 #2 #3 #4 #5 #6 #7
CD CHO IL 1L L 1L 1L 1L tL
liquid
medinm

GlutaMAX™ | 120mL | 80mL | 40mL |40mL | 40 mL 30mL | 30mL
-1




420425430 cys Arg Cys Tyr Arg Gly Trp Ser Gly Glu Trp Cys Lys Lys Gin Asp 435440445 Met <210>
22 <211> 473 <212> PRT <31_»> Rattus norvegicus <220> <223> %Luronldase 2 <400> 22 Met Arg
Ala Gly Leu Gly Pro lle lle Thr Leu Ala Leu Val Leu Glu 151015 val Ala Trp Ala Ser Glu Leu Lys Pro

Thr Ala Pro P tieeRhiesthr 202530 Gly Arg Pro Phe val val Ala Trp AsedatBrodida4n Glu Cys Ala

354045 Pro Arg His Lys Val Pro Leu Asp Leu Arg A

Gly Phe Phe Asn Gin Asn Tie Thr Thr Phe Tyr Tyr
Asp Ala Ala Gly met Ser val 859095 His Gly Gly Val Pro Gin Asn Gly Ser Leu Cys Ala His Leu Pro Met

Phe Asp Val Glu Ala 505560 Thr Pro Asn Glu

70 75 80 Asp Arg Leu Gly Leu Tyr Pro Arg Phe

100105110 Letrt-vs-Sit-Ala-Mal-Glu-Arg Ty He-Gin-The Gin-Glu-Pro-Ala Glv.115120125 Leu Ala val lle
Asp Trp Glu C't\g iigg ro!Val p /&I% As% 1301 3@140 Trn(bln Gly gys Asp Yal Tyr Arg Gin Ser
Ser Arg Gin Le 145 55466 Ser-A Pro-AspFrp-Pro-SerAsp-Arg lle Val Lys Gin Ala
Gin 16517017 EE““éf eF>he éﬁt’ i “ﬁ AL 390 Lﬂ hSMBL BEPRET THY Leu A 180185190 Tyr
Val Lys Ala val n His Leu Trp Gly Phe Tyr Leu Phe 195200205 Page 21

3057SEQ.PC }-{]ro Asp QY LY PRt iis RSy Yat G As i Trp-ASR-Ser-TyF Th* 210215220
Gly Arg Cys PFrg ¥al Gy V'ngla ?h ASn Asp Gin Lea fa Trrp %%2'1512%%40 é‘?rp Ala Glu
Asn Thr Ala LéaPhe Pro Se Vai Tyr tea Abp i_yb 245250255 FharteaAla QCI SCI |__yo His Sel’ Al‘g

Asn Phe Val Ser Phe Arg val 260265270 Gin Glu Ala Leu Arg Val Ala His Thr His His Ala Asn His Ala
Lea 275280285 Pro vaFTrNaltbereartardter mretery Tyr Thr Arg Arg Lea Thr Glu 290295300 Lea Asn

Gin Met Asp Lazolies S§rvidw lle Gly GIu JgiiiNa Algl it 39R3 10 BY3549 i RE PR Va
Gly Asp Ser Vial Tyr Ala Ser Sel 8i2bi30335 Met GlehySn Cys Gin Asn Lieu Lys Lys Tyr Let
Thr Lea Val 340345350 o Tyr; ¥ Val Ash.a%al Sép Trp Ala Thr (3in Tyr Cyso&er Tfp Thr 35
Gin Cys His GlPHis Gly8%rg CysSfal Arg Atd3Asn Pty Ser Ala Ser33703756380 Thr Phe Lea
Pro Ser Ser PEE, Arg-L ;.1\731 Drng?“l\/ Arg 7:13 250 31 2320 -
88 5.85 517 31 3430
115 42 6 95 6.75 1132 31 2920 -
139 56.4 96 6.74 1320 31 2220 -
161 71.9 97 6.82 2296 31 520 Feed #1
184 83.9 96 6.81 2748 32 610 Feed #2
213 82.7 86 6.87 3396 33 1190 -
237 80.5 89 7.21 4450 33 260 Feed #3
256 62.3 71 7.03 4750 34 240 Feed #4
280 52.7 66 7.01 5030 35 600 Feed #5
304 44.6 59 7.00 5970 36 560 Feed #6
128 33.3 47 7.00 7240 37 570 Feed #7
351 26.1 34 7.00 7360 37 250 -

10

15

The bioreactor was harvested and filtered through a system that contained a

series of capsule filters (Sartorius) with pore sizes of 8 um, 0.65 pm, 0.45 pm and

0.22 pm, respectively. The harvest was performed using a peristaltic pump and

completed in approximately 5 hours, yielding approximately 32 L of harvested cell
culture fluid (HCCF). The HCCF was supplemented with EDTA and Tris to final
concentrations of 10 mM each, pH 7.6, The HCCF was then stored at 2-8°C before

being concentrated and subjected to a buffer exchange.,

To concentrate the protein, a 2.5 ft* Millipore spiral wound cartridge with a 30
kDa MWCO was first equilibrated in 150 mM NaCl, 10 mM Hepes, 10 mM EDTA,
pH7.5. Fifteen L of HCCF was concentrated 15x to 1 L. The concentrate was 10x

buffer exchanged with the 150 mM NaCl, 10 mM Hepes, 10 mM EDTA, pH 7.5

buffer, and the retentate was filtered through a 0.2 um capsule into a 2 L storage bag,

for a final volume of 1.1 L. The retentate was then stored at 2-8°C.,

lle Phe Trp
a Thr Gin
5360365
His Lea Ser



385390395400 Thr Pro Ser Glu Pro Gin Lea Arg Pro Glu Gly Glu Lea Ser Glu Asp 405410415 Asp
Lea ser Tyr Lea Gin Met His E:Le Arg Cys His Cys Tyr Lea Gly 420425430 Trp Gly Gly Glu Gin Cys
Gin Trp Asn His Lys Arg Ala Ala Gly Asp 435440445 Ala ser Arg Al\a\'l{rp Ala Gly Ala His Lea Ala Ser
Lea Leu Glyweta®s@456460 Val Ala Met Thr Lea Thr Trp Thr Leu 4654¢{Q £213583:5211> 412
<212> PRT <213> Rattus norvegicus <220> <223> hyaluronidase 3 <400> 23 Met lle Thr Gin Lea Gly
Lea Thr Lea Val Val Gly Lea Thr Lea Cys 151015 L& Val His Val Gin Ala Lea Lea Gin Val Pro Glu
Phe Pro Phe Ser 202530 Val Leta Trp Asn Val Pro Ser Ala Arg Cys Lys Thr Arg Phe Gly Val 354045
His Lea Pro Lea AspG%Aa Lea Gly lle lle Ala Asn His Gly Gin Arg 505560 Phe His Gly Gin Asn lle Thr
lle Phe Tyr Lys Asn GIAHBENT11&h%64 BeftHE 256rrpess r atgins Rl weothey ORLTFAr Ala His Asn Gly
Gly lle Pro 85908bgGiriuAla dabfietdgemifsiilig sl Sspla et AlaAlRphisPHHe. 420105110 Lea His

Asn Lea Gly Ser.Ser Phe Ala Gly Ley Ala val Leu Asp Trp 115120125 Glu Glu Trp Tyr Pro Lea Trp Ala
Gly Asn Trp GI?/OT %?_'%n&% ‘Bin %ﬂ%@% \?Bgfﬁ)@fﬂng’é’%ﬁ U, T8 BPANIAIE 85 Gin met Phe
Pro Asp 145158155160ensetdhs soliieo GheiGleiaGir freacktis diysrida Giphih g lydbeseisddin 165170175

Ala Ala Arg AlaLeysMeh GlkHis, Tt aa g Lea g%g/PGin Met Leta Page 22 3057sEOQ.pcl.TXT _
180185190 Arg Pro His Gly Leu Tr%rély Phe Tyr Arg Tyr Pro val Cys Gly Asn 195200205 Gly Trp His

Asn Met Ala Ser Asn H§FPhr@yamisresscrivnpryitia 2102 182201 fecfavThsaaity ABRHR.GIn Leu Arg

Trp Leu Trp Ala AlauSer.5er 2252302 36840WabauRhe e Senle dyr LewBIQ Rio Arg Leu Pro Pro
Ala Tyr 245250 g His Arg Leu Glu Glu Ala Phe Arg Val Ala 260265270 Leu

! ) %H}a InThr%heValAr , : V.o
Thr Gly His Ala His Pro SPeBrY I Rl aPH f Jarimsgd st 475 se0 bt etiguseiSer Ser Gly Arg
Phe Leu Ser LE8WABpasdpdudiibMet Glith290295300Thnite &)y VahBrediaAla beuzly Ala Ala Gly Val
val Leu 718 S0BIRARRAR GO B8 VB! RELRRIRE] G ST UG TR Al Leu His
The flowthrough was 1.0 L at 479 units/mL., indicating that nearly all of the product
bound the resin. The column was washed with 4 L of 10 mM Hepes, 25 mM Na(l,
pH 7.0, and 4.2 L. of 10 mM Hepes, 50 mM NaCl, pH 7.0, The product was then
ehuted in 3.0 L of 10 mM Hepes, 400 mM NaCl, pH 7.0, yielding 3 L at 49,940
15 units/mL, and filtered through a 0.2 pum filter. ‘
A Phenyl Sepharose cotumn with 2 2.1 L column bed was sanitized with 4.8
L 1.0 N NaOI and stored in 0.1 N NaOH prior to use. It was then rinsed with 5.0 L
SWFI and cleaned with 4.6 L of 5 raM potassium phosphate, 0.5 M ammonium
sulfate and rinsed again with 6.8 L SWFI. The column was then equilibrated in 5.5 L
20 of 5 mM potassium phosphate, 0.5 M ammonium sulfate. To the eluate from the Q
Sepharose column, 10.3 mL of 1 M potassium phosphate moncbasic, 103 mL 1 M
potassium phosphate dibasic and 0.42 mL 1 mL CaCl, was added. This was then
loaded onto the column and the flow through and chase {1 L of 5 mM potassium
phosphate, 0.5 mM ammonium sulfate) were collected, yielding 7.4 L at 20,030
25 units/mL. The product was filtered through a 0.2 pﬁa filter,
An Amino Phenyl Boronate column with a 1.8 L column bed was sanitized
with4.5 L 1.0 N NaOH and stored in 0.1 N NaOH prior to use. It was then rinsed
with 3.9 L SWEI, cleaned with 4.2 L of S mM potassium phosphate, 0.5 M
ammonium sulfate and rinsed again with 4.0 L SWFL The column was then
30 equilibrated with 7.5 L of 5 mM potassium phosphate, 0.5 M ammonium sulfate. The

flow through material from the Phenyl Sepharose column was loaded onto the



Asp Tyr Leu Val Gly Thr Leu-Gly Pro Tyr Val lle Asn Val:Thr Lys 340345350 Ala Ala Thr Ala Cys Ser
His GIn Arg Cys His Gly His‘\géb// Arg Cys 355360365 ser Trp Lys AggPro Gly GIn Met Glu Ala Phe
Leu His Leu GIn Pro 370375380 Asp Asp Asn Leu Gly Ala Trp Lys Ser Phe Arg Cys Arg Cys Tyr Leu
385 390 398/2000¢21y1 T4 Ser Gly Pro Thr Cys Leu Glu Pro Lys Pro 4034 0US2P080246%x211> 545
<212> PRT <213> Oryctolagus cuniculus <220> <223> PH20 <400> 24 Met Gly Val Leu Lys Phe Lys
His lle Phe Phe Gly Ser Ala val Glu 151015 Leu Sersély Val Phe GIn lle Val Phe lle Phe Leu Leu lle
Pro Cys 202530 cys Leu Thr Ala Asn Phe Arg Ala Pro Pro Val lle Pro Asn val Pro 354045 Phe Leu Trp
Ala Trp Asn Ala Pro Thr Glu Phe Cys Leu Gly Lys Ser 505560 Gly Glu Pro Leu Asp met Ser Leu Phe
Ser Leu Phe Gly*SerFracprhBesytsis st iy %ﬁh_%?‘l‘ﬂp@f?‘@wgy@lﬂ EPHIHETEHE 2SI al Asp Arg
Leu 859095 GlyaTasal ysReathyibHe #2559 M odiso kininGlysAlastedvwadtinsssGlyot 86406110 Arg lle Pro Gin

Leu Gly Pro Leu GIn GIn Hi T A 120125 GIn-Gl Tyr I t ProLys A
AoVl Gy Lol PRV SIS EASE S DRTE ST T DA BH-P TR AN AR Trp Lys Pro
145150155160 k§20xspiteciyy NYHbIlyeCE @t HbiGThd modiel WysBurd3hitHis 168170475 Pro GIn Tyr
Asn His SersTY R TOPINBAIHEIT ALAAER NG 170133 130 Gtbhn(E AR Eilias Asp Phe met

Glu Glu Thr Leu Lys Leu Gly Arﬁq 200205 Leu’Leu Arg Pro ASO His Leu Trp Gly Tyr Tyr Leu Phe
Pro Asp Cys 216725200%Fage #58e3057SEQ.PC1.TXT Tyr Asn His His Tyr Asp Lys Pro Asn Leu Tyr
Lys Gly Ser Cys Phe 225230233408 AIia Mtk ¥DI2YS uASBaASm eRilics SemBrp Leu Trp Lys

Glu 245250255 ser. Leu Phe Pr Val Tyr Leu Thr.Ser Arg Ala Arg Ser.260265270 Ala Thr
Ala Leu Ser Lysﬁ?’eg%rd%‘r@asfﬁ?g Ws‘%&%ﬂ Qé%ilﬁlsoétﬁfﬁ% d2 Igﬁe'%ursai}ﬁ%élrt ys lle Pro
Asp Asp Lys Set.Plodf@iPrdAxia2d0agteshahe N dl0mhed tquilibritedivadl2Phef ThmAGp Gin lle Phe

Gin Phe Lay 3033034 340pfktd fobliiM sREL UrY BleTarhatO Rl Bl AlhleNal Asol GGy
325330335 Ala Ser Gly lle va \cg?slleGly Ser Gin Ser Leu Ala Arg Ser.met 340345350 Lys Ser Cys

Leu His Leu AsFReRargr vfek HETP REPFBIYeIBeNBES6s -1 mL | M potassium

phosphate dibasic and 0.452 mL 1 mL CaCl, was added. This was then ioaded onto
the column and the flow through was 4.5 L at 10 units/mL, indicating goodA binding of
the soluble HuPH20, The column was washed with 3.3 L of 5 mM po@assium _

13 phdsphaté, 100 mM NaCl, 0.5 M ammonium sulfate, pH 7.0, then with 2.9 L of 10
mM potassivm phosphate, 100 mM NaCl, 0.5 M ammonium sulfate, pH 7.0,. The
product was eluted with 1.0 L of 70 mM potassium phosphate, pH 7.0, resulting in |
L at 130,000 units/mL, and filtered through 2 0.2 pm filter. |

The purified product was concéntrated using a 2.5 fi* Millipore 30 kDa ‘
20 MWCO cartridge that had been equilibrated in 130 mM NaCl, 10 mM HAepes, pH 7.0.
The product was concentrated 74 mL, and buffer exchanged 10x with the 130 mM
NaCl, 10 mM Hepes, pH 7.0 buffer then filtered through a 0.2 um filter. Ajgg
measurements were performed and indicated that the protein concentration was 11.3
- mg/mL. An additional 9.6 mL of 130 mM NaCl, 10 mM Hepes, pH 7.0 buffer was
25  added to bring the protein concentration to 10 mg/mL (Lot 056-99). Ten mL of the
10 mg/mL prétein solution was diluted in the buffer to yield a | rﬁg/mL solution (Lot
056-100. Both solutions were filtered through a 0.2 prﬁ filter.
The formulated Qroduct was filled tnto 10 mL and 1 mL glass vials, the
combined total of which yielded 761 mg soluble rHuPH20. The vials were frozen at -
30 80°C then transferred to -20°C for storage. Lot 056-99 and 056-100 were then
characterized with respect to activity and purity. Lots 056-99 and 056-100 exhibited

RECTIFIED SHEET (RULE 91)



Tyr Leu lle Asn val Thr Leu Ala Ala Lys Met Cys Asn Gin Val Leu 370375380 Cys Gin Glu Gin Gly Val
Cys Thr Arg Lys Asn Trp Ask Pro Asn Asp 385390395400 Tyr Leuk Hls Leu Asn Pro Gly Asn Phe Ala
lle Gin Leu Gly Ser Asn 405410415 Gly Thr Tyr Lys Val Asp Gly Lys Pro Thr Leu Thr Asp Lela Glu Gin
420425430 Ble2Beil1§aAsn Phe Gin Cys Ser Cys Tyr Thr Asn Leu Ash@ysskyrs/d485840445 Glu Arg
Thr Asp Met Asn Asn Val Arg Thr Val Asn val cys 3 Val 450455460 Glu Asn Val Cys_ lle Asp Thr Asn
val Gly Pro Gin Ala Val Thr Tyr 465470475480 Ala Pro Lys Glu Lys Lys Asp Val Ala His lle Leu Ser
ASn Thr Thr 485490495 ser lle Asn Ser Ser Thr Thr Met Ser Leu Pro Phe Pro Arg Lys His 500505510

Val Ser Gly C r.Gin Tyr 25I yr Arg Leu
VZI Alear ||ey<3|yy e%%ﬁé% {/ﬁ%%‘% M%%éy&is%ﬁ ’(}%% A?’ &iﬁ@ zf%gy ﬁ%b PRT
<213> Ovis ané@‘k@%mf&fzmmﬁmmdaé@almm@ﬁ% meymerdhvitghnd eo@ly Pro Ala Val Thr

Lo i cea ValdauNatag e ARTRAGTI By PR Al Re el Phe Thr
202530 Gly Arg Pro Phe Val Val Ala éi]Va Pro Thr Gin Asp Cys Gly 354045 Pro Arg His Lys

met Pro Lea ApSifo W@&%WW&OE%N%E E YR DO BT ED s esTAINASEY Pro Asn Glu Gly Phe Val

Asn Gin A lle:Hbrle; 8250y BR0-BPECHYEifye-ARR: MM 9H:6k el Mal TYEPYaddisdkhe Asn Ser val Gly
859095 Arg Ser Val H|S$I¥ G Val Pro Gin Asn GIéSer Lea Trp Val His 100105110 Leu Glu Met Leta

Lys Gly His VaIe Té %{c‘iipmr SN EPERG R LA 08 s EBal et 1596455 Pro Ala Gly
Leu Ala Val lle ﬁspﬁﬁrqbt@hx A}Qp@@ﬁﬂ@/@%Vﬁsﬁ@ﬁﬁW@E@bﬁﬂ@y%mﬂmﬁmy&sp Lys Asp Val

Tyr Arg Arg Leg&egﬁg&%%@%}, Q1 Igg.tgp l%&g P%n@K?OSer H| SHéS‘f Pr e me? %)e g{ro Glu Arg lle

Val Lys 165170175 Glu Ala Gin u Ph 180185190 Thr
Leu Arg Phe VAUYAR-ARd PHeEAK P 7 pis 95@128@“&95@9&%@%520@20@@@&% Pire Pro Asp Cys

Tyr Asn Hig ASriyked B1BeAsn HosE 225228k i THE BA% 80 y§sBranfsp Val Glu Val Ser
Arg Asn Asp GIn 225230235240

respectively.

B. Modifications to increase soluble rfuPH20 production: Bisreactor
batch 2B2-20K.5

Modifications were made to the method described above in section A. These
15 modifications were intended to increase the product yield and improve the efficiency
and scalability of manufacturing. The manufacturing steps described below include
thaw of frozen cells from the research cell bank, 'expansion of cells in continuous
culture, operation of fed-batch bioreactor system, harvest and clarification of cell
culture fluid, and concentration and buffer exchange of bulk product. The
20 modifications include, for example, the addition of recombinant human insulin to the
bioreactor medium to increase the growth rate and product expression levels of the
cells. Also, the number of feeds has been reduced from 7 to 5. Other modifications of
the methods described above also were made.
A vial of 2B2 (1 x 107 cells) was thawed and cultured in CD CHO (Invitrogen,
25  Carlsbad, CA) supplemented with 20 uM methotrexate and 40 mL/L GlutaMAX™™-]
(Invitragen), after which it was expanded to 100 mL, 450 m! then to 4.5L in CD CHO
medium supplemented with 40 mL/L GlutaMAX™.-] and no methotrexate. A 36 L
bioreactor containing 20 L CD CHO medium supplemented with 800 L
GlutaMAX™.[, 30 mL gentamicin sulfate and 100 mg recombinant human insulin
30 was inoculated with 3.6 L 2B2 culture at an initia) seeding density of 4.3 x 10°

cell/mL. The agitation set point of the bioreactor was set to 80 RPM; temperature:



Leu Ser Trp Leu Trp Ala Glu ser Thr Ala Leu Phe Pro Ser val Tyr 245250255 Leu Glu Glu Thr Leu Ala
Ser Ser Thr His Ely Arg Asn Phe Val Ser 260265270 Phe Arg Val Eli, Glu Ala Leu Arg val Ala Asp Val
His His Ala Asn 275280285 His Ala Leu Pro Val Tyr Val Phe Thr ArgPro Thr Tyr Ser Arg Ely
290295300 &4 2Pt Blfsfeta Ser Glu met Asp Leu lle Ser Thr lle Ely GI®SEF083108%5320 Ala Ala
Leu Ely Ala Ala Ely Val lle Lea Trp Ely Asp Ala Ely Pége 325330335 Thr Thr Ser Asn Glu Thr cys Arg
Arg Leu Lys Asp Tyr Leu Thr Arg 340345350 Ser Leta val Pro Tyr Val Val Asn Val Ser Trp Ala Ala GIn
Tyr Cys 355360365 Ser Trp Ala Gln Cys His Ely His Ely Arg Cys Val Arg Arg Asp Pro 370375380 Asn

Ala His Thr Phe His. Ser Ala Ser Ser R ea Val 385 39 5 400 Pro ser His Ala Pro
Asp Glu Pro Arg%ﬁ%’ }i?gf%’&e ] %Yy i Bel %ﬁ%ﬁlﬁrgr é;agafrrﬁcﬁfl‘éeiﬁe,&c% aﬂs%vﬁ%yLeta GIn Thr
His Phe Arg Cysa@iniyrios2e4p6A36rTxgel asucailirotiqs ByeErslikaleooys!@n Trp Asp Arg Arg Arg Ala

435440445 Ala Ely Elypla.gelEly.A8q T H&?:@M@M&L&%J}‘B@X&S&*rﬁﬁ%%%%,ea Ala Val
Ala Val Leu Ala Phe Thr Trp Thr Ser 465470475 <210> 26 <211> 414 <212> PRT <213> Pongo

pygmaeus <2203°29%%5 30ABT 5ia 8858 leoBirtion hedses mretianvgrediiersg PY8 W Lea Val Leu Ely
Val Ala Lea £ys Hibaadibr eapEdytalis fuinss | TRreoh@nt BreaieVahRanGhd AebhRresBlbe Ser 202530
Val Lea Trp Asn Val Pro Ser Ala His Cys.Lys Ser Arg Phe, al 354045 His Lea Pro Lea Asn Ala
Lea Ely lle lle Algé i\s%af&m@e%ks/ %u_éll(s) 560 gﬁ@ﬁ’l?ﬁ)}%ﬁ{ s’srﬁél\ﬁ%? %rr ﬁ%’?ﬁé#ﬂ]r Lys Asn GIn
Lea Ely Lea 65 70 75 8ably/i PrEergiiitiamiy mudakipgEly Thr Ala His Asn Ely Ely lle Pro 859095 Page

25 3057SEQ.RA@EL 155G Alg, ke PTO LRILESP NS U AT LEF AR /-\IEEW lle 100105110
His His Ser Ley Arg Pro Gly Phe Ala Gly|Pro Ala Yal Leu Asp Trp 1{1512012b Glu Gly Trp Cys Pro
Leu Trp Ala Gly Asn Trp Gly APPESRFRFg| Ala 130135140 Ty’iBGin Al"Rla Sell ¥#p Ala [Trp Ala Gin Gin
Val Phe Pro Asp Leu 145150LafdffirAsp Pro GiniGlu Gin Leu Tyr.LLlys Ala Tyr Thr Gly Phe Glu Gin

As af-Ala-GirAla-tew-Arg18G9185190 Pro His

Ala 1651701 75Ada-Arg-Atat thitet GittAsp-Thr -Gt AFYV B

Gly Leu Trp Gly,%gﬂdi yr His 'Fyr ro AIa’l’(:,b;/s Gly Asn Gly 1952002( gTrp His ser Met Ala' Ser Asn Tyr

Thr Gly Arg Cys His;Ala Ala Thr 210215220 ‘
GlutaMAX™ | 800mL 1 120mL {80 mL [40mL {40mL- | 40mL
. | . - : .
CD CHO 1944g  |972g |486g |243g |243g |243g
AGT powder ' 2 _
SWFI 8L 800 mL | 900 mL | 700 mL | 700 mL | 700 mL
Yeastolate 0 G 0 200mL | 200 mL | 200 mL
Ultrafiltrate ‘ S
(200g/L) . g .

i Dextrose - | 0 30g 60 g 40g 40 g 40

Gentfamicin | 30 mL 0 0 0 0 0
rHulnsulin 25 mL 10 10 0 0 0
Sodium 0 {0 0 22g tig |llg
butyrate . ' ‘ ' ‘

Table 20. Bioreactor Parameters-

Hours VCp %o pH - Hyalaronidase | Vol (L) | Giucose | Feed
viability Units '

0 4.3 98 728 |0 25 3820 -

55 1171 99 7.07 580 25 4950 -

94 . 1406 99 5.77 1039 25 3800 -

117 57.5 99 6.76 -~ 11720 25 2310 Feed #1
143 | 8838 99 6.75 3168 26 2770 Feed #2
167 93.7 99 6.80 65982 27 3830 -

196 96.2 97 6.80 | 4560 27 2060 Feed #3
222 78.9 83 6.83 4920 28 2720 -

235 80 76 6.81 . 5670 28 1870 Feed #4
260 54.3 65 6.76 5865 29 2930 -

283 387 44 6.73 6340 29 1880 Feed #5

RECTIFIED SHEET (RULE 91)



Leu Ala Arg Asn Thr Gin Leu-His Trp Leu Trp Ala Ala Ser Ser Ala 225230235240 Leu Phe Pro Ser lle
Tyr Leu Pro Pro Arg Leu Prqﬂo Ala His His 245250255 Gin Ala P\d e Val Arg His Arg Leu Glu Glu Ala
Phe Arg Val Ala Leu 260265270 Val Gly His Leu Pro Val Leu Ala Tyr Val Arg Leu Thr His Arg Arg
275280285er:6lyAigdPhe Leu Ser GIn Asp Asp Leu Val Gin Thr lle Glyriab208295800 Ser Ala Ala
Leu Gly Ala Ala Gly Val Val Leu Trp Gly Asp Leu Ser 305310315320 Leu Ser Ser Ser Glu Glu Glu Cys
Trp His Leu His Asp Tyr Leu Val 325330335 Asp A Leu Gly Pro Tyr Gly lle Asn Val Thr Arg Ala Ala
Met Ala 340345350 cys Ser His Gin Arg Cys His Gly His Gly Arg Cys Ala Arg Arg Asp 355360365 Pro
Gly Gin Met Glu Ala Phe | eu His | ea Trp Pra Asp Gly Ser | eu 370375380 Gly Asp.Trp Lys Ser Phe
Ser Cys His C §Q8T\/r Trp/Ely Tm?’%Ia Gly &3% 300%6% 400 Pro A% Cys (@ﬂQQ‘In _)m Am Leu Gly Pro
Lys Glu Ala V3054103310534 <0111 648 <01 3507 2013020 acac2iieicularis<220> <223>

AT OO T O TOUTOUUTAUTTO

PH20 <400> 27 met Gly Val Leu Lys Phe Lys His lle Phe Phe Arg Ser Phe val Lys 151015 Ser ser Gly
Val Ser Gin lle Val Pﬁheﬁ@r@imtmdjmnvléetcﬁrmdﬁﬁtm%&@&ls@ﬂeﬁhrhlaewmsinéam Arg Ala Pro

Pro lle lle Pro P 404 r u Gly Lys Phe
505560 Asn G % IM i 35%%?@‘?’?&%% Rlﬁ]%]} &Qﬁqé& %5%[‘; é{%%ﬁ%lrg lle Asn Val
Thr Gly Gin Glyf\@wdeﬁmﬂéepﬁe digiovaram) ﬁr@L@l@B@b@Ef@N ﬁvramyn By B d#@saksp Leu Thr Thr
Gly Val Thy vakhis @ ORISR GhoHEREQ Gin s MRS e BRthGIR A SRS fBHASP Lys Ser Lys
115120125 Gin Asp lle Leu Phe Tyr Met Pro Val Asp Asn Lea Gly met Ala Val Page 26

3057SEQ.PC L3R PSO1SHIEA Me Aherrpisier @1arpip Ay Pro i iy &ldié g Asn Trp Lys Pro
145150155160 jx¢sxAamaal Ty bﬂﬁaA&@t&qgeﬁeﬁM@rﬁwl&@{mp mv@m@@ﬂsm@@ﬁml% val GIn
Leu Ser Leu Pro Gin Ia Thr As L n he 180185190 u Gly Lys Asp Phe
met Leu Glu ThFTIE'EY erﬂgnteélvp ) ﬁ@%‘}gﬁé rg §1/‘3\ h’ C@E@u TP Galyg'layr Tyr Leu Phe
Pro Asp cys ZmQESZEmeTwABmg-HSI H@GWWAT@Eﬂystﬁmoithsm’lﬁasrtﬁgsﬁeﬁ}wsffébtemsp

220 QA e b A AS AR SEL IR LU A9 Bl AR245750255 Thr Al

Leu Tyr Pro Ser lle Leu Asn Thr Gin Gin Ser Val Val 260
stored at 2 8°C before being concentrated and subjected to a buffer exchange.

To concentrate the protein, a 0.1 m* Millipore Pellicon 2 biomax A screen
cassette with a 30 kDa MWCO was first equilibrated in 20 mM NapSQ,4, 10 mM Tris,
pH 7.5. 2L of HCCF with and without Tris/EDTA was concentrated 10x and buffer

15  exchanged 10x with the 20 mM Na;SQj4, 10 mM Tris, pH 7.5 buffer. The protein
levels were measured by absorbance at Ayge. The remaining HCCF (approximately
26.5 L) was then concentrated and subjected to buffer exchange. Two 0.1 m’
Millipore Pellicon 2 biomax A screen cassettes with a 30 kDa MWCO were
assembled in the TFF system and equilibrated in 20 mM Na; SOy, 10 mM Tris, pH

20 7.5. The HCCF was concentrated approximately 10x {o 2.5 L, and buffer exchanged
10% with 20 mM NazS04, 10 mM Tris, pH 7.5. The retentate was filtered through a
0.2 ym vacuum filter into 1 L and 500 mL storage bags, for a final volume of 2.6 L,
The retentate was then stored at 2-8°C. Samples taken during the concentration and
buffer exchange process were analyzed by RP-HPLC to determine the effect of the

25 addition of Tris/EDTA to the sample. It was observed that the addition of Tris/EDTA
facilitated a more efficient processing step.

C. Production and characterization of soluble rHuPH20 Lots>056—122
and 056-123 {(bioreactor batch 2B2-20K.6).

Modifications described above in section C were incorporated into the

30 manufacturing steps to produce and purify two lots of soluble rtHuPH20; Lots 056-122



val Ala Thr Leu Tyr Val Arg Asn Arg Val Arg Glu Ala lle Arg val 275280285 Ser Lys lle Pro AS Ala Lys
Asn Pro Leu Pro Val Phe valTyr Ala 290295300 Arg Leu Val Phe Thr.Asp Gin Val Leu Lys Phe Leu
Ser Arg Glu Glu 305310315320 Leu Val Ser Thr Leu Gly Glu Thr Val Ala Leu Gly Ala Ser Gly lle
325330335 vab HeeTtpe@hy Ser Leu Ser lle Thr Arg Ser Met Lys Ser CysHau340845359 Leu Leu Asp
Thr Tyr Met Glu Thr lle Leu Asn Pro Tyr lle lle Asn 3?5360365 val Thr Leu Ala Ala Lys Met Cys Ser
Gin Val Leu Cys Gin Glu Gin 370375380 Gly val Cys'lle Arg Lys Asp Trp Asn Ser Ser Asp Tyr Leu His
Leu 385390395400 Asn Pro Asp Asn Phe Asp lle Arg Leu Glu Lys Gly Gly Lys Phe Thr 405410415 val
sp Leu Glu GJu Phe Ser Gllijﬁl_gj(g 420425430 Phe Tyr Cys Ser Cys Tyr

His Gly Lys Prof};%rg/{l!/g

Thr Asn Leu SEPEVRTIE Gl B9 K Aspribss Rao Al Iare Je RS Frrer<sRIEMEsp Val Cys lle Ala
Asp Gly Val Cys:4a04553860u ey AR Serphatidnyst Prits RreddahGdus Tattly &phtshen Bfo Pro
465470475480le,Phe .Tyr.Asn Thr Ser Ser Th.Val Ser Thr Thr met Phe lle

485490495 val %Ag?ﬁ #égf%\(ﬁ@ﬁ%r aé’ﬂ“ilseyf%r%%%ﬁé%r al % éeeTlr rfé“ﬁ%%oé&%%eﬁ”&fé‘g 28 <211> 529
<212> PRT <2effcaxshaparcinsmpduck 223 PHeoncioom26zmpl G hnAfihiatitr, Phe Lys His
Ser Phe Phe GiyiSgrahesyah GIH k1015 cys ser Gly Val Leu Gin Thr Val Phe lle Phe Leu Leu lle Pro

Cys 202530 Cys Leu Ala Asp Lys Arg Ala Pro Pro Leu lle Pro ASI1 Val Pro Leu 354045 Leu Trp Val
Trp Asn Ala Pro Thr GlwBhefé§2 fle'dly etstriradisobasicaimetstiidiAdynisgehe Phe Ser

lle Val Gly Thr RacAng Liysa /04880 ags 24 pRschal QRCH EXThAsklexkh £H/4Gin Ser lle Thr
Leu Tyr Tyr Val AL%B éY&éﬁ 90%5 T 'I;ér Pghi]T r lle Asp Prg His Thr Gly Ala lle Val His Gly
Gly 100105110160 Pro Gin Teu Met ASREERER B HIs B ISE L aPAR S 18120125 Asp lle
Leu Phe Tyr Mét Pk THE AspiSersvigliGheidted vilth ¥ainlel 130435 A addpGIlu Glu Trp Arg Pro Thr

gir; THT; /Sgg Asth iRy ALRIALYS L8R e R B A TR e IS GRS LY S e e G Leu Val Lys Ser

medium supplemented with 800 L GlutaMAX™.-1, 100 mg recombinant human
insulin and 30 mL gentamicin sulfate was inoculated with the 4 L culture at an initial
seeding density of 4.9 x 10° cell/mL. The agitation set point of the bioreactor was set
to 80 RPM; temperature: 37°C; pH: 7.15; dissolved oxygen: 25%. The bioreactor

15  received filtered air overléy and an air/foxygen/CO, sparge, as controlled by an

Applikon ADI 1030 controller,

The culture was fed 4 times throughout the 13 day bioreactor run, at 127, 163,
208 and hours post inoculation. The feed media were filtered into the bioreactor via
penistaitic pump. The temperature setpoint of the bioreactor was reduced from 37°C

20 t036.5°Conday7,to 36.0°C on day 9 and finaily to 35.5°C on day 11. The content
of each feed media and the bioreactor feed parameters throughout the run are
provided in Tables 21 and 22, respectively.

Table 21. Feed Media formulations

Component Initial Feed#1  Feed#2 | Feed #3 | Feed #4
bioreactor
medium

CD CHO AGT powder | 0 972¢g 48.6 g 243 g 243 g

(Invitrogen; part
#:10743-029; lot #
1366333)

CD CHO AGT powder | 2673 g 0 0 0 )
(Invitrogen; part
#:10743-029; lot #
1320613)




165170175 Gin Tyr Asn His Ser Tyr Ala Val Ala Val Ala Lys Arg Asp Phe Glu 180185190 Arg Thr Gly
Lys Ala Phe Met Leu Glu Thr{Leu Lys Leu Gly Lys Ser 195200205:Leu Arg Pro Ser Ser Leu Trp Gly
Tyr Tyr Leu Phe Pro Asp Cys Tyr 210215220 Asn Thr His Phe Thrfy’s Pro Asn Tyr Asp Gly His Cys
Pro Pro lle 22523023%¢40 Glu Leu Gin Arg Asn Asn Asp Leu Gin Trp LedtFrR.fshdsR Ser Thr
245250255 Ala Leu Tyr Pro Ser Val Tyr Leu Thr Ser Arg Val Arg Ser Ser Gin 260265270 Asn Gly Ala

- Leu Tyr val Arg Asn Arg Val His Glu Ser lle Arg Val®275280285 Ser Lys Leu Met Asp Asp Lys Asn Pro
Leu Pro lle Tyr Val Tyr lle 290295300 Arg Leu val Phe Thr Asp Gin Thr Thr Thr Phe Leu Glu Leu Asp
Asp 305310315320 Leu Val His Ser Val Gly Glu lle Val Pro Leu Gly val Ser Gly lle 325330335 lle lle
Trp Gly Ser Le&-BdrHEOUATRF pegydrar | @BV Serl Gys lle 34p845350 Gly¥Leu Glu Asn Tyr Met Lys Gly
Thr Leu Leu Rromxjfregen@axén 355360365 Val Thr Leu Alg Ala Lys Met Cys Gly Gin Val lLeu Cys Lys

Asn Gin 370375383%81Te le$% Thr Arg Lys Asp Trp Asn Thr Asn Thr Tyr Leu His Leu 385390 395
400 Asn Ala T 0 GluiLeu Gin.Gin Asn Gly Lys Phe vali405410415 Val HisiGly Lys Pro

Ser Leu Glu / Ssxvy_gh GinGlu-Phe-Set ?_Q/LAQI’\ A"HQBQEIQJO 'l;gQQiglb)/Q P g 'Iﬁ}QHPIA N Val Ala
Cys Lys Asp AGIEEVESS H35440445 §49 B Ash VA Rk SEFQAIEASH WAITEYs THOAR: Asn Asn lle

Cys 450455464 OB R) \/al Loy Asp Phe-ProjSer Leu-Asp-Asp-AsplAsp-Glu-Pro 465470475480
Pro lle Thr Asp eﬁ:&ﬂ%@:@?ﬁ@;ﬁ%‘ﬁ 6 Asp SerlIh Asp 148849 h39 5t 58PSBLAla Pro Pro
Ser Ser His l1g-}:6t Probys A ber-500505510Fp-Cys-Leu-Phe-l-ey-Leu-Ser-He-Phe Ser Gin His

] : A A3
’)\4- T.<21 QQ Batte r{} rglnnir\l
= TALU T IOT VO LA~

s <220>

Trp Lys Tyr Ltwﬂgﬁﬁgﬁ@‘éﬁﬁa 2159 90 <p24L £ <o

29-<211
L

i =~ T TXT (== 5.4 T\ \v | T U
<223> PH20 BEEBRIBIL . 460128 M Gyl teu- GirPhe-Lys Tlp-LetH g Ser Phe
fnlith 100 T A0 m 0
Ala Glu 1510 G ty-Thr-Phe-GinThrVat-tet-He-Phe-teu-Phe-HeRPro-Tyr202530-Ser Leu Thr
Sedium butytaie LBy oy 228, 2 1 L8
val Asp Tyr ArgAta ThrPto-VatteuSer-Asp-Thr-Fhr-354045-Phe-Val-Prg-Vat-Trp-Asr-Val-Pro Thr Glu

Ala Cys Val Glu Asn Val 505560
Table 22, Bioreactor Parameters

Hours Viable % pH Hyaluronidase | Vol (L) | Glucose | Feed
cell viability Units
density
(x 10°
cells/mL)
0 4.9 92 7.26 79 25 7780 -
24 9.2 95 7.21 14] 25 6060 -
48 17.3 87 7.13 243 25 5280 -
72 33 99 6.82 407 25 3910 -
038 493 99 6.77 658 25 3200 -
127 67 98 6.83 1296 25 1610 Feed #1
144 88.1 98 6,78 1886 26 2860 -
163 92.4 99 5.89 2439 26 1680 Feed #2
192 91 97 6.85 3140 27 1480 -
208 92.7 96 6.9] 3188 27 230 Feed #3
235 70 76 6.86 5118 28 1940 -
261 63 61 6.84 5862 28 280 Feed #4
251 36.4 45 6.76 7072 29 1570 -
37 263 32 6.81 8160 29 1250 Harvest

The bigreactor was harvested and filtered through a system that contained a
5  series of Millipore Pod filters DOHC (0.5 m?) and A1HC stacks (6.1 m%), which
contain layers of graded-pore-size diatomaceous earth, followed by final filtration
through capsule filter (Sartorius Sartobran 300) into 20 L storage bags. The harvest
was performed using a peristaltic pump and completed in approximatély 1 hour,
yielding approximately 34 L of harvested cell culture fluid (HCCF). This includes the
10 29 L bioreactor volume plus approximately 5 L PBS chase. The HCCF was



Thr Glu Pro lle Asp Leu Ser Phe Phe Ser Leu lle Gly Ser Pro Arg 65 70 75 80 Lys Thr Ala lle Gly Gin
Pro Val Thr Leu Phe Tyr Val Qgp Arg Leu 859095 Gly Asn Tyr Pro‘ﬂiﬂglle Asp Ala Gin Gin Thr Glu His
His Gly Gly 100105110 lle Pro Gin Lys Gly Asp Leu Thr Thr His Leu Val Lys Ala Lys Glu 115120125
Asp Val GluWeedgrilliedddro Thr Asp Lys Leu Gly Leu Ala lle lle 130135140 Aspobrp@ds Glu Trp Arg
Pro Thr Trp Met Arg Asn Trp Thr Pro Lys 145150155160 Asp lle Tyr Arg Asn Lys Ser lle Glu Leu Val
Gin Ala Ala Asp Pro 165170175 Ala lle Asn lle Thr Gl& Ala Thr Val Arg Ala Lys Ala Gin Phe Glu
180185190 Gly Ala Ala Lys Glu Phe Met Glu Gly Thr Leu Lys Leu Gly Lys His 195200205 lle Arg Pro
Lys His Leu Trp Gly Phe Tyr Leu Phe Pro Asp Cys Tyr 210215220 Asn Asn Lys Phe Gin Val Asp Asn
Tyr Asp Gly Gin &ppiprenehwish BP9 23008% ta dr@lgangsitys o Akhidpaab e fisp Trp Leu Trp

Lys Glu Ser Thr 245250259, GhceeUsBYERAQSRA Yia) 33 Let b Yeihy sAshi-atlyy Ser Ser Arg
260265270 Lys Ala Thr Leu Tyr val Arg Tyr Arg Val Leu Glu Ser lle' Arg Val 275280285 Ser Lys Val

Ser Asp Glu Ser BEIFBF0 (9251 BRS¢ al Tyr lle 290295300 Arg Leu val Phe Thr Asp His Val Ser
Glu Tyr Leu Leu Glu. AsprAsp:a0634 03 1ha28, Lelo\idl shspriirsiadedy SleobaivaklatGin Gly Thr Ser

Gly lle 325330335, Jle lle, T Met Ser L la,Gin Ar r A Pro 45350 lle Leu
Arg Gin Tyr is/loet' m&qéﬁsﬁ%@&g snwlii’sré;I tftyerqlllg ]L\é/raﬁ} %éﬂ%@@é%&?%ﬁ%ﬁs gl Ig' Lys Met Cys
Ser Gin Thr Leu &k p{BCH mps amogwssall B1yovidt @ishs@ersrghiageed RO GRItBhe38r ASp Ala Tyr

Leu His Leu 3853031395460 fAsmRro:Re5158% Bhgeserllerdshaval dhifalbuAioGly 1ys Ty Glu
405410415 Val Leu Gl }/s Pro Glu Va ,LyEAS%%%Iu Tyr Phe Ser Glu His 420425430 Phe Lys
Cys Ser Cys Phé® %’8?%?@ R A CyLOERY BARS T BB ks et Sat4te Gin Asp Val

ASn Val Cys Meti@hystaspl ASHSUaAl Cys 450455460 lle Lys Ala Thr Leu Gly Pro Asn Ser Ala Phe His

Leu Leu Progly 46547647050, Bl b MEL TR TR EH AR S U ey His His Lew

485490495 Pro His Asp lle Phe Val Phe Pro Trp Lys Met'Leu Va 510 <210> 30
3057SEQ.PC1. T¥in&salymmahramatossaphytheougha 4 fsphasse kpuapp o phepd Bempipee <400> 30 Met

Gly Glu Leu Arg EnendnyatHisnheurRig ooy S8 aRharY2dHiiid 24043, The hyaluronidase
units in the protein solutibn before and after each chromatography step were. assessed
and used to determine the yield for each step.

15 Briefly,a Q seph&rosé column with a 1.1 L column bed, diameter 7 cm,
height 28 cm wag sanitized with 2.1 L1.0 N T\faOH and stored in 0.1 N NaOH pﬁor to
use. It was then cleaned with 2.5 L of 10 mM Hepes, 400 mM NaC}, pH 7.0, rinsed
in4.5 Llsten'le water for injection (SWFI) and equilibrated with 4.3 L of 10 mM
Hepes, 25 mM NaCl, pH 7.0. The buffer exchanged protein (3 L at 94,960

20 hyaldronidase units/mL) was loaded onto the column. The flowthrough and first wash
was 5830 mL at 75 hyaluronidase units/mL, indicating that nearly all of the product
(99.8%) bound the resin. The column was washed with 4.2 L of 10 mM Hepes, 25
mM NaCl, pH 7.0, and 4.6 L of 10 mM Hepes, 50 mM NaCl, pH 7.0. The product
was then eluted in 2.9 L of 10 mM Hepes, 400 mM NaCl, pH 7.0, yield‘ing'2_880.mL

25 at 96,080 units/mL, and filtered througﬁ a 0.2 pm flter,

A Phenyl Sepharose column with 2.2 L column be& (height 28 cm, diaﬁneter
.1(} cm) was sanifized with 5.0 L 1.0 N NaOH and stored in 0.1 N NaOH prior to use.
It was then rinsed with 4.5 L SWF1 and cleaned with 4.6 L of 5 mM potassium
phosphate, 0.5 M ammonium sulfate and rinsed again with 6.8 L SWFI. The column

30-  was then equilibrated in 4.6 L of 5 mM potassium phosphate, 0.5 mM ammonium

sulfate. To the eluate from the Q Sepharose column, 9.6 mL of { M potassium

RECTIFIED SHEET {RULE 91}



Ser Gly Gly Thr Phe Gin Thr Val Leu lle Phe Leu Leu lle Pro cys 202530 ser Leu Thr Val Asp Tyr Arg
Ala Ala Pro lle Leu Ser Asn Tar Thr 354045 Phe Leu Trp lle Trp ASn Val Pro Thr Glu Arg Cys Val Gly
Asn val 505560 Asn Asp Pro lle Asp Leu Ser Phe Phe Ser Leu lle Gly ser Pro Arg 65 70 75 80 Lys Thr
Ala Thr Gly 8in2P¢NVEEThr Leu Phe Tyr Val Asp Arg Leu 859095 Gly LstrDyedseddisslle Asp Ala Asn
Gin Ala Glu His Tyr Gly Gly 100105110 lle Pro Gin &rg Gly Asp Tyr Gin Ala His Leu Arg Lys Ala Lys
Thr 115120125 Asp lle Glu His Tyr lle Pro Asp Asp'Lys Leu Gly Leu Ala lle lle 130135140 Asp Trp Glu
Glu Trp Arg Pro Thr Trp Leu Arg Asn Trp Lys Pro Lys 145150155160 Asp Asn Tyr Arg Asn Lys Ser lle

Glu Leu Val Gin,Ser, Thr Asn Pro 165170175 Gly Leu Ser lle Thr Glu Ala Thr Gi Ala lle Gin Gin
Phe Glu 1801 %§Bh§ u%%"&ﬁ‘%n%%@%o‘#rﬁe RGBT &?f??iﬁ?tﬁé@i‘—ﬁé ﬁé%gél Bhe 195200205
Leu Arg Pro AspGinvasadtgst GRuiFywaFyhdodd@trboRrothes pobyar stidthe Zhs2P00AginaA8N Lys Phe Gin
Asp Pro Lys A SinEincun R alanel 25330205 440 Gll s fs Affisp Asp Asn Leu Lys

Trp Leu Trp Lys Ala ser Thr 245250 ly Leu Tyr Pro Ser va ys Lys Kép Leu Lys Ser Asn

Arg 26026527 &R PA e at P8R mmie M Rie rratvel it ftersibtixny slak 875280285 Ser Lys Val
Gly Asn Ala Sefiisgp Pro Val Pro lle Phe Val Tyr lle 290295300 Arg Leu Val Phe Thr Asp Arg Thr Ser
Glu Tyr Leu Leu Glu Asp Asg 305310315320 Leu Val Asn Thr lle Gly Glu lle Val Ala Leu Gly Thr Ser

Gly lle 325330335 Ile‘ie TP RIAM PRIOZUF Pt B Arg LA KRR 543 3919845350 lle Leu
His Lys Tyr Medi@iret®hi 0Tdn L ews AstitRed Fith les\al Asn3a>36036h\al i orLewAtAla Lys Met Cys

Ser Gin Thr Le LGYSAD E-I\;JJaIS_){%%Zp%eg;é?tgpg(l)yLl\g% yS zfeltﬁ d:&%ggglggﬁ?rlu Ser Ser Asp Val Tyr

Leu His Leu 385390395400 Asn Pro S 'Phe ASp llé BN Lys Tyr Glu
405410415 VapPpigsany punmbaeAtg vheGipoasmlseifGiayiRbd pemGHitHi$ 2204P5430 Phe Lys

Cys Ser Qys Pheahdie Mt mbe G BloseL AR 2554048 MALLYRAST YR Cin Asp val
Asn Val Cys Val Gly Asp Asn Val Cys 450455460 lle Lys Ala Lys Val Giu Pro Asn Pro Ala Phe Tyr Leu

Leu Pro Gly 468876850 88 {50 d ol ayshersh peariphéom daiengl Seaippse 0aThr Thr Leu Gly

His Val Leu Tymisdaeeri4354 90405 R iy Asgdia® benyah Phe RIRAokys Mk a4al Ser Thr Pro

1 .
500505510 9.9 L of 5 mM potassium phosphate, 0.5M ammonium sulfate, pH 7.0, then with 9.7

L of 20 mM bicine, 0.5 M ammonium sulfate, pH 9.0 then with 9.9 L of 20 mM
15 bicine, 100 mM NaCl, pH 9.0. The product was eluted with 5.0 L 50 mM Hepes, 100
mM NaCl, pH 7.0, resulting in 4460 mL at 48,400 units/mL, and filtered through a
0.2 pm filter,
A Hydroxyapatite column witha 1.1 L. column bed (diameter 7 cm, height 28
cm) was sanitized with 2.7 L 1.0 N NaOH and stored in 0.1 N NaOH prior to use. The
20 column was neutralized with 2.1 L of 200 mM potassium phosphate, pH 7.0, then
equilibrated in 2.2 L of 5 mM potassium phosphate, 100 mM NaCl. To the eluate
from the Amino Phenyl Boronate column, 11.2 mL of 1 M potassium phosphate
monobasic, 11.2 mL 1 M potassium phosphate dibasic and 0.45 mL 1 mL CaCl, was
added. This was then loaded onto the column and subsequently washed with 3.5 L of
25 5 mM potassium phosphate, 100 mM NaCl, 0.5 M ammonium sulfate, pH 7.0, then
with 3.5 L of 10 mM potassium phosphate, 100 mM NaCl, 0.5 M arhimonium sulfate,
pH 7.0. The product was eluted with 1.4 L of 70 mM potassium phosphate, pH 7.0,
resulting in 1260 mL at 152,560 units/mL, and filtered through a 0.2 pum filter.
The purified product was concentrated using a 0.05 f* Millipore 30 kDa
30 MWCO cartridge that had been equilibrated in 130 mM NaCl, 10 mM Hepes, pH 7.0.
The product was concentrated from 1250 mL at 1.04/mg/mL to 120 mL and buffer



<210> 31 <211> 807 <212> PRT <213> Staphylococcus aureus <220> <223> hyaluronidase <400>
31 met Thr Tyr Arg lle Lys Lys Trp GIn Lys Leu Ser Thr lle Thr Leu'151015 Leu Met Ala Gly Val lle Thr
Leu Asn Gly Gly Glu Phe Arg Ser val 202530 Asp Lys His GIn lle Ala Val Ala Asp Thr Asn Val GIn Thr
Pro Asp 354045:Tyri@Glwdys Leu Arg Asn Thr Trp Leu Asp Val Asn Tyr Gy Tvishse 295560 Lys Tyr
Asp Glu Asn Asn Pro Asp Met Lys Lys Lys Phe Asp Ala Thr 65 70 75 80 Glu Lys Glu Ala Thr Asn Leu
Leu Lys Glu Met Lys Thr Glu Ser Gly 859095 Arg L?/% Tyr Leu Trp Ser Gly Ala Glu Thr Leu Glu Thr
Asn Ser Ser 100105110 His Met Thr Arg Thr Tyr Arg Asn lle Glu Lys lle Ala Glu Ala Met 115120125

Arg Asn Pro Lys Thr Thr Leu Asn Thr Asp Glu Asn Lys Lys Lys Val 130135140 Lys Asp Ala Leu Glu
Trp Leu His LysR&R8R4 1% @it s 18QmpidVegh 18! BEnep Nysufienthen st Leu Ser Glu Asn

Phe Thr Lys ThiiFéughly016mh HiHef5 A s danutdnAanJefliphpahEa 158 AsRaly itille Gly Thr Pro Lys

180185190 Ser | eu.T Aﬁ;ﬁ% hr Leu lle Leu.Leu Asn Asp GIn Phe Ser Asn Glu 195200205 Glu Lys
Lys Lys Phe Th?OXLg]Tb?%U e §§apﬁ?q§'ﬁ%0ﬂ§§reor%a¢n§n§r 12%(55 ‘gﬁbliﬁéﬂ%lﬂe%u Ser Ser Val Gly
Lys Ala Glu Lewrddiions GinEnf 236200286240 mdh Hepes/ aHAkp HeiSerdsysldédth ysideu Leu Glu Cys

o lle Glu 2652302550l uheerkAichsh MohdAeE 1 b, oA I8 ASg o Bl ey Val 200265270

Phe Thr Tyr val GIn Asp Ser Ala Thr Gly Lys Glu Arg Asn Gly P _ ys Asp Gly Ser Tyr
lle Asp His GIn BEFRapBligeriperdiiugsd » 9 Migldryd g/ vhisvlative (Lot B5G12Ely lle Ser Gin
Met Met Pro M&3D53103k5320 figetedsiabughty FPraRigAsn Asp Lys Thr Gin Asn Asp Thr Thr Leu

325330335 LyS Ser Trg lle. Asp Asp.Gly Phe tProleulle T Gly Glu 340345350 met Met Asp
Leu Ser Arg Gly Ar _Aﬁlﬁéélﬁe}r@eﬂra%\e?gp&%{lﬁs\% Eleﬁﬁ?tgféjéggﬁgé Jé}ésr['ﬁ’g%@ra}&d 8er Ala Thr Val Met
Lys Ser Leu LeGoRygNead to3ke B3R 583¢-A L Anavieltils g S Tharviajs wee: Ergeciiye Lys Lys lle Val

Lys 385390895400 Ya G th SRt SEFSET TY640.242 1A B9 SR Tyl fihASn 405410415 Ser
Tyr Ser Asp lle Asap (I:_(gs e‘;[é)‘/s Ser Leu Met Thr Asp Asn Ser Page 31 30575EQ.Pcl.TxT

420425430 lle SEFTTEASHER FRCHE LIV EiRE AT s Hetsrdoakr Aap Gk ABsHbites

1,376,992 units/mL and 129,412 units/mL enzyme activity, and 136,900 units/mg
and 124,400 uni:ts/mg specific activity (caic{siated from enzyme activity and protein
cﬁoncenh’a‘tion). The purity of the soluble tHuPH20 samples was determined by SDS-

15 PAGE, IsoElectric Focusing (IEF), reverse phase high pressure liguid |
chromatography (RP-HPLC), size-exclusion chromatography (SEC) and anion-
exchange chromatography. As determined by RP-HPLC, purity of the two Lots was
observed to be approximately 96.2%. As determined by SEC, purity of theltwo Lots
was observed to be greater than 99%. Endotoxin levels were shown to be <0.8

20 EU/mL and 0.09 EU/mL for lots 056-122 and 056-123, res;»e_ctiveiy; Osmolarity was
measured to be 265 mOsm/kg and 256 mOsmykg for lots 056-122 and 056-123, |
respectively. The pH of each was 7.2. | .

D.  Reproducibility of the production process of Geﬁ 2 soluble
rHuPH20 in 30 L Bioreactor Cell Culture '

25 The process described- above for Batch 2B2-20K.6 was used for a subsequent
batch to demonstrate the reproducibility of the process. The process was modified
slightly by the incorporation ;af a viral inactivation step 'immediately prior to the
column chromatography steps.

A vial of 2B2 cells (1 x 107 éells) was thawed and cultured at 37°C, 7% CO,

30 fbr,?_paésages in CD CHO (Invitrogen, Carlsbad, CA) supplemented with 20 uM |
methotrexate and 40 mL/L GlutaMAX™™.] (Invitrogeri), after which it was expanded

RECTIFIED SHEET {RULE 91)



Asp Arg Val Thr Tyr His Asn Lys Asp Leu Asp Phe Ala Phe Gly Leu 450455460 Ser Met Thr Ser Lys
Asn Val Ala Arg Tyr Glu Ser lle Asn Gly Glu 465470475480 Asn Leu Lys Gly Trp His Thr Gly Ala Gly
Met Ser Tyr Leu Tyr Asn 485490495 Ser Asp Val Lys His Tyr His A§§7Asn Phe Trp Val Thr Ala Asp
Met 500505%® dysiingdeu Ser Gly Thr Thr Thr Leu Asp Asn Glu lle Ledy4$AsRR185520525 Thr
Asp Asp Lys Lys Ser Ser Lys Thr Phe Val Gly Gly Thr Lys Val 530535540 Asp Asp Gin His Ala Ser lle
Gly Met Asp Phe Glu Asn Gin Asp Lys 545 550 555'860 Thr Leu Thr Ala Lys Lys Ser Tyr Phe lle Leu
Asn Asp Lys lle Val 565570575 Phe Leu Gly Thr Gly lle Lys Ser Thr Asp Ser Ser Lys Asn Pro Val
580585590 Thr Thr lle Glu Asn Arg Lys Ala Asn Gly Tyr Thr Leu Tyr Thr Asp 595600605 Asp Lys Gin
Thr Thr Asn SelPAS8 BEdreht &b B<PASH S aredarphenenenisd 26thdd BldiSer Thr Asp Thr Lys Lys
Asn lle Gly Tyr HlisfRnexeurAsh 620680630640 A ps Prad:vacts (i ¥alibys devgplu Ser His Thr Gly
Lys Trp Lys 645650655 Il ys Ser Gin Lys Asp Thr Gin Lys Thr Asp Glu Tyr Tyr 660665670
Glu Val Thr Glncﬁrﬁ}glﬁP§géL:L‘é£ é%b&%?ﬂ%%}?ﬂ?ﬁgf ‘?S}P\%ﬁ)g’%@é‘ﬁ%@%‘@ﬁwpg’ro Gly Leu Ser
Lys Asp Val Pheg sesorivitas hysaAspsGilin 6206957 mkhhinvall Mal dysiticuGledAdmAsp Phe His
Val Val Lys:As 7107 : erya 1261y, Va Tyr,.Ser Asn Ser Thr Gin Thr Phe
72573073;5 As%ﬁ%ﬁ%ﬁ%ﬁ%@% g U Ya%i%? ﬁ%.?Lgél%?}ﬁeﬂeaﬁg%gnﬁ&ag%gﬁ Leu Lys Lys
Lys Asp Asp Adhe i R RESRS BEORHEVEyeppmaRis: 5760165, BlulBer fdroAzgeSer Ala Ser Asp
lle Glu Ser Lys lg/SetMatrbhdiQZASIBAGHITYF SRINS ‘@raﬁ‘%ﬂﬂo)@%ﬁ}&@h%p%%gm Ser Asn Glu
Ser Gly 785 790 795 800 Val His Phe Glu Leu Thr Lys 805 <210> 32'<211> 371 $212> PRT <213>
Streptococcus SYOGEKELHAR BRI R 4486 £or598 <2235 hyaluronidase <400> 32 Met Thr Glu 1
Asp Glu Trp Phe Glu The 35tihe Sefi ysibAbrollghBiotheusArg, ValrGindPhe: Lys Aroi et Ser Ala

51015 Alg Arg S&r Asp Val lle Leu L .G|LLI$| Glu lle, Gl 2%21‘ 30 Asp Thr Gly Phe Ala Lys Phe Gly
Asp Gly Gin Asn Tﬁ? Béoéllgstgﬁl_ﬁr)I/%Cﬁé#lﬁré'u f%/rfeéi};/nﬁfl(’jaLyeér )?t BFS 18 & RS 485 Page 32
penstaltic pump. The temperature setpoint of the bioreactor was reduced from 37°C to
36.5°C onday 7, to 36.0°C on day 9 and finally to 35.5°C on day 11. The content of
each feed media and the bioreactor feed parameters throughout the run are provided in

Tables 23 and 24, respectively.

15 Table 23. Feed Media formulations
Component Initial Feed#1 | Feed#2 | Feed #3 | Feed #4
bioreactor
medium
CD CHO liquid 20 L 0 0 0 0
medium (Invitrogen)
CD CHO AGT powder |Og 9l2g 48.0 g 243 ¢ 243 g
SWFI 0 700 mL 700 mL 600 mL | 600 mL
GlutaMAX™.] 800 mL 160 mL 80 mL 60mL | 40mL
(Invitrogen)
Yeastolate Ultrafiltrate | 0 100 mL 200 mL 300 mL | 300 mL
{(Invitregen; 200g/L)
Dextrose (D-glucose) 0 40 g 40 g 60 g 50g
Gentamicin 300 mg 0 {0 0 0
rHulnsulin 100 mg 40 mg Y 0 0
Sodium butyrate 0 0 l.lg 22g 1.1lg

20



3057SEQ.PCL.TXT Thr Gly Leu Gin Gly Lys Thr Gly Gly Thr Gly Pro Arg Gly Pro Ala 65 70 75 80 Gly

Lys Pro Gly Thr
Glu Glu Thr Asn

Thr Asp Tyr AspﬁGin Leu Gin Asn Lys Pro Asp 859,.()95/,Leu Gly Ala Phe Ala Gin Lys
Ser Lys lle THiLys 100105110 Leu Glu Ser Ser LySAla Asp Lys Ser Ala Val Tyr Ser

Lys Ala Glu Wis129128:&er Lys lle Glu Leu Asp Lys Lys Leu Ser Leu Tho Gl By dteqval 130135140

Thr Gly GIn Leu

Gin Phe Lys Pro Asn Lys Ser Gly lle Lys Pro Ser 145150155160 Ser Ser Val Gly Gly

Ala lle Asn lle Asp Met Ser Lys Ser Glu Gly 165170175 Ala Ala Met val met Tyr Thr Asn Lys Asp Thr

Thr Asp Gly Pro

Leu 180185190 Met lle Leu Arg Ser Asp Lys Asp Thr Phe Asp Gin Ser Ala Gin Phe

195200205 Val Asp Tyr Ser Gly Lys Thr Asn Ala Val Asn lle Val Met Arg GIn 210215220 Pro Ser Ala

Pro Asn Phe Se

r Ser APl PAsRinEeTHBBRRRSASR 225230235240 Glu Gly Gly Ser Ala met Gin lle

Arg Gly Val Glu

[y6uATa [wusHy 275250255 gl Celieiditd |5 5 [y TSR sy Glu Ala Lys

Tyr Asp 260265270 -Glu jAsh Ala Alaisdididyel Ser lld Bsigslle Val Lys Lys Gln Lys Gly 275280285 Gly
Lys Gly Thr AlajAla Gin EIyﬂﬁ'éYTy' lle Asn $er Thr $er Gly 290296300 Thr Ala GlylLys Met Leu Arg lle
Arg Asn Lys Asp Glu As J(EYS%?@)? 305 310{315 320 Tyr val Gly Pro Asp Gly Gly Phe His Ser Gly Ala

QAL AN

Asn Ser Thr val 325

Hae-Vakbys-Asp-ProlThr Ser Gly Lys His Ala Ala

?rl grAI,. :L Rl RPN Iy | 4?-5’1 ant |,&2QQ|:QQ 365-Leu Lys LyS

vz Acn.dlpo
OOU\.B AIaA~Oory, ST T
] o8

340345350 Thr

Lﬂp AS[J '8)@ Vd.i A"EBUIU Ly 'f.lﬁf\la \ZQE TCULTYS L._)za =Cu Iﬁl\éd:\:" 5=

370 <210> 33 4ApI> TP IZI2STRRT <2 U3F Ciosmgm perfringegs <2 Zyﬁ@uo{ hyattronidase

<400> 33 Met A

sis Lys Asaa fle Arg fy/s Tle Ties BRr Segghr ValrLeujAlp Ala netThrile Ser Val

Leu Pro Ser Asni2éu Val ¥ Phe A& Thr Asu720253616ly Tle Thr| GIu Asn Hbe TYi| @aeilg Tyr Pro Lys
Pro GIn Glu lle 354045 $84-Xyr sdr%ly Gly|@lifPhe 843 lle Ser AspsGlu I[e2déen llel Val 505560 Tyr Asp

Asp Gly lle Asp

PA? Tyr ¥4 ys | Y8%rg val &8H GIUE 657075806 eu Gld%la SdriR@FLeu Glu Ala

Thr Val Ser AsH

B’% e % %ro gc 99%95 Gly gﬁérhr ALR Phe | eu\Al Gly IIBXsh Gl Ser Gly Gly Val

Val 100105110855 Asn 306Phe AhrEys $ider 1 er PeBhe A4F 24320125 Glu

Lys Met Asp Al

10

15

Ak dade, LIS T 1D Bg | 634 27 2390 -
23211 TICTRehofT VRHTLYS ASIEIFaY vV HEEy 1Y 27. 1350 Feed #4
268 51.9 48 6.65 10398 28 2500 |-
287 1384 41 670 |-11864 28 2170 -
308 31.6 3l | 6.66 12864 - 28 1850 | Harvest

The bioreactor was harvested and filtered through a system that contained a_
series of Millipare Pod filters DOHC (0.5 m®) and ATHC stacks (0.1 m%), which

- contain layers of graded-pore-size diatomaceous earth, followed by final filtration

through capsule filter (Sartorius Sartobran 300) into 20 L storage bags. The harvest
was performed using a peristaltic pump and completed in approximately 75 minutes,
yielding approximately 30 L of harvested cell culture fluid (HCCF). This includes the
28 L bioreactor volume plus approximately 2 L PBS chase. The HCCF was
supplemented with EDTA and Tris to final concentrations of 10 mM each, and a final
pH of 7.5. The HCCF was then stored at 2-8°C hefore Being concentrated and
subjected to a buffer exchange. |

To concentrate the protein, a Sartorius Slice system with 3 x 1.0 f* Sartocon
Slice crossflow cassettes { 30 kDa MWCO} was first equilibrated in 20 mM Na,50;,
Y0 mM Tris, pH 7.5. Thirty liters of HCCF was concentrated 10 to 3 L and buffer
exchanged 10% with the 20 mM Na;S0,, 10 mM Tris, pH 7.5 buffer. The average
flux rate during the concentration was 115 mL/minute and the average transmembrane
pressure was 16 psig. The average flux rate during the diafiltration was 150

mL/minute arid the average transmembrane pressure was 15 psig. The retentate was

RECTIFIED SHEET (RULE 91)



Page 33 3057SEQ.PC1.TXT 130135140 Val lle Gly Glu Asp Thr Asp Ser Ala Phe Tyr Gly Val Thr Thr
Leu 145150155160 Lys His Vial Phe Asn GIn Leu Glu Glu Gly Asn Lys lle Gin Ser Phe 165170175 Arg
Ala Asp Asp Tyr Ala Glu Val At His Arg Gly Phe lle Glu Gly 180185190 Tyr Tyr Gly Asn Pro Trp Ser
Asn Glu Aspyrenddlas ks Leu Met Lys 195200205 Phe Gly Gly Asp Tyr gysdsRuoden &in Tyr Val Phe
Ala Pro Lys Asp 210215220 Asp Pro Tyr His Asn Ser Lys Trp Arg Asp Leu Tyr Pro Glu Glu Lys
225230235240 Leu Ser Glu lle Lys Lys Leu Ala GIP¥al Gly ASn Glu Thr Lys Asn 245250255 Arg Tyr
val Tyr Ala Leu His Pro Phe Met Asn Asn Pro Val Arg Phe 260265270 Asp Thr Glu Glu Asn Tyr GIn
Asn Asp Leu Gly Val lle Lys Ala Lys 275280285 Phe Thr Gln Leu Leu Glu Asn Asp Val Arg GIn Phe
Ala lle Leu Ala DétsdEaoiehad Adpraiacsun Rliersetans @i ahlarnress Mat fyaviarl ys Leu

305310315320vh et i AR LeHe FhieAbee Tr ket Glde® i £389¢5In Ser Thr Tyr Pro 325330335 Asp Leu
Lys Thr Asp Leu Met Phe Cys Pro Ser Asp Tyr Tyr Gly Asn 340345350 Gly Ser Ser Ala GIn Leu Lys
Ol Lou e Lys Ala ST HEE RGO 45 B B HERAR MGt G i Gly Gl v

Asp Glu Asn 370375380 the AlaGASISAsw PhicbMet phsrphAsta HeSSEF THthGln QlyoHiscRro Gly

385390393400, eAhl% ro.Phe Phe Trplle.Asn Trp Pro Cys.Ser Asp Asn Ser 405410415 GIn His
Leu lle Met Gly %ﬁg ,&sn%\%%nﬁ'eﬁlfr&%%e negub fsérF?rxg ‘t?{gﬁﬁfaﬁfgf%ﬁﬁgﬁﬁ S,&SSB}E}}%I %%Lys lle Asp Gly lle
Val Leu Asn Priivies &lA0ciR . 4884404951y IkapAseiD yol Siom Ataslead @heniidhilédAla Asp Tyr Ala

Trp Asn 450453450 He. EELASR ARLUB S MBI ABASRIG AR iR AR REERNE
465470475480 Lys Tyr Met Asp His Gly Thr Ala Glu Glu Thr Asn Ser Ser Leu Ala 485490495 Leu Arg

Glu lle Ser Lys'Mis'RR2EITRoAL:S i RsBaisterass i GNMArg 860555 al Arg Pro Leu GIn Glu serval
Glu Leu Ala Pro Lys L't Glseptarstab20b2 o fhe ILys. Ghind:ys totr, AspSear Giv Alaghepdle Lys Glu Asp

[y Aen Ath PR3 QI A AR A RN R oo NG W E < i Gl A
Thr Met Asp Ala#lt¢iecBhnad/with 2 5ys G80585b86p8e A 0o Rk l|elb LG inGly iagpSAsp Glu Ala
Ala Trp Ala ASlyerite water for injection (SWEI) and equilibrated with 4.5 I of 10 mM Hepes, 25
mM NaCl, pH 7.0. The buffer exchanged, viral inactivated protein (2385 ml, at
133,040 hyaluronidase units/mL) was loaded onto the column. The column was
15 washed with 4.5 L of 10 mM Hepes, 25 mM NaCl, pH 7.0, and 4.5 L of 10 mM .
Hepes, 50 mM NaCl, pH 7.0. The product was then eluted in. 2.5 L of 10 mM Hepes,
400 mM NaCl, pH 7.0, yielding 2500 mL at 133,680 units/mL, and filtered through a
0.2 pm filter.
A Phenyl Sepharose column with a 2.2 L column bed (height 28 cm, diameter
20 10 cm) was sanitized with 5.0 L 1.0 N NaOH and stored in 0.1 N NaOH prior to use.
[t was then rinsed with 6.0 I, SWFT and equilibrated in 4.6 L of 5 mM potassium
phosphate, 0.5 mM ammonium sulfate. To elute the column, 9.6 mL of | M
potassium phosphate monobasic, 9.6 mL 1 M potassium phosphate dibasic and 0.4
mL 1 mL CaCl; was added. This was then loaded onto the column and the flow
25 through and chase (5 mM potassium phosphate, 0.5 mM ammonium suifate) were
collected, yielding 6450 mL at 43,840 units/mL. The product was filtered through a
0.2 yum filter.
An Amino Phenyl Boronate column with a 2.2 L column bed (height 29 crm,
diameter 10 cm) was sanitized with 3.5 L 1.0 N NaOH and stored in 0.1 N NaOH
30 pmor to use. It was then rinsed with 5.0 L SWFT and equilibrated with 9.0 L of 5 mM

potassium phosphate, 0.5 M ammonium suifate. The flow through material from the



595600605 Tyr Ser Glu Ala GIn Gly Ala Phe Glu Lys Ser Lys Thr Tyr Gly Phe 610615620 His Tyr Val

Asp His Thr Glu Tyr Ala Glu "‘al Gly Val GIn His lle 625630635640-‘2\\\/al, Pro Phe lle Lys Ser Met Gly
GIn Asn Leu Ser val Val lle GIy645650655 Ser lle Val Asp Pro Asn'Arg lle lle Ala Thr Tyr lle Ser Asn

Arg 6606656¥8 fanAsrAla Pro Thr Gly Asn Pro Asp Asn lle Phe Asp %ﬂ/ﬁ?ﬁd@‘)@o@?‘%e 34
3057sE0.Pcl1.TxT 675680685 ser Thr Glu Leu Val Tyr Lys Asn Pro Asn Arg lle Asp Val Gly Thr

690695700 Tyr val Gly Val Lys Tyr Ser Asn Pro lle ¥Ar Leu Asn Asn Val Glu 705710715720 Phe Leu
Met Gly Ala Asn Ser Asn Pro Asn Asp Thr Met Gin Lys Ala 725730735 Lys lle Gin Tyr Thr Val Asp Gly
Arg Glu Trp lle Asp Leta Glu Glu 740745750 Gly Val Glu Tyr Thr Met Pro Gly Ala lle Lys Val Glu Asn
Lea Asp 755760085 1 eatiayesospMmnGiys\veddifphmat tesxiant ihaiyl Blaohrge@iingsn TR0775780 Thr

Trp Lea Gly valobfAsplaAnad(@hien Lis Yn Pl ASREHCERTR0 (IoRARARN, R Oly val Glu Phe
Asn Pro Ser Lea |le AgrggSer Glu Ser Trp 805810815 Gin Val Tyr Glu Gly Asn Glu Ala Asn Lea Lea Asp

Gly Asp Asp ASHE0835880hH Bl Yl ras 28 MM e @4 Msoraney sTHrSarH 849 Ala Gly
835840845 GlurReerieualyieauapalieaGly bysdiuitgebysobeaisa@yites 8508RREE0 Arg Phe val

lle Gly Lys Asn G Ser Asp L rp Asn 865870875880 Lys Phe I’_ys Lea Glu Tyr Ser Lea
Asp Asn Glu Sé?%p ha?%!?%é%%@gﬁg @gr@mgﬂﬁgfy@?ﬁ#@iy Ala Pro Ala Gly Lys Asp Val
lle Glu 900905910 Gl SedPhgaGiutd tnlim letben Ala lepsuyt el Atgrhear Thind $0: 246820925 Met
Glu Asn lle Asn.Lys,1iR.Leu Thr B K he Ala lle lle 930 0.Ser Asp Glu Glu Asn Ala
Gly Asn Lys Gluﬁgsn Vaﬁ Tyre%%l%gilézelégé%ﬁf@@ Srt%Tl(? ne(g;’}fé tel E’é‘ﬁ‘%‘éﬁf’e la Lys Glu
Asp Val Thr LyS§Hetiossorodrsate pit Fieriaeh2AepmiveSerstiom pAkosplisGpHGI0, Tyerlle Gly Val

980985990 Lys.LauraadArs terLys AsRA ﬁﬂ%@‘ 510001005 Asn Asp
Thr Gly Iéld Ly%klt_ﬁeu Gin Ser Ser Met Asr&%ﬁ?g\?gfﬁcgﬂfwrg 10%@%&%%42%§T‘%ﬁ?%§%ﬁ§%hr Asp Lys Asn

Thr Leu Glu AsB BN KT VAFRI S 38 trstipnsh ond ba Nepakssim SesrlgieGlu Ala Val Asn
Phe Asn Lea Throbybaflbel I mL 1 M potdiihi 9hodMak: GhsyalkAsh SenAshGleal Tyt Glu Pro Ser

Leu Val Asp Alg4h¥E This was then loaded onto the column and subsequently washed with 4.8 L of
5 mM potassium phosphate, 100 mM NaCl, 0.5 M ammorium sulfate, pH 7.0, then
with 3.8 L of 10 mM potassium phosphate, 100 mM NaCl, 0.5 M ammonium sulfate,

15 pH7.0. The product was eluted with 1.5 L of 70 mM potassium phosphate, pH 7.0,
resulting in 1500 mL at 114,320 units/mL, and filtered through a 0.2 pm filter.

The purified product was concentrated using a 0.05 ft? Millipore 30 kDa
MWCO cartridge that had been equilibrated in 130 mM NaCl, 10 mM Hepes, pH 7.0.
The product was concentrated from 1500 mL at 0.961 mg/mL to 125 mL and buffer

20 exchanged 10x with the 130 mM NaCl, 10 mM Hepes, pH 7.0 buffer then filtered |
through a 0.2 pm filter. Angp measurements were performed and indicated that the
protein concentration of the remaining 122 mi was 11.431 mg/mL. An additional -
17.5 mL of 130 mM NaCl, 10 mM Hepes, pH 7.0 buffer was added to bring the
protein concentration to 10 rﬁg/mL (Lot 056-135). Ten mL of the 10 mg/mL protein

25 solution was diluted in the buffer to yield a 1 mg/ml solution (Lot 056-136). Both
solutions were filtered through a 0.2 um filter.

The formulated product was filled into 5 mL and 1 mL glass vials, the
combined total of which yielded 1324 mg solubie rHuPH20. The vials were frozen at
-80°C then transferred to -20°C for storage. Lot 056-135 and 056-136 were then

36 characterized with respect to activity and purity. Lots 056-135 and 056-136 exhibited
1,301,010 units/mL and 127,661 units/mL enzyme activity, and 121,600 units/mg



106010651070 Val Gly Asp Asp Gly Ala Lys Lys Ala Val Asp Gly Asp Lea Lys Thr 107510801085 Arg
val Lys Phe Lea Gly Ala Pro Ser Thr Gly Asp Thr Ile Val Tyr 109010951100 Asp Lea Gly GIn Glu lle
Leu Val Asp Asn Lea Lys TyWaI val Leu 1105111011151120 Asp THr Glu Val Asp His val Arg Asp

Gly Lys lle Gm-hen SessLea 112511301135 Asp Gly Glu ThefighAseAla lle Thr lle Gly
Asp Gly val Glu 114011451150 Asn Gly Val Asp Asp Met Phe Ser Thr Pro Lea Lys ASO Gly Tyr Lys

115511601165 His Gly Asn GIn Ser Gly Gly lle Val B® Ile Asp Ser Ala Tyr Val 117011751180 Glu Gly
Asp ASO Lea ASO Gin Lys Ala Arg Tyr Val Arg lle Lea Phe 1185119011951200 Thr Ala Pro Tyr Arg

His Arg Trp Thr val lle Asn Glu Lea met lle : 120512101215 Asn Asn Gly Glu Tyr lle Ser Thr
Val ASh Asp PramthiZTyitleSeingedtic 3058 REREEIXImaeehe 281 380:AsprReimille Glu Glu Arg

Gly Phe Ala Pro SEI AR 1D A GRLL23HAAMAB Sy TIY Al SeLTw Lys Pro Aen Thr

Asn Asn Gly Glu lle Ser 12 u Gly Ser lle Thr Tyr'Arg Leu Ser Glu Lys Thr Asp Val Arg
Lys 126512701 FA59B8g08kct frewinadi ﬁ%éﬁ@?@é’ﬁ@é}dl PEETUASHIRM Lys Val met

128512901295 AlgofvgodabByIspIElrSarShkchsi Vel e saBinIie) Val Gibd 30013051310 Leu
Gly Thr Leu Ser As Ser eu Asn Gluy Phe Jle Asn 325 sn Asn lle Tyr Glu lle
Lys lle Glu 153p 'ﬁ’f’? gﬁe\y ER Xgngﬁfgﬁﬁﬁoﬁéwﬂgﬁe% % (°Ash'Gin Glu Phe Glu
Phe Pro val Asnob3#8&BB0%35E1880°AS [ Sad Qb&%yﬁmttwﬂ'eﬁrbé(éi@Gqull:iéwdféhAgmd_eu Ser Gly

Asp EAORES (0o QY eTfbal il ihHoO8! BRERBEGN I LEULYS GBlAl heu Asn Glu
138013851390 Ala Lf Ser lle Leu ASé Asp Ser ASn Ser Ser Gin Lys Lys lle AS;E 139514001405 Lys

Ala Leu Glu Lys FéiFagRd (ONEVEH: 1UAT§30elf AGH 986 MG fﬁiﬁ?ﬁﬂl@i@%o Y KPAsp Phe Glu
Asp Phe Asn Ly&%ﬁkémﬂuﬁéu@kyﬂmﬁﬁl@ﬂé%&lﬁﬂﬁueﬂ aal @i+ Gl Glu Tyr Thr Ala
Glu Ser Tr OAIa LeuePhV%} egB Lig 44514501455 Val Leu Glu Ala Ala Asn Glu Ala Asn Lys
Asn Lys Ala Asp elssgrcilh {26014 é)fz?%lé’m Asp Gin lle Asn Gin lle Val lle Asp LeuAsp Ala Ser lle
Lys 147514801485 Ala Leu Val Lys Glu Thr Pro GRi&FRSE 8ys Thr Asn Leu Gly Glu 149014951500

Leu lle Asn Gin Gly, Lys figishetioh@t SemGibri Malb@is G 6NE 3R0atek03a1bladPAsn val Gly
GluTyr His Lys Gly Al%hey pr@dgiﬁt 1r}/ang punqrc}x/t%nemethods detailed in Example 7, above, were

scaled-up for production using a 400 L bioreactor. A vial of 2B2 cells (1 % 107 cells)
15 was 'thawed and expanded from shaker flasks through 36L spinner flasks in CD CHO
(Invitrogén Carlsbad, CA) supplemented with 20 pM methotrexate and 8 mM
GhutaMAX™-[ (Invitrogen). Brietly, the a vial of cells was thawed in a 37°C water
bath media was added and the cells were centnfuged The-cells were re—suspended in
a 125 mL shake flask with 20 mL of fresh media and placed in a 37°C, 7% CO;
20  incubator. The cells were expanded up to 40 mL in the 125 mL shake flask. When
the cell density reached greater than 1.5 x 10° cells/mL, the culture was expanded into
a 125 mL spinner flagk in a 100 mL culture volume. The flask was incubated at 37°C,
7% C0O,. When the cell densify reached greater than 1.5 x 10° cells/mL, the-culture
~ was expanded ir_xto a 250 mL spinner flask in 200 mL culture volume, and the flask
25 . was incubated at 37°C, 7% COQ, When the cell density reached greater than 1.5 x 108
'ceils/rr-\L, the culture was expanded into a 1 L spinner flask in 800 mL culture volume
and incubated at 37°C, 7% CO,;. When the cell density reached greater than 1.5 x 10°
cells/mL the culture was expanded into a 6 L spinner flask in 5000 mL culture volume
and incubated at 37°C, 7% CO,. When the cell density reached greater than 1.5 x 10°
30 cells/mL the culture was expanded into a 36 L spinner flask in 32 L culture volume
and incubated at 37°C, 7% COy. | |
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152515301535 lle Asn Lys Ala Glu Glu Val Phe Asn Lys Glu Asp Ala Thr Glu Glu 154015451550 Glu
lle Asn Leu Ala Lys Glu Seri;l-i_eu/ Glu Gly Ala lle Ala Arg Phe 15551\5691565 Asn Ser Leu Leu lle Glu
Glu Ser Thr Gly ASp Phe ASP; Gly ASPI Gly 157015751580 Lys llé"Asp lle Gly Asp Leu Ala Met Val
Ser Lys Aswdedely $er 1585159015951600 Thr Thr Asn Thr Ser Leu Asp/t€uobeiidys Asp Gly Ser lle
Asp Glu 160516101615 Tyr Glu lle Ser Phe lle Asn His Arg lle Leu Asn 16201625 <210>
34 <211> 435 <212> PRT <213> Homo sapiens 550> <223> Hyaluronidase-1 [Precursor] <400> 34
Met Ala Ala His Leu Leu Pro lle Cys Ala Leu Phe Leu Thr Leu Leu 151015 Asp Met Ala Gin Gly Phe
Arg Gly Pro Leu Leu Pro Asn Arg Pro Phe 202530 Thr Thr Val Trp Asn Ala Asn Thr Gin Trp Cys Leu

Glu Arg His Gly 354645 BLJe2sB" St AEG BT TR L AL Rl eSS Asp Val Val
Ala Asn Pro Giy GInCE556QiT blifphendhiee GhitR oondgaMenThx e Phe SyreBerrhenGim Leu Gly 65 70

75 80 Thr Tyr Pro Tyr Tyr Thr Pro Thr Gly Glu Prg Val Phe Gly Gly Leu 859095 Pro Gin Asn Ala Ser
Leu lle Ala His Eseﬁd% da‘ Aéra Olrﬁrugﬁé il *gg,wﬁﬁg%éf%%recgrﬁ@ﬁgw% N Asp Phe Ser
Gly Leu Ala Va Iﬂe@ﬂ%\?{@@l@@ﬁgpeﬁr@o@mm@[rqpim«g Eg@kAtg fﬁq&@@i@h&e&s&qﬂrp Asp Thr Lys

130135140 Agp.lle.Tyf AGGINAL ISR Loy, 'ﬁw@g@%ﬂg%&ﬁ%@%g £60 Asp Trp

Pro Ala Pro Gin Val Glu Ala Val Ala Gin Asp Gin Phe Gin 1 a Ala Arg Ala Trp Met Ala
Gly Thr Leu GiRUle P BSAMARGSAS ¢ 801BT 1 Derseping BrE-Agaiip reatd&Gly BRYTyr Gly Phe Pro

Asp Cys Tyr 196200805061 Tyl Asp dpaerd 84-Sef PraASA Y ERE Bl IGiRigysiRro Ser Gly
[ Gly Trp.Leu Trp.Gly Gin Ser Arg 225230235240 Ala Leu

_?_10215220 Iler Arg Ala Gin A?F;é AS,[i) méﬁau t ] { \la L
yr Pro Ser IESTPMESSIERR I&IY 19T &5t CR i Gl oHs 98088 A 0 d8s B R4S Tyr Val Gin His
Arg Val Ala Ghradie Rineuid gevéatiz 602662 A0-AatvahA landferlyedsp dsadisa. Let1Roanéal Leu Pro Tyr
Ser Lou Cy Lrer A Ko Sy M A G VATV e SOSEHE330 PR Gal Ser Trp Gl Acn
Thr Arg Thr LY3 e 8&PE) s b alh: fear8880385wys Glullyyl et fssplddd Trlib8u Gly Pro Phe lle
Leu Asn val Théurs (day 7), 10.8 L of Feed #2 (2x CD CHO + 33 g/L Glucose + 80 mL/L
GhutaMAX™.-1 + 33 4 o/L Yeastolate + 0.92 g/L. Sodium Butyrate) was added, and
culture termperature was changed to 36.5°C. At 216 hours (day 9), 10.8 L of Feed #3
15 (1x CD CHO + 50 g/L Glucose + 50 mL/L GlutaMAX™L-] + 50 g/, Yeastolate +
1.80 g/L Sodium Butyrate) was added, and culture temperature was changed to 36° C.
At 264 hours (day 11), 10.8 L of Feed #4 (1x CD CHO + 33 g/L Glucose + 33 mL/L
GlutaMAX™.T + 50 g/L Yeastolate + 0.92 g/L Sodium Butyrate) was added, and
culture temperature was changed to 35.5° C. The addition of the feed media was
20 observed to dramatically enhance the produb‘fion of soluble rHuPH20 in the ‘ﬁnal
stages of production. The reactor was harvested at 14 days or when the viability of
the cells dropped below 40%. The process resulted in a final productivity of 17,000
Units per ml with a maximal cell density of 12 million cells/mL. At harvest, the
culture was sampled for mycoplasma, bioburden, endotoxin and viral in vitro and in
25 vivo, TEM for viral particles and enzyme activity.
The culture was pumped by a peristaltic pump through four Millistak filtration
system modules (Millipore) in parallet, each containing a layer of diatomaceous earth
graded to 4-8 ym and a layer of diatomaceous earth graded to 1.4-1.1 gm, followed by
a cellulose membrane, then through a second single Millistak filtration system
30 (Millipore) containing a layer of diatomaceous earth graded to 0.4-0.11 ym and a

layer of diatomaceous earth graded to <0.1 um, followed by a cellulose membrane,



340345350 Ser Gly Ala Leu Leu Cys Ser Gin Ala Leu Cys Ser Gly His Gly Arg 355360365 Cys val Arg
Arg Thr Ser HiS Pro Lys Ala,\"_i:;e/u Leu Leu Leu Asn Pro 370375380 Ala Ser Phe Ser lle Gin Leu Thr
Pro Gly Gly Gly Pro Leu Ser Leu 385390395400 Arg Gly Ala Leu Sér Leu Glu Asp Gin Ala Gin Met Ala
Val Glu Ph¥ae841044s Lys Cys Arg Cys Tyr Pro Gly Trp Gin Ala ProPFiF B8 BI1*Atg Lys 420425430
Ser Met Trp 435 <210> 35 <211> 473 <212> PRT <213> Homo sapiens <220> <223> Hyaluron
dase-2 [Precursor] <400> 35 Met Arg Ala Gly Pro 1:9%/ Pro Thr Val Thr Leu Ala Leu Val Leu Ala 151015
val Ala Trp Ala Met Glu Leu Lys Pro Thr Ala Pro Pro lle Phe Thr 202530 Gly Arg Pro Phe Val Val Ala
Trp Asp Val Pro Thr Gin Asp Cys Gly 354045 Pro Arg Leu Lys Val Pro Leu Asp Leu Asn Ala Phe Asp
Val Gin Ala PagaddhensbyregelBe inr &rakokegntaesteils Haple Errblid i kA Bh Asn lle Thr lle

Phe Tyr Arg 65 7Qp42i80 fsphivg:deticalcbitueuiPradsigRbacAsg Sh AanBESDASer Val 859095
His Gly Gly Val Prq Gin Asn Val Ser Trp Ala His Arg Lys me 105110 Ley Gin Lys Arg Val Glu
His Tyr lle Arg ]@i‘ﬁ‘ LSS "N?ﬁ@%j %1%6%?.‘3&59 X 8¥ ‘i‘/"é‘f‘i‘%&ﬁggﬁ ﬁé%tfll]}q %S%?Trp Arg Pro Val
Trp val Arg Asnaz36135140 Fipa@in AEP)appdaps\iainEyeukiBpmos)ice iSel0 dga@inleanlay/al Ala

145150155160, 3enA(h 6 (A OSP pbiReHa Eﬁ%é@&éﬂpﬂ!&ﬁ/@&yﬁ@ AlAGi §§3170175 Tyr Glu
Phe Glu Phe Ala Ala Gin Gin Phe Met Leu Glu Thr Leu Ar%ég 185190 Tyr Val Lys Ala Val Arg Pro

Arg His Leu Trp&sihublsecrshanst phi! 998400305 PRy AR s By AJARAOASHRARI Gin Asn Trp
Glu Ser Tyr ThrRI02EL22D1GlyrAs@trxgeRBEx. Asp Val Glu Val Ala Arg Asn Asp Gin Leu Ala Trp

225230235240 Leu Trp Ala Gluy Ser Thr.Ala Leu Phe Pra Ser Val Tyr Leu Glu 245250255 Thr Leu
Ala Ser Ser Arg His Grﬁ@eAcPél cﬁé%%ééc\llaﬁ?grh %ﬁ‘ge&%" %‘P%S’fgng%vg‘f r?'AGﬁﬁoAfg \ll_lézil? Arg val Ala Arg

Thr His His Alainestivdionlasebiti@reliy? 85 ProVa0TIva(Phetthehnsgirio (THBTYWSer Arg Arg Leu

Thr Gly 299295300 l.8U 88 Gl MekshikeneHa Bevdhy He alyclvoser Altd Ligy, 305310315320

0.3% TNBP for 1 hour in a 36 L glass reaction vessel immediately prior to
purification on the Q column. ‘ '
B. Purification of Gen2 sHuPH20
A Q Sepharose (Pharmacia) ion exchange column (9 L fesin, H= 29 cm, D=
15 20 cm) was prepared. Wash samples were collected for a determination of pH,
conductivity and endotoxin (LAL) assay. The column was equilibrated with 5
column volumes of 10 mM Tris, 20 mM Na; S04, pH 7.5. Following viral
inactivation, the concentrated, diafiltered harvest was loaded onto the Q column at a
flow rate of 100 cr/hr, The column was washed with 5 column volumes of 10 mM
30 Tris, 20 mM NaSOy, pH 7.5 and 10 mM Hepes, 50 mM NaCl, pH 7.0. The protein
was eluted with 10 mM Hepes, 400 mM NaCl, pH 7.0 info a 0.22 pm final filter into
sterile bag. The cluate sample was tested for bioburden, protein concentration and
enzyme activity. Ajg absorbance reading were taken at the beginning and end of the
exchaﬁge. | |
25 Phenyl-Sepharose (Pharmacia) hydrophobic interaction chromatography was
néxt performed. A Phenyl-Sepharose (PS) column (19-21 L resin, HEZQ cm, D= 30
cm) was prepared. The wash was collected and sampled for pH, conductivity and
endotoxin (LAL assay). The column was equilibrated with 5 column velumes of 5
mM potassium phosphate, 0.5 M ammonium sulfate, 0.1 mM CaCl2, pH 7.0. The
30 protein eluate from above was supplemented with 2M ammonium sulfate, 1 M

potassium phosphate and 1 M CaCl, stock solutions to yield final concentrations of 3
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Gly Ala Ala Gly Val lle Leu Trp Gly Asp Ala Gly Tyr Thr Thr Ser 325330335 Thr Glu Thr Cys Gin Tyr
Leu Lys Asp Tyr Leu Thr Arg Leu Leu Val 340345350 Pro Tyr valival Asn val Ser Trp Ala Thr Gin Tyr
Cys Ser Arg Ala 355360365 Gin Cys His Gly His Gly Arg Cys val Arg Arg Asn Pro Ser Ala Ser
370375380VPH0EHE 10&u His Leu Ser Thr Asn Ser Phe Arg Leu val Pré GhP 383490395400 Ala Pro
Gly Glu Pro Gin Leu Arg Pro Val Gly Glu Leu Ser Trp Ala 405410415 Asp lle Asp His Leu Gin Thr His
Phe Arg Cys Gin cys Tyr Leu Gly 420425430 Trp 38t Gly Glu Gin Cys Gin Trp Asp His Arg Gin Ala
Ala Gly Gly 435440445 Ala ser Glu Ala Trp Ala Gly Ser His Leu Thr Ser Leu Leu Ala Leu 450455460
Ala Ala Leu Ala Phe Thr Trp Thr Leu 465470 <210> 36'<211> 417 <212> PRT <213> Homo sapiens
<220> <223> HYMuPohida8d B TP crersgtvalio T Bttt HrisrestP R e FSSRURIR Heu Val Leu Gly
Val Ala Leu Cys fi54Q4% be10GHnGySs GhViaRsRueihd3ph & ¥ al RierGhiuArgs Pie Blie ser 202530

Page 38 3057 PC1LIXT ValLeu Trp Asn.Yal Pro S Hjs Cys Glu Ala Arg Phe Gly Val
354045 His Lel?) i%%e%iér? %Z‘?_gﬁséfﬁﬁ eﬁjeaﬁtieg I%n}g%h ﬁ‘&A‘&,I%I“Q’ @fﬁ@é’“é@@%ﬁ& e His Gly GIn Asn
met Thr lle Phea Dy ys: Asel Gitarliete Gitetieb@5 T07Bo80tmyrEhre FyrPpleddty IBebusdenGly Thr Ala His

Asn Gly Gly lle &59&5&98&94{?0%'&&%%@ Lalfsp Arg His Leu Ala Leu Ala Ala Tyr GIn lle
100105110 His His Ser Leu Arg Pro Gly Phe Ala Gly Pro Ala Val Leu Asp Trp 115120125 Glu Glu Trp

Cys Pro Leu Trp Ala @¥ ZRiRophs P ongats GomgmniBratdediss tAd ot AR R SelTrp Ala Trp Ala
GIn GIn Val Phey & fAsRebarddl 4kb0d:b ol 60 ARt and barepledIby higpcdydukyisilandyr Thr Gly Phe

Glu GIn Ala 165170175 rg Al u Met-Glu Asp Thr Leu Arg val Ala Gin Ala Ley Arg 180185190
Pro His Gly Leueﬂ%t%wg%eéf%?aﬁﬁsﬁﬁﬁg%%g %y%%%ﬁ%ﬁ %lfg iﬁ@ﬁ‘d‘z"c‘f u?r% Io-ﬁg Ser met Ala Ser
Asn Tyr Thr GlywMg@yssinis phizsphisteT 045 M ormsaeen siiam Akg BsprlApdanoREUNaSs Trp Leu Trp Ala

Ala Ser SeipAlaig2hd3Ne3neRinebhBlle frenarf dfudviat 8 UIRN QR 6rANg LamPronero Ala His His
245250255 GIn Ala Phe Val Ar%Hls Arg Leu Glu Glu Ala Phﬁeégé%val Ala L eu x211 026%370 val Gly His

Arg His Pro Le PRI HPE S3SRES ¥ o Snd Briastvrm prre oy ammonium sulfate, p

7.0. The column was washed with 20 mM bicine, 0.5 M ammonium sulfate, pH 5.0,
The column was washed with 20 mM bicine, 160 mM sodium chloride, pH 9.0. The
protein was eluted with 50 mM Hepes,' 100 mM NaCli, pH 6.9 and passed through a
15  sterile filter into a sterile bag. The eluted sample was tested for b%pburdgn, protein |
concentration and enzyme activity. |
The hydroxyapatite (HAP) column (BioRad; 13 L resin, H=20 cm, D= 30 cm)
was prepared. The wash was collected and:test for pH, conductivity and endotoxin
(LAL assay). The column was equilibrated with 5 mM potassium phosphate, 100
20 mM NaCl, 0.1 mM CaCl,, pH 7.0. The arninopheny! boronate purified protein was
 supplemented to final concentrations of 5 mM potassium phosphate and 0.1 mM
CaCl, and joaded onto the HAP column at a flow rate of 100 cmv/hs. The column was
washed with 5 mM potassium phosphate, pH 7, 100 mM NaCl, 0.1 mM CaCly. The
column was next washed with 10 mM potassium phosphate, pH 7, 100 mM NaCl, 0.1
25 mM CaCl,. The protein was eluted with 70 mM potassium phosphate, pH 7.0 and
passed through a 0.22pm sterile filter into a sterile bag. The eluted sample was tested -
for bioburden, protein concentration and enzyme activity. .
The HAP punfied protein was then passeﬁ through a viral removal filter. The
sterilized Virosart filter (Sartorius) was first prepared by wasﬁing with 2 L of 70mM -
30  potassium phosphate, pH 7.0. Before use, the filtered buffer was sampled for pH and
| conducﬁvity. The HAP pﬁriﬁed protein was pumpgd via a peristaltic pump fhmugh
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His Arg Arg Ser Gly Arg Phe Leu Ser GIn Asp Asp Leu val GIn Ser 290295300 lle Gly Val Ser Ala Ala  *
Leu Gly Ala Ala Gly Val Vail\[f:/e,u Trp Gly 305310315320 Asp LeuSer Leu Ser Ser Ser Glu Glu Glu Cys i
Trp His Leu HiS Asp 325330335 Tyr Leu Val Asp Thr Leu Gly Pro Tyr Val lle Asn val Thr Arg Ala
340345350 AMEAELIA Cys ser His GIn Arg Cys His Gly His Gly Arg Ey<UAT48838D365 Arg Arg Asp
Pro Gly GIn met Glu Ala Phe Leu His Leu Trp Pro @Ep 370375380 Gly Ser Leu Gly Asp Trp Lys Ser
Phe Ser Cys His Cys Tyr Trp Gly 385390395400 ‘1rrp Ala Gly Pro Thr Cys GIn Glu Pro Arg Pro Gly Pro -
Lys Glu Ala 405410415 val <210> 37 <211> 481 <212> PRT <213> Homo sapiens <220> <223>

Hyaluronidase-4 <40Q> 37 Met L | L Glu Gly.Gln Leu.Lys Leu C | GIn Pro 151015
val His Leu Thf’hggé Eéad\/l eénuo%llag %ﬁeer' gﬁgsfﬁe{eﬁeeédpﬁ/%l g‘r#ﬁ%fgégsglgg %%%:%tl% ‘Lys Pro Ala Arg
Leu Pro lle Typ@IiRArgd yesiclphzBs 4025 thefintd ier THe AstarididaroTRvadditireEys Leu lle Lys

Tyr Asn Page 39, 03/ SEQRGL TXT,P08RSRRHALLLRH ARDLCHIYEMALERS Pro Val lle Gly Ser
Pro Leu Ala 65 70°75 80 Lys Ala Arg Gly Gin Asn Val Thr._lle Phe Tyr Val Asn Arékliv u Gly 859095 Tyr
S

Tyr Pro Trp TyFPResaehasiAcard vareseralines 615°r8e 1D 6THRRLED PR GiRRE lle Ser Leu Gin
Val His Ley Glu Lys AlgedsndaimAstiliihd 2ad 2edlecAsnfyediyr lenBialNaifga MsplPhe Ser Gly Leu

Ala Val lle 130135140 Asp Trp Glu..Tyr. & ro Gin Trp Al AsB R ASHEST Lys
14515015516&7&3?? I%’%é&rﬁ’%ﬁﬁ%&v@fgrgoﬂg eu f?é’%?ﬁi%% Meﬁ%ﬁy‘fﬁyﬁﬁasl?ons Asn val
Ser Ala Thr AsgyHerG{SaftyritauThkfilps wal frsrorirer el 8eh8®mIothd Ringdhgfidings Ala Phe Met Lys

Glu Thr lle Lys ey Gixile Ly 53P200R0525dfre B ey 3ty b usEreofiNcEivinLyr Leu Tyr Pro Asp
Cys His 210215220 Asn Tyr Asn-Val Tyr Ala Pro Asn Tyr Ser %%;gg%ys Pro.Glu Asp 225230235240

Glu val Leu Ar§ AV RE T B HET Belh? 5 1E0 I R Er &8 IE8SELOARI & Tyr Pro Ser lle
Gly val TrpLysc&esehesi GlymispGereGith 2606520 ksn tedgumwirgePhemSévhysPhe Arg Val His Glu

Ser Met Al 275200285 Ser Thr Mel A SerHisyA5p T AR Loy BXeyabPha ¥al Tyr Thr
290295300 Arg el ?y f/)r rg Asp Glu Pro Leu Phe Phe Leu Ser Lys Gin Asp
Following buffer exchange, the concentrated protein was passed though a 0.22 pm

filter into a 20 L sterile storage bag. The protein was sampled and tested for protein
concentration, enzyme activity, free sulfhydryl groups, oligosaccharide profiling and
15  osmolarity (as described in Examples 9 to 10, below).
The sterile filtered bulk protein was then asceptically dispensed at 20 mL into
30 mL sterile Teflon vials (Nalgene). The Vials:Were then flash frozen and stored at -
20 + 5°C. - Production and purification of soluble rHuPH20 using this method yielded
approximately 11 and 15 grams, with specific activity of 95,000 units/mg to 120,000
20 - units/mg. o |
C. Comparison of prodﬁction and purification of Genl and Gen2 sHuPH20
The production and puriﬁcati.on of Gen2 soluble rHuPH20 in a 300L
i}ioreactor cell culture contained some changes in the protocols compared to the
production and purification Genl soluble rHUPH20 in a 100L bioreactor cell culture
25 (described in Exafnple 4). Table 25 sets forth exemplary differences, in addition to
‘ simple scale up chianges, between the methods.
Table 25. Exemplary differences between Genl and Gen2 seluble rHuPHZ20

pmductioﬁ and purification using the 100L and 300L bioreactor celf culture

methods ‘ ‘
Process Difference Genl soluble rHuPHZ0 Gen? soluble rHuPH20
Cell line 3ID35M 2B2

Media used to expand cell | Contains 0.10 pM Contains 20 pM
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305310315320 Leu Val Ser Tht lle Gly Glu Ser Ala Ala Leu Gly Ala Ala Gly lle 325330335 Val lle Trp
Gly Asp Met Asn Leu Thr Ala Ser Lys Ala Asn Cys Thr 340345350&}/]5 val Lys Gin Phe Val Ser Ser
Asp Leu Gly Ser Tyr lle Ala ASn 355360365 Val Thr Arg Ala Ala Glu Val Cys Ser Leu His Leu Cys Arg
Asn Asn 370875880 Béy Arg Cys lle Arg Lys Met Trp Asn Ala Pro Ser Pyriisoobdisoies 385390395400

Asn Pro Ala ser Tyr His lle Glu Ala Ser Glu Asp GR/
Asp Thr Asp Leu Ala Val Met Ala Asp Thr 420425 §

lu Phe Thr 405410415 val Lys Gly Lys Ala Ser
Phe Ser Cys His Cys Tyr Gin Gly Tyr Glu Gly

Ala Asp Cys Arg Glu 435440445 lle Lys Thr Ala Asp Gly Cys Ser Gly Val Ser Pro Ser Pro Gly Ser

450455460 L

<210> 38 <21

<400> 38 Me
3057SEQ.PC1

Thr Leu Asn
Ser Glu Phe

Pro Arg 65 7(
Tyr Pro Tyr Il¢
Asp His Leu 4
Ala Val 13013

Lys Asp val

Glu Ala Thr G
Lys Leu Gly L
210215220 T
lle Lys Arg As

Leu Asn Thr

Arg val 27528

. Maet

Thr | ey f"\lo I ey | oLt
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o>ef-H\A

rn Ser ||o ("ln 46547047
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f/%r‘f-‘?he Lyg|
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tg Phe-ThiPhe

p@waws%&masge

1-467
» 40

P
C

ad %a‘ T8

> Asp Ser lle Thr Gly Val

ro Val Ihe
_ys Leu Gly Lys Phe 505
75 80 lle Asn Ala Thr GlI

Asp Lys Ala Lys 11512012
35140 lle Asp Trp Glu Glu

o
Cvar CIIIII

ro Vla? ro 35404‘
560 Asp Glu Pro Leu Asp
y Gin Gly Val Thr lle Phe ]
Thr val Asn Gly 10010511

24y AsRillg JhnRbe Ty
Trp Arg Pro Thr Trp Ala A

I O \lyb LUL\.

Trp Asr

f at} Phe
%Et'%&l%? 94 Fibwl% le 3

I Met Pro VaI Asp Asn Le
AR A kERig/Soligel 451

|
u I—CU Ilc
E:d

»30 Cys Leu
1 Ala Pro

lle Gly Ser
9095 Gly Tyr
Ser Leu Gin
U Gly Met
50155160

VFbYBopSAMNGVORMIE L
lyibysAda Lys Gin Glu PH
ys 195200205 Leu Leu A
r Asn His His Tyr Lys Lys

| ABprokali 6N Gl 1R ¥AST]
&:h82285190 Glu Lys Alg
rgiiRtial Asiuktisdlewe+p G
5 #5r0)Gly Tyr Asn Gly Ser

A@%M@i@@u@l {apokeu
GbtdaymemineeVa
wdimky¥ L&a1Phe Pro As
Cys Phe Asn 225230235

G

rCAspAspdiein SariTrp Le
oGhviSer Pro Val 26026

cd rPdsuiGlu Ser 24525
55270 Ala Ala Thr Leu Tyt

G26mFhrrBlddselinlyr Pro
Val Arg Asn Arg Val Arg

desa feed volume

Scaled at 4% of the
bioreactor cell culture
volume i.e. 3.4, 3.5 and 3.7
L, resulting in a target

bioreactor volume of ~82
L.

Scaled at 4% of the
bioreactor cell culture
volume i.e. 10.4, 10.8,
it.2and 11.7 L, resulting
in a target biereactor
volume of ~303L.

Media feed

Feed #1 Medium: CD
CHO + 50 g/I. Glucose + 8
mM GlutaMAX™_]

Feed #2 (CD CHO + 50
g/L Glucose + 8 mM
GlutaMAX™-1 + 1.1 ¢/L
Sodium Butyrate

Feed #3: CD CHO + 50
g/L Glucose + 8 mM
GlutaMAX™-] + 1.1 g/L
Sodium Butyrate

Feed #1 Medium: 4x CD
CHO +33 g/L, Glucose +
32 mM GlutaMAXTM.] +
16.6 g/I. Yeastolate + 33

mg/L rHulnsulin

Feed #2: 2x CD CHO + 33
g/L Glucose + 16 mM
GlutaMAX™.-] + 33 .4 g/1,
Yeastelate + 0.92 g/L
Sodium Butyrate

Feed #3: 1x CID CHO + 50
g/L Glucose + 10 mM
GlutaMAX™.1 + 50 g/L
Yeastolate + 1.80 g/L
Sodium Butyrate

Feed #4:1x CD CHO + 33
g/L Glucose + 6.6 mM
GlutaMAX™-1 + 50 g/L
Yeastolate + 0.92 g/L
Sodium Butyrate

Filtration of bioreactor cell
culture

Four polyethersulfone

1% stage - Four modules in

filters (8.0 pm, 0.65 um,

Ser Leu Thr

Glu Thr lle
p Cys

240 Val Glu
Ser lle Tyr
Glu Ala lle

parallel, each with a layer




Ser Lys lle Pro Asp Ala Lys Ser Pro Leu Pro Val Phe Ala Tyr Thr 290295300 Arg lle Val Phe Thr Asp
Gin Val Leu Lys Phe Leu S%ln Asp Glu 305310315320 Leu ValT_yr Thr Phe Gly Glu Thr Val Ala
Leu Gly Ala Ser Gly lle 325330335 Val lle Trp Gly Thr Leu Ser lle Met Arg Ser Met Lys Ser Cys Leu
340345350 11a8p Asn Tyr Met Glu Thr lle Leu Asn Pro Tyr lle IRCASR2888866365 Val Thr Leu

Ala Ala Lys Met Cys Ser Gin Val Leu Cys Gin Glu
Ser Ser Asp Tyr Leu His Leu 385390395400 Asn

%—3 n 370375380 Gly Val Cys lle Arg Lys Asn Trp Asn
Lro Asp Asn Phe Ala lle Gin Leu Glu Lys Gly Gly

Lys Phe Thr 405410415 val Arg Gly Lys Pro Thr Leu Glu Asp Leu Glu G|n Phe Ser Glu Lys

420425430 |

Asp Thr Asp
477 <212>P
<400> 39 Me
Ser Gin lle V
Val lle Pro Aj
505560 Asp

Thr Gly Gin @
Gly Val Thr v
115120125 L
Glu Glu Trp A
lle Glu Leu V
Glu Phe 1801
Leu Arg Pro 4
Lys Pro Gly 1

hTI'yI uyo SCI uyo I I

Ala Val Asp Val Cys IIe A a
RT <213> Homo sapiens 3
t Gly val Leu Lys Phe Lys His lle Phe Phe Arg Ser
al Phe Thr Phe Leu Leu Il
s$n Val Pro 354045 Phe Leu Trp Ala Trp Asn Ala Prg¢
5lu Pro Leu Asp met Ser Leu Phe Ser Phe lle Gly s
s5ly Val Thr lle Phe Tyr V
al Asn Gly 100105110 Gly lle Pro Gin Lys lle Ser L
ys Asp lle Thr Phe Tyr Met Pro Val Asp Asn Leu G
Arg Pro Thr Trp Ala Arg A
al Gin Gin Gin Asn 165170175 Val Gin Leu Ser Lel
185190 Glu Lys Ala Gly L
Asn His Leu Trp Gly Tyr Tiyr Leu Phe Pro Asp Cys !
'yr Asn Gly Ser Cys Phe Asn 225230235240 Val G
Trp Leu Trp Asn Glu Ser 245250255 Thr Ala Leu Tyr Pro Ser llg

RS

> <223> 5HuPH20 F

Pro Cys 202530 cys Le
| Asp Arg Leu 859095 Gly

sn Trp Lys Pro 14515015

ys Asp Phe Leu Val Glu T

100 L storagé bag
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0
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POPERFAYPTRALSH Gin

300L storage bag

Harvested cell culture is
supplemented with 10 mM
EDTA, 10 mM Tris to a
pH of 7.5.

p435440445 Val Lys
<210> 39 <211>
aiSEQ PCL.TXT

Ser Gly val

sn.Ehe.Ar0 Ala Pro Pro
) pehFisPhe Cys Leu Gly Lys Phe

@ Asn Ala

Tkt Dividgroldyer ke Asp Ser lle Thr
e Aspuslisate urAdgl Lys Ala Lys

lle Asp Trp
Asn Arg Ser
Ala Lys Gin

hiollewsdtseucalylbys 195200205 Leu
2 ITPIB220 Tyr Asn His His Tyr Lys

b Leu Ser
Ser Pro Val

Concentration and buffer
exchange prior fo

chromatography

Concentrate with 2 TFF
with Millipore Spiral
Polyethersulfone 30K
MWCQO Filter

Buffer Exchange the
Concentrate 6% with 10
mM Hepes, 25 mM NaCl,
pH 7.0

20L sterile storage bag

Concentrate using four
Sartorius Sartoshice TFF
30K MWCO Filter

Buffer Exchange the
Concentrate 10x with 10
mM Tris, 20 mM Na2304,
pH 7.5

50L sterile storage bag

Viral inactivation prior to

chromatography

None

Viral inactivation
performed with the
addition of a 1% Triton X-
100, 0.3% Tributyl
Phosphate, pH 7.5,

1* purification step {Q

sepharose)

No absorbance reading

A280 measurements at the
beginning and end

Viral filtration after

chromatography

Pall DV-20 filter (20 nm)

Sartorius Vircsart filter (20
nm)

Concentration and buffer

exchange after
chromatography

Hepes/saline pH 7.0 buffer

Protein concentrated to 1
mg/ml

Histidine/saline, pH 6.0
buffer

Protein concentrated to 10




260265270 Ala Ala Thr Leu Tyr val Arg Asn Arg Val Arg Glu Ala lle ‘Arg val 275280285 Ser Lys lle Pro
Asp Ala Lys Ser Pro Leu Prcwﬁl Phe Ala Tyr Thr 290295300 Arg {le.val Phe Thr Asp Gin Val Leu Lys
Phe Leu Ser Gin Asp Glu 305310315320 Leu Val Tyr Thr Phe Gly Glu Thr Val Ala Leu Gly Ala Ser Gly
lle 32533038 velofia1Tép Gly Thr Leu Ser lle Met Arg Ser Met Lys Ser Bysiewd403245350 Leu Leu
Asp Asn Tyr Met Glu Thr lle Leu Asn Pro Tyr lle Il\e}o?sn 355360365 val Thr Leu Ala Ala Lys Met Cys
Ser Gin Val Leu Cys Gin Glu Gin 370375380 Gly Cys lle Arg Lys Asn Trp Asn Ser Ser Asp Tyr

Leu His Leu 385390395400 Asn Pro AS Asn Phe Ala lle Gin Leu Glu Lys Gly Gly Lys Phe Thr
405410415 ValArg-Gly-LysPro-FhrLep C!u Asp-lLedu-Glu-GinPhe Ser Glu-Lys-420425430 Phe Tyr

AT I_\IH LA}
Cys Ser Cys RFy-SetFhrleu-Ser Cy° bys-Glatbys Ala AS 4354%&}7—%&1%) Ala Val
Asp Val Cys lle Y AR |§Gly Val Cys 45 % oL 756 1 ;@EiAla Phe! LY E PYSBRS Met Glu[Thr Glu Glu
465 470475 <210>40 <211> 478 JEPRT <213> Homg saglen%O%OS?SEQ PC1.TXT
<220> <223>|sHuPH20 precursor 1-478 toé}ggb 4%54@ Gly val Leut yS E’the Lys His lle Phe Phe Arg

Ser Phe Val Lys 151015 Ser Ser Gly Va Ser Gin Tle Val Phe Thr %Qﬁolrﬁs%xje%%be Pro cys 202530 Cys
Lea Thr Leta Asn Phe Arg Ala Pro Pro Vallg/Big.AsB¥al Pro

Soluble tHuPH20 vield Approx. 400-700 mg Approx. 11-25 g

'EXAMPLE 9
Determination of enzymatic activity of soluble rHuPH2 0
Enzymatic activity of soluble tHuPH20 in samples such as cell cultures,

5 punfication fractions and purified solutions was determined using a turbidometric
assay, which based on the formation of an insoluble precipitate when hyaluronic acid
binds with serumn albumin. The activity is measured by incubating solubie rtHuPH20
with sodium hyaluronate (hyaiuronic acid) for a set period of time (10 minutes) and
then precipitating the undigested sodium hyaluronate with the addition of acidified

10 serum albumin. The turbidity of the resulting sample is measured at 640 nm after a 30
minute development period. The decrease in torbidity resulting from enzyme activity
on the sodium hyaluronate subsirate is a measure of the soluble rHUPH20 enzymatic
activity. The method is run using a calibration curve generated with dilutions of a
soluble rtHuPH20 assay working reference standard, and sample activity

15 measurements are made relative to this calibration curve,

Dilutions of the sample were prepared in Enzyme Diluent Solutions. The
Enzyme Diluent Solution was prepared by dissolving 33.0 + 0.05 mg of hydrolyzed
gelatin in 25.0 mL of the 50 mM PIPES Reaction Buffer (140 mM NaCl, 50 mM
PIPES, pH 5.5) and 25.0 mL of SWFJ, and diluting 0.2 mL of 25% Buminate solution

20 into the mixture and vortexing for 30 seconds. This was performed within 2
hours of use and stored on ice until needed. The samples were diluted to an estimated
1-2 U/mL. Generally, the maximum dilution per step did not exceed 1:100 and the
initial sample size for the first dilution was not be less than 20 pL. The minimum
sample volumes needed to perform the assay were: In-process Samples, FPLC

25 Fractions: 80 uL; Tissue Culture Supernatants:1 mL; Concentrated Material 80 pL;

Purified or Final Step Material: 80 L. The dilutions were made in triplicate in a Low



354045 Phe Leu Trp Ala Trp;Asn Ala Pro Ser Glu Phe Cys Lea Gly Lys Phe 505560 Asp Glu Pro Leta
Asp Met Ser Leu Phe Ser Pi:ig_/lle Gly Ser Pro Arg 65 70 75 80 lle*Asp Ala Thr Gly Gin Gly Val Thr lle
Phe Tyr Val Asp Arg Lea 859095 Gly Tyr Tyr Pre Tyr lle Asp Ser lle Thr Gly Val Thr Val Asn Gly
100105110 &/21e2PYeGin Lys lle Ser Leu Gin Asp His Lea Asp Lys AladiysstdBaR20E25 Lys Asp lle
Thr Phe Tyr met Pro Val Asp Asn Lea Gly Met Ala%gl 130135140 lle Asp Trp Glu Glu Trp Arg F_>ro Thr
Trp Ala Arg Asn Trp Lys Pro 145150155160 Lys AspVal Tyr Lys Asn Arg Ser lle Glu Lea Val Gin GIn
Gin Asn 165170175 val GIn Lea Ser Leu Thr Glu Ala Thr Glu Lys Ala Lys Gin Glu Phe 180185190 Glu

Lys Ala Gly Lys Asp Phe Lea Val Glu Thr lle Lys Lea Gl 5195200205 L ea Lea Arg Pro Asn His
Leu Trp Gly Ty%rﬁ/ér?rf_é}a{l BReBrd iﬁ‘%&?é%%&éﬁ%ﬁ#ﬂ%ﬁ’ﬁ W3S Eapstergd E’y@‘i—t’ll%XGIy Tyr Asn
Gly Ser Cys PhérAgri?5200235240(Bh Bl tienkyy.Arg Asn Asp Asp Lea Ser Trp Lea Trp Asn Glu
Ser 245250255 Thr 3 r rile T sn.Thr Gin Gln.Ser I? va 2@0265270 Ala Ala
Thr Lea Tyr val Arg @&E%{/ég%% %%L? {‘5\ ffﬁ(gu rg é‘fl%gﬁ%cﬁgaéfgp I?ys'ﬁe Il-prqo KgﬁeAla Lys Ser _
Pro Lea Pro Vargaehia By Ddoo S300iarty tenval Phet i pdsprairnvatddsd loysPhe Leu ser Gin

Asp Glu 365318315320:458 Yl ThiReBix GUIb yalhla 03 GhuAla Sendly flg 325330335
Val lle Trp Gly Thr Lea Ser lle Met Arg Ser Met Lys Ser Cys Lea 340345350 Lea Lett Asp Asn Tyr Met

Glu Thr lle Lea A%hPrd %Phe%‘ﬂ g8 36 S aR AR RIS ATs S davetreajaed &P Gin Val Leu
Cys Gin Glu G333 Zz538 DGhynta Gyt ey Akddcyisidsm Thp ASe SenderAsRohyol.edrEis Lea

385390395400 Asn Pro,Asp Asn Phe Ala lle GIn Lea Glu Lys Gly Gly Lys Ph T@é405410415 val Arg
Gly Lys Pro Th?ﬁﬁ%tf &gl%hiflsﬁaﬁeergdélﬁd&%nﬁ%deogér Eﬁb%héz ﬁ%gé%ﬁé Slgﬁgﬁsy‘r $EEY Cys Tyr Ser
Thr Leu Ser CygabyenGhgd ysiAla plspe 4354044507 &) kysoAdp AherAbpkadg, el pAsp Wad Cys lle Ala Asp

Cly val Cyg 45QUBEAEQ IeARAR NGRS RIB LR NSHGHOT BBl Gly F10 85470475
3057SEQ.PC1.TXT <210> 41 <211> 479 <212> PRT <213> Homo sapiens <220> <223> 5HuUPH20

precursor 1-478 €405 2 RIEC G LR 2 PRe T pETTE PR PRdcARSer Breowal Lys 151015
by dissolving 100 mg of sodium hyaluronate (LifeCore Biomedical) in 20.0 mL of
SWTI. This was mixed by gently rotating and/or rocking at 2-8°C for 2-4 hours, or
until completely dissolved). The reaction plate was transferred to the MULTIDROP

15 384 and the reaction was initiated by pressing the start key to dispense 30 gL sodium
hyaluronate into each well. The plate was then removed from the MULTIDROP 384
and shaken for 10 seconds before being transferred to a heat block with the plate
cover replaced. The plate was incubated at 37°C for 10 minutes

The MULTIDROP 384 was prepared to stop the reaction by priming the

20 machine with Serum Working Solution and changing the volume setting to 240 pL.
{25 mL of Serum Stock Solution [1 volume of Horse Serum (Sigma) was diluted with
9 volumes of 500 mM Acetate Buffer Solution and the pH was adjusted to 3.1 with
hydrochioric acid} in 75 mL of 500 mM Acetate Buffer Solution). The plate was
removed from the heat block and placed onto the MULTIDROP 384 and 240 uL of

25 serum Working Solutions was dispensed into the wells, The plate was removed and
shaken on a plate reader for 10 seconds. After a further 15 minutes, the turbidity of
the samples was measured at 640 nm and the enzyme activity (in U/mL) of each
sample was determined by fitting to the standard curve.

Specific activity (Units/mg) was calculated by dividing the enzyme activity

30 (U/ml) by the protein concentration (mg/mL).



ser ser Gly Val Ser Gin lle Val:‘Phe Thr Phe Leu Leu lle Pro cys 202530 Cys Leu Thr Leu Asn Phe Arg
Ala Pro Pro Val lle Pro Asn Vial Pro 354045 Phe Leu Trp Ala Trp Asn.Ala Pro Ser Glu Phe Cys Leu
Gly Lys Phe 505560 Asp Glu Pro Leu Asp Met Ser Leu Phe Ser Phe lle Gly Ser Pro Arg 65 70 75 80
lle Asn AlaWhr@iyi GinsGly val Thr lle Phe Tyr Val Asp Arg Leu 859098GtysEymTyriRyo Tyr lle Asp
Ser lle Thr Gly Val Thr Val Asn Gly 100105110 G ye Pro Gin Lys lle Ser Leu Gin Asp His Leu Asp
Lys Ala Lys 115120125 Lys Asp lle Thr Phe Tyr Met Pro Val Asp Asn Leu Gly Met Ala Val 130135140
lle Asp Trp Glu Glu Trp Arg Pro Thr Trp Ala Arg Asn Trp Lys Pro 145150155160 Lys Asp val Tyr Lys

Asn Arg Ser lle Glu Leu Val Gin Gin Gin Asné%%é%}ﬁS val Gin Leu Ser Leu Thr Glu Ala Thr Glu Lys
Ala Lys Gin Glu Phe 180185190 Glu Lys Ala | s]pOPhe Leu Val Glu Thr lle Lys Leu Gly Lys
195200205 Leu Leu Arg ProeASiniisn efsihip: Gdid hyd Tyoheu deherfocAseiys 210215220 Tyr Asn

His His Tyr Lys Lys B{q Gly: Tyr. Asn, Gly Ser he Asn 2252302352 [.Glu lle Lys Arg Asn Asp
Asp Leu Ser Trp LeLlJ:HT1 rglAlschgiﬁag%% 2%323%5(5:(%5%5(&::3 TCF?rnK’%q Egﬁcﬁ%ﬂ séuggirz\ﬁ%a%%ieg Asn Thr Gin Gin
Ser Pro val 26826570y Ata aia rhas e tyiveinaegaghy ARG /&) fltp@ingAizdie wigwidl 275280285 ser

Lys lle Prg As&ﬁ@&x&%&?&%sye%Méﬁhﬁh@gﬁh@&fﬂm%?8%%?&%%%&1%&'d%he Thr Asp Gin
Val Leu Lys Phe Leu Ser Gin Asp Glu 305310315320 Leu val Tyr Thr Phe Gly Glu Thr val Ala Leu Gly

Ala Ser Gly R R R A AR ot BNBHPLE( Sepseiratadycedratryéder Cys Leu
340345350 LetsskrpinhspsAstedysdvier Giupl6g ) e dsald&dmBaostisrie 1w AgrahS36ea365 Val Thr Leu

Ala Ala Lys Met Ser Gj Gin Glu Gin,3 0 GJ l.Cys lle Arg Lys Asn Trp A
Ser Ser Aop T TN I L S R BB e ore R BR R et e By Gy
Lys Phe Thr 45840048 5xdabAng Gy tayspRrowine dried GluAspdlres: GhnGihiPRB0SEr Gited ys
420425430 Phe JRYLCHS, R8s TN R&L ILLEHSen YRS G LYS ARASR FSRA0445 val Lys

Asp Thr Asp Ala Val Asp val Cys lle Ala Asp Gly Val Cys 450455460 Page 44 3057SEQ.PCL.TXT lle
Asp Ala Phe LEF g§8'praimtd (wdt & HrPERLGipPmGitiieasiron 7 added fpeagh 1> 480 <212>

PRT <213> Homogapiens cdttharides were fluorescently labeled by the addition of 50 uL of
2 solution containing 30 mg/mL 2-aminobenzoic acid, 20 mg/mL sodium
cyanoborohydride, approximately 40 mg/mL sodium acetate and 20 mg/ml. boric acid

15 inmethanol. The mixture was incubated for 30 minutes at 80 °C in the dark. The
derivitization reaction was quenched by the addition of 440 pL of mobile phase A
(0.2% (v/v) n-butylamine, 0.5% (v/v) phosphoric acid, 1% (v/v) tetrahydrofuran). A
matrix blank of water also was hydrolyzed and derivitized as described for the
hyaluronidase sample as a negative control. The released monosaccharides were

20 separated by RPLC using an Octadecyl (Cyg) reverse phase cohumnn (4.6 x 250 mm, 5
um particle size; J.T. Baker) and monitored by fluorescence detection (360 nm
excitation, 425 nm emission). Quantitation of the monosaccharide content was made
by comparison of the chromatograms from the hyaluronidase sample with
chromatograms of monosaccharide standards including N-D-glucosamine (GIeN), N-

25  D-galactosamine (GalN), galactose, fucose and mannose. Table 26 presents the molar

ratio of each monosaccharide per hyaluronidase molecule.

30



<223> 5HUPH20 precursor 1-480 <400> 42 Met Gly Val Leu Lys Phe Lys His lle Phe Phe Arg Ser Phe
Val Lys 151015 Ser Ser GIyi}@LSer Glin lle Val Phe Thr Phe Leu Leu. lle Pro Cys 202530 Cys Leu Thr
Leu Asn Phe Arg Ala Pro Pro Val lle Pro Asn Val Pro 354045 Phe Leu Trp Ala Trp Asn Ala Pro Ser
Glu Phe Cysd enniBivdsys Phe 505560 Asp Glu Pro Leu Asp Met Ser LetmRiveoBernibe lle Gly Ser Pro
Arg 65 70 75 80 lle Asn Ala Thr Gly Gin Gly Val dele Phe Tyr Val Asp Arg Leu 859095 Gly Tyr Tyr
Pro Tyr lle Asp Ser lle Thr Gly Val Thr Val Asn Gly 100105110 Gly lle Pro Gin Lys lle Ser Leu Gin Asp
His Leu Asp Lys Ala Lys 115120125 Lys Asp lle Thr Phe Tyr Met Pro Val Asp Asn Leu Gly Met Ala Val
130135140 lle rp.Glu Glu Trp Arg Pro Thr Trp Ala Trp Lys Pro 145150155160 Lys Asp
Val Tyr Lys As@ %?‘b%%%@%?ﬁ%é)ﬂ@fa‘f%fﬁ%ﬂ{ fgﬁ‘?a%ﬁg%%%s%%lﬁ val Gin Leu Ser Leu Thr Glu Ala
Thr Glu Lys Aladtys Gin GiieBhea 80188490 GlGiys Ala|@yihysspvPhmbeu \ElGde Thr lle Lys Leu

Gly Lys 195200205 ey tret-ArgPra-AsaHis hew-tip- Gh- Py FyrtegPhe ProAspCys 210215220
Tyr Asn His fi%%?@sltu‘/is Pro Gly ﬂ/ﬁfr'b:ésn GE/d‘g(]a!; Cys ﬁ%’ Asn 25%3%%2352 Og\?al Glullle Lys Arg
ASn Asp Asp Leu Ser Trp Leu Trp ASA.&lu Ser@d5250255.0thr Ala L2u3Ryr ProSgr lle Tyr Leu Asn
Thr Gin Gin $er Pro val 269265270 Ala-gda-Thr bew; Tyr VatArg AsnArgs VatAng,GloAfafle Arg Val
275280285 Ser Lys lle ProXAéé)Ea%a l_\ilg'gs\}er Pr aelr_ﬁe% Pro \/a'lfghe Alell%'v'r Thr 290295300 Arg lle val
Phe Thr Asp GiiNEFEEUEFLPHetEdiiSEEs i ®—sp Glu 305310315320 Leu Val Tyr Thr Phe Gly Glu
Thr Val Ala Leu Gly Ala Ser Gly lle 325330335 Val lle Trp Gly Thr Leu Ser lle Met Arg Ser Met Lys Ser
Cys Leu 340345350 Leu Leu Asp Asn Tyr MEMAMFPhEIKL Leu Asn Pro Tyr lle lle Asn 355360365 Vall
ThriLeu Aln Ala Lys MekPael b YR b s, Gl B PIO 93 E33E0 G yadaldrys lle Ard Lys Asn
Trp Asn Ser Ser Asp Tyr Leu His L&u 385390 5400 AsnPro Asp Asn Phe Ala lle Gin Leu Glu Lys
Gly Gly Lys Phe Thr 4094102 550809k ‘G1§ RyE PROCTHY e Gl 1xs DB d0TRI Gie e Ser Glu Lys
420425430 Pageids B0RASBQPSETXT RE. BysExsSesiGys Ty SerAiinsea$arCys Lys Glu Lys

Ala Asp 435440445 Val Lys Asp Thr Asp Ala Val ASEI Val C&/s lle Ala ASP Gly Val Cys 450455460
2B2 cells 1n a300L bioreactor volume (Lot HUBO701ER). The lots were separitely

digested with endoproteinase Asp-N, which specifically cleaves peptide bonds N-

10 terminally at aspartic and cysteic acid. This releases the C-terminal portion of the
soluble rHuPH20 at the aspartic acid at position 431 of SEQ ID NO:4. The C-terminal
fragments were separated and characterized to determine the sequence and abundance
of each population in Lot HUA0505MA and Lot HUB0O701EB.

It was observed that the soluble rHUPH20 preparations from 3D35M cells and

15 2B2 cells displayed heterogeneity, and contained polypeptides that differed from one
another in their C-terminal sequence (Tables 27 and 28). This heterogeneity is likely
the result of C-terminal cleavage of the expressed 447 amino acid polypeptide (SEQ
ID NO:4) by peptidases present in the cell culture medium or other solutions during
the production and purification process. The polypeptides in the soluble rHuPH20

20 preparations have amino acid sequences corresponding to amino acids 1-447, 1-446,
1-445, 1-444 and 1-443 of the soluble tHuPH20 sequence set forth SEQ ID NO:4.
The full amino acid sequence of each of these polypeptides is forth in SEQ 1D NOS: 4
to 8, respectively. As noted in tables 27 and 28, the abundance of each polypeptide in
the soluble rHuPH20 preparations from 3D35M cells and 2B2 cells differs.

25



lle Asp Ala Phe Lea Lys ProPro Met Glu Thr Glu Glu Pro GIn lle 465470475480 <210> 43 <211> 481

<212> PRT <213> Homo sapiens <220> <223> 5HUPH20 precursgr. 1-481 <400> 43 Met Gly Val Leu

Lys Phe Lys His lle Phe Phe Arg Ser Phe Val Lys 151015 Ser Ser Gly Val Ser GiIn lle Val Phe Thr Phe
Lea Lea llevRya@ys1 282530 Cys Lea Thr Lea Asn Phe Arg Ala Pro Predab$is®rg1Ash Val Pro 354045

Phe Lea Trp Ala Trp Asn Ala Pro Ser Glu Phe Cy
Ser Lea Phe Ser Phe lle Gly Ser Pro Arg 65 70 7
val Asp Arg Lea 859095 Gly Tyr Tyr Pro Tyr lle Asp Ser lle Thr Gly Val Thr Val Asn Gly 100105110

ea Gly Lys Phe 505560 Asp Glu Pro Lea Asp Met
lle Asn Ala Thr Gly GIn Gly Val Thr lle Phe Tyr

Gly lle Pro Gl Ile, Ser His Leu As L %S AI 5 Lys Asp lle Thr Phe Tyr
Met Pro Val-A ?%gfﬁﬁ qb,g;s,@i%gp 'mn} 5%);5?9 ) > hr Trp Ala Arg
Asn Trp Lys Reg:14 336)1555185 P_ys Asp vaI Tyr L}Mg,ss&sn A,ﬁgs§er le Glu; liqikYal & Gln Gln Asn
165170175 val GIn heider Lea Thr Glu Ala ThriGlu Lys Ala Lys GIn Glu Phe 180185190 Glu Lys Ala
Gly Lys Asp Phe Le(ue%‘{eCIu Thr lle Lys Leta Gly Lys 195200205|Lea Lea Arg Pro Asn|His Lea Trp
Gly Tyr Tyr Lea Pt Asp Cys 210215220 Tyr Asn Hig His TyriLys Lys Pro Gly Tyr Asn Gly Ser
Cys Phe Asp 22523@235240 val Glu lle Lys Arg Asn Asp|Asp Lea Ser Trp Lea Trp Asn Glu Ser
245250255 TsAla4ieadtyt ProSerHeTEypdied AsosIin Gaesanr SerdPro Vat260283270 Ala Ala Thr
Leu Tyr Val|Arg Asn Arg Val Arg:GoAl lle Arg val 275280285 Sgr Lys lle Pro Asp AlaLys Ser Pro
Lea Pro Valphe ety Hinpenssraetirae Yalhbe Thisap Ginyat bewtysihg tea Ser Cin
Asp Glu 305310315320 Leu g/al ']Ié}/r Thr Phe Gly Glu Thrival Ala [Lea Gly Ala Ser Gly lle 325330335
val lle Trp Gly ThrLeu Ser 1€ e NI% Ber Met Lys Ser Cys Lea 340345350 Led L.ea Asp Asn Tyr Met
Glu Thr lle LéX%shPrg* Pyt Rl MIREBEESE0365 VafThr 'éhlAlg Al LyENet CY5%&er|Gin Val Lea
Cys Gin Glu Gin 37037538D(&y Mal@ys lle Arg Lys Asn [Trp Asn Ser Ser Asp Tyr Lea His Leu
385390395490 06 Abi 30 DASERINEIEEFT ASTBTRASpAen e Al e Gin Tem@lu Lys Gly Gly
Lys Phe Thr 405410415 Vel(@ég @IW&@ Pro ThriLeo Glu|Asp Leu Glu GIn Phe Ser Glu|Lys
420425430 :
D28e | 431-443 | DAFKLPPMETEEP 150270 | 1502.98 [ 028 | 77.36 | 13.6%
(SEQ ID NO:70)
D28f | 431-442 | DAFKLPPMETEE 1405.64 | ND N/A | N/A 0.0%
{SEQ ID NO:71)
Table 28. Analysis of C-terminal fragments from Lot HUB0701EB
Frag- Amino Sequence Theor. Exp. Error | Elntion Abund
ment acid Mass Mass time ~ance
position
(relative
to SEQ
ID NO:
4
D28a | 431-477 | DAFKLPPMETEEPQIFY | 2053.97 | 205442 | 045 | 99.39 1.9%
(SEQ 1D NO:66}
D28b | 431-446 | DAFKLPPMETEEPQIF | 1890.01 | 189136 | 045 | 96.92 46.7%
(SEQ 1D NO:67)
D28c | 431445 | DAFKLPPMETEEPQI 1743.84 | 174424 | 040 | 85.98 16.7%
(SEQ ID NO:68)
D28d | 431-444 | DAFKLPPMETEEPQ 163670 1 1631.14 | 0.39 | 73.9 27.8%
{SEQ 1D NO:69)
D28e | 431-443 | DAFKLPPMETEEP 1502.70 | 1503.03 | 033 | 77.02 6.9%
(SEQ 1D NO:70)
D28f | 431-442 | DAFKLPPMETEE 1405.64 | ND N/A | N/A 0.0%
(SEQ ID NO:71)




Phe Tyr Cys Ser Cys Tyr Sey Thr Leo Ser Cys Lys Glu Lys Ala Asp 435440445 Val Lys Asp Thr Asp
Ala Val Asp Val Cys lle Ala Asp Gly Val Cys 450455460 lle Asp Ala Phe Leo Lys Pro Pro Met Glu Thr
Glu Glu Pro GIn lle 465 470 475 480 Phe <210> 44 <211> 483 <212> PRT <213> Homo sapiens
<220> <223 BHORIH26 precursor 1-483 <400> 44 Met Gly Val Leo Lys®hestips/Hiside Phe Phe Arg
Ser Phe val Lys 151015 Ser Ser Gly val Ser Gin ”flyal Phe Thr Phe Leo Leo lle Pro Cys 202530 cys
Leo Thr Leo Asn Phe Arg Ala Pro Pro Val lle Pro Asnh val Pro 354045 Phe Leo Trp Ala Trp Asn Ala Pro
Ser Glu Phe Cys Leo Gly Lys Phe 505560 Asp Glu Pro Leo Asp Met Ser Leo Phe Ser Phe lle Gly Ser
Pro Arg 65 70 75 80 lle Asn Ala Thr Gly GIn ﬁ%ﬁ 'Egl%% Phe Tyr val Asp Arg Leo 859095 Gly Tyr
Tyr Pro Tyr lle Asp Ser lle Thr Gly Val Thr Val'As 8 y 105110 Gly lle Pro GIn Lys lle Ser Leo GIn
Asp His Leo Asp Eysdaietibysidd 52028 doyst AdpHie iw PHZ0 Ty 250t P Bidrak &sp @@h Leo Gly Met
Ala Val 130135140 lle Asp Trp Glu Glu Trp Arg Rra Thr Trp Ala Arg Asn Trp Lys Pro 145150155160
Lys Asp Val Tyr Lys Asn Arg Ser lle Glu Leo Val GIn GIn GIn Asn 165170175 val GIn Leo Ser Leo Thr

Glu Ala Thr Glu Lys Afigelysdtdade bhi BeE318Pd 001G s Fiie GlynlyssAsriRherkepaVal Glu Thr lle
Lys Leo Géy Lys 8.215%0 205 Leo Leo Arg Pro Asn His Leg Trp Gly Tyr T)ér Lea Phe Pro Asp cys
S

210215220 Tyr Reri BiSHE P B PEI85E EISFIRAL BHRPRIF 8V prRaRdn 355255235240 val Glu

lle Lys Arg AsividspoispiceesSeikk prhée:idap AsAHB28en 24523020 eddisAldlleabulyrikro Ser lle Tyr

Leo Asn Thr G n %—‘,Jnt%%r Rr 02 Ala Ala Thr Leo . Tyr Val Asn Arg val Arg Glu Ala lle
Arg val 275280285 Ser I?ys%%%r%@ “s%é%y%‘@%?%ﬁo" %8“&“%%??%:%2 ¢ brX/?gﬁsﬁr 290295300 Arg
lle Val Phe Thiha¥png pd/ainzadings el 282Sel GiniNsp G 808810815820k éwevad Tyr Thr Phe Gly

lu Thr val Alatken;GhiflaRer Ghiled2B3030 vkl iR Al TobRa.SetinMetarg Ser Met Lys
Ser Cys Leo 340345350 Page 47 3057SEQ.PC1.TXT Leu Leu Asp Asn Tyr Met Glu, Thr lle Leu Asn

Pro Tyr 11 AUA 3585%#H88s g T el Aikmgufedfsre i serert vartiag ©iain Glu Gin
370375380 Glyw/ildatyslbecpy thhtysiAsn spoRAGDsSarheey ASMalysd etiis ka1 335880395400 Asn Pro

Asp Asn Phe Aélr?dl ey rggy%%gti(tzelgo% %a%%oﬁ%léx %}IJD \qgal-rt%rtration.
1. Cell culfure expansion
To generate higher cell numbers required for seeding the 2500 L bioreactor

15 cell culture compared to the 300 L culture, the cell culture is serially expanded
through a 125 mL shaker flask, a 250 mL shaker, a 1 L shaker flask, two 2 L shaker
flasks, six 2 L shaker flasks, a 25 L WAVE Bioreactor™ (GE Healthcare Life
Sciences), & 100 L WAVE Bioreactor™, and a 600 L stirred tank seed bioreactor
(ABEC, Inc. Bethlehem, PA; Stainless Technology division). At each expansion, the

20 target seeding density is 4 x 10° cells/mL The temperature throughout the expansion
is 37°C (or between 36°C and 38°C) with 7% CO; (or between 6-8 % CO,). The
flasks are agitated at approximately 110 RPM {or 90-130 RPM), the 25 L and 100 L
WAVE Bioreactor™ are rocked at 20 RPM (or 15-25 or 18-22 RPM, respectively)
and the 600 L seed bioreactor is agitated at 90 RPM (or 85-95 RPM).

25 First, a vial of 282 cells (1 x 107 celis) from the working cell bank is thawed
in a 37°C water bath for approximately 2 minutes (preferably no nore than 5 minutes)
before media is added and the cells are centrifuged. The cells are re-suspended to
approximately 25 mL (or between 26-30 mL) with fresh media (CD CHO AGT™
with 40 mE/L (8mM) GlutaMAX™-] and 20 uM methotrexate in a 125 mL shaker

30 flask and placed in a 37°C, 7% CO;, incubator. When the cell density reaches

approximately 8 x 10° cells/mL, the culture is transferred into a 250 mL shake flask in



405410415 val Arg Gly Lys Pro Thr Leu Glu Asp Leu Glu Gin Phe Ser Glu Lys 420425430 Phe Tyr
Cys Ser Cys Tyr Ser Thr LeL‘LS}er Cys Lys Glu Lys Ala Asp 435440445 val Lys Asp Thr Asp Ala Val
Asp Val Cys lle Ala Asp Gly Val Cys 450455460 lle Asp Ala Phe Leu Lys Pro Pro Met Glu Thr Glu Glu
Pro Gin lle weg:@70 476 480 Phe Tyr Asn <210> 45 <211> 432 <212>RR/Ts2d3»i1Bemo sapiens
<220> <223> 5HUPH20 mature 36-467 <400> 451hau Asn Phe Arg Ala Pro Pro val lle Pro Asn Val Pro
Phe Leu Trp 151015 Ala Trp Asn Ala Pro Ser Glu Phe Cys Leu Gly Lys Phe Asp Glu Pro 202530 Leu
AS Met Ser Leu Phe Ser Phe lle Gly Ser Pro Arg lle Asn Ala 354045 Thr Gly Gin Gly Val Thr lle Phe

Tyr Val Asp Arg_L.eu Gly Tyr Tyr 50556Q Pro Tyr lle Asp Ser lle Thr Gly Val Thr,Val Asn Gly Gly lle Pro
65 70 75 80 G?n5lif§)§t|f’e‘x§’éy? valies °A§%‘?ﬁ§“|_[§u %GT_P%A&& GEYYREH L SLIGE Ty phe Tyr met
Pro Val Asp AsndbesiaGyokietatdy VA e0Asg Frpl] 6R1050:10; Suplacirptdeg! PrdEkid rp Ala Arg Asn
Trp Lys Pro L 15120125 Tyg L sp.Arg Serlle Gl u Val Gin,Gin.Gin Asn Val Gin Leu
130135140 sé@ @?ﬁﬁ térf& ‘%’ﬁ%ﬁc}éﬁ %ﬁfﬁ‘}‘aﬂlﬁfﬁ .ﬁ“&%%%%%ﬁg%?&%ﬁfﬁ%@%mao Gly Lys
Asp Phe Leu Vak GaskThrdtes approainaighy ¥ k] eslising. 168 Trbuzs sexpmdadino 2y Trp Gly Tyr Tyr

Leu Phe Bro AspGixs vk 45 HistHQBRIANS S by S S Db ARGk, $65.Cys Phe Asn
Val Glu lle 195200205 Lys Arg Asn Asp Asp Leu Ser Trp Leu Trp Asn Glu Ser Thr Ala Leu 210215220

Tyr Pro Ser lFYPLRPAkTonE iveshitebiBrenia ok dersttningbs 33o8asks aerehss Tyr val Arg Asn

Arg Val Arg Glippbaitearg Vak $et dars/Hea 245200255 50 AR Ald-¥s Serkrd estiPro Val Phe Ala
Tyr Thr Arg lle 70 Phe Thr Gin Va}l Lﬂg}% Lys Phe Leu Ser G%g%é\s Glu Leu val Tyr
er

Val 26026 S
275280285 Th‘?"ﬁé%ﬁ‘i“é { ‘FHP{‘/‘ETEA%%E&%’K}E‘E | (RRGRTIRE Trp- 0 Page 48
3057SEQ.PCIFXT @djikhbiied SarcHahvietiitenSeriMetlyk SekCyaden dpewkiemndip 305310315320

aon e Mgt O Heecethfond e U ladash M SRS SraiAp A i Ay Met Cys Ser
Gin Val Leu Cys Gin Glu Gin Gly Val Cys 340345350 lle Arg Lys Asn Trp Asn Ser Ser Asp Tyr Leu His

Leu Asn Pro Ag}gl culture volume of approximately 15 L (or between 14-16 L) and incubated with
an air flow of 1.5L/minute.
When the cell density in the 25 L WAVE Bioreactor™ reaches approximately

2.2 x 10° cells/mL, the culture is expanded into 2 100 L WAVE Bioreactor™, with a

15 total culture volume of approximately 80 L (or between 75-85 L), using CD-CHO
AGT™ media that is suppiemented with 3.6 g/L methotrexate, 40 mL/L
GlutaMAX™-[ and 1 mL/L IN NaOH, and incubated with an air flow of
1.5L/minute. When the cell density in the 100 L WAVE Bioreactor™ reaches
approximately 2.6 x 10° cells/mL, the culture is expanded into a 600 L seed bioreactor

20 ABEC, Inc. Bethlehem, PA; Stainless Technology division) with a total culture
voiume of approximately 480 L (or between 440-520 L) using CD-CHO AGT™
‘media that is supplemented with 40 mL/L GlutaMAX™. and incubated until the cell
density in the 600 L bioreactor reaches approximately 1.6 x 10° cells/mL.

2. rHuPH20 production

25 A 3500 L bioreactor with a total volume 0f 3523 L and a working volume of
500-2500 L (ABEC, Inc, Bethlehem, PA) is used for high yield production of
rHuPH20. Following sterilization, approximately 1800-2000 L CD-CHO AGT™
media containing 24.3 g/L powdered CD-CHO AGT™, supplemented with 40 mL/L
GlutaMAX™.-] and 5 mg/L. rHulnsulin is added to the bioreactor. Parameters are set

30 to: temperature setpoint, 37°C; Impeller Speed 75 RPM: Vessel Pressure: 5 psi; Air
Sparge 18 L/ min; dissolved oxygen: 25%; pH <7.2. Before use, the reactor is



355360365 Asn 'he Ala lle Gin'Leu Glu Lys Gly Gly Lys Phe Thr Val Arg Gly 370375380 Lys Pro Thr
Leu Glu Asp Leu Glu Gin Phe Ser Glu Lys Phe Tyr Cys 385390395400 ser Cys Tyr Ser Thr Leu Ser
Cys Lys Glu Lys Ala Asp Val Lys Asp 405410415 Thr Asp Ala Val Asp Val Cys lle Ala Asp Gly Val Cys
lle Asp AlV4PBMPEA86 <210> 46 <211> 448 <212> PRT <213> Hom8EHpRHY#22T> <223>
sHUPH20 mature 36-483 <400> 46 Leu Asn Phe Aig Ala Pro Pro Val lle Pro Asn Val Pro Phe Leu Trp
151015 Ala Trp Asn Ala Pro Ser Glu Phe Cys Leu Gly Lys Phe Asp Glu Pro 202530 Leu Asp Met Ser
Leu Phe Ser Phe lle Gly Ser Pro Arg lle Asn Ala 354045 Thr Gly Gin Gly val Thr lle Phe Tyr val Asp

Arg Leu Gly Tyr Tyr, 5305560 Pro Tyr lle Asp Ser lle Thr Gly Mal 34y Vak Asi Gy, Gidle Pro 65 70 75
80 Gin Lys Ilec%gr de%)ré?r? ,&Tgf)nla—ﬁgnteupﬁg%i_yst Ala Lys Lys Asp lle 859095@% Pheé?l'yr Met Pro Val

Asp Asn Leu @lyatieeys) fremnithesd)d Trisabooosero whve picTie pdateriteihaesiiala Arg Asn Trp Lys

Pro Lys Asp vl A5 20825T e d A Ssr el LesVabGinGir SinAw Maliin Leu
130135140 Ser Leu Thr Glu Ala Thr Glu Lys Ala Lys Gin Glu Phe Glu Lys Ala 145150155160 Gly Lys

Asp Phe Leu YAISGR Thritigstss & atiobrgiye pEal08 G Ay ias ok 7% b RS ASTIE By Trp Gly Tyr Tyr
Leu Phe Pro Aspieysactyr ib\shipisdl&l 8ol 061 Hisbiiyty Lys! lagssityo fBly drificgondydSer Cys Phe Asn
Val Glu lle 195200205 L}i{s Arg Asn ASﬁ Asl?qzlaeusﬁer Tép Leu Trdp Asn GIQF S r'I(')Q&AIa Leu 210215220
Tyr Pro Ser IEFPEL AR Sht GRCE IR S 1 B O PARCRE i /58 54559 A Ced Tyr Val Arg Asn
Arg Val Arg Glu AlaMetréng faldS erelagkl dtb @42 5026bdRyd s Ada tups @6k #ro Leu Pro Val Phe Ala
Tyr Thr Arg "%ﬁ&%@%ﬁé&%%ﬁhﬂﬁ&féBp%@x\/rﬁédeghw(ﬁ’ﬁ@%%?Sf iy Asp Glu Leu Val Tyr

275280285 Thr P lu Thr Val Ala Leu Gly Ala Ser Gly'lle Val lle Trp 290295300 Gly Thr Leu
Ser lle Met ARfsSarMat gk merdeips CEUTRE PEHTARLES 3088168199390 Phg&4d- 3057SEQ.PCL.TXT

Asn Tyr Met GluhhAdlersauAsRro Tysdiadle Asnyat Thrukaui323330835 Alafyia Lys Met Cys Ser
Gin Val Leu Cys Gin Glu Gin Gly val Cys. 340345350 lle Ar Lg/s rsn Aé%%%ﬁ%r Asp Tyr Leu His
Leu Asn Pro ABFr38B460585 A8 PreAlddld Bthtdi’ed g}% t’ﬂ@ @4}@5 e *thi val Arg Gly
33 ¢/L Glucose + 66.7 mL/L GlutaMAX™.] + 166.7 g/1. Yeastolate + 0.92 g/L
Sodium butyrate) is added, and culture temperature is changed 1o 36.5°C. Atday 9,
approximatety 91 L {or 4 % v/v) of Feed #3 (20.3 g/L powdered CD-CHO AGT™ +
15 50 g/L Glucose + 50 mL/L GlutaMAX™.] + 250 g/L Yeastolate + 1.8 g/L Sodium
butyrate) is added, and culture temperature is changed to 36° C. At day 11,
approximately 94 L (or 4 % v/v) of Feed #4 (20.3 g/L powdered CD-CHO AGT™ +
33.3 /L Glucose + 33.3 mL/L GlutaMAX™-]+ 250 g/l Yeastolate +0.92 g/L.
Sodium butyrate) is added, and culture temperature is changed to 35.5° C. The
20  reactor is harvested at 14 days, ylelding 2400-2600 L harvest (typically approximately
2500 L).
The culture is pressure transferred through 20 Millistak filtration system
modules (Millipore) in parallel, each containing a layer of diatomnaceous earth graded
to 4-8 um and a layer of diatomaceous earth graded to 1.4-1.1 um, followed by a
25 cellulose membrane, then through a second Millistak filtration system (Millipore)
containing 10 modules, each with a layer of diatomaceous earth graded to 0.4-0.11
pm and a layer of diatomaceous earth graded to <0.1 wm, followed by a cellulose
membrane, and then through a 0.22 pm final filter into a sterile single use flexible bag
with a 350 L capacity. The harvested cell culture fluid is supplemented with 10 mM
30 EDTA and 10 mM Tris, pH 8.4, to a target pH of 7.5. The culture is concentrated 10x
with a tangential flow filtration (TFF) apparatus (Pall) using 18-21 m? of Sartoslice



370375380 Lys Pro Thr Leu Glu Asp Leu Glu Gin Phe Ser Glu Lys Phe Tyr Cys 385390395400 Ser
Cys Tyr Ser Thr Leu Ser C%ys Glu Lys Ala Asp val Lys Asp 405410415 Thr Asp Ala Val Asp Val
Cys lle Ala Asp Gly Val Cys lle Asp Ala 420425430 Phe Leu Lys Pro Pro Met Glu Thr Glu Glu Pro Gin
lle Phe TyrmAsm#@64a0445 <210> 47 <211> 1446 <212> DNA <213>HdoitieeSapiemns <220> <223>
DNA encoding soluble rHUPH20 "precursor” <4001>} ﬁ? atgggagtgc taaaattcaa gcacatcttt ttcagaagct
ttgttaaatc aagtggagta 60 tcccagatag ttttcacctt ccttctgatt ccatgttgct tgactctgaa tttcagagca 120 cctectgtta
ttccaaatgt gcctttccte tgggectgga atgccccaag tgaattttgt 180 cttggaaaat ttgatgagcec actagatatg agcctcttct

ctttcatagg aagfgag%q(%%mo%t&q?rc\gec{c tcc%g%%@%&%tﬁ&%%%yg%%gg (@ca aeligg ctactatcct 300

tacatagatt caatcacagy agtaactgtq aatggaggaa a gatticctta gaccatc tggacaaagc
taagaaagac af@ecatititdtcvadttagat@attitgia2edgastggiig baigabng, g§anfabitgd agakdccactt
gggcaagaaa cfguaaacstA P AcrReRiagSicialigar Bggticage aacaaaatgt acaacttagt 540

ctcacagagg ccactgagaa agcaaaacaa gaatttgaaa aggcagggaa ggatttcctg 600 gtagagacta taaaattggg
aaaattactt cggccaaald e eaRteRiFdatiafiiens Mmeeh G gint s &nitst (ABd R R ceggtt acaatggaag

ttgcttcaat 7 20 girgoaiaa asrRgs330AIgasieadC gy tigiggaatgaasgaas iaedcitarpijthecatccalttt
atttgaacac tcagcagtct cctgtagctg ctacactcta tgtgcgcaat 840 cgagtteggg, aageca gtttccaaa
atacctgatg ca&é%?gé‘iéc Q&‘it&%ﬂt%ﬁié&éﬁééﬁ&&%ﬁi 8%?&@? c?a?& {Péia%aﬁt@ctttc tcaagatgaa
960 cttgtgtata cattguisamactgitget cigoddc i didgaattygl aataigoggaslO2thaciatdagtivtaatgcgaag
tatgaaatct tgctttgctc%}t%ﬁacaatggec%%%ct 1080 atactgaatc cttacataat caacgtcaca ctagcagcca

C

aaatgtgtag ccaaélflg T4 gccaggage aaggagtgty tataaggaaa aactggaatt caagtgacta tettcacctc 1200
. aacccagata atBtgctaPwatiettifagddaygtyai Hgtcacagt acgtggaaaa 1260 ccgacacttg aagacctgga

gcaatttict gaaaaattit attgeagete,tatpanankABRR teagigiaaggagsragcigaigiansaasactgaty
ctgttgatgt gtgtattgct 1380 gat gt?tct gtatagatgc ttttctaaaa cctcccatgg a%acagaa a acctcaaatt 1440

tictac 1446 <2ADIUSLHPEELEQ WYSHSTERS RSO S5 32 9534 P20 variant P4SA
<400> 48 Met1aly, Mahhew bR el ys. Hisillevhe PlienAcgoes i e vahtysrl®a015 Ser Ser Gly Val

Ser Gin lle Val,Phe Thr Phe Leu Leu lle Pro Cys 202530 C}é Thr Leu Asn Phe Arg Ala Pro Pro
Val lle Pro A G0l KA PAGG B0 SO B PRE SRAGH e Lol 1 ARIS R Ala Pro Ser Glu
Phe Cys Leu GijuhysaPhé®&05660IASH GithProteew!Asp metSedveithPheSen Phkulles@ly Ser Pro Arg

65 70 75,80 llg ASRARSTHS G SIDSBly Mok B e PReRYEVal SR Grg dqu gp9a9e-Gly Tyr Tyr Pro
Tyr lle Asp Ser lle Thr Gly Val Thr Val Asn Gly 100105110 (%I lle Pro Gin Lys lle Ser Leu Gin Asp His

Leu Asp Lys AEPisjis eiiesiorsh 1§ aNsamssTit PRl NaCuet Pré nig A AsR feal BliPMmet Ala val

130135140 lleiAspidiR i Glve BraArg R Thiedita AleodigAsh, prptbiicRredi4hibaia5160 Lys Asp
Val Tyr Lys Asn Arg Ser lle Glu Legﬁ;}%l Gin Gin Gin Asp 165170175 Val Gin Leu Sgi Leu Thr Glu Ala

Thr Glu Lys ABESECH B Fésﬁéof gﬁ?@ﬁe@ﬁlﬂfsﬁ%aalﬁ?yaﬁﬁlhseﬂg%’%%gIf({:-lu glo }&e'l'hr lle Lys Leu

Gly Lys 19520_@@65&% Leu Arg Pro Asn His Leu Trp Gly Tyr Tyr Leu Phe Pro Asp Cys 210215220
R Asn i His Ty g bYS BIRG BILASAGHY Ser I PR A 272300 8R40 el Olu e Ly Arg

Asn Asp Asp Leu Ser Trp Leu Trp Asn Glu Ser 245250255 Thr Ala Leu Tyr Pro Ser lle Tyr Leu Asn
Thr Gin Gin SEEBREIIEE0 25527ty ks hp PR Buratyrval Krg s AR VarRr§GRY AR lle Arg val

275280285  is prepared. The column is equilibrated with 5 column volumes of 5 mM potassium
phosphate, 0.5 M ammonium sulfate, 0.1 mM CaCl2, pH 7.6. The protein eluate from
above 1s supplemented with 2M ammonium sulfate, 1 M potassium phosphate and 1
25 M CaCl stock solutions to yield final concentrations of 5 mM, 0.5 M and 0.1 mM,
respectively. The protein is loaded onto the PS column at a flow rate of 100 cm/hr. 5
mM potassium phosphate, 0.5 M ammonivm sulfate and 0.1 mM CaCl2 pH 7.0 was
added at 100 cm/hr. The flow through is passed through a 0.22 um final filter into a
sterile bag. The flow through is sampled for bioburden, protein concentration and

30 enzyme activity.



Ser Lys lle Pro Asp Ala Lys Ser Pro Leu Pro Val Phe Ala Tyr Thr 290295300 Arg lle Val Phe Thr Asp
Gin Val Leu Lys Phe Leu Ser Gin Asp Glu 305310315320 Leu ValTyr Thr Phe Gly Glu Thr Val Ala
Leu Gly Ala Ser Gly lle 325330335 val lle Trp Gly Thr Leu Ser lle Met Arg Ser Met Lys Ser Cys Leu
340345350 eopEtiAsp Asn Tyr Met Glu Thr lle Leta Asn Pro Tyr lle RE€ P&5885868365 val Thr Leu
Ala Ala Lys Met Cys Ser Gin Val Lea Cys Gin Glu C?én 370375380 Gly Val Cys lle Arg Lys Asn Trp Asn
Ser Ser Asp Tyr Leu His Lea 385390395400 Asn &’ro Asp Asn Phe Ala lle Gin Leu Glu Lys Gly Gly
Lys Phe Thr 405410415 Val Arg Gly Lys Pro Thr Leu Glu Asp Leu Glu Gin Phe Ser Glu Lys

420425430 Phe Tyr Cys Ser Cys Tyr Ser Thr Leu Ser L lu Lys Ala. 435440445 Val Lys

Asp Thr Asp Ala Val Asp Val ié/rslylé%%l%%50&§Q/1$€%§84%%1&;ég5 E%Aggﬁﬁfg’ﬁ%@eu Lys Pro Pro
Met Glu Thr GRinGitiRropGrmge. 4684204754680 RherFed Agh AtelSen PoinBes Thy indda Ser Ala Thr Met
Phe lle Val potassium gﬁ%‘?ﬁ%ﬁ‘@% @F&H%&%@rﬁgﬂf{d@u 'klﬁelkes— %ﬁ%@ec[ M@*éﬁl%@ﬁdlegta 500505 <210>

49 <211> 509 <212> PRT <213> Homo sapiens <220> <223> precursor PH20 variant L499w Page 51
3057SEQ.PC LA heanimonfsMdiamyateAqlemm ysapiee £yis pfisliedhe Phe iy BEre val Lys

151015 Ser Sesidaiyalabden Gimieoy aleRhaalicPhemesdu eI Ys 4334 Gydbeu Thr Leu
Asn Phe Arg Ala o Val lle Pro Asn val Pro 354045 Phe Leu Trp Ala Trp, Asn Ala Pro Ser Glu

Pro P
Phe Cys Leu C?Ii}q_%/g‘ X EGRERF IS ER ProM ATRL et EaleL Bt PHeSEBAMie Gly Ser Pro Arg
65 70 75 80 lIditisr, Ala NhinGlyrGin Ghfava Y. deaRhéehyw \raDASINABC L2l 188095 Gly Tyr Tyr Pro

T s Setdmhu T TR

10010511 y lle Pro Gi s,Iﬁ § Leu Gin Asp His
Leu Asp Lys Ala Lys 115120125 Lys Asp Ile 4 ﬁ%ee W%Igé i:?r}\gI ggP?éggkéfﬁl Leua%gly Met Ala val
130135140 |lePKsp Tap Ghsse! thipeh e RrocTHieT ipttasiardeAse Trpelsjst®rent$150155160 Lys Asp

val Tyr Lyg AspAdg f9e5ilsufabh LM ALGHBGIRGINASB:1ERL 40dvip,val Gin Leu Ser Leu Thr Glu Ala
Thr Glu Lys Ala Lys Gin Glu Phe 180185190 Glu Lys Ala Gly Lys Asp Phe Leu Val Glu Thr lle Lys Leu

Gly Lys 195200205 Ll§ REoAYgRete AdA FHS AW egc it ol eate PRé3T8:A%p eys 210215220

cm) 1s prepared. The column is equilibrated with 3 mM potassium phosphate, 100
mM NaCl, 0.1 mM CaCly, pH 7.0. The aminophenyl boronate purified protein is
suppiemented to final concentrations of 5 mM potassium phosphate and 0.1 mM
15  CaCl; and loaded onto the HAP column at a flow rate of 100 co/hr. The column is
first washed with 5 mM potassium phosphate, pH 7, 100 mM NaCl, 0.1 mM CaCl,,
then 10 mM potassium phosphate, pH 7, 106 mM NaCl, 0.1 mM CaCl,. The protein
is efuted with 70 mM potassium phosphate, pH 7.0 and passed through a 0.22pm
sterile filter into a sterile bag. The eluted sample is tested for bioburden, protein
20 concentration and enzyme activity.
The HAP purified protei'n is then passed through a viral removal filter. The
sterilized Viosart filter (Sartorius) is first prepared by washing with 2 L of 70 mM
potassium phosphate, pH 7.0. The HAP purified protein is pumped via a peristaltic
pump through the 20 nM viral removal filter. The filtered protein in 70 mM
25 potassium phosphate, pH 7.0 is then passed through a 0.22 um final filter into a sterile
bag. ‘The vira] filtered sample is tested for protein concentration, enzyme activity,
oligosaccharide, monosaccharide and sialic acid profiling (as described in Examples §
to 10, below).
The protein in the filtrate was then concentrated 8-12x using three 10 kD
30 molecular weight cut off (MWCO) Sartocon PES cassettes, each with a filter surface

area of 0.7 m?, for a total surface area of 2.1 m®. Following concentration, the



Tyr Asn His His Tyr Lys Lys Pro Gly Tyr Asn Gly Ser Cys Phe Asn 225230235240 val Glu lle Lys Arg
Asn Asp Asp Leu Ser Trp Léymlrp Asn Glu Ser 245250255 Thr Ala_Leu Tyr Pro Ser lle Tyr Leu Asn
Thr Gin Gin Ser Pro Val 260265270 Ala Ala Thr Leu Tyr Val Arg Asn Arg Val Arg Glu Ala lle Arg val
275280285xsetdoysHesPro Asp Ala Lys Ser Pro Leu Pro Val Phe Ala Ty iTing2280295300 Arg lle val
Phe Thr Asp Gin Val Leu Lys Phe Lea Ser Gin Asp Glu 305310315320 Lea val Tyr Thr Phe Gly Glu
Thr Val Ala Lea Gly Ala Ser Gly lle 325330335 Vailife Trp Gly Thr Lea Ser lle Met Arg Ser Met Lys Ser
Cys Lea 340345350 Leu Lea Asp Asn Tyr Met Glu Thr lle Lea Asn Pro Tyr lle lle Asn 355360365 val
Thr Lea Ala Ala Lys Met Cys Ser Gin Val Lea Cys Gin Glu Gin 370375380 Gly val Cys lle Arg Lys Asn
Trp Asn Ser SEPAL 5T PR IMIKS SeraBedonhEsd ACARFPISI REFCALH PhE"A ¥ Ein Leu Glu Lys

Gly Gly Lys Pheai¥iy.4056:1 QdthvabAig ey bysoRiedld ihewdabdrdapd e G it BhebSer Glu Lys
420425430 Phe Tyr Cys Ser,Cys Tyr Sgr Thr Leg Ser Cys Lys L la,As 440445 val Lys
Asp Thr Asp AH%f{‘?ng%gs%r%fég% Wé&l&%&é]&‘f‘éﬁfﬁ’/ﬁﬁé% ﬁégﬁsgﬁfgﬁﬁtﬁ &%ﬁ%ﬁa@ﬁ"&%’a Lys Pro Pro
Met Glu Thr GludG R Baty @Gihatesd6 b 7047l 80(Rhi! Tiatidisre, ARD 8yl Pl S et ITths bedeSer Ala Thr Met
Phelle val e conceABDAP0ARR SEK o Tpp.Bhei L6 Uil Ser Ser MabAla St o 500505
3057SEQ.PC1.TXT <210> 50 <211> 6630 <212> DNA <213> Artificial Sequence <220> <223> HZ24
vector <400> Sthatitigy bedtdbeca ttiatcRrteuteatata yoarisiaiteratsttggeresn Uddccattg

catacgtigt atctaiaicRtaaiatoiag attiaiatig.aetaaigicc 120 aatatgaccy ccatgttggc attgattatt gactagttat
taatagtaat caattacggg, 180 gicattagtt catagcccat atatggagtt ccgegttaca taacttt%gﬁg taaatggccc 240

goctggctga cogoccaall AEELE A EE I Y aRIIEY dEdhTG A ARt IS Uar 36 40 (e Bthgggactt
tccattgacg tcaatgggte pgtaitiae geiabactyreioitiesacitggad gladateadg idiattatatrgganagtccy
CCCCCta“?oaC%%ﬁ‘aa%Hé‘ 189.0991aaald9 £reaGelgge aiﬁ?g%%%%at%?ﬁag?%%’)%t%?gg act ticetacttg 480
gcagtacatc tacgtattag ?(:a%cgctatS accatggtg a?gcgglﬁlt .ggcagtacac B40 caa?gggcg ggatagcggt
ttgactcacg gogaitteecdsgiicoaticrohiugdditbho badglgagenditttgcaeadaadbca acgggacttt
ccaaaatgtc gtqﬂ@mg@@@_ cgccccegttg acgcaaatgg gcggtaggceg tgtacggtgg gaggtctata taagcagagc 720
tcgtttagtg aaccgtcaga tcactagaag ctttattgcg gtagtttatc acagttaaat 780 tgctaacgca gtcagtgctt ctgacacaac
agtctcgaac ttaagctgcgaﬁﬁaﬁlﬁ&%wwegﬁ?@’db%@ﬁf&éﬁ%&%@@@f&é‘ﬁé@ cag gtttaaggag
accaatagaa 9Q8aiI9gdetig togagatagangangacicirgegtitetga taggcaccta ttggtcttac 960 tgacatccac
tttgcctttc fctccacagg gt CC, cagttcaatt acagctctta 1020 aggctagagt actcactata
SN C e D AT T e R R T A 0
tcaccttcct 1146 46thandcE ttig biga-otemeaitticagagcacct cctgttattc caaatgtgec 1200 tttcctetgg
gectggaatg CeRARIORAINGIRI Ugaaaay T RaGHH, 1200 a0aAlgRg CRL ] fcataggpag
ccceccgaata agggeeRcCy ggcaaggigt 13 ZﬁgiCddldllL tatgttgata gaciggcta ctatcttac atagattcaa
tcacaggagt 1380 AaG R JURPUaRCEEREARAspAL feCttacaa Yaeraletyy Arapayctad 1440
gaaagacatt acaftitata,fgccagtaga caattiggaaalagelgta.agctagda,Lall agaatggage, ceeacttggg
caagaaacty gagartipandatotiaca agaaiaait.d 2hd [aNgeard o R ArsaigiEsaActiagictc
acagaggcca ¢tgagaaagc 1620 aaaacaagas (igaasagescagggaapgaiticeiogia gagactataa jaatigggaaa
1680 attacttcgg ccaaatcact tgtggggtta ftatstitts ccggatigt asaacc atcald 240 ctaigagaaa cceggttaca
atggaagttg cticaatgta gaaataaaaa gaaat@aiga 1800 tctcagctgg tigiggan®:aadgaasige tctttaccca
tccatttatt tgagcactca 1860 gcagtctcct gtagctgcta cactctatgt gcgcadtega, gidgggas@ ccatcagagt 1920
ttccaaaata cctgatgcaa aaagtccact tccggttttt gcatataccc gcatagtttt Bo8@detotifdtd&a ttttgaaat tcctttctca
agatgaactt gtgtatacat ttggcgaaac 2040|tgttgctctg ggtgcttctg gaatig‘fééﬁéi@gggamﬁ’tﬂ@agt?aa

tgcgaagtat 2100 gaaatcttge ttgctcctag acaattacat ggagactata ctgaaféétt acutadtenlns2¢b0 ggtcacacta
gcagccaaaa tgtgtagcca agtgctitge caggagcaag gagtgtgtat 2220 2 ﬁgﬁjma(‘ tggaattcaa gtgactatct

uuuuu

tcacctcaac ccé@ﬁ%ﬁ%f@%ﬁ%ﬁ@?ﬁb achRRIgBRat Bl tggait tcackitery 3Rhhancdy Beactigaag
acctggagca 2348 &igaa aaattitatt gcAEEtdHAtagcaccttg agtigtdyfréiitiagetga 2400 tgtaaaagac
actgatgctg tigatgtgtg-tattgetgat ggtgtetgta ta ; acct cccatggaga cagaagaacce tcaaattttc
tactgaggat ccab@g&‘éénﬁgjﬁ(ﬂ“@cccctctc gﬁﬁé’f}t@&?ﬁé&t actdgeédad Cttyda Hfhdggecgg
2580 tgtgcgtttg e (étf’grtingﬁltltgclg%c atattyctdi et a tgtgaggg Jd Hacctg geeatgtett
ctigacgagc atfcctaggg gtctitceec tetegefaaa . jﬂ_@tgcaag gt txf@a A jtgaag gaagcagttc
ctetggaage yanga.E7o0 sraacasc eigiautine ceigeang cagtilfidte coseacctag cgnoaggige
e b Ju

1@ feed VoIl ) %
2820 ctctgcggcc aaaagccacg tgtataagtb%():r%ggt 3 agdcggeaca aceee rgacgttgtga

gttggatagt tgtggaaaga gtcaaatggc tctctgg%gngg@g%%%% % az%g f%@ﬁ%@?ﬁ%ﬂg@%&%ﬁ% 1%aaggtaccc

OO0 -k

cattgtatgg gatctgatct ggggcctcgyg 3000 tgecacatgct-ttacatgtgt ttagtcgagg-ttaaaaaaac gtetaggccc
cccgaaccac 3060 ggggacgtgg ttttcctttg aaaaacacga tgataagctt gccacaaccc acagcggcecg 3120
ctgccatcat ggttcgacca ttgaactgca tcgtcgecgt gtcccaaaat atggggattg 3180 gcaagaacgg agacctaccc
tggcctccgce tcaggaacga gttcaagtac ttccaaagaa 3240 tgaccacaac ctcttcagtg gaaggtaaac agaatctggt
gattatgggt aggaaaacct 3300 ggttctccat tcctgagaag aatcgacctt taaaggacag aattaatata gttctcagta 3360
gagaactcaa agaaccacca cgaggagctc attttcttgc caaaagtttg gatgatgcct 3420 taagacttat tgaacaaccg
gaattggcaa gtaaagtaga catggtttgg atagtcggag 3480 Page 53 gcagttctgt ggatcatgca aacttctccc

ataanatttaoa acooccoctt aatacantaa cattatasae teanoaooaan caoaataanAaat attacocaone Nntnatnatta actitettee

(@]

‘.,-r:'.'( OU




gtcgacccgg 3720 ccacaactag 3780 tatttgtaac 3840 tgtttcaggt 3900 gtggtaaaat 3960 cttcccaaca 4020
cgcggeggat 4080 cgctcctttci{}lgo tctaaatcgg 4200 aaaacttgat 4260 ccctttgacg 4320 actcaaccct 4380
ttggttaaaa 4440 gcttacaatt 4500 atatggtgca 4560 ccgccaacac 4620 caagctgtga 4680 cgcgcgagac 4740
atggtttctt 48Q0:tiaittitot#860 cttcaataat 4920 cccttttttg 4980 aaagatgctgGOd&rggtaagsicc 5100

gttctgctat 5160 cgcatacact 5220 acggatggca 5280Q
5460 ttaactggcg 5520 gataaagttg 5580 aaatctggaé

9§cggccaact 5340 aacatggggg 5400 ccaaacgacg
640 aagccctcce 5700 aatagacaga 5760 gtttactcat

5820 gtgaagatcc 5880 tgagcgtcag 5940 gtaatctgct 6000 caagagctac 6060 actgttcttc 6120 acatacctcg

6180 cttacc

aat 6240 agaaaattcaot 6300
I D IT I J

cagcatgaac-6360-gtaagc

gea 6420 tatetitata- 6480

6540 gcecttttd

Xensers SaHerensq o 51

304 L £al wbtire ppT oo

55004 S5 SHIUR R <020

tcgtcagggg
<223>

dihydrofolatg
151015 Gly
3057SEQ.P(

reductase <400> 51 Val
_ys Asn Gly Asp'Leu Pro
C1.TXT

A PIY-Bel) A Sle \
THp 78 Bt EUCAH Asn

oreactor v
L

*§’I4A gau\%ii %@rgée%’ Asn M
ST EHRA)E PR 54

et Gly lle

Media feed

Feed #1 Medinm: 4% CD
CHO + 33 g/L Glucose +
32 mM GlutaMAX™-[ +
16.6 g/L Yeastolate + 33

mg/L tHulnsulin

Feed #2: 2% CD CHO + 33
/L Ghucose + 16 mM
GlutaMAX™.] + 33 .4 g/,
Yeastolate + 0.92 g/L
Sodium Butyrate

Feed #3: 1x CD CHO + 50
g/L Glucose + 10 mM
GlutaMAX™-] + 50 g/L.
Yeastolate + 1.80 g/L.
Sodium Butyrate

Feed #4:1x CD CHO + 33
g/t Glucose + 6,7 mM
GlutaMAX™-1 + 50 ¢/L
Yeastolate + 0.92 g/L
Sodium: Butyrate

1oreactorvo
~2500 L.

Feed #1 Medium: 81 g/l
powdered CD-CHO
AGT™ + 33 o/L. Glucose
+26.6 mM GlutaMAX™-]
+ 83.3 g/L. Yeastolate + 33
mg/L rHulnsulin

Feed #2: 40.5 g/l
powdered CD-CHO
AGT™ + 33 o/, Glucose
+13.4 mM GlutaMAX™.]
+166,7 g/L Yeastolate +
0.92 g/L. Sodium butyrate

Feed #3: 203 g/L.
powdered CD-CHO
AGT™ + 50 g/1. Glucose
+ 10 mM GlutaMAX™-]
+ 250 g/L. Yeastolate + 1.8
/L Sodium butyrate

Feed #4: 20.3 g/
powdered CD-CHO
AGT™ +33.3 g/L.
Glucose + 6.7 mM
GlutaMAX™-[ + 250 g/L
Yeastolate + 0.92 g/L.
Sodium butyrate

Filtration of bioreactor cell
culture

1% stage — 4 modules in
parallel, each with a layer
of diatomaceous earth
graded to 4-8 pm and a
layer of diatomaceous
earth graded to 1.4-1.1 um,
followed by a cellulose
membrane.

2™ stage —single module
containing a layer of
diatomaceous earth graded
t0 0.4-0.11 pum and a layer
of diatomaceous earth
graded to <0.1 um,

1 tstage - 20 modules in
paraliel, each with a layer
of diatomaceous earth
graded to 4-8 pmand a
layer of diatomaceous
earth graded to 1.4-1.1 pm,
followed by a cellulose
membrane.

2™ stage ~10 modules
containing a layer of
diatomaceous earth graded
to 0.4-0.11 pm and a layer
of diatomaceous earth
graded to <0.1 um,




202530 Tyr Phe Gin Arg Met Thr Thr Thr Ser Ser Val Glu Gly Lys Gin Asn 354045 Leu val lle Met Gly
Arg Lys Thr Trp Phe Ser lle! Pro Glu Lys Asn 505560 Arg Pro Leu.Lys Asp Arg lle Asn lle Val Leu Ser

Arg Glu Leu Lys 65707580 G

T/

Pro Pro Arg Gly Ala His Phe Leu AIa Lys Ser Leu Asp Asp Ala 859095

Leu Arg Lewtle@u@iss Pro Glu Leu Ala Ser Lys Val Asp Met val 100185346 dwpélessal Gly Gly Ser
Ser Val Tyr Gin Glu Ala Met Asn Gin Pro 115120112 Gly His Leu Arg Leu Phe Val Thr Arg lle Met Gin

Glu Phe Glu ser 130135140 Asp Thr Phe Phe Pro

145150155160 Glu Tyr Pro Gly Val Leu Ser Glu Val Gin Glu Glu Lys Gly lle Lys

u lle Asp Leu Gly Lys Tyr Lys Leu Leu Pro

165170175 Tyw-LysPhe-Glu.val Tyr Glu.Lys Lys. Asp 180185 <210>52 (’) [ 1> 23.<212> DNA <213>
Artificial Seq Srggessbiieropse., 117\ 239‘9 hﬂ&ik?ﬂrﬂw& ¢ <400 215’9@13 ity Qﬂfu%pgnfpfr ctg23
<210> 53 <211> 20 <212> DNA <2133 R gagé Ql%é‘q‘t? Rt3%220bS P&W‘ﬁf‘}rﬂé\/ersa primer
<400> 53 aadtctgatg gcttcccgaa20 <21 éﬁi&> 28 <212> Diﬂ f|C|aI Sequéence <220>
<223> Hzm3 ﬁ r’61549 <212> DNA
TSULIONE
cells <400> 55 -

<213> Homo
3057SEQ.PC
ttttcacctt ccttc

sapiens <220> <223> PH
1.TXT atgggagtgc taaas
tgatt ccatgttgct tgactctgaa

probe <400> 54 agctgctac 5’% 5 tcga28
156 R&ggggu%%cffrorr

teAR %%gg ttcagaagqt
3 fttcagagca 120 cctectgtts

e
tightaqal

9979%
A ttccaaatg cC

ttcctc

ggagta 60 tcccagatag

Concentration and buffer
exchange prior to
chromatography

Concentrate using four
Sarterius Sartoslice TFF
30K MWCQO Filter

Buffer Exchange the
Concentrate 10x with 10
mM Tris, 20 mM NaZ2S04,
plf 7.5

SOL sterile storage bag

Concentrate with 2 TFF
with Millipore Spiral
Polyethersulfone 30K
MWCQO Filter

Buffer Exchange the
Concentrate 6x with 10
mM Hepes, 25 mM NaCl,
pH 7.0

20L sterile storage bag

Q sepharose column

9 L resin, H= 29 cm, D=
20 cm

81 L resin, H= 26 cm, D=
63 cm

A Phenyl-Sepharose (PS)
column

19-21 L resin, H=25% cm
D=30em

2

176 L resin, H=35 cm, D=
80 cm

aminophenyl boronate
column

21 L resin, H=29 ¢m, D=
30 cm

176 L resin, H=335 cm, D=
80 cm

hydroxyapatite (HAP)
column

13 L resin, H=20 cm, D=
30 cm

116 L resin, H=23 cm, D=
80 ¢m

Protein Concentration

Single 10 kD MWCO
Sartocon Slice tangential
flow filtration (TFF)

Three 10 kD molecular
weight cut off (MWCQ)
Sartocon PES cassettes

6= buffer exchange with
10 mM histidine, 130 mM
NaCl, pH 6.0

10% diafiltration with:

1) 20 mM histidine, 130
mM NaCl, pH 6.5 buffer
and 1% polysorbate 80; or
2) 10 mM histidine, 130
mM NaCl, pH 6.5 buffer. |

Vial filling

20 mL fill volumes

Stored at 20°C

400 mL fll volumes

Stored at 220°C if protein
does not polysorbate 80, or
<0°C if protein does
contain polysorbate 80




tgggcctgga atgccccaag tgaattttgt 180 ctiggaaaat ttgatgagec actagatatg agcectcttct ctitcatagg
aagcccccga 240 ataaacgccqi\ E;g,gggcaagg tgttacaata ttttatgttg atagactfgg ctactatcct 300 tacatagatt
caatcacagg agtaactgtg aatggaggaa tcccccagaa gatttcctta 360 caagaccatc tggacaaagc taagaaagac
attacatttt atatgeoagh: agacaatttg 420 ggaatggctg ttattgactg ggaagaatgg agacseasiiigggcaagaaa
ctggaaacct 480 aaagatgttt acaagaatag gtctattgaa tltg(gttcagc aacaaaatgt acaacttagt 540 ctcacagagg
ccactgagaa agcaaaacaa gaatttgaaa aggcagggaa ggatttcctg 600 gtagagacta taaaattggg aaaattactt
cggccaaatc acttgtgggg ttattatctt 660 tttccggatt gttacaacca tcactataag aaacccggtt acaatggaag ttgcttcaat
720 gtagaaataa aaagaaatga tgatctcagc {ggttgtgga atgaaagca tctttac 780 ccatccattt atttgaacac
tcagcagtct cctgtagct a%ac%fff% Ryt %38%5’ ?Tﬁﬁtggﬁé%%% ﬁﬁﬁgiﬁfbgﬁs&&tfﬁﬁag’gﬁ%ctgatg
caaaaagtcc aatiectfit:0a0:ithgbathadsitedegbataghtitiagtgat the appended claims.



caagttttga aattcctttc tcaagatgaa 960 cttgtgtata catttggcga aactgttgct ctgggtgctt ctggaattgt aatatgggga
1020 accctcagta taatgcgaag tatgaaatct tgcttgctcc tagacaatta catggagact 1080 atactgaatc cttacataat
caacgtcaca ctagcagcca aaatgtgtag tcaagtgctt 1140 tgccaggagc aaggagtgtg tataaggaaa aactggaatt
caagtgacta tcttcacctc 1200 aacccagata attttgctat tcaacttgag aaaggtggaa agttcacagt acgtggaaaa 1260
ccgacacttg aagacctgga geaattttct gaaadattt attgcagcetg ttatagcacc 1320 ttgagttgta aggagaaagc
tgatgtaaaa gacactgatg ctgttgatgt gtgtattgct 1380 gatggtgtct gtatagatgc ttttctaaaa cctcccatgg
agacagggga@gstcaaatt 1440 ttctactga 1449 <210>56 <211>17 <212>DNA <213>
ArtlfICIaISequerlllce A method for producing soluble rHuPH20, comprising:

a) inoculating cell medium in a bioreactor with an inoculum of cells that encode
soluble rHuPH?20 to produce a cell culture, wherein:

the cells comprise between 150 and 300 copies of nucleic acid encoding soluble
rHuPH20;

the bioreactor contains at least 100 liters of cell culture;
about 10" - 10" cells are inoculated per 100 liters cell culture; and
the cells are cultured at a set temperature;

b) feeding the cells with a first feed medium containing glucose, L-alanyl-L-
glutamine, human insulin and yeast extract in amounts sufficient to increase cell growth and
peak cell density, and to increase soluble rtHuPH20 synthesis, wherein the feed medium is
added to the culture at a volume of 0.5 % or about 0.5 % to 20% or about 20% of the cell
culture volume;

c) feeding the cells with a second feed medium containing glucose, L-alanyl-L-
glutamine, yeast extract and sodium butyrate in amounts sufficient to increase soluble
rHuPH?20 synthesis and induce cell cycle arrest; and

lowering the temperature compared to the temperature in step a) to a temperature
sufficient to increase cell cycle arrest, increase cell viability and stabilize the soluble
hyaluronidase; wherein:

the amount of L-alanyl-L~glutamine is decreased compared to the amount of L-alanyl-
L-glutamine in step b);

the amount of yeast extract is increased compared to the amount of yeast extract in
step b); and .

the feed medium is added to the culture at a volume of 0.5 % or about 0.5 % to 20%
of the cell culture volume;

d) feeding the cells with a third feed medium containing glucose, L-alanyl-L-
glutamine, yeast extract and sodium butyrate in amounts sufficient to increase soluble
rHuPH20 synthesis and increase cell cycle arrest, and

lowering the temperature compared to the temperature in step ¢} to a temperature
sufficient to increase cell cycle arrest, increase cell viability and stabilize the soluble
hyaluronidase; wherein:

the amount of L-alanyl-L-glutamine decreased compared to the amount of L-alanyl-L-
glutamine in step ¢);

the amounts of yeast extract, glucose and sodium butyrate are increased compared to
the amounts of yeast extract, glucose and sodium butyrate in step ¢); and

the feed medium 1s added to the culture at a volume of 0.5 % or about 0.5 % to 20 %
of the cell culture volume;

e) feeding the cells with a fourth feed medium containing glucose, L-alanyl-L-
glutamine, yeast extract and sodium butyrate in amounts sufficient to increase soluble
rHuPH20 synthesis and increase cell cycle arrest, and



<220> <223> AP01 <400> 56 ttctctccac aggtgtc 17 <210>57 <211>18 <212> DNA
<213> Artificial Sequence <220> <223>AP02 <400> 57 aagatttccttacaagac 18 <210> 58
<211> 18 <212> DNA <213> Artificial Sequence <220> <223> AP03 <400> 58 tggcgagagg
ggaaagacl8 <210> 59 <211> 18 <212> DNA <213> Atrtificial Sequence <220>

-122 -

lowering the temperature compared to the temperature in step d) to a temperature
sufficient to increase cell cycle arrest, increase cell viability and stabilize the soluble
hyaluronidase; wherein:

the amount of L-alanyl-L-glutamine and glucose is decreased compared to the amount
of L-alanyl-L-glutamine and glucose in step d);

the amount of sodium butyrate is decreased compared to the amount of sodium
butyrate in step d); and

the feed medium is added to the culture at a volume of 0.5 % or about 0.5 % to 20%
of the cell culture volume;

f) continuing to culture the cells until viability drops below at least or about
50%;

2) obtaining the harvest cell culture fiuid; and

h) purifying the rHuPH20 from the harvest cell culture fluid.

2. The method of claim ‘1, wherein the temperature in step a) is or is about 37 °C.

3. The method of claim 1 or claim 2, wherein the temperature in step c) is or is
about 36.5 °C.

4. The method of any of claims 1-3, wherein the temperature in step d) is 36 °C.

5. The method of any of claims 1-4, wherein the temperature in step e) is
35.5°C.

6. The method of any of claims 1-5, wherein the harvest cell culture fluid is

filtered prior to purification.

7. The method of any of claims 1-6, wherein the soluble rHuPH20 purification is
effected by column chromatography.

8. The method of any of claims 1-7, wherein the column chromatography
comprises beaded crosslinked agarose column chromatography, beaded crosslinked phenyl-
substituted agarose column chromatography, amino phenyl boronate column chromatography
and hydroxyapatite column chromatography.

9. The method of any of claims 1-8, wherein the feed medium is added to the
culture at a volume of 4 % or about 4 % of the cell culture volume.
10. A method for producing soluble rHuPH20, comprising:

a) inoculating cell medium in a bioreactor with an inoculum of cells that encode
soluble rHuPH20 to produce a cell culture, wherein:

the cells comprise between 150 and 300 copies of nucleic acid encoding soluble
rHuPH2(;

the bioreactor contains at least 100 liters of cell culture;
the inoculation cell density is at or about 4 x 10° cells/mL; and
the cells are cultured at or about 37 °C;

b) feeding the cells with a first feed medium containing or containing about 33
g/L glucose, 32 mM L-alanyl-L-glutamine, 16.6 g/I. yeast extract and 33 mg/L insulin,
wherein the feed medium is added to the culture at a volume of 4 % or about 4% of the cell
. culture volume;



30575EQ.PC1.TXT <223> APO4 <400> 59 ccatttattt gaacactc18 <210> 60 <211> 18 <212> DNA
<213> Artificial Sequence <220> <223> AP06 <400> 60 ccgaactcga ttgcgcacl8 <210> 61 <211> 18
<212> DNA <213> Artificial Sequence <220> <223> AP07 <400> 61 agccattccc aaattgtc18 <210> 62
<211> 18 <212> DNA <213> Artificial Sequence <220> <223> AP08 <400> 62 ctcccagttc aattacagl8
<210> 63 <211> 18 <212> DNA <213>1&#ificial Sequence <220> <223> AP09 <400> 63 cgttagctat
ggatcctcl8 <210> 64 <211> 22 <212> DNA <213> Artificial Sequence <220> <223> AP10 <400> 64

cgagacagay aagactctigeg2r2 10k 052 Lha-Ad (OPFRRRP ST 2 RN AR Ayficial
Sequen%ﬁ%@&é%%%ﬁrﬁ 12540920 531128530 ALGHIGEAK E5R2. A b0 661 <Ghled ¢ <212> PRT

<213> pARIBRRTP A Teed abafurieninRlneRtide aleaved.lomseluple sHyPidg and3i-447
<400> 66 AspiAlaEhe bisdeelndro Pro Met Glu Thr Glu Glu Pro Gln lle Phe 151015 Tyr <210> 67
<211> 16 <21é ePRT éZth; qur\mNo seaptie 8 gg%@b <223> C-terminal peptide cleaved from soluble
rHUPH20 aa 4 -zfﬁ’é‘%ﬂ). Se7T ALY a Phé’LyS'Leu Pro Pro Met Glu Thr Glu Glu Pro GIn lle Phe
151015 <210> Y8 <21¥sding e eelipwithathizd fred\iesdiypienatapmps wrostrioing Abri Yeptide
cleaved ¥brii 46MiBId Ht fyoBeny A EluiesninndQ B8 ASEARPIEARYS! ol PROBRIMEDENG Thr Glu

14!
Glu Pro Wriw 159 teg wetinangs adsipd dortheonieiv wyms plotd S5 3Ry 4%opsthe cell

culture volume; and
the temperature is lowered to 36 °C;

e) feeding the cells with a fourth feed medium containing or containing about 33
g/L glucose, 6.6 mM L-alanyl-L-glutamine, 50 g/L yeast extract and 0.92 g/L sodium
butyrate, wherein the feed medium is added to the culture at a volume of 4 % or about 4% of
the cell culture volume; and

the temperature is lowered to 35.5°C;

) continuing to culture the cells until viability drops below at least or about
50%;

g) obtaining the harvest cell culture fluid;

h) filtering the harvest cell culture fluid;

1) purifying the tHuPH20 from the harvest culture fluid using beaded crosslinked
agarose column chromatography, beaded crosslinked phenyl-substituted agarose column
chromatography, amino phenyl boronate column chromatography and hydroxyapatite column
chromatography.

I1. A method for producing soluble rHuPH20, comprising: -

a) inoculating cell medium in a bioreactor with an inoculum of cells that encode
soluble rHuPH20 to produce a cell culture, wherein:

the:cells comprise between 150 -and 300 copies of nucleic acid encoding soluble
rHuPH20;

the bioreactor contains at least 100 liters of cell culture;
the inoculation cell density is at or about 4 x 10° cells/mL; and
the cells are cultured at or about 37 °C;

b} feeding the cells with a first feed medium containing or containing about 33
g/L. glucose, 32 mM L-alanyl-L-glutamine, 83.3 g/L. yeast extract and 33 mg/L insulin,
wherein the feed medium is added to the culture at a volume of 4 % or about 4% of the cell
culture volume;

c) feeding the cells with a second feed medium containing or containing about 33
g/l glucose, 13 mM L-alanyl-L-glutamine, 166.7 g/I. yeast extract and 0.92 g/L sodium
butyrate, wherein the feed medium is added to the culture at a volume of at or about 4% of
the cell culture volume; and

the temperature is lowered to 36.5 °C;

d) feeding the cells with a third feed mediuom containing or containing about 50
g/L glucose, 10 mM L-alanyl-L-glutamine, 250 g/L yeast extract and 1.8 g/L sodium



<223> C-terminal peptide cleaved from soluble rHUPH20 aa 431-444 <400> 69 Asp Ala Phe Lys Leu
Pro Pro Met Glu Thr Glu Glu Pro GIn Page 58 3057SEQ.PC1.TXT 1510
<210> 70 <211> 13 <212> PRT <213> Homo sapiens <220> <223> C-terminal peptide cleaved from
soluble rHUPH20 aa 431-443 <400> 70 Asp Ala Phe Lys Leu Pro Pro Met Glu Thr Glu Glu Pro 1510
<210> 71 <211> 12 <212> PRT <213> KBdmo sapiens <220> <223> C-terminal peptide cleaved from
soluble rHUPH20 aa 431-442 <400> 71 Asp Ala Phe Lys Leu Pro Pro Met Glu Thr Glu Glu 1510

butyrate, wherein the feed medium is added to the culture at a vohume of 4 % or about 4% of
the cell culture volume; and
the temperature 1s lowered to 36 °C;

e) feeding the cells with a fourth feed medium containing or containing about 33
g/L glucose, 6.7 mM L-alanyl-L-glutamine, 250 g/L yeast extract and 0.92 g/L sodium
butyrate, wherein the feed mediom is added to the culture at a volume of 4 % or about 4% of
the cell culture volume; and
_the temperature is lowered to 35.5°C;
f}y  continuing to culture the cells until viability drops below at least or about
50%; _
g) obtaining the harvest cell culture fluid;
h) filtering the harvest cell culture fluid; and
1) purifying the rHuPH20 from the harvest culture fluid using beaded crosslinked
agarose column chromatography, beaded crosslinked phenyl-substituted agarose column

chromatography, amino phenyl boronate column chromatography and hydroxyapatite column
chromatography.

12. The method of any of claims 1-11, wherein at least or about 0.5, 1, 5, 10, 15,
20, 25, 30, 35 or 40 grams of soluble rtHuPH20 is produced per 100 L of cell culture.

3. The method of any of claims 1-12, wherein the specific activity of the soluble
rHuPH20 is at least or about 80000, 100000, 120000, 140000, 160000 or 180,000 units/mg,

14.  The method of any of claims 1-13, wherein the volume of cell culture in the
bioreactor 1s or is about 200, 300, 400, 500, 1000, 1500, 2000, 2500, 3000 or 3500 liters.

15. The method of any of claims 1-14, wherein the cells that encode soluble
rHuPH20 are DG44 CHO cells.

16. The method of any of claims 1-15, wherein the tHuPH20 is
encoded by a nucleic acid molecule comprising the sequence set forth in SEQ 1D NO:47.

17. A harvested cell culture fluid, comprising soluble rHuPH20 with
an enzymatic activity that is greater than 5000 units/mL as harvested.

18. A harvested cell culture fluid of claim 17, wherein the enzymatic activity is or
is about 10,000, 12,000, 14,000, 16,000, 18,000, 20,000, 22,000 or 24,000 units/mL.



