Met hods For Cultivating Cells, Propagating and Purifying Viruses 1.
STATEMENT AS TO RI GHTS TO | NVENTI ONS MADE UNDER FEDERALLY SPONSORED
RESEARCH wiRo D0EsEISOPVENT [ 0001] One or nore inventions aeswsk2imodsdies ei n
were made with Government support under Contract No. HHS0OL002006000 1CC
awar ded by Heal th and Human Services. Accordingly, the Governnment nmay have
certain rights in such inventions. 2. FIELD OF THE | NVENTI ON [ 0002] The
present invention relates to novel cell culture medi um and net hods for
cultivating cells, in particular non-tunorigenic MDCK cells. The present

invention further rel ates t.hods rodu viruses (e.g.,

i nfluenza, RSV) in cell F{%H&ltef@tblggggrﬁrqﬁ ﬂf)non al so provides

met hods for “PI%s@Hﬁl|c5h&15‘&|!au%tﬁ$ bﬁﬁ‘éfitoﬁ@@%fcﬁﬁ%a%étléﬁea%gﬁéa‘ﬂﬁhﬁgherent cell's
grown in a bioreactor for the devel opnent of vacci nes CKGROUND OF THE

| NVENTI OR1{160.439; fv%ﬂ:%eniamperr?ﬁ 200 avhigsis NeFRTLINEARPrRIPY efairngetin itfreasur e
for prev%m'"{egyg di sease caused by viral infection. The effective use of
vacci nes 1's dependent on being able to quickly produce |large quantities of
vaccine material (e.g., virus) froma stable and easy to cultivate source.
The rapid devel opnent of vacci ngSelgst thdfivenfigsndant avail ability is
critical in conbati ng{ many human and anr mal di seases. Delays in producing
vacci nes and ShePiesantirventon rriates, generelly. yo a aietoer 98 PiorbeNe [E9e sHandiRessi ng
out brgakgf 9hrdlbin 6ARE as aﬁranﬁB@dW‘nea cdlRGRiNe; SbHEWRR tRUGIRSIuk@Es there s
cause for concern regarding the long |l ead tines required to produce

vacci nes agai nst pandem c i nfluenza. See, for exanple, Wod, J . M, 2001,

Philos. Trans. R Soc. Lond. Back@relind 8fthe 13vEntidio 3. Accor di ngly, recent
efforts to produce vacci nes have tocused on ?rth of viruses for vaccines

in cell cultufdlturggre(isior thecrmnmereigsrrodedion of HiepaerlicRIoKNS if Reogide of Madi n
Dar by Cariurdb%s&m@eelvj @Memquﬁréd B ApendAREIhdHESHEH aRy ddv fafd groups.
See, for exa 6, 455, 298; S. 2005/01 18140; U. 2005/ 01 18698;
u.s. 18, 8?5"’3‘3&” sRstEoRs hidh Beyslorhieat etel Gviiire procepses V@i'dhqnax'wﬁ?r &irusol .
(2005) 5Quartity 6f thERPEMRY proféiPro@icetiper fst tdeN GuMPEiIC@|nimizé RSresolfrE®y from

one or nore defects including tunorigenicity, the requirenent for aninal

serum i n NEeFISARUP PIRIICE ZrEVen DTtk oy ecPFOtP'Hf g rhus. GEFIRNRIOUSEL abl e for use

i n vacci re;mdrlslilyRedoiepecedsas whith ;irb@&eérbequbmme@@f@@ws whi ch have been
devel oped for the groductl on of vaccine material fromthese cell |ines

of ten requi r eMIDHBRHRIY REFHTETY SRS ROHER REPSBENNTS dRgirffPetel)Ss and

the ge @hdétetaRiaPdTBuHIFS caHditiohs URafher, dxfé@@Né?éée@fbh dnd qRdebprinent of kecause of
t he continual energence, Eor re- errerlgence of different jnfluenza strains,

new i nf | GHITS PIREEEPSTe Whigh Coperriisdn edliuEaidoeneral® Rremaantines ¢fHeerapeulisl at i ng

i nfl UenZ@rcﬁémaﬂnDﬂ beLpfa‘rr@ﬁﬁema‘rﬁJ.oaly smm.fy.rry‘tha@ #riaMR0 CLINGe Sbid@idhs i@r e nore
difficult { el d of each batch of cell culture

derived diffigybad rﬁwream%ﬁ%@ﬁﬂh@é@%&&ﬁ&%ﬁtwﬁ mPdbaci ty but al so i mpacts the

cost of manufacturing product thus inproving viral yield (i.e., peak viral

titer) is desirable. [0005] Regentl vel serumfree nedi um and
non- tdnori genic cell |ines thaé‘l@ﬁ%ﬁgm%strai ns to very high

titers and pr vae peRentfifventibe pfoviidy Cddnerallf methbdd antbédhipasitiohsfodigeperamiy e

bi or eact hav been dev 0 . S. 2006/ 0188977; and U. S.

e g R S P B ToThoes e remal s VaHRUS VR SUBRCEeS ATE | hi o
wor K and ofiiep ¢itelasiorizaty éthe tfulre eanlditiohs. madi um highly reproduci ble efficient
scal abl e roc ses for. t roducti on uantities of vaccine
e ar Pr bR Blhse e TaR PR o dfpB00 foh b EE o st Bs - yon o

cel | fssol | mestulathg Bothitial anmesidn ol grramh mmemhuaﬂ@mst cara;cbxpfd@?mg érd?pfmfeﬁrr eam
pUI’I icati I’OCGS UCtI riti e | ve

P enuas o pab8 RESAReh RieohaieRe PRSF sedoufbe Ry SreLdNA e AffoneE, o
robust r egicatédepntentratishs (Fotinalilding the gaarditypsfesach sdbmpbiet fromeothed.sBurces

Respiratory Sypcit S 0006] Human respiratory syncytial virus
(RSV) is SPﬁ%a%/@a’HF %'ngé?t@@mé “g'\éq\?%lL‘éu(Rtlu P 'P@g'pi ratory tract infection
(LRTI') i nAdefismsdfatend young chi |l dr en1®&388 mgiliteresponsi bl e for consi derabl e
norbidity rtality. Atotal of ] n people are infected annually
in the se@gér:rgor?aﬂ]%()r mar kets (US, Japai,?Sﬁéo{lr']tgg Gernmany, ltaly, Spain, UK),

i ncl udi ngAtimaraunmivaniadate: adul t s and abDBO878 A@0itd00 prenat ure i nfants.
Annually in the U S alone, it is estimted that 70, 000-125, 000
hospitalizations are attributed to RSV LRTI. Two antigenically diverse RSV
subgroups A and B are present in human popul ations. RSV is al so recognized
as an inportant agent of infection in immuno-conprom sed adults and in the
elderly. Due to the inconplete resistance to RSV reinfection induced by
natural i nfecti on, RSV may | nfect mul ti pI e t| mes dur| ng Chl I dhood and life.
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purification process that can be used to purify RSV and ot her

cell -associated viruses for preparation and fornul ati on of i mmunogenic
conposi t iwoW/038WNWMARY OF THE | NVENTI ON [ 0010] The pre®emtus2omwmsiicon

provi des serumfree cell culture medi am and hi ghly reproduci bl e efficient
scal abl e processes for the production of |arge quantities of vaccine

mat eribial Bi_Btirb.i or eact oEs, i ncl ud! nlg s012gInfy/litee gi olreact ors alndb_standard )
reusabl e pjoreactors (e.g., stainles teel and gl ass vesse i oreactors).
[ 0011] Inghﬂ@e A "t he present in&%%t”i@hebr ovi des an enriched serumfree
cel | cul t gpealn@abiride t hat supports proloopermapiten of MDCK cells (e.qg.,

non-t unor j.geni c CK cells) to a hig I nsity and elimnates the need
for a ned{:g%'ce%ygﬁ nge step to obtai ngﬁﬁg%”\@&%{l titers. [0012] In

pa][|t| cul acytidifee present | nvlegtl gn |tor mv.sdmgilitéEtPods fo; the repl |tg:at| on 8;

i nfl uenza_viruse .d., . col d-adapteg, ,and/.or tenperature sensitive, and/or
at t enuat e%dqlguw%’a%?o&@qqa&e.to hi gh ti ?%pmgg(nar a logio TCIDso/nlL and/or a

| ogi 0 FFUEManelimate Hi€last about 7.4, oK mag/ifeeast about 7.6, or at |east
about 7.8_ or at |east aboyt 8.0, or | east about 9.0, or at |east about
10.0 mth’élﬁi"nf‘dﬁﬁ'ﬁﬁﬁﬁl&éﬁaﬁge st ep B%&’é‘?&%ri nfection. [0013] In another
aspect, tRelickaxsent invention provi des rmgmeoved methods for the propagation
of non-tuppri %enl c cells on mcrocar Z%erﬁ. i ncludi ng bead to bead transfer
met hods. PH“Sffot her aspect, the enri U umfree cell culture nmedium of

t he i nvenGuerosirai: nt ai ns t he non-t unont.geng/itechar acteri stics of
non-tum)r'hﬁeni c cells used for Hlpg i r}bti al innoculation. In other
r s

MDCK
%oxgﬂwnc?hed serumfree cell

aspects, P2 nedi um of the invention is

used to eslhasitd:sh and mai ntai n non-t @ag@mgkter c MDCK cell lines. [0014] In
anot her aip%%t .the present inventio pro i des nethods for purifying live
cel | - associ® é“c?'vi ruses (e.g. influe ?a[ng from adherent cells grown in

cel | cul t Laegifieeg., MDCK Vera cel |l c@i2.dmne)litehat gi ve an overall recovery
of viruse f at. | east 30% wherein rified viruses conprise |l ess than
0.1 ng HCE', g%%raém%'ss than 0.3 ngy HCP?E%W(%W'Iteerss t han 0. 0050 ng non-specific
nucl ease peaspattiOaci® | ogi oFFU of vi ru87.65ng/BB EF DESCRI PTI ON OF THE FI GURES
[ 0015] Fi gt 1 is a plot of the via | density (VCD) and cell

viabili tyg%ﬁ?h 4x 2L bioreactors ??Erﬁ@!&tﬁro to day 4 of cultivation. The
bi or eact oksysieine-H{ll t ur ed usi ng the Z2edhgMésctor (SR) process conditions
detailed |n lable 7. 2dps data for S I,s.not available. [0016] Figure 2
shows phol‘%ésrtg]%hs (taken at 10X nagn??’ﬁ‘cggﬁ?rgn) taken at internedi ate

fsarrpl i ng Ligmémbeigweeg 0 gnd 40 ménuﬂé&4hmllitax 2L seed reactors (SR
orexperi gat. .. and 4 during B2B Wl zation. Trypsinization

perfor rrednﬁn%tngll%gr eactors as per the tﬂ)é%g%{“gérbead transfer protocol. [0017]
Figure 3 Lipom Asicot of the viable cel D.5@englitey (VCD) and cell viability (V%
(Frra. x xS oot e on Sdps (LLIOPEE™nd those of ot her experi ments

i nfected bftewihes. Post infection VCD3&hogdidrl viability data for experinment
4 not avajl e. [0018] Figure 4 sho t ographs (taken at 100x

magni fi cal‘ilone taken on 4dps for 12x§§i%ﬁﬁéa}l production reactors for all
exper i mentgnethiogin®] Figure 5 shows phéi.dgradpers (t aken at 100x

magni ficati taken on 3dpi for 9x fl production reactors (FPR) for
al | experli'r?gﬂ%ms.a’}ﬁglOZO] Figure 6 shoégﬁaﬂ]%fﬁ%%_ of caA/ Uruguay (AAJ), ca

A/ Sout h Daipbeayl@lani®® and ca B/ Fl ori d20{ Bighltervi rus titers over time for the
cells origi y grown in 4x2L seed and then cultured foll owed by
i nfecti nggiprﬂné_}af%x 2L final producti on§$gga ?%é:rs (FPR) for all experinents.
Not e: each-sgdrei poi nt represents the28Vegdiger of three assay replicates. The
virus titensehghew detection limt (s5,6e4,dgg OFFU L or < 2.4 |ogl OFFU L
if dilut eg) aere not recorded. [0021] ?:?gurdéﬂ shows virus production

profil es byeptophae for the strains pioddceaditesi ng t he 67% nmedi um exchange
process (ﬁz%m versus no nedi um exggapgaidr ocess (0% MX). Plots for
strains ca A/ Wsconsin/67/05 and ca Urdguay are shown in 8A left and
right panktVding espectively, plots foPO&BmMY/#8ut h Dakota and ca B/Florida
are shownpjaRg&fselchiokidérah@hie; Panebpoos apgst | vel y. [0022] Figure 8
presents flow charts of a bead to bead transfer processes. The process
depicted in Panel A utilizes two wash steps each utilizing a buffered salt
solution (DPBS) conprising a chelating agent (EDTA) and a protease
(TrypLE(tm)) at a final concentration of just 0.05X that effects cell
detachment within ~30 mnutes. The process depicted in Panel B utilizes 2-3
wash steps utilizing a buffered salt solution (DPBS) followed by incubation
with a chelating agent (EDTA) at a final concentration of ~0.5 nMthat
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presented in Panel B (botton) is a plot of the titers of ca

i ?/ Mal aysi a/ 2506/ 04 obt ai ned during two production sinmulation productions
runs showvogotost7ethe titers are conparable for runs pertCoruseaowssing ATF
and wi thout ATF. [0032] Figure 18 presents photographs of fluids renoved
from bi oreactors using the ATF process show ng that they are free of

m crocarriyges: The |left panel shows ghe wg/meocarrier wash removed using ATF
during mcrocarrier sterilization, the right panel shows the nedia renoved
usi ng ATAVgks!idiglaride hexayRede'a exchaf§B05E9AtsT MDCK cel | cul ture. [ 0033]

Fi gure 19 preserhe: the el ution chrongogghameof Test Resin A-D columm runs
with 1MNaCl el ution (panels A-D, resgecti vel y). These chronat ograns show
that TestPyeascihe 2HQAnd B appear ed t 0V4HB%/8eparat ed nul tiple el uti on peaks
having a pyRiock@e Her |y peak (see arrgmdd/merpanel B) while Test Resins C and
D showed a_single peak with peak shoul ders and heterogeneous features (see
arrow i n PRABAVID) . [0034] Figure 20 pOESRHIE  t he el ution chromat ograns of
Test Resi §odudtsolidda® s6MYardils W th g obblehglitdit i on (panel s A and B,
respectively), showing that the elution pea_(kq was sharpened using a 2M Nad
el ution. F@%@@]PhPﬁﬁlﬁt%m?”‘lbaéffésents £822 8190t ®'on chr omat ogr ans of Test Resin
C col um gynsmfselente A/ Wsconsin, caohhses eighiker! sl ands and ca B/ Mal aysi a,
Panels A _B, and C, respectively, show n%_ that the peak profiles are
sinilar ahie@BRdiGlt ent. [0036] Fi guré® 99 ¥¢fesents the el ution chromat ograns
of col umTkymginePanel s A and B show yRenglitdti on for ca A/ Wsconsin, and ca

B/ Mal aysi a respectively, for Test Resin D colum show ng that the peak
profiles anENSrige p%'Fydé%‘ﬁz consi st ent . 9888 M&/ilHows the el ution peak

chr omat ogyadieeof Test Resin D at XK- 5PeG¢ed/iten scal e. [0037] Figure 23
presents pictures of cell cultures froﬁngix untreated cells, and cells
treated féteBH Bihutes with B) 0.5 n*EBFME ) 1nM EDTA, D) 2 nM EDTA, E) 5
mM EDTA, witghih)E:10 mM EDTA. [ 0038] Fogueenglftedr esents pictures of cell
cultures fromcell pre-treated with % mM EDTA, followed by treatnment with
0.0125X TAVBEEYBanel s A and D), 0.0 @&rﬂqﬁﬁﬁi_E (Panels B and E) and 0. 05X
TrypLE (Pangbse C and F). Photographs1\sgaji@et aken at 0 mnutes after TrypLE
addi ti onDEPEJneI s A B, and C) and ag%jé%%# 60 m nutes after TrypLE addition
(Panel s D-9¥1@8RY F). 6. DETAILED DE f9N [ 0039] The present invention
pr oxd/i des hi g]tllryarf @ﬁb&ﬂm@h@f@h@ﬁ@érﬁbﬁmon@ﬂp@wnﬁgr@%’ Iéh‘é%ﬁd@é@ frbﬁhranté’iﬁin%
production of large quantities virus {e.g., influenza virus o

D ral - anergdred SpAsdiR G cooKsdet STibt) Het eRisEPRRAATES B Bboli he

t her apeutfolowirgeconbetitibeact ors from adherent cells (e.g. MDCK cells, in
particul ar, nan-tunorigenic C?dé% I/ijr@es or Vero cells). In particular, the
present i hWEHY"®n provides ro YHEt hods for the production of

col dadapt edystmed/ or tenperature7 ghitesi tive, and/or attenuated influenza or
respiratory.syncitial viruses, to, high titer that do not require any nedi um
exchange. P%’ﬁ?j'é'r% n addition, t%ﬁi%gésent i nvention provides culture nmedi um
t hat suppbiidolddamecul tivati on ofe XK cells (e.g., non-tunorigenic MDCK
cells) and support the replicatjiop of virus including, but not limted to

i nfl uenzagi}?%ﬁ@'(e. g., col d-a%%?@'&r and/ or tenperature sensitive, and/or
att enuat ed-lysirfe: uenza viruses) 3.@ghitegh titer w thout the need for any nedium
exchange. | | q41. [ n addition, %e s esent invention also provides nethods
of prepar H@e 0'8 'Bfne materi al (%'e.gﬁ,eri nfl uenza virus) from MDCK cells
(e.g., nob-phenpalagesi c MDCK cel.ésgliteand nmet hods of preventing influenza
infection,ytili.zing vaccine ials produced in MDCK cells. Any

cel l -asso!ﬂlhérfag'an?/i rus (e.g. :Tﬁ"ft%%’ﬁ% and RSV) may be purified by a process
descri bedLhgppharand/ or cont aith&dgditer an i mmunogeni ¢ conposi ti on descri bed
herein. As_ used herein, "a cel1lgaﬁ§9ci ated virus" refers to a virus in

whi ch appro |rra‘f"ely 60% or nore°8f the titer of the virus is found

associ at etd-valineh vi rus-i nf ect ed.3dlbliteent cells as determ ned by any

t echni que kno i in th . - he |.nvention
are particul aW?ﬁ grsng&ﬁwgptocr%wt]#gv%{r}ghU%EO?]E)%O 8]]- g%b@%%%%? gg’ﬁ E( 3@5@%& ure
sensi Bi veldded perudered cplbagt BY art ebodinbentar e ipverdionsthé &ligwingtsipslemients are

Fl uM st (r \, (. . 4 /,103 r at can
be grown %d)%eﬁf)}ﬂr-“f%‘ n%nﬁlﬁ%gﬁlp ééWc%h#@ﬂé%gf %r1|8\§/g?séocé epﬁlﬁg'il)ﬁc%ltlfg@%ﬁa‘%&ar e

not |i mi taseine acidegtabioutthstfellmingRAacentrationss, i ncl uding but not linted to

i nfluenza, RSV, parainfluenza viruses 1, 2 and 3, and human

nmet apneunovi rus, as well as other viruses, including DNA viruses,
retroviruses, positive strand RNA viruses, negative strand RNA viruses,
doubl e- stranded RNA viruses, including, but not limted to, papovavirus,
vesi cul ar stomatitis virus, vaccinia virus, Coxsackie virus, reovirus,
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| ower tenperature, e.g., 33C for influenza A strains, and that the virus
exhibits a 100 fold or greater reduction in titer at a higher tenperature,
e.g., 37CGvoebmiddym7to a | ower tenperature, e.g., 33C forcirnfsbaenzsascB
strains. For exanple, the term"cold adapted” ("ca") indicates that the
virus exhibits a higher gromh rate at a | ower tenperature, e.g., 25C

W t hin 100afs@ln@d: of its growt h 0a89 @liter gher tenperature, e.g., 33C. For
exanpl e, the terny"attenuatedﬂ1é"ﬁ{t") i ndi cates that the virus replicates
in the upb@rPHPPBys of ferret's" B is not detectable in lung tissues, and
does not cags#tid afiuenza-like i33gaes in the animal. It will be understood
that viruses with jnternediate enotypes, i.e., viruses exhibiting titer
reducti on gﬁ@ﬁgcﬁﬁgn 100 fold1d£b@@€r(for A strain viruses) or 37C (for B
strain viclyses), exhibiting grorg et 25C that is nore than 100 fold than
its gromﬁg_at 33C (e.g.,\Mtrﬂ{lgaf fold, 500 fold, 1000 fold, 10,000 fold
| ess), an PEYINExhi bi t reduced 910 "8 in the l ungs relative to growh in the
upper airuwagsnedof ferrets (i.e.1.09gftteral |y attenuated) and/or reduced
influenza like illness jn the anjmal, are also useful. viru nco ssed
by the. | Y @RETBRIMERGGHRE ITETISR 6 PG el Lot stgeceotBiadded Abgoo iar

pl aque sinZientiio & fedli©gydedasmrt lile€ becult@Rs| tryaroémbbdi@entas @sdinesntikn osemnd o

t hose of ill inthe art. 6 Cells. 48] , The | | ;associat ed viruses
doscr bed e upHRREREE et fut o FienbiRet biatd Safifon 7 ST BRRE R FhkHEe

Vi ruses fieatgo@prises supplenentshattabpetrthe follos@gebnddntrationsuses. |1 n one
enbodi_nent, the adherent cells allow the cell-associated viruses to growto
titerd conparabl e to those deternmi ned for the corresponding wld-type
viruses. Liasparagieei fi c enbodi ment, 40Bay/ldal | - associ ated viruses descri bed
herein ar g;o agated in cells thag %ieniqsceptible to infection by the

Vi ruses. F@ *5 I n one enbodi nent, 9‘ 9CeT" - associ at ed viruses described
her ei n ar e-isoleaomgat ed i n mamral i an186BlgditerRepr esent ati ve nanmal i an cel | s
that the cell.-a iated viruses d i hed herein can be propagated in

i ncl ude, ﬁyg W%iﬁ%t limted to, Vg?géggfrs, CHO cells, Hep-2 cells, MBCK
cells, MDChewwlel s, MRC-5 cells, Hella58ellitar and LLC-MK2 cells. In a specific
embodi ment ,, the cell-associ at ed viggﬁgmepescribed herein, including
respiratory syncytial viruses, are propagated in Vera cells. In another
speci fic k#poslnerent, the cell assocB&dldenvi ruses, including influenza virus,
are propagg%ﬁﬂnén MDCK cel | s. 6.2.§2BDﬁﬁé§blls [ 0050] MDCK cells are known
to suppor e Isolation and replicatﬁ%n of nunerous viruses including but
not |imte@spativacidous viruses i ncBddigigerbut not limted to

or t honyxoyi g acR@r amyxovi ruses, g, gﬁﬁgviruses and flavoviruses. In
particularPLw%@ﬁagells are wdely 85% or the production influenza

viruses. Btyseneer, as noted above, 2@3®w/MDCK cell lines are tunorigenic. If
tunorigenj git:%:..L.S of regulatory co rn.the present invention provides

met hods t%q%%§W%ferate non-tunnrigg%ﬁéMW%gK cells and use the same for the
product i oh-medthipnifié uenza vi ruses. Abé@mﬂﬁﬂg!y, in one enbodinment, the
erbodi menk PR hoa o "t he 1 nvertP o gl [ 76 MDCK col 157 egar di ess. of

t unori genkiltsine [ 0051] Non-t unori gentE6NMIEK cel | 1ines which may be utilized
have been-dasttar i a th the Areri co ide cul ture Col lection (10801
Uni ver si t {-vBinf evard, Manassas, Val3281/1€-2209) on deposited January 5,
VK- 8 and ERK. SF 103, respect i vel ST hose deposi ted on Cot ober 5.
2006and aSefigmehosdiets mopokasic: Nos. 1PFATINE9 and PTA-7910, (desi gnat ed
subcl oneszl.A . 1- B, respectivel yhsalA9H2] Oher MDCK cel l's which may be
utilized antﬂde,'but are not limte %5,'those whi ch have been deposited
Wi th the AxRHG2HiateType Cul ture Col PEOPT1Belitehd assi gned ATCC Deposit Nos.
PTA- 6501 apghdAlih 6204afsdesi gnat ed hﬁﬁ%@§f@@krand MDCK- SF 102,
respectlv%lg%ggg?gge assi gned ATCCbEﬁBRi%QWPb. CRL- 12042 (desi gnated

VDCK. 5F1) ; rE€si gned ATCC Dep MeATCC CCL34; CRL-2286; and

CRL- 2285. NIRERRInIdrRiethesARerdtbC embadiodBRLitek he non-tunorigeni c MOCK cell's
used in the nethods of the invention are non-tunorigenic in the adult nude
nnuss nodel (see, Stileflet ala): IPhanotPﬁrdspegiILc enbodinent, t he
non-tunorigenic MDCK cells used in e nethods o e invention are
non-tunorigenic when injected into a chick enbryo and/or topically applied
to the chorioallantois (see, Leighton et al., Id). In still another

enbodi ment, the nontunorigenic MXCK cells used in the methods of the
invention are non-tunorigenic in the adult nude nouse nodel but not when
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164). For exanple, cell lysates and/or DNA from at |east 107 cell

equi valents are injected into newborn rodents (e.g., hanster, nude mce,
rats) typwoablwsbmss then 4 days old which are then noniptoresdo®ossiep to
five nmonths or nore. Oncogenicity assays are routinely perforned by
commercial testing conpanies (e.g., BioReliance, see Protocols #001031 and

#001030) . gbdiurRReoipiBRibdEBlate:Cel | byBeddSy/mad/ or DNA from at |east 105, or
at least 106, or at |east 107 non-tunorigenic MDCK cells used in the

met hods of NCAENIIRMATHR do not | nBHERCAABHET f or mation in 2 months, or in 3

nont hs,  ofiahghrits&BRbAde: WtrdnjdatdTONd 0800 1 g/iiter 6 mont hs, or | onger, when
injected into a newborn rodent species. In another enbodinent, 0.01 ng, or

0.02 ny, AN eNbedimgnt @fitheingantieg, akaut g0 g ofrthe nbirient teed wpck SpIUBOTI adged or

0. 08 ny, pef|ité #2uli®re. M aPedhBodBrenPdf thdinfentlN sdh & Bt thE 8upNENEMEBFd SRRlgC MDCK
cells used in the nethods of the invention do not induce tunor formation in

the . .

2 mont hs frogya vilengn/sgihiese stask spiytion (gt : 0% Btock selulihthad coBprises 6 nont hs, or
| onger, hglerhBht8 &t Sbut HeXofowigyBsHRnirAdR8t species. [0056] It is
contenpl ated that the MDCK cells (e, g} ,. non-tunorigenic MOCK cel | s) used
in the mePPBYE s6fN%e i nvention suppdt € 'OhdM@plication of viruses
isnc![ udi nga@aHindQlifate: M ted to ort Po:jq/_g;@m%ﬁ\;gis (id?Cl ugi nﬁ i nfl uenza A and/ or

strains), paramyxoviruses (includin and/ or B, human
met apneu %r}%a@eg%d par ai nf | t(Jenza 108594188/ or 3), rhabdoviruses and
fl avovi r ug@stind: 0057] I n a specific @apggierent, the MDCK cells (e.g.,
non-t unor | gerr'u ¢ MDCK cells) used in the imet hods of the invention support
the repl i BHenesieof col d adapt ed ten%%ﬁ”a/ﬂt?r’_e sensitive, attenuated influenza
\|<II Eusaswzléﬂ%g%s ZggseN}‘ OEnld, forI exizgggmte\;k%I ggﬂzsag;) SBeLshe et a:, 1998,

ng : 1405; Nichol et al, . ; ; Jackson et al .,
1999, VactYREae3905) and/ or reas g% viruses conprising the backbone
{e.g., thechrenmmeni ng gene segnent s)o.e3 glitkese yi ruses or _corrpri Si ng t he
backbone (or one or nore VRNA segnmepi(s)) of influenza viruses having one

ot ¢

or nore ofF fHBINEdT%lowi ng charact eri 5€5 847 col d adapted, attenuated, and
terrper?t u.Bi@ti.ls;ensi ][I vei. [0058] t E)ne !mding/}iﬂepnf oftjthe ability EI a cgl :c to
support viral replication is the yi of infectious virus obtaine rom an
i nfected c@Vin A@GBWErCDé’?“C?ﬁOF'Q?' yield @é&?%"ta'ét erm ned by numerous assays
desi gned Fe@icmagure viral infectionpamngfligr growth. For exanple, viral yield
can be quantified by determning th ncentration of virus present in a
sanpl e ac@B?'&iAﬁtﬁj'to a nedian ti ssue‘ﬁg‘%ﬁoglﬁtteé i nfecti ous dose (TClI D50) assay
that neasmMraem: i nfectious virions, a5t ymiteescent focus assay (FFA) that
detect vigpus antigens within infect ﬁi:?c B}Is in a cell culture nonol ayer
(see for Xrédr?ﬂ”&"ﬂ% S. 7,262, 045). @ £ 'val ues are often reported as the
| ogi o TCl Ripofiadin:and t he FFA val ues @oes gfifeen reported as |ogio FFU L
nf 1 enzal DPPUSAEC nel ude, but ar o GO ted o, those di scl osed i
Pat ent Pulitarciatd:on WO 08/ 10593 1 (s@e18ayg/arti cul ar Exanple 12). [0059] In
a specifig. enbadiment, the MDCK cel ., non-tunorigenic MDCK cells)
used in tﬁ@a'ﬂ@%agds of the inventi oﬁ?éégbagrt the replication of influenza
viruses {{hroltne,Crtarides strains) to a.boglierTCl Dso/ nL and/or a | ogi o FFU niL
about 8. 2EMBORnECh O 5 g, ar VRMRNbout 8.6, at least about 8.8, at
| east abounoStad, at | east about 9. 23.6@t/liteeast about 9.4, at | east about
9.6, at least ahout 9.8, at |east t .10.0. In another specific
enbodi rren?ﬁyr%'ﬁ'@gl\/DCK cells used ina‘?ﬁgg/ S hods of the invention support the
repl i cati BotredcinertfiHGlenza vi ruses {{@0glliteca/ts strains) to a logio
TCl D50/ ”LP%glg/SOFogg | ogi o FFU/ nL of @B%d%g@ﬁtﬁabout 7.6, at least 7.8, at
| east 8.0, east 8.2,. at |least 8. east 8.6, at |east 8.8, at
| east 9. OD-GdIcibmd&sntdhéhateat | east 91.49 géiter| east 9.6, at |east 9.8, at |east
10-0. ol 1 68k LABAFRAEHHE I BERAM TR0k 20 ABEa MR 9EL] i aHaGHbd hid-apc R f0ds
of thd invention are Ron:tunor genic. 060 e wWld-type influenza
vi ruses usedempogimepbefdhé inventfont the netbed fusthst camprises barvastingdhe gdttee nat i on

agai nst ﬂqﬁm i n et - ﬂ&m@h : : J and

Rel at ed %ﬁ?% ogirgrgltﬁérb%ﬁ Ué’ﬁgr%k Vapﬁg@%%%gﬁ ee og%ﬂle%%é,elﬂfbet\rr{g@gr i ol ogi es
Eval uat i d9r axamplesean embOdBER) obthe titveniithy, thie ¢udtate hedmas haraestech froM@® and

t he European Medi ci nes Eval uati on Agency (EVMEA), and are provided to

manuf acturers by the FDA or the Centers for Di sease Control and Prevention
(CDC). These strains may then used for the production of reassortant

vacci ne strains which generally conbine the NA and/or HA genes of the

W | dtype viruses with the remai ni ng gene segnents derived froma donor
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| east 9.6, at least 9.8, at least 10.0. In certain specific enbodi nents,
the MDCK cells used in the nethods of the invention are non-tunorigenic.

[ 0062] | rwoenteisn7eot her enbodi nents, the MDCK cells (e. @CT/Useovolss s i geni c
MDCK cell's) used in the nmethods of the invention support the replication of
a col d-adapted, and/or tenperature sensitive, and/or attenuated version of
at | east c@l%l‘téﬁf Vs 8 tﬁe%%[@%%elob\laﬂo%t 60nt afBlcakgd ntdim Eé‘@bé Héﬂvaeeaa A
strain may be of any’ subt gf H Ni, H3N2, H7N7, H5Ni, HON N 2,
HoN2) . BeBSBACENs &F%@@B% %CQﬂ“f' peipg e mﬁd'a'ﬁ‘oa”@/‘}ﬂWP@r@ﬁ%”Q\Tﬂe@LﬂS’t%es have

been i denhb/ot fitbring thenkdiaRZArod ?H'ard@ﬁﬁcror?\ﬁlfé?r thBBtotein eRerebsid WazRe A strain
may conprlse any conbi nation o pes currently known or

d NA
i dent i fi Sethod efiike inyentios. edPLRMRIPIEHE 'Y el"é%?@?@?'ﬂ gpibody Qr é'ettqealwdé‘?ﬂem fic

enbodisnemlagmehBeMl. £ ahbidittiesh ebmcetngeo et TR ASg. Ohhdrep thé ¥ ibokipdr ar e
non-tunori genic. [006 In certain other enbodinments, the MDCK cells e g.,

non- t unorieg@RNtcaviRmRes &lhpayy imsaaopiebyiNechait FRIBINSEI the aminaasi sesessRy
the repl g8 hemehber erlbArRRIRGro@NedRistihgBPSEQt BINDS ansLé i1ge21 andl/ or

attenuated version of at |east one influenza B strain. Influenza B viruses

are not &Gr PehRipreiragraent thefeef & vpe PhEWSEEES tRIEHCOThei r hemaggl uti nin and

neur am nigAas8ighf ifnflindglobliR EHin éd}@phsﬁfgaarpérﬂlﬁﬁlatid%@q@éfndels@%%@@ fronf geent 1y,
influenza B virus strains are into two |ineages, the B/Yanagata and

Lhe. BRI T ORI P RINEI S ID MRIsCh et e . 6L Reaiire 1QaBirHBaEoLor one bt

Accor di nghdte JORS thBfefro@nzR eRarfiple alvRerBRYhd EntiRl bEfadrhamiga il dnasggenand/ or
subl i neage currentl known or |dent| fied in the future and/ or %Obe a

r eassor t ARTPIIFGH G Shain SPBENPYILUAREHAPHYERG 8MINOHRCIAVEERK! P ISEQERHCE A 4:he

net hods & of GiandMeIHy eRaidirBmDASYIGBUNR cb@BRsieg aMind derls 20CH7t afrsEMEsiNonB and
Met hods [0Q64] The i nvention ovides serumfree cell culture
medi um ar®d h‘?éhwe?e@b%ﬁ%ﬁ%]a@ '@F‘W”@E@ht‘"’%‘é pkasl ta a5AgR_EYEEAY o t he

produet i Qﬂnﬁﬁo?l@tﬁ@lﬁ chsidrindttheeBedVly cYiaif GinARINBEIbIGIINas Ilrikledhkb alg@AMiaRT Sonstant
i ncl udi ng single use bioreactors, standard reu sa%l bi oreactors é %\é}
m gfﬂ‘ Qent

st ai nl esdmavaeglobiliy chpigs dn grsvbpdigient ¥Ae tvetion; fhedaiialimqmmaliangs

i nventi Oww@ﬁt&ﬁﬁlcm{é&@&eﬁwméé}@ adegd t@ﬂpme HEPHES)sbéiemzacarbdriases (e. g.
col d- ada%t ﬁers and/ or t%r:peratur Een5| tive, d), to high

é nuat

Liter, PG E G RONBN S8 AUSLINB ECLS] EOTB R MAENGFoLLR” 4585t about
7.4, or @Iem@%bncﬁﬁmﬂdaﬁtsﬁan@ﬂo@d ndt@asiprisdDyutamiBe, artibdticd, @Atrhycdiosibr 8. 0,

or at | east a %out 9.0, or | east about 10.0. In one aspect, the present

i nverfi or‘?nlﬂ’ H\éesd%ﬂ’in@ﬁ‘fep hed serumfree cell culture mediumthat supports

proliferationThé pt@@lﬂ ie@ntien (eludes withintity @Bdspeg@ﬁtemd&@@lﬁorﬁ&hdir‘@ art entdolly gh
cell den |ty and el i m nat Es t he for a nedi um exch ar’@e st.e%ﬂto obtain

hi gh viraf9t |”t°e‘|9§|°ne]4hr§°8m Wﬁﬂtﬁqdéﬂﬁ?ﬂlfy hYMAnY FOTRPENE AR 00 "Yif'ers several
advanfj ageﬁarﬁmalfhnaﬁell@&ﬁﬁtﬁmwnﬁl PE-0Re88d td mgagnl’o,lmgﬁ n@éd;mdbmmsdvb\r,we]pv? s
It reauc 1ons requlr urin nuf act rlng, Ich iIn
turn decﬁ%&@%ﬁ SPHBmetH E@??%E’afi%ﬁt %ﬁt?ﬂﬁ‘f F?JE? n?'heﬁsf?ﬁfﬁaé\m'%%ﬁ‘e the present
I nvergsi omequnahimate Sumeap irsukng treee bledsentsoand duefaptantsagad wiith dbesnmtcbmpﬁsé genic
cells on m crocarrl

d bead f h
cepect . USRI Raf Qi inhER s dr A ear B se: viTbCRRIDm] th e
ma: Int ai gs:gtlé;expnmmﬁuhegntgmdymgmtmaadmmneglgbwlncpfndrt@avtcrmtnilngelunagldvDﬁEK
S. ri ched Ser e i, um e appre
one of sit pieelAeasiY Bptot w2 R EER PEhain Wipviod S RBoREa i BFars
cel | s camedigabtiooe ainoultameowesiycwith odnareaicitely aféen sadd inoallatdinng but not |imted

to, | |n%O S%rtogﬁeren?%gl ﬁoggérh%)&enfago%ggfgh%? growi ng as adherent cells,

gr owi ng asin cel Tal-1ike norphol ogy,
suppor t i regdt dyetionally, emértol apitisdb abautitioesliowing $iesl cohesntratibrisuinetincladidg theppor ti ng
the repli |nfluen

i.on. of. VI [ h To
reduce thq@%t'twf ?'d aon oaacl M%yéoautﬁc %UC%' %ﬁqe 'agglnmém?qu%yn Ceh'r%/%%t& asnma,
Vi ruses, raguiurp).i ons) The use of serumor aninmal extracts in tissue culture
applicati t he productl of rapeutic (e.g.. vaccine) materi al
shoul d beE%%{“ﬁnézed or even 4m }t]ged Furt her rmre m nim zing the nunber
of mani pulaystnes requi red durlﬁﬂgﬂa/h@el | culture process can significantly
decr ease nces of conta Accordingly, the present invention
provi des ‘e'rhtlfsl gﬁgd serumfree ?tﬁy}?é/rfeépnedl um useful for the proliferation of
MDCK cells (e.g., non-tunorigenic MDCK cells) and production of vaccine
material using batch culture nethods. In particular the enriched serumfree
culture nmediumof the invention (also referred to herein as "serum free
medi um of the invention” and "medi umof the invention") may be used in
batch culture nethods that do not utilize nmedi um exchange, or
suppl errent at| on. Accor di ngl Y, the deveI oprrent and use of the ser umfree
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hydrol ysate. Pl ant hydrol ysates include but are not Iimted to,

hydr ol ysates fromone or nore of the follow ng: corn, cottonseed, pea, soy,
mal t, potwoOeoswmdémwhieat. Pl ant hydrol ysates may be produeet/usgoosnzsigat i c
hydrol ysis and generally contain a m £ of peptides, free am no acids and
grow h factors. Plant hydrolysates are readily obtained froma nunber of
comer ci alL-isomucies i ncl udi ng, Somgaieanpl e, Marcor Devel opnent, HyCd one and
Organo Technie. It is also corg{ enB}l.%t ed that yeast hydrol ysates ny al so be
utilized FASH¥%d of, or inconbiTBPISH with plant hydrol ysates. Yeast

hydr ol ysatewira:e readi | y obt aiTeedgfiteem a nunber of commercial sources

i ncl udi ng, ,fqr. exanple, Signa- rich, USB Corp, G bco/BRL and others. In
certain eh%‘%ﬁ'ﬁ%'ﬂ?‘s, synt het i cdng @t sates can be used in addition or in
pl ace of pipaehylalaniieast hydr ol 3Gapdier I n certai n enbodi nents, serum free
medi um of tthe i.nvention corrpri&esa | ant hydrol ysate at a final

concentrah %rﬁo?)'Pe'bet ween about ng'}‘?_r to about 5.0 g/L, or between about
0.5 g/L totaptophast. 5 g/ L, or bHraweniteabout 1.0 g/L to about 4.0 g/L, or

bet ween abqut 1.5 g/L to aboua%bﬁ.S/I.ge/L, or between about 2.0 g/L to about
3.0 g/L. r'"8%8Pecific enbodi nth!"?"'§&rum free nedi um of the invention
conprise a-walimnt hydrol ysate at6.&nfglliteal concentration of 2.5 g/L. In

anot her s e(fi fic enmbodi nent, s§§‘um|.tf ree nmedi um of the invention conprise a
wheat hydrdly¥4te at a final cb C¥ation of 2.5 g/L. [0070] In anot her
enbodi nent;asparagime: f r ee nmedi undlglitee | nventi on conprise a lipid

suppl enent._Lipids that may b ed . to supplenent culture nediuminclude
but are ngfaSP?rEr'ftag'g' to chem cg%ql']@m é#‘?rned ani mal and plant derived lipid
suppl emrentgladsmiseddd: as synt het2&amMgyliteter i ved | i pi ds. Lipids which may be
present i i pid supplement jncl S but is not limted to, cholesterol,
sat ur at ed%zlf&@/e()r unsat ur at ed fiai?'%?}ﬂg%i ds (e.g., arachidonic, linoleic,

| i nol eni c|-pmylimesti c, ol eic, padmplliterand stearic acids). Chol esterol my be
present at_ .entrati ons betwse O nmg/m and 0.40 nmg/m in a | OOX stock
of lipid lis?us%gﬁérnent. Fatty ac;,%]smﬁgl'gle}be present in concentrations between 1
ng/ M and a@0, wiggmiiahle cell §&€DEiy stasbés ofer labpitd! .2 Xpief eetisil, adding sisoptamerabl e f or

medi um f | Bt i il A m i

sour ces. 1 RN e tenbdRtls e BB I BT i MR P ho R URERV B, 1
certai n edsbdomponent freeratherffeads) neegh amappraximeate finacultaor concgniraten set

chem cal I@%ﬂq%lg@ed lipid concentrate at a final concentration of between
about 0.1X to about 2X, or between about 0.2X to about 1.8X or between
about 0. 3%otiomedsrbenitel. 7X, or bet wekdl4dooug/liter 4X t o about 1.6X, or between
about 0.5 1.5X, or bet 0.6X to about 1.4X, or between
about O. 7?@%@@%@%3.1.3& or bet ﬁﬁs%ﬁgme%ﬂx and about 1.2X. In a
speci fi c édboeiiment, serum free nEd6 onglicdr t he i nvention conprise a

chemi cal | i.ned lipid concentr %) solution at a final
concentraﬁygﬁﬁ%f | X. I'n anot her s;a)%e@?h ¢ &mbodi ment, serum free nedi um of
t he i nvenGuanositgipri se the cheni call.§mgéiterned |i pi d concentrate (CDCL)
solution (;fahke 5) at a final con pgn of I X. [0071] In another

enbodi nentqﬁa@teemmfree medi um of tcﬁ}re]éfrﬁ%égti on conprise trace el ements.
Trace el efypoxaniitiesh may be used itch mgditasut are not limited to, CuSCVSH O,
ZnSO 4 7TH2Q: l.enite 2Na, Ferric g MiS(VH 20, Na2Si 3 ' 9H 20

Mol ybdi ¢ g(%m-%/ihm)ni um salt, NH4\/33§ Fn%?l@eé 4 6H20, Snd 2 (anhydrous), A1C13
6H20, AgNO-@nithéeddeB2) 2, KBr, Cd@36 mgdi®@r2 6H20, Crd 3 (anhydrous), NaF,
G, KI, g, Zrod 2 8H20. Conced'_@% g@ﬁ@erstock solutions of trace el enents
are readily obtained froma nunmber of conmmercial sources including, for
exanpl e céi/avmcé\tiﬁmlr(es}@eu@mt@pbg No0-09mofigsr, 99-175 and 99-176). In certain
enbodi mentrgic ggEUM free medi um of £ ggqpyention conprise Trace E ement
Solutions A B and C (Table 4) at a final concentration of between about
0.1X to abigic A9d: or between about0.92 mg/ltes about 1.8X or between about 0.3X
to about Njgih: or between about 0.4 kg @dout 1.6X or between about 0.5X
to about 1.5X, or between about 0.6X to about 1.4X or between about 0.7X
to about TYBYexingrH@let ween about 0.BRIMERI about 1.2X.. In a specific

enbodi menRipshiglikm free medi um of 1 &eqignivgntion conprise Trace El ement
Solutions A, B and C (Table 4) at a final concentration of I X [0072] In
anot her enbodi nent, serum free nedium of the invention conprise one or
nore hornone, growth factor and/or other biological nolecules. Hornones

i nclude, but are not limted to triiodothyronine, insulin and

hydrocorti sone. Gowh factors include but are not limted to Epidernal

G owh Factor (EGF), Insulin Gowh Factor (1GF), Transform ng G owh
Factor (TGF) and Fi broblast Gowh Factor (FGF). In a particular
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nore, than is typically found in DVMEM F12. [0074] Fatty acids which may be
fortified include, unsaturated fatty acid, including but not limted to,

| i nol ei c woi2d10am3676a- 1 i nol enic acid (al so referred to aspresamsniivabsibatty
acids) as well as, nyristoleic acid, palmtoleic acid, oleic acid,

arachi doni ¢ acid, eicosapentaenoic acid, erucic acid, docosahexaenoic acid;
sat ur at edThiadineg Heit ds, includi ng batmgmer | i mted to, butanoic acid,

hexanoi ¢ \z_ci d, octanoic acid, dec%no; c afi d, dodecanoic acid, tetradecanoic
acid, hex¥f¥e¢5%oi ¢ acid, octadecafoi’® B ei cosanoic acid, docosanoic
acid, tetvages®ieic acid and sul f w4 egniteri ning fatty acids including Iipoic
acid. In gertain enpbodi ments, the serumfree nmediumof the invention are
fortifi edgm’lpﬁ C&Wr@g fatty acids iﬁ?%’&%gﬁron to that provided by a lipid
suppl emenkthasoldeseriided supra. | n 4 sgeicarfi ¢ enbodi ment, serumfree nedium
of the inventjon are fortified Wligil npleic acid and linolenic acid. In
anot her spP88Y¥c enmbodi ment, seruf®aB&MEEdi um of the invention are
fortifiedTmnbibinki nol ei ¢ acid and |7.g¢eiggierc acid such that the

concent ra{Di ons. of_|{noleic acid arbd I}ﬂb@%reni c acid are about 5 fold higher,
or more, tHEFA"E ically found i F12.[0075] Amino acids which may
be fortifPegesteronecl ude the twenty etsangiated am no aci ds (al ani ne, arginine,
asparagi ng, aspartic acid, cysteine, glutam c acid, glutamne, glycine,

hi sti di ne,B'qai%ll"BLﬁcﬁnﬁPét‘eqag ci ne, | ;;granrgg}ﬂ t hi oni ne, phenyl al ani ne, proline,
serine, tbumeparagiee: trypt ophan, tyrmaginmgliteand valine) as well as cystine and
non-standard am no acids. In certgjn enhodi nents, one or nore am no acids
whi ch ar e=REIN€ynt hesi zed by non-%:]ﬁﬁ?qr@‘érni c MDCK cells, commonly referred
to as "eskeymldudineam no aci ds", ar e7Dofg/iitet ed. For exanple, eight am no

aci ds are, gener al regarded as e ntial for humans: phenyl al ani ne,

val i ne, th’%@%ﬁ'ﬁﬁ'g!éit rypt ophan, i s??gm/ﬂgr, net hi oni ne, | eucine, and |ysine.
I n a speciféwcinenbodi nent, serum fr3de mggiteum of the invention are fortified
W th cystwe and all the standard 1%21' ngl.taci ds except glutam ne (DMEM F12 is
of ten for mil'g2'8e€ wi t hout gl ut am ne, W'ER i s added separately), such that

t he concebtyrasin@ns of cystine and f9Benglitandard am no acids are about 5 fold
hi gher, or nore, than is typicall Y éouqrz@ in DMEM F12. In certain specific
enbodi nmen ',ar%@%mfree medi um of tﬁ MHVENt i on conprise glutam ne at a
concent r atiagpartit atiet ween about 14&1mod/litet 0 about 1022 ng/L, or between
about 292 _rrg*/tL to about 876 ny/L, 1%% b@ttween about 438 ng/L to about 730
ng/L. In 'aﬁ He¥ %&Seci fic enbodi nefit,"EEFum free medi um of the invention
conpri se @Glwihanm ne at a concentratS7ong/ter 584 ng/ nL. [0076] Vitanmi ns which
may be fortified include, but are net |inmted to, ascorbic acid (vit A),
d-biotin {‘{'/Tfst“b@gand vit H, D cal (g?%r%%{hntfrot henate, chol ecalciferol (vit

D3), chol Limeetioibhioei de, cyanocobal ad2md/itet Bl12), ergocalciferol (vit D),
folic aci vit B9), nenaqui none it K), nmyo-inositol, niacinamde (vit
B3), p- anﬁﬁrgpf@érﬁ ic acid, pantot f?\gﬁp%/mggzi d (vit B5), phylloquinone (vit
Ki), pyribtdysinee (vit B6), retinol 208img/Rgr, riboflavin (vit B2),

al phat oco | .1 E) and thiam it Bi). In a specific enbodi nment,
ser umfreg'%ﬁré@flﬂ%nmh% the inventi or;lr}grrrq /qnérrti fied with d-biotin, D-cal cium
pant ot henbtvelinechol i ne chl ori de, cy&Boegliat anmin, folic acid, nyo-inositol,

ni aci nam pyridoxine, riboflavi hi am ne such that the
concentrag'i%gwgé{of t he indicated vi%égnﬁ@e%re about 5 fold higher, or nore,
t han is t $pdioalghpspleaie chonobdMEM FP38.2r09/MEl Nucl eosi des whi ch nay be
fortifi edz;n@(‘sbllflg%, but are not i rqn(#]gerq Fifr cytidine, uridine, adenosine,
guanosi ne, thymdi ne, inosine, and’ ypgxant hine. In a specific enbodi nent,
serum f r eGupticisuliatenf the i nventi o®.G3@ mgliteir fi ed wi th hypoxant hi ne and

t hym di ne ; .concent r atq hypoxant hi ne and t hym di ne are
about 5 14 d"'idﬁ‘u'%”ﬂgér,‘éd%fe'mr e, thar?"‘uﬂjsbg'tsg‘]ﬁ /ﬁc}éﬁpw found in DVEM F12. [0078]
Addi t i onaCobadhgiterisiet s t hat may be GfiPddng/titecel | cul ture nmedi umincl ude, but
are not | \m ; i pcar b‘U‘@O‘?’ .carbon source (e.g., glucose),
and iron E%glmgﬁgﬁ?%%wégﬁe enbo |rren91€”,|t%§er um free medi um of the

i nvent i onSedHprmelgbdatritevdmtear boWaR18tmgdllitti nal concentration of between

bout 120 ; bout
5000 g/ rt" - Sef SRy, sdlifa Bilcber Gline FRED AP Mookt TRtch oBp, oo

: )
enmbodi merPoulsep gifar aae aﬁ@dggrﬁ'lﬁﬁminﬁéNheﬁ\)-e@itliaﬁﬁnQ:@M?Jii fallbelayyalavt BP€ ar bonat e
at a final concentration of 4400 ng/nmL. In one enbodi nent, serum free
medi um of the invention conprise glucose as a carbon source. |In another
enbodi ment, serum free medium of the invention conprise glucose at a final
concentration of between about 1 g/L to about 10 g/L, or about 2 g/L to
about 10 g/L, or about 3 g/L to about 8 g/L, or about 4 g/L to about 6 g/L,
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non-ani mal sources (e.g., Biological Industries Cat. No. 01-818-1, and
MIlipore Cat. No. 9701, respectively) nmay be utilized instead proteins
derived fwormew3em7mal source. In a specific enbodi ment pcalus2@miossabs deri ved
conponents are replaced by non-ani nal 9deri ved products with the exception
of chol esterol which may be a conponent of a chemcally defined lipid

m Xt ure. migidh Bhdldhglda® gFdvtk snditBihmaldYeonesnrdtiah @da¥ut BoRNp Bk allflt 6¥ed
products chol esterol 'may be fromthe wool of sheep |ocated In regions not
associ at &9-94 2K t&ﬂ?@ﬁt?rﬁi%agoﬁéérﬁgﬁ%élcudf‘r‘?@, ”_Eﬁﬂd'”ﬁﬁﬂt of Thﬁ'@\&ﬂ'“?'b i ons.
[0082] | 'anl"i’oo'%i?%6h1§)?i§eseé’fp@é1}yﬁr'ﬂHiuno@@ﬁﬁiﬂ?&hbﬁ%oﬂ?@bﬁ@‘tﬁé arhin® 2clVeRRLERR set
conprise all the conponents of the Medi V. SFM 110 nedium|listed in Table 3,
at the f Qi) in @GRRTBRRATSEIaCHISTIh iecpRiconsiliag ot PR 19 MRS fli 3-&rioed At ,

ser unsf r og; srRhbrOfradhént ithatesttdr 8Re ePRRDISEDRE SRNMEfath] Y of all the
conponents of the MediV SFM 110 nediumlisted in Table 3, at the final
concent r apd érll‘ghti'W@&E'@HQ"WWagt?anprﬁWStarﬁ‘é?m‘%éE'_ﬂfsﬁﬁueé\?ﬁéaﬁeﬁﬁﬁtfr}’”mﬁ‘&i V SFM
110 nedi gm@%%@ﬁdgm gHqQ IhRosoMIOg et snd 255 bed nidfurd Al Medt théredf S&irasrf r ee
nmedi um of the i nvention. Table 1. DMVEM F12 Medi um Formul ation6. 3.2 Bead to
Bead Traf¥ ? CORSOBYETPR. BFe WWIW'POW&%%%? A Jeiaiirrupegipauligr e

cul ti vat edmpsifglBReHcideelol 28t FEGHY Necs, 4, @, vhé Gndtdwsavpthagh. Adherent
surfaces on which tissue culture cells can he own _on i nclude but are not

: . : . r :
limt'8d _ﬂrBEnUQQH“??é’(‘,‘B CApANFInG amMpI rds\ R0 ISR &E%‘,O: BP_()PeiFﬁr PERIY IRAP f aces
(e. 9., fichibenrsdnt b thBHVeAtiGHOHeaRBNcHRRheAurdgRBEIPIs At kdf b ea@apgglcbnsaénta | arge
variety of commercially available mcrocarriers DEAE- Dext ran

. (e.g.,
m cr ocar MMEHNRAGRIAIN CRR ANg dNeofavy CRRIN ,'mWE?Q'%tPU"&qi'ﬁ%@%FR 2 gapETEERSEnt ow
Labor at olih@shodiéBulie dBaif Ok Yietfiod dptieBAyy@Er eembrsstsecsiétifg & ddithleex,
SoloH I'l, Ann Arbo care Life Science).

[, todex 1 and todex 3, GE Health
M crocar meé#“”bga’iﬁ'éh%Pé}ls%'?k'*?m%‘ﬂg'?Q {hﬁé“?dé%ggeé’lth HIEHNG fie MEEFBNs i n
di i’:lmatser f)ana hlﬁéirin@rtﬁ?/hfé@iumlziha&@ﬂ Stref wmea@r.@?md‘r?){( ;txa:d f@&f@%ﬂtja &fichalg! gat hI pgr
volume of cell culture. For exa a single ljter medi um can i ncl ude
or 6 hartlr" RiePIY i e MR B BB R e eua B oL 8000  squar e
cent i met ehdoniftodia st hagivhbise. The choice of adherent surface is determ ned
by the mathod.? utilized fgr t he cuk{si vation of.theeﬂonftumrJ.lgﬁnic MDCK
cel I's. [0084] TPAPERENEMSHHPHAIP Pravifies AN e lawid qell cyilug medi
concent r @bm@nsied: bet ween about 1 to about 4 g/L. In another enbodinent, the
mcrqgarrier is ysed at a concentration of between about 2 to about 3 g/L.
I n cgﬁt aiahOlétr?thﬂfliHﬁresrﬂy yfjf?éysé[%ﬂ’ture vessel (e.g. bioreactor) is seeded with
t he MDCK ageltl 155 paitdhgluetdd, ured at a seedi ng density of about 0.5 to about
2x1 05 cells/ gb IH a s[) cific enbodi nent, the seeding density is between
about 0. 7PPY 2B/ ter EQUS®INGe | s/, or between about 0.8 to about
1. 6><105 peedflapbniis.8 er0.dxt ween about 0.9 to about 1.4x1 05 cells/nL, or
bet ween 1.0 to about 1.2x1 05 cells/nL. Alternatively, the seeding
density e calculated on a per mcrocarrier basis. Accordingly, in
cert @s5n Svdndi biembsndtbeufferst ure vessel (e.g. bioreactor) is seeded with the
MDCK cells to.be cultured at a seeding density of about 10 to about 40
cel I s/ mi dP¥8AF¢ PP or of about 12 to about 38 cells/mcrocarrier,
cel | s/ m dNopesssemtat amoto aafdsabout 14 to about 36 cells/mcrocarrier, or of
about 16 40 aBout r§4 cel | ﬁ/n‘i crocarrier, or of about 18 to about 32
cel I s/ mi GSSREPIRRY W3 18¥" Bbout 20 to about 30 cells/microcarrier. [ 0085]
During t Heageredewsstsof subcul turing adherent cells (i.e., proliferating the
cell% e>§0§fndin the cell culture) the cells nust be transferred froma
conf I"Uent™" @BtSB t surface (e.g., flask surface, mcrocarrier, etc) onto a
new suppantansiog &cid ézedAvireneh dife adncamttaiiod ©f tercobmobénth ndest hyosad hiadio azidc h
cell transfer. For ex e, pr es., including trypsin, TrypLE and
col | agengéeeo,earﬁaa\‘/)prl%'muagggtr{dgeﬁgpft 5@8@?’% s fromflasks or mcrocarriers the
cel | s arelLagmnewashed i f desit2éd, mgfigerdi luted into a larger flask or into
a |larger yc .of mcrocarri i ning medium for expansion. This
process i}é%&%{ﬁ%}mnly referred %"rﬁ&ﬂt;egl itting" the culture and may be
quanti fi eb-histidinbe rati o of thel2ongflifenal culture to the final culture. For
exanple a; spld . atio of 1:8 ind s that 1 part of the original (e.g.,
10 m) cul’?%r‘éeutclnse' added to 7 péai%@ﬂt:efesh culture nedium (e.g., 70 nL) to
yield 80 nL. Alternatively, the nunber of cells in the original culture is
determ ned and the dilution is cal cul ated based on the desired seeding
density and volune of the final culture. It is preferable to use a
non- ani mal derived protease for such applications such as, TrypLE
(I'nvitrogen, Carlsbad, CA). Alternatively, in mcrocarrier cultures, after
the cells have detached fresh nedium and/or mcrocarrier beads may then be
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Phosphat e-Buf fered Sal i ne, Hank's Bal anced Salt Solution, Earle's Bal anced
Salt Solution. The process of washing the cells involves replacing a
portion owoablo/st7erhe medi um (growt h and/ or wash medi umpcwitsko®ossbs wash
medium (i.e., buffered salt solution)10 The process may be repeated nmultiple
times. Cenerally, the mcrocarrier beads are allowed to settle for a tine
(e.qg., 10pi&icfHe: m nutes) and tdjgeng/m@v\t h nmediumis renoved fromthe vessel.
OptionaIIX t he renoval of ne oma cell culture can be perforned
utilizi nglAF& ternating | ow t?erﬁg {eéngentl al flow device, see for exanple
U. S. 6, 544 Metdionihe certai n enbeh ﬁﬁgnt@, bet weenabout 50% t o about 90% of
the nmedi um gg wh and/ or was Q/ is renoved during the wash step. In
certain eht At'8®: t he medi I”i‘aépl aced with a volune of wash medi um
(i.e., buffieessingal t sol ution)aztdprgiitss | ess than, the sane, or greater
than, the volu of medi um that S rermved I n one enbodi ment, wash nedi um
i s added STYRIOPRHE t he resuItﬂr?géNa (itfe of cell culture is between about
25%to abgutrogtﬂé}% of the origigeahgmerking vol.ume of the cell culture. In a
specific Pdl ment, a wash ‘%t i.s added to about 40%to about 60% of
t he ori gi ﬁé(? "Nfor ki ng vol une of Eﬁ éiﬁt culture. In another specific
enbodi ment,alaningash nmedi um i s aglded/ter about 90% to about 100% of the
ori gi nal rkl ng. vol une of the cel) culture. In certain enbodinments, the
cells are \ﬁég?f@a "Bwo or nore t1HBEYM 0090] In certain enbodiments, the wash
nmedi um conpispses adidchel ati ng axgding/iédrel ati ng agents whi ch can be utilized
i ncl ude buyt re not limted taq t hyl enedi am netetraacetic acid (EDTA
Di et hyl engtql‘t r"f’é"bent aacet at ezg%f' }i Et hyl enebi s ( )
(oxyet hyl engirler i ni tril o"et raacrs;tmg/hml d (EGTA). In a specific enbodi nent,
the chel ating agent is EDTA. | cen, ai n enbodi nents, the wash nmedi um

onpri sesLtpﬁ(g "€hel ati ng agent é;i[ '®ncentration of between about 0.25 mM
to about 0Q-séhnet™M | n certain aheaylienbodi nents, the wash nmedi um conpri ses
R e
Concent r adoimpionerfts.ablotdover the phéseh i dertioh pravitesendud dun@atin whisk apel of the wash
medi um conprising .t he cqege}tl ng.agent i s bet ween about 7.6 and about 8. 4.
e s pecPpieSRA I Tafio o e v Re&HIRE tm conpr i s ng ¢ he
CEEI gtl ngt agetﬁbr emnbﬂe vtbepreabmumve?m&t [amdldabeumuua cf]lrt]urbrmaiml ! bmduseleWéi o
enbodinen r|S|n e chelatin is
et wedn dbes soBbustee BBSITTY A P aGaRLT b aros N e e U 8T 5 ng a
chel at i ngabage3°Ct whiah a@dium:ud)mpnrsesmﬁPEﬂ tsediuinigcpbbrate bifeers, erwgammgaltsel I

Co 1 oo R R St e R B eI B R AIE BN mudtfarfi o o o

i s adj ustwerdch dndsetot\e@nprmduglutbnﬁn@,mdtlmbMt atirdycotiss oremoheal;dedfdader addl tion

2 col | carrrPEons: W GRSRE i g i ieiprsBaf rﬁ‘)%nqhg?f'gqe""gﬁd' chel hting Bgent

IS adﬁ&mtmdtuhoglbmlmamd heeloyitham Bnraucbgidboilin, tGaZeII dsnsﬁe@ﬁebbutafa -2X 18ddi ti on

o of o G arp e iR S Elogct bbb i ARG prFu ROV WRE . ng

agent is cmdpmedietblym‘tdneﬂiﬂemumbomt 7.9 and about 8 1 as needed, after

addi tion [0092] In certain

enbodi nensg)& h(/{ﬂ% ceI I%%]Ie&}téalﬂgn SF&%OU?%%% e(r? the addition of the wash
medi um caandr eRgiongliyv, e amm adid fegdatgerﬂm thedcopeérdration obihe zdoippnenaibddenidty st ep
and/ of { N AhbIaBR 10La AoRiRlSiARGely Mkl An@bidae cul ture may take pl ace
u5|ng mean ncl udi ng bu hot Iimt to, stirring,
shaki ng, Lcﬂrgmunag and t he |i kB6.4img/liteit e and duration of agitation is

det er m ned_by, the vol ume of t t he conponents of the wash nedi um
and the t;ﬂ/pég tbrﬁe'cel s in the hﬁ‘iﬁ;'acuallljture In certain enbodi nents, the cell
culture itf‘étyidtn&t ed at a sim I‘b?rmg/%ktee as that used for propagation of the
cells. Ing Jr%_[ cirfgrbodi nent s, o L culture is agitated at a higher rate
t han t hat use 1 or propagat i on ort11 e cells. Wen a higher agitation rate
is used thdeyde is increased %”e'm/étﬂﬁ about 10%to about 90% or between
about ZOWt%reg)out 80% or betyflelﬁb%bout 30% to about 70% or between about
40% to about 65% In a specific enfbodiment, the agitation rate used is
between about 40%to about 65% In some embodi ments the cel| culture is

i ncubated with the chelating agent prior to the addition of protease with
sufficient agitation to keep the majority of the mcrocarriers from
settling to the bottomof the culture vessel. In certain enbodi nents, the
cell culture is agitated for between about 5 m nutes to about 60 m nutes.
In a speC|f|c enbodi nent the cell cuIture i's agltated for about 20 to
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transfer. Methods of effecting bead to bead transfer which reduce or even
elimnate the need for washing procedures include but are not limted to

t he met hooessmpbisli ed i n the Exanples at Section 8.5. PoTaseeosdias, the
inventors have determned that pretredtnent with a chelating agent (e.g.,
EDTA) prior to protease treatnment can elimnate the need to renove the

gr owt h nmediMetaindineash t he cel | '%.2 mg/ligetdi t1 on, by suppl enmenting the fresh
media wt ifional nmedia c ts (e.g., divalent cations and/or trace
el enent s) Eipﬁgﬁéélﬁﬁngb need to%\rf\%ﬁaﬁ{éﬁe cell s post protease treatnent.

[ 0095] I nLslkreenieebodi nents, bedd tng/liad transfer is facilitated by the
addi tion of .ating agent gy ly to the cell culture (i.e., wthout
washi ng tﬁ-etrygteolf)P%. prior to thfea'% @?“’ltt%'/ron a protease (e.g., TrypLE).

Chel at i nglLdgesitg: whi ch can be 3&tmplliieed i n t he net hods have been descri bed
above. In > enbodi nent the c kg agent is capable of chelating

di val ent (lfgjtaﬁrbehs (e.g., Ca2+ a‘{r}? %5'—%}9 . I'n a specific enbodi nent, the

chel at i nglLadperite:i s EDTA. | n sodvenmgiiberdi ments the chel ati ng agent is added
to the cell re at a final tration of between 0.5 MMto 5 nM or
bet ween a baﬁ’?é%lb ®™M to about ?ﬁrﬁ‘%%gr bet ween about 0.5 mMto about 3 MM
or bet weeh-aapartit a6id5 mM t o aboilf6 thgfidér or bet weenabout 0.5 nmMto about 1.5
niM or bet . t 0.5 NVt 1 rnM or between about 1mMto about
5 nmVM or g%ﬁ@ﬁ about 1.5 nmM .J?E-@gftjr 5 mMM or between about 2.0 MMto
about 5 nWjlycowe: bet ween about 31Omgftitero about 5 nM or between about 4.0 nM
to about ? or between abouzt3 r%g}metro about 2 MM In a specific

enbodi ment’, € chelating agent is added to the cell culture at a final
concent r atiseringf about 2 nM Altmg/litehe addition of the chelating agent the
cell cul tyr : i ri 5] i 1

addi 1 on Graposh T8 opPacrihy RakRS: bk oBoiths RAPpolsf alihetulsrighf o
wi t h t he feéas whdreig theyeoncenisatiop of iecsomaipnants @ddechby seidbopnlement fegds, arer

bet ween : ' nn, or between about 0 mn to about 60
mn, or g%?m%xgﬁatg%gﬁsgoﬁfngﬁhtb%%%nout 30 min, or between about 30 mn to
about 120 Spilinm selerfifet ween about 60.0##26 mg/litdhout 120 min, or between about
90 min to .mn, or betwe O mn to about 90 m n, or about
60 mn pr ﬁgrgr(ﬁﬁ%s@ e addition of p?’g?gm&efn certain enbodi nents, the cell
culture i &dagpsrted after the addi?.borg/der t he chel ati ng agent and prior to
t he additi of. a protease. Means nd duration of agitation, have
been desclrc'?}@%@é'above and may be o%%'lé?nrkglzfgraby one of skill in the art

Wi t hout ufrd@BosiRgieri mentation. | nTabsp@defi c enbodi ment the cell culture is
i ncubat ed jpy#R- t he chel ating agent; gri et © the addition of protease with
sufficient agitation to keep the majority of the mcrocarriers from
settling typexpatiyesit om of the cul fUBeng/esel . [0096] Prior to the addition
of the prot&aspet he pH of the chekaged, el ! culture may adjusted, for
exanple, to the optimumpH for the protease. In a specific enbodi ment the
pH i s adj kstreithineoHBkt ween about 7286adlitabout 8. 2. Prot eases which may be
utilized afdygr pretreatnment with goghel@ti ng agent have been detail ed
above. I n sone enbodi nents, the final concentration of protease added to
the cel |l &lavindenireldipugedider eat nBRP M@/liter a chel ati ng agent is between
about 0. 1X.fopgfout 0.0125X, or bgguggmeabout 0.1X to about 0.0125 X, or
bet ween about 0.1X to about 0.025, or between about 0.1X to about 0.05 X
or bet weehiPISAA:0. | X t o about 0.078 mg/litet bet ween about 0.075X to about

0. 0125X, @adpet ween about 0. 05X t 91 abqlte©. 0125X, or between about 0.025X
to about 0.0125X, or between about 0.0/7/5X to about 0.025X. In other

enbodi menf¥ridene HEkhal concent rat 86188 pr ot ease added to the cell culture
after prerigghatipent wth a chel atygg wgeet i s about 0.09X, or about 0.08X
or about 0.07X, or about 0.06X or about 0.05X, or about 0.04X or about

0. 02X, whdp@ming Fepresents the fi MaMIR ki ng concentration after dilution
of a concembmated stock of proteaggréemdliter @ Protease supplied as a 10X
stock). The duration of protease treatpent can be determ ned by nonitoring
cel | det adHa®itBld may vary depeﬁ&i'ﬂ%{"t@h t he concentration of protease
used. Met lopdend Ofilofid@i tori ng cel | sglethagieent are known in the art and

i ncl ude m croscopi cexam nation of the cell culture. Once the cells have
detached the protease nmay be inactivated (e.g. , by the addition of a
protease inhibitor such as |inma bean trypsin inhibitor) as needed, and
fresh medium and/or mcrocarrier beads may then be added to the culture. In
sonme enbodi ments, the protease treated culture is transferred to a | arger
culture vessel before, during or after the addition of fresh nmedi um and/ or
m crocarriers. [0097] To facilitate reattachnent and cell growh after
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not limted to, the choice of adherent surface, cell density, tenperature,
CO concentration, nmethod of cultivation, agitation rates, dissolved oxygen
content awmd2pt/03pB100] It is specifically contenpl ated wPhatustéve/ossibi ur e
conditions may be adapted in a nunber12of ways to optim ze the growth of
MDCK cells (e.g., non-tunorigenic MDCK cells). Such adaptations may al so

result in increase~jin the produgtion.of viral material (e.g., virus), as
SR Eariely

descri bed, SV in US Pat Srl i cation Publication No. 2005/01
18698. Al tieosiat:i vel y, the cul ture7&dndjltteons nay be adapted to optinize the
producti on of.dvapci ne materi al fr?@m K. cells without regard for the
grow h of PW&' C& 1's. These cul tur &e®fGhdrti ons include but are not |inited

t o adher eRutrssgirfea®€Cl: cel | densi t y0.4tnegriter at ure, CO concentrati on, nethod of
cul tivatigp i | ved oxygen con pH. [0101] In one enbodi nent,
MDCK cel | Er ggtgefoﬁj%hon-turmri geni 06'%%@'2 I Ss) are cultivated at a CO2
concent r aDi@aicioi Rentdtearste:1% or 23.8atg/liteast 2% or of at |east 3% or of
at | east %S or i(r)]f,at | east 5% 0§1?r$1 @[erleast 6% or of at least 7% or of
at |east 8% 3FY0F at Ieast 9% of © ¢ | east 10% or of at |east 20%
[0102] | nLenginenbodi ment the di ssdlGmd/litxygen (DO concentration (pqg 2

value) is a t ageously reqgul ate L. the cultivation of MDCK and is in
t he rangeLf'S?O\(geﬁL]Qg%) and 100%(basedg%&;r%9{|1'e{’égair saturation), or between 10%

and 60% LwysteppdtClfi c enbodi nent 22smglitessol ved oxygen (DO concentration
(pg 2 value) is at |east 10% or 20% or at |east 30% or at |east
50% or a (?%ueclia@ét 60% In a speci f?%? @ﬁ@?&i ment, the DO concentration is

mai nt ai ned-tliecliodo | n a particul at6emgdtirnent, the DO is flowed down to 50%
and then pgj ntajined at that |evel s for maintaining DO | evels

i nclude, o rg%)@%ﬁpl e, sparging w %%é\%é;r“geqoxygen. [0103] As agitation of cell
cul tures genginiakl y, and spargi ng 186 pafitarcul ar may resulting in foamng, in
certain e ' g, an anti-foam nt is added to a cell culture to
reduce fogir)aﬁ%ﬁbgﬁ@%\%'?i - f oam ng ageg]tiggﬁglg%ul for manmalian cell culture are
are readi hylwanigiasisd from a nunbeit2®fgditammrer ci al sources i ncl uding, for
agonts | nSEHE o0t are mot 1 m ted T foam C Emulston, and, o
FoamAway ( Lfystidine a specific errbodﬂZfemb/,Iiteﬁnti foam C Emul sion is added to the
culture at_ - about 10 ppmt 1000 ppm or at between about 25
ppmto ab%uﬁab@ﬁﬁgpm or between g%%ﬁgmg% ppmto about 500 ppm or between
about 75 pgrptoghabout 250 ppm or 9bewiléesn about 50 ppmto about 150 ppm In
fui co. 5 dey s “once. a day. o ?vg%f%ﬁ%ir' day. In of her embodi ment s, the
ant i - f oam-rifjeny@aninges added t o t h&’cmdtlitare nmedi um prior to the addition of
MDCK cel | .,4[;0104] 1 n anot her enmbggh nept.,. the pH of the culture nedi um used
for the culvtal[l_vati on of the non-tun%&rﬁge?nﬁrc MDCK cells is regul ated during
cul turinglesedné:s in the range froR®QpmHgoditet to pH 8.0, or in the range from
pH 6.8 to & hosbiatd nipegidid-¢ esdodippt, the pH of the culture nmediumis
at about ngiu or og% agout g é or at g@gutr 6.8, or at about 7.0, or at
about 7.2Zingisuligteabout 7.4, or at 18Bo/liter 6, or at about 7.8, or at |east
8.0. In ampgfit sqishear enbodi ment theopihpfiitdhe cul ture mediumis about 7. 4.
[0105] In a further eqr;?ﬁodl ment , I\/@DSE@%B?I I?Hfare cultured in a serumfree
medi um of AMHRONIYD¥ARAAse at a t enp@: @Bggter2s5 Cto 39 C It is

dependi ng on R Cee desi ed. o Rar mee P e nont umer i gen; ¢ NDCK

cel I's nay Nigke{gigpriogthexahydpate;  or 0.9P84 MOditedt i on of the cells and at a | ower

t enper at Uisg iR MolybdaRe Befiyrirate: ©) 01ob ™ mbMeerpr oduction of vaccine materi al
(e.g., virus). In another enbodinent, thé cells are cultured at a

t enper at urd@dofuringss!l greadh.Fulding ghicose tq 18 naditum when glucese lgrels Eddetaan 32 C,

or Of_ | esgpotiheB gﬂi?er%nd%"ddfﬁf; Lkﬁ@tém‘ir{@%@rﬂb@ufa%iné ReeR A AR fi5yacci ne
material. I n another enmbodinent, the cells are cultured at a tenperature of

30 C, or Ba/liter apf dgpngcelgrowty reainiginingOrcqnseniiation @ gbrid 0%y Phifat faeite
mat eri al .+ 0 02an8 Re6prhtereARPELIBER C £ DB CalHSiALEl @iabatnzri@@bcﬁ.& 6@%lgpnper at ure
of 33 2 Cfor the Eroductlon of vaccine material. [0106] In certain

enbodinerP¥er Mhek cebrfinen; af the vgpian. e ltue MeRivP elyaegingst cils whieh

i nvent i orconfpride aiviebtoEBnotRIFGRIn dNiBE@AGMtigérebilding MagfiehCtheleBgloptidtegy, gl ass
or stainless steel reusable bioreactors) and one or nore paraneters

sel ected fromthe group consisting of tenperature, agitation rate, pH,

di ssol ved oxygen (DO), O and CO flow rate, are nonitoredand/ or controlled.
In one enbodi nent, the tenperature is nmaintained at between about 30C to
about 42C, or between about 33C to about 39C, or between about 35C to about
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[0110] In a specific enbodinent, cells are cultured before infection wth a
cel |l associ ated virus described herein to achieve a certain total viable
cell counwo 2bmvo3ereanpl e, Vera cells may be cultured in YETRRM®OPHILeent ed
Wi th 4nM L- gl utam ne and 1% CDLC) at ®Bpproxi mately 37C and total viable
cell counts and cell viability is neasured. In a specific enbodinent, cells

are inf eq&r%ﬂeIthet déﬂ|sbcréfe‘éIth|B<b(glbr\ﬂa’gbhEnmeﬂﬂtr%brﬁailmrﬁi rﬁoaewrrage ivaabl e cel |
count |S achnl ev an aver age | a e cou

ol ety S of 2 RkRAR s SRR oD ZoBufibasly o Boeringiag achi eved
before t h@gﬁﬁnt theadof tHah biaes epieolﬁo‘ahly @ IGEHR; ags atieadiethevdntibsdyl@<eaghieat

hereln such Vla ce

R R T A R R e R I
14 celd s/memBeresetttddfren wesg@elp esnsistiag uf SHQUBINGS: 1€3.66, 13, 21 ¥hd 2€Idr acount er,

[ hi i nfecte I t d
teser | bed LR, TR e A BaTTEnks Wbrt S, anove St b Ruioddtime o
appr oxi rrairelnycohmsm@&ncwmmcsétid ssqt&m:aIseIecked\fmasteb,grcampcro@mlsnmg &ISEGIX 106

Iy | |
Cossel | NS AV Mrani 2508 4 maBEE BBl heredrst olf frfere, EORST G o
using, e.whereia thé arttidolly oofumjrednt compeasds lght clieh biiraueg]idtaliacempndigraraiow t h

| t i h
i aoi 10 G e OO Rkl 97 ST B fRIR Py Sed) ™ 7
aplolr o;<it medreihy a6||d£x 20387 o0& BESY 1D G uorcdl tnw:heemmént o&ﬂwm\ﬁnﬂi’aﬂ] eh@'hglt}t;( 109

S is ue CU ur VeSS roxi nat e X C | S e Ccu ur e
vessol . ¢ pUfiTR fhke 2B HIRPRERD S Juthuledle fip shobiR e Skt b, o
using, e.dhain IHII’T\ﬂnogbbUHI’CIGIUIﬂtGdI’tQ algananaummestahtermmwoglebdnm Ghiain. Furf@(ahﬁxbb wth

a cell- asgoc at.ed r des ed h ’ | t

i nfection rﬁ\ﬂq)th‘? Wgﬁlt Cgls%ﬁq lISﬁ‘I% vgatofgﬁ%odmgp% QISBIT"I egﬁﬁggb%yc%l s is
used to ianftigen- bmdlnbsfragmnathem@twhemrem’e(adhbmiyto,r fragivEht i9 beapted dnto ithet el y
00001toa roxi nat el roxinat gl ..005, i ed to

i nfect the @gl I)sfrl1 gest PX%'mI?%LOfa[gl H].V)é%'th%% ﬁ]eyq?gt Ceq' Vabd?ﬁgrﬁ%?étaéqs\/bg'sltgwer

appr oxi nmedrelor whe@0 tell gropitoxasabededed f@ROSUDT4- acpdaysxergata@byt 1 @6,/8baus used

appr oxi el 1ot SR alR 7 Eegh ceophbr F B R IR HL BBy A .

appr oxi rmabeiuyZOd@[s Asow 2ediay® abnfitedd dayiser ebdut4diags) lgedylventifuginglthe yet

anot t p I 5,

appr o e gt s allenthurR G5BT hedin FOE MRS et e

descri bedaII;redmtImﬂIteIrad and;/pefdiefectthecmlgbm 2 ntigrom filkdD) fooéxapme,cafﬁerrat ely 0.01 of
r A2cp248/ fect | S. : | - L at ed
Virus-i nf%gﬁﬁ%é)agﬁ ﬁwd@??ﬂﬁ% gj%fwgﬁ%?%grﬁ%so% ”5)‘%)&%” lglﬁem%éﬁ] eﬁag%qggggeﬁd
under confdith fbone f(nemsgpart oighp ereseotrisyenfOn cepadilessxidhe pnodegsHy whictt thar e
appropri r qchosen and result in optimal yields of virus
titer. F%%Q@ W%S%t@ﬁ& Mr?@s infected wwth a RSV, such as

r A2cpZ48/ 404/ mwrwt inveijtiohelsorrravdesa vesseBeAMSpaNi a bimtedciomatenkvi t r ogen

Corp., : te gly d at
appy oxi ey SF o Heg B B Eelsbile bigtlader Tt AT ACHBRACLEABIEbES, B 1
har vest edcolumn Q'@macmwmllrﬂémlereaﬂskm flvicizaddrbddidreactore oga pa¢k@d-biedf ect ed Ver a
cells) ar NeXl ays before the virus is
har vest e O'lleﬁ&g n&ﬂ%ﬁﬁul%ﬁ%@%k&ﬁpe \elé%%eog cells are incubated for
approximately 8 days preferably approxinmately 9 days, approxinmately 10
days, g@pproxi mately 11 day WtigRi! before the virus is
harves(?ed [0113] Cell-a DetilledDesct t' R ke e ﬁs descri bed herein can
be cul tured |an@rWe?eeintQIQFéIC@tmntl0¢|edQﬁeI§Q@EISSR$1WmIQ§>dMIﬁeodbrpﬁcykﬁelg anii-the art.
In sonme g t I red
n 775 £1aakL Mot Hemiyafor &1 266PE: SHEACHrenS Holoh SDRERAS TR Brdebeet o
vi rus- i nf@etrenlinceyarstyefdiaeaaterasdurersysterist ineluding stired tani bioreastors.bagiandr or
5 liter tdl%&@bl@‘ﬂldré'écﬁo%eéﬁedh%ke I‘Iﬁ'sk% STIPI@@I'eI/éI% smage'ﬁdﬁed%eesg%ms on
cell-associated virusinfected cells are cultured in at [east 40 500 i
wor ki ¥Ry vOIERAS. Adikar Of alprt {123l of antipodyaed fickltusaspeRifipsRTedugtiviy of about 22
cel | - assogd/adipshyV 'Thla'serIH%éé‘d e%déeé I@Id@r@n Q\Iérég%b’ ed.térrbf ab&utlzl 3 6L aht.eowe

r .

cul ture vessel, "such as a rolle her enbodi nents,

cel | - assoWifh éEIEQIfICrREQdLIQHY'B’ch@BO'éteIQ F!Q’%ﬁ“é’aé’ulBPUI RIgcesseq pvplve éhre adi’ﬁ'oﬂlof er, 20
liter or 25 liter tissue culture vessels. In other enbodi nents, the

cell -associated virus-infected cells are cultured in 50 liter, 75 liter or
100 liter tissue culture vessels. In other enbodi nents, the cell-associ at ed
virus-infected cells are cultured in 250 liter, 500 liter or 1000 liter
tlssue culture vessels The tlssue culture vessels that may be used lnclude
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exanple, U S. Patent Publication Nos. 2004/0241 139 and 2004/ 0253273. In
certain enbodi nents, the nmethod is used to produce col d-adapted, and/or

t enper at Wwe 288msst7ve, and/ or attenuated influenza viruees/usp@nidicd n a
speci fic enbodi nent, the influenza virxuses are produced to a peak viral
titer logio TClDso/nL and/or logio FFU nL of at |east about 8.0. In other
enbodi merdpscifit b@dlerﬁénlemztae\o'rddwsmt taoeapﬂooduumeeiemter aripreta knoculadbn bi dsin- | ogi o
TCl D50/ nL__and/ of at of ,at 8.2,

of at | edupikgsdfedsd inprdzie ollid SGoqtciphu R el slom e Shg Bliyy S Babyc;

8.6, or dordie leedStprBcess, tbreecfupplenledssire &d8ed-aheatfandtor beﬁﬁydr&y&tes)r of at

| t 9.0 011 | t nb di | t ed
s adher dMTRUFTS 4T S et 1T EhanibTan LoD FieafrsB Gl tpedif ° ©
non-t lﬂmr;irg@mnthDEImerebttshyeimly@tes Qrtiod 56\eataysatscad g iteslf areaypically |l n

consi ot TOBH RECU R oI D RBESTISIR 8680 PR TSI Pick GBS 2¢ARIBS05

PTA- 7909 aeddﬂﬁ'd%?ébés&)e cmﬁﬂude Biomaps ahd hereabe groasssttier/ odnoeairdted viBinsineact or s

and net hods, u . for I|fe tin herent ¢ S h en descri bed

oo (el Rptiad Ritafisidnieidss SsbediaShbite Sl whRlR S ek ool | <

are prol itdi@nassed mltammfaddttGOIGMn melhdes fdvieixhogle, biotin mr@gesfeeom inmgitol,

non eren%{30 x@e @ kn wnin thedar S \s/eethfor ex%n&?e U. S. Patent
6,455, 2G5 AXFa ORI YBB’H '8e: éBﬂ'&uaP'i o RO B thiANIng, GOMEs h) o

terrper at Letleanoﬂaagjmhe,tfoltunatcatﬂeylnpéﬂ;d \mtqrrﬂq BCX2 concentration, and cell seeding

densLt, are desplibedghi Aohat TN ARSI, Sofy AN AT

adher ent @akérdrated mtsenttsoletion/meelnt taed) e’ ‘outriehifeedribcdudesefobesamplat s of

t he net ho h i .0

concent ra%hn%gﬁg erfg%a(?aoqngtsté’ﬁésteb%mrgnﬁhﬁm f%“&?@gn‘éo aﬁ%Hlt%Bdgﬁ kSlre t he

cel | stér edlmteQWeatlredwldmdel agd malngamesng:hmmleﬁ«:an beddeeq)praor(tcsemc&iem s 6. 3.2

and 6.3.3 [tal re proliferated to a
cell ens%n['n S Ce% %e%dg%?g% ngs.t%gr? u?e @gb'ﬁ}XOG Al ternatively, or

opt i pnal ly t hén RMDHOrG @h Ilrspmcesqwetnﬂmla‘aley stmﬁe(toﬂ@f) 580 seDsm)es optbrafly empeyedhe

o B A L T S R

can, for mdaxmphmrobee (ascnartfcmttmmuc@rdrol fortiwe diOredalps), Toe osowolaltytshiflds days, or

for r. for about
3 togzct)ou% @8%% g °P‘{632%f%%tﬁ3 gté' al F?16(3'ef Lﬁ:ﬁv'lysan% 'ﬁ]gpd’vgrum%ﬁ;el%qln%dl umis
an enri ch‘édtteem@rm am meprnmsuema@'auesdowrmm fremeabout 3&°€ t88¢TC t3B3FC, ). I n
one enbo hydrolysate a

i i d Sugaé{mﬂ&p(thQ?té&%btn%é étﬁtﬁ{é"’ﬁ% Mg‘a%%odr ?bl@g]&f@o'[h ey Y e o um
conponent sel dor 8w furpeses lofthgrvegent onemtion Hrgtemt pruproesm mefersdman@verdi ds,
vitam ns, S| Fan

ser umfrec()e"fcraneEr t?rittm(]: ﬁfgﬂgfsglgﬂjg‘?ﬁg%ggﬁ%%%ﬁc{n@@g t he %/t?gﬂ@%glﬂﬁ&e(g “redi um
| i st eb i nofTelis exp@nded fer expenpief far agndsiel ¢edipank phworkimgeell bade. medi um consi st s
essentially of f in
Tab 6 5. 1h anbireeds SATRRGETIGeRto Hooliethfe Al yilth FRALHMALENE C o
t he conpoamean @ntlbDQY@blaﬂtfﬁé?{ﬂ‘lB @tigody) litofhensdlatedncent rat| ons indicated. In
certain enbodi i’ ErEodf al
concentration %Ff%;gorﬁb%f%g ;Jllfﬁrfal %?e(; er nﬁggpl%ﬁt%gm?lhg&g%rﬁa%&}fo?'rneﬁlgpnedl um
conpri seslng¢uﬁi@9@fatpr%duptlfpfatte”cmﬁer@ntratl on of about 9.0 g/L. [0121]

I nfl ugnza vir | ude,
but a% not | ﬁ??\é‘é‘@ﬂ[og@s&ﬁtooggﬁ Hgﬁgrﬁ\%@tg (\gfeée‘r%ﬁqcigg?rrﬁ@ldﬁ h%?h?g 5?seeldags
Secti ons tGabthgsteck SV')Jtlonﬂﬁé’"@Eﬁ@QMﬂ/behGn adgledtte theeculitige dFor exampleca 5®ke cel | s
(referre y asured as the nunber of
Vi rus adgseg&péﬁit@grﬁ @&”ﬁﬂgd'é%%’?ngg%gé?@t‘gﬁé‘?t he multiplicity of
infection, or MJ). In sone enbodinents, the infection of the cells with
virus is carried out usi ng a viral inmété f about 0.00001 FFU cell to about
10 FFU cel |, or about 0.00001 FFU cell to about 1 FFU cell, or about

0. 000981 FFU cellhe Rrecespetel toe preseuyivvantion ieluge sieps whetipiariomsifeassiare o about

0. 001 FFUdRllte ah fhitidfhafiadh raelmt;rommhﬁaeumﬁecmeee f&ddsGRldde Hwtdt/suterfeédl S
carried out usi ngfpa viral input of about 00001 FFU cell to about 0001

FFU cel |, Vigmin{pailieed. %0@§C'¢m%@d|mtr@né&@at Depending prtheciups of qel calttgeecu fic
enbodi rrent the infection of the cells with virus is carried out using a

vi ral input of between 0.00001 FFU/ cell to 0.00005 FFU cell. In another
speci fic enbodi ment, the infection of the cells with virus is carried out
using a viral input of between 0.0001 FFU cell to 0.0005 FFU cell. The
foIIovu ng forrrula may be used to determ ne the ~anount of V|rus to add:
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antigen can be detected. In one enbodinent, after infection the cells are
cultured at a tenperature of between 30C and 37C. In certain enbodi nents,
after infwotzomwm3edeth viruses the cells are cultured at acraspewassice of
| ess then 39C, or less than 38C, or I®ss than 37C, or |less than 36C, or
| ess than 35C, or less than 34C, or less than 33C, or less than 32C, or

| ess t haprotb6s b&ihg LE&S thdelel 3 rocebB@r €18 driiahbdl BrbcddietteTeadsimaly b&hldedat
beI ow SSC in particular in the tenperature ranges indicated

terrperaturgz{
above, | BhH4etEH PHRIShr oducti on of hi gher yields of certain influenza

vi ruses, suchTtas: |n|f|élrm@?(rarﬁlidrﬁcd3 gdwiaimedifriedan 8 ghy, of@e&ralFt_a;b@"ﬁf aBuéddscat i on
the culturi of the

2006/ 0153 Furth t | t
Cenper at AR (TSR St skt pearia of DI eme WEHERSTERaN PVD BHBRY at ur o
sensi bi vcpracmd)rcér@darrartred/ §HilSiheled art. nEkaJﬁﬂSléﬁln‘tluﬁuEX CELL ACFOIN-H@deaIned t hat

ts/ca viruses enuate r t
tol 1 e ur SRR S CaiE oBh ARG st bopt LAMEME BT, EE Nt o
or gf |eMxttr$@RP}B/H®ﬂede 0640, es+2 Nbﬁranﬁ\'ﬁil(itur@rMeﬁrud'rfess Eéﬁs&@’lfRﬂMl&h% .
producti on ts/ca inf]uenza strains. In a .specific 0 the cells
Bre cul t OF éscpm&iﬂﬁtauf%rsrarﬁ% EagiF's THRRES etreEid B THE M ensa vi 1 us
B strai n%omlpﬂs@ll Atgimne hioctidriaedi 2 rig/), afCyeting BHEC(31ong/) NeHisatihe ar e

red at a te In cert di ments, the

el brnbRER RS Y el s e el iel e Mg LTl on: per od

to ?I‘ gdumdﬁ)uhlbﬁdﬁ Hsyngbdsmefmmma@m rﬁg’()hL-&Ser%lléImn?].@ @ay%/r) Dﬂ'hfth!n@m@abl y 3
to a n_one. e i nent t t ho e ingcubatin
of the Zéﬁq/g L(grygt?p}r § rEg/@alr Ty@ﬁ'n&rhbaa Iﬁ‘ge@/d ager(% 6 LA gin Al(qéays, o?
5hdays Oﬁg/a,fctlﬁﬂrnécﬂaydie (10mg/V) U@acraﬁtpe_htolth‘e‘nete_t(lmﬁg/l)lFFt%IrotAhEir 1fmﬂlggl Eent S
the incu te ), i.s_carr. out, . for 0 ours
after inf % %ﬁge ﬁmgll)sg) %%gﬁhygﬁ%%ﬁﬁ@r@ 9?'?15?93‘&185915@9’@%*{'?{8 "Bell's
(st ep5( c)hydicshloade {1edgbukinbsitol (doagt), €8lctuen Gblotide [CaChy) Garydf) {200 maf)ect i on.
0127] | { t h | b
noubat e e SRR RASTCR PPl (2P aBe poesSy P SR Bl B o Fon

rate, pH, Sqd@n?BmfbmateQ@aH@@@ﬁ(ﬂQﬁ@mgﬂn S@ldrdmoChlendq:)arm‘r)e(lﬁeO@ maylle Snsalunt ai ned

embod nert CoPHETREpRETe (T ERE FeGh P B8 ruche (RaBEh (Bagmahimy,

har vest i ithehbleRexl{10ungdl).medi um cont ai ni ng the replicat ed virus {i.e. the

cul Yo o0 Uil oS BBk e KN o DR BB RIS,
as the "\W-Cgdtinbd96/egtl); |- Cﬁl@tia@ﬁﬂe (IBr'riOmgéI) embretltdmmhwram‘ryorrdedﬂmaﬁsrn@’ls; ltilized

o TR 0 5 0 0 P VB BB 5 O

or alter rmethrrberlny (6@ rhng/l)quthhenelalaienheujm&mgﬂ)aLrT hr@nir‘rm€(192p19/l):di.tﬁ¢pt0phrams(40an be

e for Qi SFioRls BBull O8N RIaB B, | VBRI mbh CERSPEHREY, °C. e

el i ma%at e(4tmw) tD-Ralciveedadothenadte (4 mgd) bobr Acie (45 mga), Nra;:rr]@rmlaber (4=tr0g/har vest. In

[0130] 11 SROQT Aot eyl b YREn 0 LA KRS AlparBe 4 BB "

addi t i on lodsital (@mgferﬁ)alaummmdee(ﬁaﬂhaz(amﬂydrg(%ﬁtmgibtFdrrlanttreltb to a sucrose

of about SR LDty B AEE RugsPs PR Dog . (ST L5017

viral harGhegride (KG)3890 mg/laRodiber Bisgroondte (N&mGQg)i(BEM MgA)t §pdlorfn Cﬁwrwlest i ng

t he | t r
puri ﬁécagpgnﬁgﬁgtbﬁme'ﬁgg %5 cat ggg%}%ra:ij{@éhg%ts yégﬁ%tﬁd' Ikﬁof?&r nagﬂ)%g angentr al
fl ow (ATRlueese (Déxttwetl(grﬁ)ﬁﬂm% the cul ture medium containing the replicated

Uhe pur 11 ca Tonldfeaf 188 P SomiledtyBhE ft b2 L AR ol Lt o Pa
[0132] THsppragier(60 imafsitAspartiorasid @@sng/bdu§vsfmm2+r&|$65 og/l}, heSlptamid Adait i on

f i b

Cepl i car a3° MgNERpLihélsob'nich L EISERS LA mah), T BRloBRIRD B0 RN D0
bo usH tleolpuing GOvTghdebetiona bR aiaiiekysore hvemetlorde (40mpd. Listioning but
not |im tedq iy, LthWB?‘rQlaijdnmeo(Hgﬂ If’r‘ohﬁé)&fﬂo%éll)cl?!sbrnlré (3@% IR LgThreMﬁFr‘e5 and

W - 38), hunan retlno | astoma ce Pq'lnes hunan ey c é 11 nes g.

PER. C6 arld0 p@d), L-Fraptapham@gng/) rluﬁgroe@ra|dlsropwessadtéie@ydratq4292r)gﬂ)Aﬂ/altf\gn gr een
nmonkey kidney cell lines (e.g., Vera), and canine kidney cell lines (e.g.
MDCK). The purification nethods of the invention give a high overal
recovery of virus, in particular live virus and result in |levels of host
cell DNA (HCD), host cell protein (HCP) and non-specific endonucl ease (e.g.
Benzonase) mhrch are beIOM/the specrfrcatrons requrred by regulatory



exenplified in the Exanple provided in Section 8.6. [0137] In certain
enbodi nents, at |east about 50% or at |east about 60% or at |east about
70% or awolemaisemhbout 80% of the HCD present in the purciusdoogiossises i s

| ess than about 1000 base pairs (bp) ¥6n |l ength. In a specific enbodi nent,
at | east about 80% of the HCD present in the purified viruses is |ess than
about 10QQo)Bictin (0.2 e/ . CHalln@bsibhey (33pg0 DiGalsurh pdhiseehatea0@Stm@N% it t he

HCD present jn the purified, vir s i,s less than about 1000 bp in | ength.
ot her Al Behai B e AR A DAY M biO B or o
| east aboiytirdeffArid® (1 @G/, Rastlavad (U2 mEAYLThmiad hydedioradequtmBMiinid Be2 HCD

Cpeciti o GoBBEdiv o0 (bl Haidim B AR Rk Lo P MEdESHim 1 7 S

viruses isulfaes@gstan(aahau} (4302 thg/l)i RotaesighChidrR3RT!) (400, Sotiodi nent s,

the purified viru ri seJess an a / dJose, or |ess

t hen aboﬁ'cﬁbwtﬁ@i@&&@wﬁ“@@s SPﬁ'EW é’g%ﬁe @P% (Mgbg,gog'f‘ml ess then
about Zdlm\obWtdld&esicQNaJI-M)hhMr@\MBOOﬂ?WQ DHGRY cdlﬁsﬁ)exﬁgsé)ﬂéﬂﬁ)mh@’r) aabout 5
myg HCP/ dose, ,.or | ess then about 4 ng HCP/ dose, or |less then about 3 ng
HCP/ dose,élﬂﬁtq'%(r?cﬁjgﬂ&aigénﬁ%'z ng HCP/dose, or less then about 1 ng

HCP/ dose, or IGserdigor ihb@utpodedoitfe ffdediaaesntion al“Bgsolysmea feldd itluBed ng

HCP/ dase, .or |l ess then about 0.4 HCP/ dose, or. | ess then about 0.2 ngy
P e Wikt Bt DRles: RPN sy gl ek SnR Rtk b 205 han
about 1 renzioRddigest obsoy @sgheahamd edrobd pliclBasey coiifiatcially. ofyplcats tHehen about
0.6 ng HCP/dose, or |ess then about 0.4 HCP/ dose,, of |l ess,then about 0.2
o HOb doReroatessin o SehePadieitiendnd s Tl o et R oLk RSB 1 e
Vi ruses ahe hydrblysate zsa stotki selsticanad 200 pifitérs én hre smbbdiarenadidhé inténtiog, HEP/ 7. 00. 5
| ogi oFFU,_ar | ess then ut CP/ 7. 00..5 lLogi oFFU, or |ess then.about 8
o Hop) 7 EreY P oAty P hullet el strervad eBr et o GRRUHAIEY "l b oo
t hen 1&bout a6 emipoHiGRnT oDiBe Snvieotipro MIFEN using le@ibs thé eneldbpoteds arghdHSPanc&0. 5

| ogi oFFU, _or |l ess the bout HCP/.7. 00. 5 | ogi oFFLJ,  or | ess then about 3
o Hep 7 Retess g b A8 padd Bl st R e belef S 3y BREL, “or

| ess t hernmaixadlidtel} afigy ikiZRiafio00r &t dbogt dEEYS after idceslatidrhemwiadrodiabi® c8l desity

HCP/ 7. 00. 5_l,0qi oFF%aH))%%@s%eﬁsznépoabout 0.6 nmg HCP/ 7.00.5 | ogi oFFU, or |ess

t hen aboJFa?f Or\fﬁr FFU, or less then about 0.2 ng HCP/7.00.5
| ogi oFFU. | n &aVisplecefl densgtybeteratmthe coheerration ofeetlly inrtbs esedaompeing andlesl t han

e T

0.4 ngy HORSCUIDO aBiqlid guibFEOr asplid egdsird medius outap@b ofgxei@GRNG a@Ye Sudtogs oFFU.

Uinkea | RROR B brordp TRH e Steibfin behal SERTRAES: B AR

det ect i orknomhiisthesstay may be performed using net hods exenplified in the
_Exarrp! € provi qiee%ehﬁ'l %F%b%ﬂgp%sgs ltﬂ%élgs h/ﬁh\r/]eq{lil%nf Qrvitsg%/%rltefg&{”%c'lu%gs:()f

i nactive/disin egraye viru par9| CP&sfor vaccrne conpositions are wel |
known in Sediuar telenié have been uteid.i atedconoenttation ol@bqub Zr18.X HYWeliter, t hese
met hods i Adenipesalfate har sh st eps, esqict sesonceeetionof abaut B.0846 eflitgent s of

f or mal dehydenosie ch cannot be ut iég.zaid dancentratiop obpzouh 0i88ro/ldér i nt act virus
particlesGyadieeal |y, and |ive at teehuaiteeebneentiadios of abqud Ot88ciiten .

Accor di nglGuanosiee pr esent i nvent i @g.pataviatesntratiphotigbdub O.88kgdlitgrur i fi cati on of
| i ve i nt adlridiner uses (e.g., infl uezaaha cansesfration REsHoulOi88igZitery nenbr anes
and condi Hypasanttoneadequat el y separat & sHODcemtrhtiicP! abaut0t99eg/litér al har vest .
The net hodiscitofllinehe present i nventd®natg soacentratigh obeleaudDI63rgddevery of |ive
virus. | nLoneitembd@ nent, the overal &t aeangerirationof ahatit fli28d/Nier uses i s at

| east 15%Piddin at | east 20% or ate.d.e2tcopsoptration of abhwn§1013@iferor at | east
40% or atFlgvispRdergeopingglectide| easte. 60852 eancentration of alr@yd.008D 8Ot t o noni t or
the recové&eycb¢idpurified |ive virreus, atrictangentegiionpsakind Ogdaditero neasur e
viral i nféioicotciand/ or growt h. Ferg.e@ngsineentradion of abhaub PdRb@riterAssays and
Medi an Ti $¥a@n Cul ture | nfectious esat q POCENtBYPn Asakgrs 1dr0/lker used to

noni t or t Ryrid@draEAEly of purified ag-va 3 eanceriratian ¢f Akt 011§ gliden ai n

enbodi mentdboflee net hod of puri f ekt At@rcaprentiation esakaut D83igAkerant i nventi on
gi ves an dv@ming Hekcovery of vi r $s@satar cogeenteation oBabgut (¥ed/eh t he purifi ed
viruses cOMprinsE | ess than 0.1 n@ HE2 ngentedion chabpud OD18B ofiesp, and | ess
t han 0. 00%Femi Bbh speci fic nucl Eaetpsongenimtion ohaptAI7&F it r us. [ 0142]
The purification of virus harvest contains nultiple steps, which can be
optim zed depending on the virus and purification conditions. In certain
enbodi ments, the purification process nmay conprise anyone of the follow ng,
alone or in conmbination, a) clarification of viral harvest; b)
concentration and/ or buffer exchange; c) purification bychromatography and

o, o r " 1 o - —yr .y - o o, o o



nmol ecul ar wei ght of the nolecule that is 90% retained by the nenbrane.
Because, for exanple, nolecules of the sanme nol ecul ar wei ght can have

si gni fi camol2g1odisbfeer ent shapes, the MACO i s not an exacPCWAS200/058164 i S
neverthel ess a useful netric and is comonly enpl oyed by filter

manuf acturers. Menbranes may be used as flat sheets or in a spirally wound
conf i gur aCheline Giddridew fi bers may eal., a0 alwentsedtioepeardung.5om/itdre t ype of
filtrati optharslb@the ADly nunber of epotaatdoatenmatds efdbortd.epigaktes may be used
i ncl udi ngi-inbsifol not limted to, regeneeabackrniatibrubiosut pe6yditdrer sul f one
(whi ch mayhridingy not be nodifi ed.¢t ataldodtentiaton oiheboand.3byditephobi city),
pol yvi nyl pdeseinklammli de (PVDF), and atarcantentatich okilut 002 dgitaggr egat es, as
wel | as pplogestelopsat e, pol ypr opykgnest apohyeitiayibreokand0 BIFE §/MeFlaobi(r)). |t
i s cont enplGdieamtPaatoticenaid nat i ons.gafat hidoheattiation afeddood $.1aditerenbr ane t ypes
may be used i m segabadiinent aitttt inberitioh hibe vagraoisay fedd it lbes0X dtdakrsvlutionl Lms,
etc. separati on nmenbranes w e adj yst dd endi n n the
Vol uire. adB/eoRn LR PR GRiTT. SRR aFabeen s Sk B TG il nods
useful f @éaohcmfmremb@r&tehungloartd/abbutmmrﬁmnerexwhamgmpidymbudel,evbltﬁ prate&ssibie

I|mtedt di a | tr UF ratlo DF) . TFF can
|ncorporé(t%m5'63tah¥ﬁgss\?ﬁ ‘{1%3 fcy r%s‘étdlgf )d@hsh 8% a‘?cla"3 wgﬁala%r_n( O\}YF%rh can be
used 50 e}abtmqtjeiebsifyfreameslavet eiitmultmoetostdahs/meln(ﬁn ddEbcmhdérﬁroftBEmmy]tmresult

in additignal rifi at| t he fr na shes smal | er
nol ecul eg‘% Y 83“@ ér‘ﬁ“hcgﬁ? m }ﬁﬁl?ge ﬁé réhted g8Ves | arger

nol ecul e$>etWee|nrHa@s 8sihdisn pbstenacatation, atrmhem/(at)rethemgieysutyTrEEchasnmerraptmuau12ng UF
and/ or 8<e Eiwgsed to concentrate and/ or exchange buffers and/or purify.

The choi ranes for use in filtration applications has been
descri bed squaanenatm;dodhagutposeshe‘ the pesentomyenbbn, carf atménoeadidfieed dnaodest | nuous

or _conti nEouftmEF' R gggg Egg%aﬁce'%ﬁ?.i 5 a%BEH; 1201 coneent ot ed, and

E%o e{ 'E huous DF, the sol ution
oot g?tgah

dtlon while the old
AboH
b%!eE et
iy
g C

vol ure is fi.n I%gl ned by t
buffer so lrlole HeS renove

virus is E?&%ﬁ% "Fat ed abogé
or

N

3@@8’%??
_f“cg_a{?‘%
NN O
OO''U*-C’?:zc:ctc:czz:czommo

. nts, the clarified

4X, or about 5X, or
bout 10X, or nor e,
l%{t he operation/final

h_‘:O:Q:O
:-1::-0:.-

about 6X, ut 7X,
wher ei n E( e%g]lng t he Tog

b . !
retentate a i e ied virus is
concentra (%’Eegrygﬁamn% aboul 3 I,:E%Sfa e?% t: fﬂ . 1@ ﬁﬁ'z speci fic enbodi nent,
the clari tr?t obhLiis s cop 'érétg%gﬁ o outWET &tk X" equal s the Tot al
starting 'd r added to LTe _pper énﬂgng £} ghnad.e evolunme. In certain
enbodi nmen y @ clarifie Via‘i SohSrtnGEn Et 39 AL 10X or nore to
i ncrease tyean ading of a |g %dg% qued '.&_ étbl ggég ek eps. In certain
enbodi men O&é.ngw ng cop é%t&%gh WA o B URR "or about 2
ar avol et "7 80wt S ai 4 a't’%%nce%ra%ﬁ&tab i 49es.” o about s
di avol umeg,, Bl g %Hjt 6 d'é‘ d'at‘H%énce%a uf| 2 }n S or about 8
di avol une about 9 di g "t'HPcﬁn nt u%a{y )“ S, or nore
di avol une -g? “nQuffer are g ?Q%Sﬁl i Vo) aypl une is the total
buf fer vojdag i ntroduced Cgp(eer |<§H‘o BhWO " Stentate volune. In a
speci4y ¢ enbodi ment, bet weéri a out |avoI unmes to~about 6 diavol unes of

buf fer are exchanged wherein a di avoI une is the total buffer vol une
i ntroduced t olin éreempediaehoef thkiinvenfioDFwossepartate amingl agicefeed atogherlttonsspeci fi ¢

enbodi e f f - 5 j _di avol une
is the t %Ffaqu);éﬂeer%xs% u%é’%?t odﬁ@&l’@%@%’?%ﬁ@%g‘ %egrgﬁirﬁgéC%F?r etentate
vol une. [gmmam]c gaid, gyeinai lrprotine dndrersedne atiibe cenacentrations sevieph ieboveyand r uses
(e.9., inflyergas, |nc|ba|n§(2|4r§ﬁfn%dL %%étﬁ@ LhRtdRS - @gle\dahé”[elef?éme)'t'_f fer is
exchanged Aiter collect ntate some virus nay remain weakly
bound 5t o lydire, kevieihigniee, laebemthlangns; L-threosingel tmpiophare httywosinpeangdninlianat i s
rinsed wihdcandhiliRAgle ARANOR Ditlabe ikl elh bematede budd e otohdiPd il
retentate. § cte retentate is also referred erein a

"condi t i cbdreynedium] Srar erpbodiRentd thesrysmtieROFe aptrg acid gtock ﬁQiiJ@éJt'eng'ﬁOt her

the fol d igeRCambInAEdiGN sPbaj DRHEDREN Sfimicakpbiiars: @i ifJtlbgsn. exchanged for
the UF and DF processes, respectively. In a specific embodi ment, a nenbrane

with a 500 k QWﬂﬁWr@rﬁ§@dﬂF§?5PHBe€6ﬁ§6HBW%WP%ﬁ’@HH@BUFP@Nn@%Eﬁange In
sonme enbodi nents, the nmenbrane may be cl eaned post process and reused. In
ot her enbodinents, a new nenbrane is used for each batch of clarified
virus. I n another specific enbodinent, the clarified harvest is
concentrated and the buffer exchanged as exenplified in the Exanples
provided in Sections 8.6 and 8.6.3. [0148] Types of chromatography useful
for the purlflcatlon of V|ruses (e g., |nfluenza or RSV) include, but are
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endonucl ease per 7.00.5 | ogioFFU. In a specific enbodinent, the purified
viruses are influenza viruses or RSV and conprise | ess than about 0.0040
ng, or | ewe wtwmémbout 0.0035 ng, or |ess then about 0. @OZWSAEI/088164 €SS

t hen about 0.0025 ng of non-specific Bndonucl ease per 7.00.5 | ogi oFFU. In
anot her specific enbodi nent, the purified viruses are RSV and conprise | ess
t han about-aBp4i8dife:ng, or |ess then abauy., & DéBbemteptionnof hisss 40l6eiitabout

0. 0030 ngL-pdlinkess then about 0.0025 nrgy.odt snwmceftetiohiotaendanisal ease per

5. 00.5 | ogiigdidudnel N yet anot her speci fd &, strbashicemrdtioniohabdienssgeci fic
endonucl epggstbiseBEmzonase(r) . [ 0152] Stegd.| &tid gonicéntedtiopar bsuthar i nport ance
for thoseLyduchees and/ or viral conponeny.sattd@ncarittationtoeased 16@8 clini cal
use i n anLirbsnifé ncl udi ng humans) . Accgg.ditrgdoncetthion®t Biesls sfor t he
purificat_®fogfieviruses (e.g., influenzg, sira &o¥gntadtiohbeapsesent i nvention

i ncor por atergiggi | i zati on, which can heyg pstrd eneestradnaf biesurom® filtration
step (e.gL-asp@N} a€d usi ng know steri | iz dtencometttadisn e algout 3138f | uenza
virus). Meighagsicesef ul for the steril i@t atencovricemedtionpeasarp@ents (e. g.,
viruses, d8kinéery devices, etc.) incl udeg, atudonaestraiioh of aivaut @B3t o,

i rradi ati pmistifiinkt rati on, chemnical treafgipsta congantedtioriof aboutdtize procedures.
I n one enboghthefithe the fornul ated vi rusg.pbatl Kcdneesttaion lof zieshitiByssf i | tration.
Filtrati ontiyplobests useful for sterili zag.arna comeknteionlbibbarid.g3ot |inited
to, singlelyares, dead-end, direct flow.g.jatta @nicemtrdtiohfof abad 1a@8genti al fl ow
filtratioppaémflaniméi ch have been desaig.bsatch conpedtratidoweussut 8tb4e to t he
fragi | e nbtvaliree of RSV the virus can naig.pat sstaecehtratied ofiabag 13.08tgditérl | zat i on
grade fil teerinethus, in one enbodi ment e M d sorebetration oédba@asg 1payiterof a

t erm nal Sbditmaihoephaté endbdsiaag t he purd.f atcaddnaantpation @ sbale 9614 kiderher ei n.
[ 0153] Her@cBulkate: provi ded specific matdpsta éapicemtatioh yof apout Bfdsdenieer vi r us
and RSV f gupriesutfiatee fornul ation. 6.5. k. douatid ¢carabnteationfof bbbt 00006 yilitans es

[ 0154] | nAserdnainmvarddath: ments, the vi reugest 4 aorleentmtion fof aboa 000039 gitiez a

vi ruses (€obalt chi@rldd: adapt ed, and/ or t engestad coneersteatsn tof slequt Br0DOOR5 g/liter

at t enuat eNjckel[ddbdridelhexameratabodi ment ¢ deatree¢tdmadntedtiopof abguit BP00D2 ysies from
cel | cul t sodiucaongybdatsdétherdtel | ow ng s gpsta ¢ancenthation fof aladit Gr00000&gAiter al
har vest; Tin)chiooide@shydrdteon and/ or buf feey., avectmcgetrdtiohlobubag 008004 @iter ( C)
puri fi cat Mangdneselehionad:detratydyaté:ol | owieng, sttaegoncbhtratiod of albma €r00ats ghiteand/ or
buf f er exchangreard einbodimeqgt cfttiepingentionathd nLiglenstced id 4 26X stook alfiamwmingnst ep

Speci 1 o SOSSmTARAL Mool Mpo e FE s aodr ol e et B
t enper at dinel canaittative pf abudit 20 maliteen Vet eerdernpibying theaenhianeesigsocds81thé] I n a

il trati SRTeb o s IR e e TR ™ ot ot By SR Y BB or e
by talt'»gerdelldénsﬁt}ymmdniekabaltﬂcmx_mﬁc@ts'{mu anot her specific enbodi nent, steps
Speci 11 c. enboliHATION LR Bipol RERLeshe bisblcbr RhiPateigy Hpd 1Re RS

ul t rfaf | I tarahhmedrpcbdaasﬁ,f@coeap‘fmmg@.ﬂayl sdbcﬂxfdolmiola)tér@rL-glumnﬂmé (fr_ion;mOIZMr
chbodi ot RSP IERY el Bl G P fRgell £ ARSOERS Gebif b PhieTHn: s

I R onet spﬁdie{]rimriml faldib:fﬁwtlﬁ gtlieq_mfg_(w))séngnqa)_w(f mgmmdthgkut?m;rie?i t%/hcol um

chrongt ography. I n another specific enbodi ment, step (c urt her

i ncog%orat es treatnent with a non-specific nuclease. [0159] As descri bed
supra, viruses obtained fro@saollitndrdtempengtubeshiftabi | i zed {e.g., by the
addition of a , ' . , 4 i t he
purification @F%@%’?ﬁ%ﬁ @‘%ﬁlgn%ﬁsgs"((acﬁ@%ﬁ&%cgﬁ{s?%n\pﬁ‘%%@%%géﬁ@%@g8ﬁ(g¢)'iy Pcati on
of a st abémperatire ot the chiture éseptiopdityeahiftedi bk psmoladitysir égyspeyatubeashiftstey g and
clarificag] counled. For exanple, ATF nay be used to harvest cell
culture ?%B?%Eg?%%&@iﬁggﬁggg punp the viral harvest directly to the nedia
and/ di5 devi ce The edmblityshifirhisfsibegn isbewnfo intrease eulisire $rEtHiojpracbictiity aspied,
crude nedj i g LIr 2 5 rifi .

centri fugdgﬁa éfr\ll(ag{m,yl' nyg%ﬁgb*%gh @glorgég%n?%éél:gtr?%nerﬁésﬁ?*ihglggrﬁ%%g remove cell
debri s arm$melatibroflaapge308an@soulThe cosmalaligy shilg’ of the presem énventioraREW8® i nut es.
Al 't ernat iiyalges s%hfngniﬁgicHlmré %srﬁwFiaﬁ rt&ﬁoﬁm*HbBHQIboarpﬁém 0 BB&&E%@B'n?O%.”W ane of
a defined range of "pore sizes ar[ge enough to al ow passage of the virus
while retaining intact cells and other large particulate matter. [0161] In
one enbodi nent, the viral harvest is clarified by DFF and/or TFF using a M
menbr ane having a pore size |large enough for the virus to pass through but
smal | enough to retain intact cells and cellular debris. In one enbodinent,
the viral harvest is clarified by DFF and/or TFF through at |east one
menbrane having a pore size of about 1.2 microneters or less. In a specific

D T - T T R TR F - o, 1 g,



di avol unes, or about 8 di avol unmes, or about 9 diavol unes or about 10

di avol unes, or nore diavolunes of buffer are exchanged by DF, wherein a
di avol umewo0tonset60t al buffer vol une introduced to the epensteconsgiasi ng
DF/retentate volunme. In a specific emdodi ment, between about 4 di avol unes
to about 6 diavol unes of buffer are exchanged wherein a diavolune is the

total buffer wahdmBtyliohrRtdcRbtR bdheol8PeT Rt Pediiibhieh SFRohehebahsamp! ume.
I n anot her specific enbodi nent, about 5 diavolunmes of buffer are exchanged,

wher ei n £2PATRASHEYIUS NEI0 GsaroIe g R m%?%ﬁ%c‘?“t‘ﬁ%“b‘ﬂa@@amﬁo §458 88per at i on

during Difbah§pbidt Gopf@dsitie vapdr urassg@ﬂbewh@tadmtéwanbme exchange buffer may
be the sane or different from present in the viral harvest. In one

enbodi ment, t Qémé’l?EWaPﬁﬁé’ebﬁ‘F'f%? ”13:5! b&r?“éiﬂdb’tyfaﬁ“étof a%veaa'ﬂé%ﬁnﬁafobﬁamqte &

speci bi C capRoethraai suh@oreeec@amgad.hgtafvﬂﬂa@wm bt@)@l‘é 8-y tnlmtnade% \éat; i at i on of
one or nore conponent mVl sucr ose, hat e buffer In

anot her yeeFRlEe 58%%@9&&/ L sfogle %’&h@@dﬁﬁgt 8F C¥BPrs figyide (Ttaytbr‘ﬁ %ﬁ’ ?@%

vari ati o ah e@BEdifenBH tRe ngﬁl%eﬁaamg)ﬂwe%&dmaéu% femedidiiivhpRasphat e
buffer, pH7.0-7.4. In certain enbodi nents, the retentate, conprising

viruses @émﬁlahty, nfluenza), is collected after the desired vol ume of buffer

i s exchanged. mAértaﬁbmﬂnbﬁmummoémbhemé@érﬁ;ﬁératuee §ﬂﬁ80Mttfrélﬁ; dmunetwrml n
vveakl bound to the nmenbrane. Accor

mebrline STECH Ageld ER e [BRPERCHORGH LA TIO DIVER PROAGISIERD ¢ he

col l ecteadstetentate. The collected retentate is also referred to herein as
"conditioned viral load" or as the "#XUF #XDF"' where "#" indicates either
the fold concentration or the nunber of diavolunmes of buffer exchanged for
the UF and DF processes, respectivel Protefhsa speci fic enbodi nent, a nenbrane
with a 500 kDa IS used faor the concentration and byffer exchan e. In
sone enbodi ment 51 RTREEHENEP U NAl(Psnkqdim Ay cRpayising W@H@Q N4 reusgd I n
ot herise nbadjmmmatrmy pPodEWg FEITBIN8.86CcH & itBRthobRbuEAeHaiNBatle Bn @fmbstigtdnt bietHe

| th f nbodi d h t
Loncent 1 Aeatan e RERioek by TTotHEean 2l SR ENE Pritedt (¢ hiRer 2iacks
provi ded humahiet aptisod§, éhiraatkt éntbody) dr @htgdn-bindieg frb@hentendredh, B trkcludinte

cordLt one bbb Bl ol SR B IghEL

chr omat oghmpRyglobninsenstastiregidhnent s, the condl tioned viral load is purified
by affinit chr mat o A variety of affini chr onat ogr a nedi a are
avai bl e with sqfrﬁXﬁ%P%pE%ataﬁnngw Sl Methgoaiatan e OB o8 ot £ o 1y
chr omat ogas(mbyem(ocy Rarbdrei-ldFaR aibbedy‘ Iyht tHeen ooﬁmphhahnramuamlommh) isi cation
of a nunber Vlr‘ﬁt’ %@? V|raI r%telns mck gﬂ I%)(tgltmtedto
N( p- Ani nSPHRRA BB 91%?9%?8 Id VST SreVPEF N f:pgl@lguc PR5ds usef ul
for eval w@taratbg/ Itnhed 124 profrivterasuoih aﬁbeMN/ bronhatgana an arbogixesmpbi the @dehtion,

Ex I .7 f nbo f Sul f at Chi Co
ST Sl BT e PR il 215, 0 ©re)
enbodisnent , Fl ulBenest{ddinherit ®f thielihvenéoh ftlmfmafuﬁndgﬂdb}allmhtiabmmmmtaaphyof In still

th rrb d : bi nd | i f the.affinit
o0t SRR TRl P PSR hE e ol SR oM G eRTRpuRE” °
| oaded dldhemslayd/onamy efthaCDRsithgreofe@diga,. aIII&Trmatsmgre igmbochemntisaibhe unbound

mat eri al assed Qver t ffini di cilitate the binding of
nad t i ondoser SuoBRRBRE 1 enodg BBt 3ol undiicotesthPe poes BRLbou
10 1 1, cﬁDFbethony;mamwdé@mlemvmubtﬁgloh@)QIr8an embbdammEasftbé)muentﬂJaché to

about 109 u i nd __of afflnt n_anot her
enbodCrent o erd St 8ety Bl e, §bG bBREWRELisPleai Aqt i e rofine el
about 109:e2togﬁneaatelammeaftngmenlﬁethéchmn at | east about 109 4, or at |east
about 109 5, east ar. a t or at |east
Sbout 100 - or GPRSETS ARCerbF st pPiufhe el nf Bithing Haet or 2 | eas
about 10 mﬁﬁtnogioblam dndas bicidlsequent8s oA atuce fragmérds Steredd dartn pdt & @ presert

| east abquy ), 10 8, or at least about 10 11, virus particles are |oaded
per ni of atn |n|ty media. In certain enbodinents, the virus particles are

| i ve 3 r UO®I2/15H1 R bithtiChainl (BEQ I NOad) t he nunber of lives virus in a sanple

are descrttg,_t?__ag;_e_@;r@m@s_t@tééﬂgvbagaa%bahI@f@getﬁatm?atpween about 9.0
| ogi oFFU t0 i oOFFU to about 9.8

| ogi oFFUSEF D R H B Sy PO OB G G FOBFOFFU of virus, are
| oaded per rnL of affinity nmedia. In another enbodi nent, at |east about 9.0
| ogi oFFU, or at |east about 9.1 | ogi oFFU, or at | east about 9. 2 | ogi oFFU,
or at |east about 9.3 | ogioFFU, or at |east about 9.4 |ogi oFFU, or at |east
about 9.5 | ogi oFFU, or at |east about 9.6 |ogi oFFU, or at |east about 9.7
Iogl oFFU or at | east about 9.8 Iogl oFFU or at |east about 9.9 Iogl oFFU
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conditioned viral load is purified by colum chromat ography, wherein the
elution of the viruses is nonitored and specific fractions conprises
viruses awemldlemred. Such an approach can be useful wrem/istomosssiesi r abl e
to mnimze the volune of the eluted i rus. In another specific enbodinent,
the conditioned viral load is purified by chromatography as exenplified in
t he Exanpkesgerovi ded in Section 8.6. [0167] In certain enbodi nents, the

met hod of purifying viruses (e.g., influenza) includes treatnment with a
non- speci fi ¢ endonucl ease (e.g., Benzonase(r)) . In certain enbodi nents,

t he non- 4pBd2MbH12 Heaviu€hais(SEQ BaN@eRt occurs early in the purification of

Viruses. ybfOnRe: eHbodl ey Bt SRREET L Sc AREPAUCESAREr b EAt MBNt occurs
after _ste (%% but “before steg b). 1n _another errbYodl réegt, non-speci fic
endondcl é%%le@ TR TENT e EUTS %P%PFWE%%BWE%)RAW%&%%M step (c).

Al t er nat IWWeNDyWeeARBVIMSEus is treated with a non-specific endonucl ease during
step (c). The advantages of this approach are exenplified in the Exanple
provided in Section 8.6. In a specific enbodi nent, the conditioned viral
| oad is WORAY16H12kidtCGhain-G (KES) SERIP NER)i s exposed to a buffer
conprising a non-specific endonucl ease. In sone enbodi nents the
non-speci fic endonucl ease is present in the buffer at a concentration of
bet V\éBn about 10%“USn.-Fanéd--aBout--100-ULAL..-H.ntother.enbodi-ngnt§, the
non-specific endonycl gase i present, in the puffer, atg a,conceptrati on of
bet ween about 40"U'nmL to about 60 W nlL. In one enbodi nent, the non-specific
endoggcl ease i s %ré&seft ¥n & buf ffer ccofprisifig suctose. ¢l nsa 8pecific
enbodiment, the non-specifig endgnucl ease,is present ;in a buffer conprising
218 nmM sucr ose, IInM phosphate buffer pH 7.0-7.4. In another specific
enbodi ment, thespegci ki coengdonuclease S present, At @ fingl goncentration
of between about 40 UWnlL to about 60 UnL, in a buffer consisting of
(Wi t Hon 10% varisat fonTof Pon2 ot rord cdnpéneht )t 218 MM FucPose, 11mM
phosphate buffer, pH 7,0-¢.4. I certaig egbodi nent;s,  he | gading and wash
conditions are adjusted to ensure that the bound virus wll be exposed to
t he non-specifi & en8onticlease flor Xbekweeén about 10 m nutes to about 120
m nut28s. I n one enbodi ment, the |oading and wash conditions are adjusted to
ensure t i ' to the non-specific
endonucl @?gkggﬁqggm\gnﬁaﬁgm'bmP%_&;lﬁ[??e@t%g” about 80 mnutes. In still
ot her enbodi nents, the | oading and wash conditions are adjusted to ensure
that the bound vjrus wll b? exposed, tq the non;:specific e% opucl ease for
at least 10 m nutes;orat Teast 20 mnutes; or at least 30 nnutes, or at
R®,..Gr at keast 50 1 rut es, roroats | easts 6@ nirnutes, or at
| east 70 mnutes, or at |east 80 mnutes, or_at |east 90 m_nutes, or at
| east 100 minut€s, “or “at ' | east’ mi'nutes—of—at—t+east—Ft0-nifiutes, or at
| east 120 m nutes. sl nwcertapn @aspectes of thesi nwentian, tthe tkme of
expos¥re to the non specific endonucl ease, the concentration of the
non-speci fi ¢ endanucl ease avd 3 hes vel ue 8f fonk specisi ¢ eadoaucl ease
contai ning buffer can_be adjusfed. For exanple, to mpninize the tinme needed
to cl eave DNA contam nates the concentration of non-specific endonucl ease
may B® increased; alternatiwvelwmy to minism ge ther amoumt of nonespecific
endonucl ease ut i(;I i zgd I'EhevtiEme Iof LEXposyre may be i ncreased. Follow ng
treatment with a non-specific endonucl ease it may be desirable to wash the
affinity media with a sufficient volunme of buffer in which the viruses wll
remai n bowgnd 21GHI D &igHt{ChAiA-E (1) SE@ImNO: 5pn SP buffer) to renove any
resi dye di gested DNA contam nates. Accordingly, in certain enbodi nents, the
af fi rﬁ%ty resin is washed as described supra before and/or after treatnent
Wi th a non-specifie _emdosuchease.r | i _amot berrspecid i o erbodi nent, the
non-speci fi ¢ endonucl ease i s Benzonase (r;. In still another specific
embodi nent, the %offdi fi ohed’vital® | &ad®i stréat®d i th BenZondse (r) at the
sane 50l me as purd fizcaki op by af fiqity ehr@nmatogs aphy as cexenpkified in the
Exanpl e provided in Section 8.6. 410168] I'n one enbodi ment, the purified
i nfl uenza viruses—éonPri Se fes$ thard alouf 0*00B0 Hhg,® o | éss*t hen about
0. 0055 ng, or |essathen agbogt 0.005Q ng, er besg then akout 00045 ng, or
| ess Idhen about 0.0040 ng, or less then about 0.0035 ng, or |ess then about
0.0030 ng, or |ess®hén dbolit . 0025 ng, &r Ress therf afouP 020020 ng, or
| ess then about 0.0015 ng, or |ess then about 0.0010 ng, or |ess of
non-speci fi c endonucl ease per 7.00.5 logioFFU. In a specific enbodi nent,
the purified influenza viruses conprise |l ess than about 0.0040 ng, or |ess
t hen about 0.0035 ng, or less then about 0.0030 ng, or |ess then about
0. 0025 ng of non-specific endonucl ease per 7.00.5 | ogi oFFU. |In anot her
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of the purified virus eluate is concentrated and the buffer exchange as
exenplified in the Exanple provided in Section 8.6.3. [0169] In one

enbodi nenwo 20tve3bmrmul ated virus bulk is sterilized by PEF/Useados816FF. | n
anot her enbodi nent, the fornulated vi2ius bulk is sterilized using a M
menbr anehavi ng a pore size |large enough for the virus to pass through but
smal | enough to retain other contam nants. In one enbodi nent, the

formul ated virus bél k¥i sYsteritti Zed by SDFE ahd/or TFF t Ar oigh®at | east one
menbrane having.a porg sjze; of; aouty 0,45 microneters. In certain
enbodi_nments, pol ypropyl ene and/ or PVDF nenbranes are used. |In one
embodPrment, addi ti onal conponents are added to the formulated virus bul k
prior tO1§b¢£l‘15H¥@LIg‘h@Ch‘aﬂ1 FYrER BERPONOMBNt S, at | east one conponent
selected fromthe group consisti ng of am no acid excipients (e.qg.,

gl utamate, arginine), protein hydrolysate (e.g., collagen, gelatin),

chel ati ng agent §L(-é-.-.g-?--,----ED‘I-%)-A--Ia-nd---pﬁe-sé-r--v%t—t-i--&/esh--i-é-“--ad’de&--t--6---t--he fornul at ed
virugpbul k prior tg steriligation Ln a specifig gmbadi ent, glutamate,

argi nine and gelatin are added to the fornulated virus bulk prior to
sterilization. [én &nothe* shpedifisc €nbddident <CGAG (1208 n®l s#icr ose, 100 mM
phosphate, 12.1%w,v arginine,, 10% gel ati d 54 yMor 0.9%glutamate) is
addedsto the pur{TT’red\ﬁw%us&bu% kq'\l nga reat?oa%f % g viv. Ingangt her specific
enbodi ment, nondsodi um gbutandt e,s acgi Ai né ahd elratisn aresadded to the
fornmul ated virug bulk prior tao sterilization at a final ,copcentration
(within 10%var|at|on ’If 54QTnMor 0. /E 1I%E]c qﬁand? /n
resp@btively. Im still anotherzspecisfic eﬁbodl nenty tthe rf ocnubat ed Vi rus
bul k is sterlllzed by DFF as exerrpllfled in the Exanple provided in Section
8.6. [0170] In & specifit ehbodi ment, the nmethod of purifying influenza
viruses fromcell culture conprises the follow ng steps: (a) clarification
of a v'raulgnhémnﬁ hQXvPél‘iaﬁﬁlAQ-IGWY {sédnﬂ«mm(DFF) through at |east one
nmenbrgne havi ng porée size of between about 1.2 microneters to about O0.45
m croneters; (b) concentration q}/ tangpentl al fI ow ultrafiltration (UF) and
buf fer exchangd by uitht £H% PRt F8n"EDR} FolfoW g st 8L dy= G5 %4 a menbr ane
havi ng 500 kDa dmpl®©¢uhak.wei ghd: wutciefdy GMNED Gly(lceL Rurf iscation by
affinity colum chromat ography follow ng ste (d) buffer exchange by
DF f ol owi ng st@p €& FusFng T a weibridne haw ﬁg' Bleomftﬁlerﬁﬁréewgﬁ wei ght cut
of f (MACO); andy(el: stewll bzakion.fal lowcng st R (H)abw-PRE thr ough at

| east one menbrane having a pore size of between about 0.45 mcronmeters to
about3 0. 22 m crivAetersy Tehéretyy Hediallvr Mecdisopsp o (Fhrbve S&d 294 r uses of at

5
| east™30% and yhek.ein, tstteAn,wtg tsgdAlegy%@mgpmrtﬁeLetegﬁ wthan, 0.1 ng HCD,
and less than 0.3 ng HCP per 00.5 | ogi oFFU of virus.[0171] In certain

enbodi ments, st®p Lee)prrs aid Rer qun@erpper‘/at €% fyedtsnelntArwidch cay Aem speci fic
nucl ggse. [0172Jhe%99'Tt,' A0Ako PALATRLEL S ) BAL olTPK,DE. NEGRPALALEM TN the

met hod of puri Vl—ng—m—ruses—hvnrc culture, 1 n particular 1 nfluenza
viruses are exenwplified in the Exanple provided in Section 8.6 below. 6.5.2
Purification of RSV [0173] In a specific enbodi nent, the viruses to be
purified are_r iratory syncitial viruses éRSV) (e g., rA2cp248/404/1030
DSH) . [01?%241EH8%59%Y%%@'E’§1QHQW4553'I'?CMOO ) purifying viruses from cell

cul tumse conprises the followng steps: (a) clarification of a viral

harvest; (b) stwbidiizat iconransdor-obuf free Lexchangezﬁeaiehammgysalep (a); (c)

concentration and/or buffer exchange follow n ’re‘ﬁp \;b % urification
by chronat ogr apAy-FoIF oW h§ step’ )™ “ghd™y 83 S FT ¥ on fol |l ow ng
step50d). [017%1yldracspeciéd ceretadi nBAtser ﬁiyeﬁle(‘aa)r nhlacﬁeud;es iUl tiple
filtration steps. In another specific enbodi nent p (a) further

i ncor por at es t rigaeieAEs dit B a o> sgadrt iy ﬁ-‘(f’cf”é’a%ee1 GlFrFr%rtb‘t f&r specific
enbodi ment, steps (a)sgRek bE) B £apeEFOF FRd 2Dy adi §@Cta fihowif kb ration. In
anot Par specific enbodi nent, step (c) is performed by tangential flow
filtration. |n §ét™arot A&t A?pé%?l rledsodrdtit evstep e Gt "Rt Ptides bot h
concentration by.trangentiakyd howedi Lt rat icoh rane, bukf 25 exchange by
diafiltration. In one specific enbodinent, step (d) is perfornmed by ion
exchdfge chr ona%%gﬁié&m&réﬁéhéng@)y T}tr Tret Yo | Tra et Rey enbodl ment ,
step (c) includgs only concentration. Additional enbodi nents of the nethod
of purifying viruses (e.g. , RSV) are detailed infra. [0176] The
purification methods of the present invention enconpass the clarification
of a viral harvest. The crude nediumfrominfected cultures can first be
clarified by centrifugation at, e.g., 1000-2000 x g for a tinme sufficient
to renmove cell debris and other large particulate matter, e.g., between 10
and 30 m nut es. AI ter nat| veI Y, the super nat ant cont a| n| ng the VI rus | s
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treatment with a non-specific endonucl ease (e.g. , Benzonase (r)) to
degrade the host cell DNA (HCD). In certain enbodi nents, the non-specific
endonucl| eseaotwmsetesnent occurs early in the purificationpPafi/useeesssss | n one
enbodi nent, the virus is treated w the2a non-specific endonucl ease during
step (a). In a specific enbodiment, the filtered viral harvest is m xed

wi th a bufferseemusrhational aaﬁneétroﬁne@ncfan@naadwmmbs/aemoslvmmaom@m%aents
t he non specific_endonucl ease is present in the buffer at a concentration
of betwei‘ﬁre&b%ﬁe fegengey 1§58U%%Bout 100 W nl. In other enbodinents, the
non-speci fi c endonucl ease is present in the buffer at a concentration of
bet ween about 40 U/ nlL to about 60 UWnL. In a specific enbodi nent the

non- speci?C8heaM¥GRAEl ease i s present at about 50 U/nm . In one enmbodiment,
t he nén- speuiski..enadonuc| ease is present in a buffer conprising about 1. O
to about E%%Mg@b@pgkaméséﬁ%@ﬁﬁﬁﬁﬂ@%%ﬁﬁ%ﬁ%@%@%ﬁ§§R%Nz§9q Um
of a non-specificendonucl ease and Myl . I n anot her specific

enbodi rrerﬁJYLW@J%@ALY%CAE?%EWS&FGEWGHFW@?S BEQ BNRg%t he first filter
step in the clarification process, the non-specific endonucl ease is
incubated with the filtered viral harvest for about 1 hour to about 4
hours. | RCR GpRd1t iceTenmyawi (B4 I N@: Hdn- speci fi ¢ endonucl ease is incubated
wi th sphe 2}’;‘6&%RW¥‘P s&%y%%%é&%@wm)1 A still other enbodinents, the
non-speci fi ¢ endonucl ease is inc ted under conditions adjusted to ensure
t hat t he 2E6rQaRW3: brisevansposrdv (IEQ He NGv25peci fi ¢ endonucl ease for at

| east 10 m nutes, or at least 20 m nutes, or at |east 30 m nutes, or at

| east 40 m nutes, or at |least 50 minutes, or at |least 60 mnutes, or at

| east 70 2G6rhighlschain at | east 80 minutes, or at |east 90 minutes, or at

| east lo%m@géﬁ%m@m@m&east m nutes, or at least 110 m nutes, or at
st e ok S AT M BB Pl B AR
i nventi ou;gpﬂ:ﬂwemtncwmipmp@ﬂmHKt(SEQH@ MOn3Ppeci fi ¢ endonucl ease, the
concentration of the non-specific endonucl ease and the vol une of

non-speci fi c endonucl ease containing buffer can be adjusted. For exanple,
to m ni m208 EhR-L1i mesoneeded (SED &) B&vEé4DNA cont am nates the concentrati on of

non- spec nucl eas _' creased; alternatively to mnimze the
amount ofzfdr?o%&gg'gc?ﬁssé &Egﬁﬁ)c @ai@ utilized the time of exposure may be
i ncr @@se@Col COR-L3pasint i re8BQdDEMt16)t he non-speci fi c endonucl ease is
Benzonase (r). Followi ng treatnment with a non-specific endonucl ease the
treated filtered viral harvest is filtered again to renove any residue

di gest ed dH¢Heavytchaimat es and remai ning host cell debris. [0180] In certain
enbodi ments.the Benzonase treated clarified viral harvest is stabilized by

t he addi ate (SP), tris sucrose S sucrose
phosphat @V8¥W%%%F&F§PG€§W@FC§%FF%T W%F@)AB%HRPEWWHWN‘F F‘%"F%%Q‘é?dﬁﬁé‘i]?ﬁsz‘a? sal t

such 28s s REORESIIVER REaRYhaRs eI Osd@ervsknSBQaDeNdoidh nent the, TS
buf fer contains about 2.5nMto about 75mM pH 7.2 Trisd and about 250nM to

about 1501M sucrose. In a specific enbodi nent, the stabilization buffer

cont ai ns OBORAH: EY@;TEMC@SEQHQ m&gyl sucr ose. The TS buffers may further
contain, alone or in conbination KH PO or K HPO . In one

embodi mertH% GeR %H%N@EqKé?PK@PGW'Q)N%@ is about 125nM to about 175nmM
I n a speaHl cORAP db®REedvbeveldbidecm Nonaduf fer contains 5nM pH 7.2
Trisd, 175mM sucrose and 150 NaCl or 150nM KCl . I n another specific
embodi0ment, the stabilization buffer contains 36mM pH 7.2 Trisd, 214mM
sucrose aub tighhdhdrC or KA. In one enbodinent the KH2PO4 or K2HPO4 i s
present at about 10rMto about 2.5mM In a specific enbodiment the

st abi | | zaEr e BUEEeEERB K ains 5nM pH 7.2 Trisd, 175nM sucrose, 150mVNaCl
and 5V KHVPOSPCILALIHEERATEFCRAFREFRAERY QQKH@;QA@BT&WF#S%H%ﬁD®§ﬁ$C§IGTIPF§LSFSG
wher el n tigohkf REofRBEARNS A BIIQRINO3ZBMM KH2POS, 7. 2nM K2HPO! and
5mM Sodi um d ut anat e skill 1nthe art will recognize that the
conceltrations of the stabilization buffers can be altered dependi ng on the
virus, thgvepeli1hRiesdrsand e id N@aQ%)on conditions to obtain the highest
yield of stabilized viral harvest. 1] In certain enbodinents, the

cl ari fi ePH7aPHBIL: pr5sphCER %N@d%)nd/or the buffer is exchanged. In one
enbodi nent, concentration and/ or buffer exchange is perforned by UF and DF.
I n anot her enbodi nent, TFF is used for both the UF and DF. In certain
enbodi nents, the TFF is run so as to maintain a constant Filtrate Fl ux
rate. In other enbodinents, the TFF is run so as to mmintain a constant
TMP. In a specific enbodiment the UF step is performed using a 500CkDa

hol | ow f| ber cartr| dge (GE Healthcare) wher ein the viral harvest | S
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contenpl ated that the chromatography can be perfornmed in a batch process or
alternatively utilizing a colum process. In certain enbodi nents, the

condi ti orwd 2viveab7eroad is purified by col um chromat ogr apyus2¢000881}4

Fol |l owi ng either the chromatography sBep, if perfornmed, or the buffer
exchange, the concentrated viral harvest is subjected to a sterilization
step. | nopremRDAdgresdenT (PEQIDND:I242ation step is a termnal filtration
step. In one enbodinent the termnation filtration is DFF through at | east
one nenbrane having a pore size 3 mcroneters or less. In a specific

enbodi memMeaidiehdinl imdiunaglebuliravargfile fegidic#desejuemeabr ane. | n anot her

speci fi c _enmhodi t the filter | r S I t the
Fiiter i€ 005 b0ums SRG e T orondrart bk crck Bt SXBRebuien:

t he mét hadvetrprrd RPNEETTESPIQMAISORYERY v CAKDM mMESskroryw imbvgepaiect ed
cells conpris ol,Lowi ng steps: a . clarifying a viral harvest

conpri si %,ssi &%Cﬁﬁe?@r}z g the viral harvest by direct flow filtration (DFF)
through at least one clarification filter having a pore size of between
about 10 microneters to about 3.mcronmeters. ii. treating the viral harvest
M eh o ndieeE M SeRRaNL A redTeh H TR sphieide vi 1l harvest by DEF

t hrough atroheast smisaclarzk furratranQd | 1IRNSLGIWEAY) MNPGKAPBEREBT SY2Z2sSROERGeEt ween
about, 3 mcroneters to about 0.45 m crometerSéb. stabilizi gg bl] I\&g arified
vi r al'OharPEEECTFTh TSHCHOERT RIGEPRATE ofHPY SCHUMTE “wi T d3F @ or

KA ); c .2ggoncentrating the stabilized viral harvest by tangential flow
filtration (TEF) and perform ng buffer exchange by diafiltratiaon (DF) using
a hol | ow fi berErebpdiperiger Redmventen neude fose %f%%%edwm%fmb?m bet ween
SgO kDﬁ EXQTe%séﬂﬂor%-xaﬁwFleE _ﬁﬁ][cjoﬁﬂ)ir_idﬁ@n ?Plﬂwttlp]@de_%ét Wrthalerdi@ (/@ Shedvy cRiiR

t hrough at |east one clarifjcati ilt avi a pore size o t ween
bbout 0. 89t EP et lanshed bl LR 0T Gt e Ay L TEEEB ot or y
syncitsi alpaifingus theslightiand hexlylchiis theresun isgdneffioh @l af ahlisbdge aktarena final
viral infectivity titer of at least 5.7 logio FFU nL [0186] |n anot her
specific bmfer%?ﬂ”tm%eoguri fication method conprises a step of
purification hyatahbedmexcdiangievettionakaghtapal, is alseotd A inronebuldi i Ng of

t he viral h%rve t and buffer ﬁxchg{lgr}e. g(g Va}gcri ne. C%gpos' tihons nd Met hods
of Use [ GPBYRNHERE™ Riverft't2BR FURIN @1 BedTeploniG puuiop gthg heayygallbiza or
RSV) whi disetirte anlaiunedibsulinonstamitdhaith, efy., dgnmma-angarama-2] hasmavd sruses can
be f%mﬂ ated by known nethods to provide a vaccine for admnistration to
humarf® or92dliaiclaNThe viruses can be present as intact virus particles
(e.g., dl i }/eha?mwtéids%f Tt?@)ﬁhe?gneﬁli’oeidﬁ@ﬁds&y@bdh?'thétrﬁghgdf@d/ijr us (le. g,
treated wit tergents of for ehyde) . tignal |y defined vira
CononenttoTBOY oS S Sresentiiy BB BOLSE tipePPerm By KA. BYTRATESds Know
to the peyoen fadtors| lestmiones lied eidymeand used in the preparation of a vaccine.
Met hods for the generation and formul ation of inactive/disintegrated virus
particles for vaccine conpositions are well known in the art and have been
utili2sed for over 40 years. Pboductiohrnrboesszand/imategialéacci ne [ 0188] The
formulation o itntact Vi rus rﬁgrt.iqlcﬁs ge.[q.t tIJive attgnuated Vi rg es) my

i ncl ude buf f er§CCEPHA AR5 BYE BT EAPS 2 087G 0 PP aat &Y 2V gFair R ?‘,e protein
hydr ol ys atresepeingentioa shdyageintrodieled irito a,hosthedll dlyiang c&g@mrta niethagls, knBW A thand
preservatiyves. Buffers useful for such a. formulation cantain 200 mM
LT ose. i HenTO Rl s4BPe firged g ol af CaRuBandSeise afelPiflcd felRed
enbodi merdsgiestribedfbyrGraharniand ah denEacViralogy, 520646t (18718 s Ciloarpmetsads fam no aci d

exci pjent.s, such | ut te.and arginine, .In rtain, other enmbodi nents,
the FBF miRs G0 B Rl6 AR e T nh it Dot of L@y MElon TFRERETFS: of
hydr ol ysatsed. MatHodaford@nkfageationralgpeihetideélectgoporationclippsompli teatisfoemation an

gel atin) 'anl Lblf@@eprnotdin@r}t Stof he fornul ation of intact virus particles
can corrprlg e FLLES WA Y e stable in | iquid formfor a period of
time suffici emostcellakbtem at embg@gimeéentofttineinferdiod, mamntalian ogllss &oeexamsble,
commrer ci ghyl. [ | gar a : - t an

i nfl uenzZéd}'g%tgih%ﬁﬁ%ﬁ”%@%gén&?_‘eét&gg)'t %r)c'ﬁqc%%yceﬁr%o%ggﬁé%b&g)é%%ﬂige{ga @ rough
Mar ¢S n fehibe dinydiokaiate Medvictashddhfl) gemaun ant érpbadimeasy of ducinventioosthbeselt irens ar e
desired to retain their potency or to |lose their potency at an acceptable
rate over the storage period. In other enbodi nents, such sol utions/vaccines
are stable in liquid format fromabout 2C to about 8C, e.g., refrigerator
tenperature. For exanple, nethods and conpositions for formulating a
refrigerator stable attenuated influenza vaccine are described in PCT

Pat ent Publication No. WY 2006/ 04 1819; al so see PCT Publication

WO 2005/ 014862. [0189] Thus, in certain enbodi nents, the invention provides
a refrigerator stable vaccine formulation conprising one or nore of the
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following (wthin 10% variation of one or nore conponent): sucrose: 6.84%
wei ght/vol ume (w/ v); arginine nonohydrochloride 1.21%w v; glutamc acid,
nonosodi wormraiBydrat e 0. 094% w v; gel atin hydrol ysat e, pporus2eve/03gipe A (or
ot her sources) 1% w' v; potassi um phosphate di basic 1.13% and potassi um
phosphat e nonobasic 0.48% w v. In another specific enbodi nent, the vaccine
for mul at iivihe OXEANI GO call Ime)(fuérzh/sef ol {Q@?Bﬁ(?el(%%ﬂ&;liﬂ%@t_ﬁéﬂﬁliliﬁé’s of one or
nor e conponent Sucr.0s % wei ght/ vol une (w v); arginine

nmonohydr (‘ﬂf‘IHdSrfOB@’(alm@iﬁng ‘gel atin hydrol ysate, porcine Type A (or other
sources) 1% wHdst defls semprisingia demetotte, expeassed asingapredess bhthbptdsent {e.g., a

t h t buf f th f mbodi t
D oo U BEREaL e L SR i P PR PP RR B cTo00, e
one ob nmheractenpttclsémexpressmn@d;etar@elﬂjéﬁemm Ghintsohametel ovavy Cl-dmpmeﬂs e
hydr ochl de 1.21% w V; t i.d di h 0. 094%
W el SommAtpgaapEchigks A T VRLRE L TR e
pot assi umnphasahal acdisbasi the Selkdfbn maskupe beas Seuerapiosths &dr e cvetrevisiestied 0. 48%

Corpr 1 ses kRO SHRE R TR Rl R oot D P ameBe BhsP) Hok@ ' "

corrponent&ol H9c 605621 6S Edivkavet ght1P8D) Nate Canter)instalgnayrn@: Ter&R)y th ot or i de

1. 21/ h OR4% [ | at

R L S TR
di ba5| c hals%cemmb mUtIaﬂsetIaM(pmiﬁ’Im eIaltI”oAmnIa&c USAW/&MMZE@I) istill

Fol | oni ndrerserhrHF0R SR Pavrbiecsy 26iat e bl BBrEAE EitnGhars sz
wei ght / valithrtee {andet genatagberexpeesseno Ayaitiictiboof the vectdtitsarted taglatipamisc aci d,

d t 4% A
ronosod UL TRPINIRYo SuRRa i ea S RLER A SughOh8 PandBe ) ("
phospbat eéMWhtmae icaltude A8t and §lo€dr suhpemudtioes cameing Mutipendop@setite, t he

f I f
one or mirerHiTh RN Rk R R g e R Sl PR (A o e R " ©
rr;)nohydlr doéh). o'Fhec@n]a aZd;%‘thmn pgcbae'satvpc:aﬁgciaﬂes meoaioﬂnnm urmhsihlyid icalt ineB. 094%
wv; ge )
pot asst uny b REEERARC Gy R EiciS p b el e AR SRR el e g0
wv. In ajeevrdeubprstwm fic enbodi nent, the vaccine fornulation conprises al I

ft foll ) .
o ok, 011 084 08 bl PR B B B0 Bl BPES SSTBRRET b 211 05
aci d, nondsgaiedrintobwehsatinage CHQIHEW v CHEEDEBI 1) diyainedoprsh DAIA qzrcﬁctnpme Type

Ao 0 0L AR B A PO BB RAPIFRL SRt e

vacci ne froesent avérdionisgresentiraine,cel ayseverabcagiss pengehidephadt & 4 8. 6.7, 8a9, | east

50 I

20, M. ori2li 29 dRPef on Bl uckRF RS O, ik i hERBho RO WL B8 3
mv &b athorste@;ﬂtto movﬁ\@tabhtyamelce%numw qﬁme velcor 9BA, @pd.i aonapijantiyphay
drying, afapi 5c¥d E%SSIE% "&}SFe%Qé(d th& bfe?ﬁc‘?&ﬂs@h'bggglgbﬂgjs r«%eglemgée m SPray

atom zed I1nto Tin ets un er a streamo _ gas, y
utilized whichetke éﬂ@tOI’s%QﬂNQQ@SthaVE been ampkfiedli after mmiaﬂoatmtgrﬂwe BNA otthegwsht | on

ol utes (2he MR BEIERa} Be siefhol P tLch TRAT R S0 T 07y
Gener al | yhramesgsiady In@pqparat@daﬂﬁéra@dtogrre%npnb@gemlEIrNAlas'ci@pkyaemird@mpﬂha@s bgal | y
in arsoap%;tm%h%@thﬁé‘é ''Eét'ex@ %X‘EH rSéané%f ﬁ\EF'dEQIrQLf ﬂte%Fbt%ﬂI’é‘grbpe detett biP

specific for one or nore STraI NS Vi rus. arrier or

exci pi entstansiagd praeadvseseich @gIlNA a%@p@la@»l%o%%ﬁfﬁ p@.ttmgr Nerttedrp blofing asdeh as
sterile Wat&Em Wus saline solution, aqueous buffered saline solutions,
agueous dextrose sol utions, aqueous glycerol sol utions, ethanol or

conbi nati ons PREPEeAverarsell pilspamadiugs KHpWs ircihe 26 aanibsrised ispropagpte eellsi | i ty,

pH, isot %tbFé'sEM? a%‘r@eﬁéé@ |Sév¥ra'| Sorfinb RIS AvAESR AMDQ heiRhObREARable. If
established in The art. Generally, a carrier or excipient Is selected to

m ni Moze SXPIESPIRY @ PARIAINGP REuseth isEaneitally.canraalrsodugiiiee g1esia (- & Herypadree cul ar

route of A& (BN Aldy R, de%rr&ale th@@‘éP@%léIﬁh‘ImétﬁBds%ﬁH@ﬁIH Rk art YIRS |
etc. [0198] Optlonally the formul ati on for phyl actic adm ni stration of

the vir udBay bgg acP(‘ﬁ?strQé?I‘t’@ iR pRIHEfee 'HP%‘Hmcd:rﬁ’( SI‘ZI‘IQP'%rFBreSIaQ?BFaé'O&d]WSﬁts for
enhanci ng the i mmune response to the influenza antigens. Suitable adjuvants
i ncl ude: saponin, mneral gels such as al um num hydroxi de, surface active
substances such as Iysolecithin, pluronic polyols, polyanions, peptides,

oi | or hydrocarbon enul sions, Bacille Calnette-Guerin (BCG,

Corynebact erl um parvum and the synt hetl c adj uvants QS 21 and MF59. [0199]
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[0202] The i nmunogeni ¢ conpositions described herein that conprise a live
attenuated purified virus may be in the active imrunization of a subject.

I n one emvodnmaBsic7pr esented herein are nethods of preventriusgoo/ossisal
infection, conprising adm nistering t2¥ a subject an effective anount of an
i mrunogeni ¢ conposition described herein that conprisesa live attenuated

purified m/dréIySwnd:hl@ celld floacsdroe-subplesenedenddis todntm;fred rhédig. aéqlmuat ed
virus is Meric virus

ifi nmbo
o orn SRl eae a0 e8P acefuh Soagsmeed ARERA L or i ng
to a mameelun(- ﬁfe@medmlnhmrmﬂéraaﬂeﬁ (ear:1 25% SEIVDBO% SIFMATE% SFV) tgende% SFM

t d bed h tt d fied RSV,
ey O o VIAEPH Pasiates i (havas U SerurE e Sdgpiafc Fops BB Esq el on
r A2ch48/céﬂb4¢hé.ﬁ)a@@$Iddapﬁtaﬁe&\4]Gé’rfwanymmgemue tc semnosirdd madiades cuitred herein

that conp att nuated pu
i nhi biti 8h @‘g b9l"‘r 'QI' gﬁwcoq{?sel néé){‘ié('ag}?o%}#sf?@ﬁag E‘? E'@Eﬁr 'E'Halhcé’pel n are
met hods @focunihi thiah UO@hgﬂdlkE!ct adlaptatfoactn enﬂerrmoﬂipfelnsofﬁge aﬁ}emtmnsthenmmag to a
subject in need t hereof , an effe an | eni ¢ _conposi tion
ostr bed HEREIR i aros bice S A L R e Bl s TR 0 elel  sone
enbodi menivailabtefeoraSiganasatdeidh (Strilssis| BIC). Thisrmltire iy arinal- cdmpcmespre@a fwiith
enbo Lmen nted herein are t S fo i.nhi SV i. nf ctlon
conpr Do MR REE B E T Pe e rinane<ioht Ardh W B el B Filnt o
an i nnun@murd-mteceﬂm&scdllmunurdess:ed bElek imedlermalsdnmbludegmorgees: salt,isodium
attenuat% url%ﬂb% I articul ar enbodi the at t nua%gd RSV is
r A2cp248/ 454 s Fé%‘gf é‘°”rﬁ?ﬁﬁ%5‘éﬁm&£‘°ca8 o%'FaP? S LSUE BRI, o 1
t hat conjinsusig pdarlt hydrolysates udharcbrganid ¢anembunds, ugcmjenmmszed stidadgtardslcEhean

i mmune resppnse, that resu in.a.reduction. in vir in_a sub ect. In
one. enbodiarin ashBa B afieurS G B ristfiah oS bive el oy *a
Vi ruglsin aamsalhipevﬁd protemrars:tneg card pomenss. eTymgalI)a,rion r&nmmadagjenm of the mpifint,izon
descri bed_h .guﬂ b a4 co @F%P % eo@%ﬁp dufe J OSﬁQC|athoy|rus. In
sone embdd I HERS SPRES Srtie t%di ud P's Chl 8 M 2 é"é’e{. ¢
enbodi mrembedipn pgertbedeherei n are net hods for redUC|ng RSV titer, conprising
admi ni stering RS
i rmunogeni c céﬁ%%@? hm %ﬁheﬁg%Q%Q g¥$ t@B& egg%QﬁEV %.@gﬁﬁated
RSV. | n af gergresant mveletldmodamdad) be BtmeeChmteenastBlecbllFE@\dk (MCB) and/or working cell
r A2cpR248/ 0 0 n f unt of an
[ mm%ger%%gé weég%%'%%lyﬁ%crl ge@%%grg’lq% e uogéim\?af m(fgt] fggthwi Hies. d
appr oxi nﬁwwyrez ceb bdnkiny sfstanalbdnsisipp oba imestesicgll barfkobranaxnterrseee bank (MSB)
apprOX| r oX] |
S0b] ot | aha st ok ol St el IRLIRHE Y ecfolfied 185 Ji3hde hoycden
certain ezfctmedamdﬁirus sell e iefubedt to nakeauminetMOB. @tenenaimnfmgMﬁﬁzmemmm tions
descri be i e I
syt oms a2 aroed 5 BREn AR, Lol rheXan Bt SRHYS i S, MhusBP By o
subsefuermoyoppianiec emnvile bf aelie froml the WMEHbernateeekpandedstorfeimathiew¥ CBowbint iseat ed
subj ects cli f
commosi ¢ Ba2gRAZEF B g Tah priBflo gkt BES Indh RERHRG pRlecll? HERMISREIMER. |
i nf ect ed aWWEB caebpatordd ipdiald, farsxambiet atvIethenmrawee(eeai @@o@réwe' -Z00207] The
|nnunogen8@tﬁonp05|t|ons descri bed herein that conprise a live attenuated
purified virds may be admnistered to a nave subject, i.e., a subject that
has not been JM@lcalb/ hetwasking et hankiindledssenglisirern Otnheleﬂ/pfrtbg mgfstar yee which | n
one. efpOGiaTEBben Gy THHIRERAL4ssSBEPOTbI Abtab S ddhBrh Wil [ el GRITPT | ses
a live attenuate -assocl ated virus nay mni'stered to a nave
subj ect tneaded, éhedtare ﬁ@endworrd@ee\rqﬂpmmgelbbankr\aherem dieg inester oeil kang predsedi ¢
enbodi ne i i a
Ve att onay EARRD AncuTRIPASH: SRISRRA 210 otBhEnlbbit FOMYeDER?, 2,
of develOﬁﬂﬂ@”@mﬁﬁvﬁﬁn3&§whbﬁ In a particular embodi nent, the attenuated
RSV is r Mcpﬂ@éﬁ%&ﬂﬁ@&% ol R7R8wd Bﬁ)cbgg@srf&%ﬁmng CRNPAR] rfeb&ﬂﬁmgﬁﬁzcr i bed

herein that conprise a live attenuated virus nma adm ni stered
t o a XubjrEeducingz PrREN-heelgvels IPjogseeand {')T‘Pe@'ﬂf@d‘cﬁﬁ’ prpcassi épt@r@n@esg‘%up,
subgroup fhestd I%blﬁ‘lé@felstdﬁﬁrdfélﬁélﬁ iRlerdsR HRWRSEr thé BnitdiRed PRRALOGEHerated)

i mrunogeni ¢ conposition Is admnistered to a subject that has previously
been i nf &&Pe&ai 9N 18V&IFrus of a different group, subgroup or strain than
the virus of interest and is at risk of developing an infection with the
virus of interest. [0209] In one enbodi nent, an i munogeni c conposition
descri bed herein that conprises a |live attenuated RSV (e.g.,

r A2cp248/ 404/ 1030DSH) is adm ni stered a human infant or human infant born
prematurely. In another enbodlnent an |nnunogen|c conp05|t|on descri bed

o o o . . . N AST AN AT A PSS NS N -



speci fic enbodi nent, the human subject is a human infant, a human infant
born prematurely or a human toddler) during the RSV season, typically
Novernber wbrowgisépril in the northern hem sphere. |n amotrhmseooembads ment ,
an i mrunogeni ¢ conposition conprisingéa |ive attenuated RSV (e.g.,

r A2cp248/ 404/ 1030 DSH) is adm nistered to a human subject (in a specific
embodi menlt, t earherBedimeny ¢ eie ih%@fh,uﬁamvbn%gﬂ‘b_bessafoﬂplrlaiggc\:i/h@fa@i’dteih%uth. .
rematurely or.a human t ef ore, an uring the season, typica
Rloverrber a?%P@ﬂBtFPJ)?(BPigI" qnﬁﬂgkiﬁﬁm%@ﬁ”}%ﬁ?%herg [0213] In certai %p Y
F_nbodi rreﬂt-é(paﬁ(ﬂdng} m;@gmbipg@wrmﬁ@iﬁihmtaﬂmaﬁ inh_%dmhﬁfn@}lian ghoaith ey | sefs a
ive attenuate ified virus do not resylt in conplete protection from
a viral ifife qnb%‘jhgdpe 'EQOY%Sacﬁjﬁgz'ql%%}nev(#t“?ﬂ/'i)ti te;mconpafed to an

unt r eat ed subjrkietexpérasoncéaml Heduge dfonkekdm plogn ghaikesilaske Deant enhrodaeadi ent s,

dministrati f i ' it i bed herejn that
conpr i sed anfah, S PIARERa L ar o SRBO <L RILEFBTInWIh 8l fgpept o1 g, 2
fold, 4 fiesd,cefls fecd.dio Bddrsltylof dblouf D6 x 26 detib/chl) &, fheh dreagrogthaatabout 1-2
reduction 4%3%[115‘?‘“{\&%[3,0&216'?@9\/' rusrel ative to an untreated subject when

chal | engéd A5RE®Enbodi ments, administration of an
i nmunogeni ¢ conposition described herein that conprises a |ive attenuated

i [t ir 109 f er.abl 25% 0% .75% t ducti i
Vhe ot o2 bpeyathdar ot BRErRIET Y Grtlibeatrh i P BR ilorl Fehyed |
Wit hI t he (wé tq[JesceIBmmel fty dfsabobit asrsetdmc%¢eu?/m|,m¢drwldmgr?bpr:amrs t?rrm:l mdeiumb;Jt are

t Im 0 ess sever S 0 a.vira I N C 0. ) ons
of a virdNCIHPRETERR TaNECE APHMh oY BYEroNattAian A Terd. PR [96fuct i on.
[0214] Thtucoserambgghitamieenposi ti ons descri bed herein conprising a live

d chi ' |l - ] f.ovi : be | , I nd |
esponee to a MoHEy Pl arediten ey Fras IRnER LAY B EarTolR b phod

her ei1d cdOdgpr2’samsaort.i ve attenuated chineric cell-associated virus may be

used to deliver. a protei | i r peptide of intere t 0. a subject
Lo prevent anaPup FPETVdoyReiedBEfads, B RERbendrfooh ShED Bt s o
i nt r oduceel Hensityimas capehied ovampost 10° cals/mk. Ig.an emsodinmnt bbtheinvaentian the

i 7 at ¢ adaSu ey BRI B Rl 5 R 7 Vable el BEnd f il PR 10

par ent er &kll/ml.g. , intranmuscul ar, intravenous, and subcutaneous) routes. In

some .gnbodi ne } n I 0 j .t i_bed i hat
compaoos a1t Pyine A IS RHERG0 SRTRPSIAdR 6°GaBR AfEAP LS B et ¢ e
nat ur al rapptoainodte findl @oltture wondentraonsi asueet fdrth keelayp@ot inclodiegtitedcaoneantratian

- A2opoasr ol FObaBraefReb ot e paB Putpet P RERUTGE iRy ifmiiien falni 2at i on

pr ocedur egowthmeediumojunt of an i mmunogeni ¢ conposition to be used and the

i muni zatd edule will be determ ned tclan skil | kit he art
and wil |l %‘%%T%n&ni stered by reference to 5¥ne?r.c8#é’e§l'tr8hcﬁwn|n%'ﬁlture 91 bty i body
titers of Liahginisebj ect. In a specific enbodi nent, a hunt26.4nfant, human

i nfant bokmyginenaturely or a human toddler is adm nisteréd a dose of an

i munogenkdistidimposi ti on conprising a |live attenuated RSV4Ze.g.,

r A2cp248/ 4dsblea@B@DSH) , wherein the dose of the i nmunogenb2 conposition
conpri seslLdgysirexi mately 125 to 200 FFU of the attenuatedSRSV. |In anot her
enbodi nent;lyssnéhunman i nfant, human i nfant born prematurel y2or a human

t oddl er i &-Methioninet ered a dose of an i mmunogeni ¢ conposid2on conprising a
i ve attehtrheedal®@dve(e. g., rA2cp248/ 404/ 1030DSH), wherei 83t he dose of the
i mmunogenkdhreomp®si ti on conpri ses approxi mately 125 FFUW7.@pproxi mately 150
FFU, appr bxiypigpbay 175 FFU or approxi mately 200 FFU of thé attenuated

RSV. [0217£-Tyrn5i§©ms enbodi nents, 2-6 doses of an i munoged®c conposition
conpri si ngvappr oxi mately 125 to 200 FFU of a live attem#ded RSV (e.g.,

r A2cp248/ hedgM@30DSH) is administered to a human infant,8.8 human i nfant
born prenbtagp@iegingr a human toddler. In some enbodi nents30the doses of the
i mmunogent-@sedfpeSHti on are adnministered 1 to 6 nonths Zp&rt or 2 to 12
nont hs apardutamig agidspeci fi ¢ enbodi ment, 3 doses of an i nogeni ¢

conposi ti @ﬂvclf@rrpri sing approxi mately 125 to 200 FFU of a’Pive attenuated
RSV (e.g. L-ArolPep248/ 404/ 1030DSH) are adninistered to a hdfan infant, a
human i nf ArSEMBRF n prematurely or a human toddler 2 nonthd'apart. For
exanple, a first dose of an inmmunogeni c conposition conprising 150 FFU of a
live attenuated RSV (e.g., rA2cp248/404/1030DSH) is adm nistered to an
infant less than 1 nonth old, a second dose of the imunogenic conposition
conprising 150 FFU of the live attenuated RSV (e.g., rA2cp248/ 404/ 1030DSH)
is adm nistered to the human infant at approximately 2 nonths old, and a
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chimeric virus is a replication-defective virus. In a particular

enbodi nent, the chineric virus is an attenuated virus. 6.7.1 |Influenza
Virus [ 02zR020if0msemal t ure medi um et hods, processes andPpcongse@vissins herein
are particularly useful for the prodwstion and purification of influenza
viruses for vaccines. Influenza viruses are made up of an internal

ri bonucl eopr otreamembpdimeontfdheinngntaons agimerdcedfesdsgrearos tddatide dheRNAdigenone
and an outer \ji j | d i ' A
and 1 nf 1 uenza Bo0T a0 SRAI0Ra0sBEBue & Rl or Biathie heohdr SRS
negat i ve serise VRNA. vidtiecélnddnsibneactespnoh t0’aredstt e @ | eveachpaipypépetedes.
Segnent s 1- nco : i i . - RNA
ol ymer adbar Rt e ahe LB SFBN RS BIEN 2 SNEHERGIERY T\0
remai i ngngicdtgaresraganept oreiatiser BBUrcas dudPlasdram drecioitiaidnéymsbgnestitgr@vtand

segnent SmGJigrﬁPecti vely. In addition, segnent 1 of sone influenza strains
encodes a snmall protein, PB1l-F2, produced froman alternative reading frane

wi t hi n t Heor@Bineobdi ng r egi on. Sedmahtulire oowdatatione (hafiteggl uti ni n ( HA)
surface glsggamgeth}gjig i nvolved in cell atta%kglg% and entry during

i (at

n

i nfecti ON.pg encodes the nucl eocapqi 2nucl eoprotein (NP
pol ypepti ‘i&%e maj or structural conponent;;aSsociated with viral RNA

Segnent 6 £ncodes a neur am ni dase (NA) envql7'%oe gl ycoprotein. Segment 7
encodes t a irq%x proteins, designated M ,aikd M2, which are transl ated
fromdiffepantially spliced mRNAs. Segnent ;8 encodes NSl and NS2, two

nonst ruct ypal. o rgl ns, which are translat g4 &f rom alternatively spliced
MRNA vari ants i ] The eight genone segmgpts of influenza B encode 11
proteins. 1 ntggg | argest genes code for ,ggmponents of the RNA

pol yner asg;q; E , 5 and PA. Segment 4 ence( the HA protein. Segnent 5
encodes N% e ﬂ,k&nga&?@gs the NA proteighzand the NB protein. Both

pr ot ei ns, F@#cﬂ , are translated from oygf | appi ng reading frames of a
bi sci strop| &iJANA  Segnent 7 of influenza B gl so encodes two proteins: M
and M. T est segnent encodes two prpegucts, NS1 which is translated
fromthe idodirfngEN RNA, and NS2 which isgtranslated froma spliced nRNA
vari ant. i3Vin Reassortant viruses are prqdigced to incorporate sel ected

hemaggl ut ifj A depr neur ani ni dase antigensgiromclinical isolates in the
context of;ghidpproved nmaster strain also gaded a master donor virus
(MV). FlyMsi{gia for exanple, makes use %f4 approved col d adapt ed,
attenuat e hoﬁﬁ@ﬂ@fg%%re sensitive MV straisgs (e.g., ca A AnnArbor/6/60 and
I’C){ab i
0

ca B/ Ann Ay i Qther strains that pgy be used as a naster donor
virus inchydgy,but are not limted to, ca AsAnArbor/6/60, ca B/ Ann

Ar bor/ 1/ 6@hyr‘ﬁfﬂ'n%/ Leningrad/| 34/1 7/57, A ByertoRico/8/34 (PR8), ca B/ Ann
Arbor/ 1/ Yhire&idEnynor ad/ 14/ 17/ 55, B/ USSR/ @Qf 69, and B/ Leni ngrad/ 1 79/ 86.
[0224] A myddRfer@e Met hods are useful for ffigsgeneration of reassortant
viruses i peELdiROP£A8HBesed net hods and norg gecently cell culture nethods
See, e.g., PCT Publications WO 03/091401; WO 05/062820 and US Patent Nos.
6, 544, 785; 6, 649, 372; 6,951,75, and U.S. Patent Application Nos.

11/ 455, 818, 1BlusseTRaddegnipr e1drspe, Wmn thetglicpse opanenpraiiced hrstiterae nedi a
and g hodsqigh hiRddW 858Ut A Gliter 4REl Ylutdnfhe 1s1del HBHELdnRle, Uhehhd Uenza
viruses including, but not [imted to, the influenza strains disclosed
her ei n andutPEiesENegHtation inuibe suksapradiin pllg Saley abpul13p8e/dter-donor Vi rus
(e.g., ca A AnnArbor/6/60, ca B/ AnnArbor/1/66, PR3, etc.). It is further
contenplated that that the nedia and nethods of the invention are useful
for the prdeRienalyharesiing inecsiebamomiiR poduction| cglicriy e BRSBEY Petht WRATY uses,

havi ng ongaiiiity EefovPb09% N8y fefl vy tRE cORTRPT WHRQSIture FIRAIAR 815 S by RNeHbG ¥R col d
adapted, attenuated. Reassortants rra%/qj_be generated by cl assical reassortant
G

t echnl®Quesmpeiure ehsIGelIBHie 2ot H Cep ptiyBPEoshalmpyften in $ipbilige the 8 d

rescue t ealRLAUES ah® Bntrifgilg the EElrd MBHILAAD ICRAB V¥ Bitd)0 HLAD broddisl isVWO
649,372, 6,951, 754, 6, 887, 699,

05/ 062820; U§g§ﬁ£ent Nos. 35544h785, 6 ,. 6, _

6, 001, 6345eCEeigs ngypediug gpp Pegsigines faufyrierproeesgipg, ighe prajeindgpnatggoreltdy

5, 166, 057the delfs calaleqBtainaibr foahérqRodddlingcat i on Nos. 20060019350,
20050158342, 20050037487, 20050266026, 20050186563, 20050221489,
20050032043, 20040142003, 20030035814, and 20020164770; and Neumann et al.
(1999) GCeneration of influenza A virus entirelyfromcloned cDNAs. Proc Natl
Acad Sci USA 96: 9345-9350; Fodor et al. (1999)Rescue of influenza A
virusfromreconbinant DNA. J . Virol 73:9679-9682; Hoffrmann et al. (2000) A
DNA transfection system for generation of influenza A virusfrom ei ght

pl asm ds Proc Natl Acad Sci USA 97:6108-61 13; WD 01/83794; Hof f mann and
Webster (2000), Unidirectional RNA polynerase |-polynerase Il transcription

oy o - - o . .



(cp) nutants (e.g., cpRSV described in, e.g., Kimet al., 1971, Pediatrics
48: 745- 755, which is incorporated herein by reference inits entirety),
t enper at we-28mmsste7ve (ts) nmutants (e.g., RSV ts-\, RSVPCIAR20085%A64 t S\ OA,
and tsl C described in, e.g., Crowe et28al., 1993, Vaccine 11:1395-1404;
Crowe et al., 1995, Vaccine 13:847-855; MIls et al., 1971, J I mmunol.
107:123-130; angdoPsdvaed eneftioddlcan b¥aeed teretrdV8 tHelcedld Frof/tBE mesalnd-ed@ssypged

tenperature sensitive (cpt nut ants.(e.g.,, cpts248/ 404, cpts248/ 255, cpts
248 056, AREPRLo J0 FOBgPIcs BNE B SrirhiRl sk SeR GpntTugge G YRS Attt o o
176: 1428+314B@ma @nts@sbribatadley Xer@i neered nmutants (e.g., rA2cp248/ 404 DSH,

r A2cp248/ 404/ 1030 DSH, .r DNSI,.. r - and r248DNS2 descrihed. i.n, ..e.d.
b Ao FOSRerort. the Wapium R e le e et 6. PuestafliauSa iy,
1999, 51 .or Viithelt.a EBtrif 3 &3 e4@nplanditiCalcbihtrifuget thalproce264n, ifPamembédimedhor ac.

Soc. 2 : 6-. 17 . [0228] In a specifi odj ment, the RSV that may be
oo £+ ed DY iiibcomass Pro A& Pt biafu SReL s aaeird sp s Wibhogent o
conposi t ivathodes cantirage, Nieg priobessscah AR cHIAEAGB theDSEntidh| oradrise ns@biesl RSV
cont ai ns&;aulélg%l & /?[%,f nuating genetic elenments that are responsible for its
t enper at fPe" SERSHTY WS- and attenuation properties including: (i) a set of
5 m ssense nulraadditivs, the rhédurhlcaf bafiderded pirotigh afiné hisdr, fat &emuyad evithal tlpassaged
RSV, 1%i i) the 248 .ane 103%Vﬁ%§itﬂ cations that are separate m ssense

nut at ironsSMPRMPRES $451%T eF {ower the restrictive tenperature and
confer adnanperature sensitive phenotype and attenuate the virus; (iii) the
404 nodifications that are a conbination of a nucleotide substitution in
the gene-start transcription signal of the M2 gene and a m ssense nutation
i n the L 4pQptienailytfirétier podfginbdiie croteire re. adatitibodyn &br exampie; athromatcpeashidailyi t y;
and (iv) DSH which is a deletion of the entire SH gene that confers an

att enuat ed phenotype. See Table 2 below for the locations of the amno acid
substiist ut i ons In at eadodieeni ofttioe inkentlRBMhganbamced Tatdess 2or pfodusimgAcprdtein,

Substitutjons_ Lntroduced I nt RSV Cenone* Am no acid substitutions

Col at| ve T3 PR TS REG. BRI BHTo e Ean ERSEsa: mont s, the RSV that may
be puri f iteekpayidiag peltscepsesdmgdting preteil areestandard frdtial omninaaliae growth amedia.

i mmunogeni c ¢ oS.Ll scri bed o, i e 0 . e or
nore het erol oggﬁ's&é éﬂésﬁ%ng%sbce( (%lot?% TOIP% %%ln @%Vﬁisgggé @%?‘E’reﬁ} et‘cn %ﬁ?ﬁ%@gﬁﬁ@e

het er ol ogouesticre gupasis omyrsiey grovihddabed, 1-2 Xg1.0° celisirol, tihgioR of GsaiNgle,of NSI , M
( ORFl ), , o P ) [N -4t _
exanples I\{E(%S%tﬁ % Feo{’\'loté’oau%ésléﬁ}ﬁ §Q%é:ogjg 2%5h§a%qug E@%ﬁﬁg%% Zﬁeen N g%) gﬁ%\létlpreH()j]é't)(S(;U;!e1x‘2pr ess

i ncl ude 2010°geiis/m( domgabout V0-8Bkyaer.i gens, bacterial antigens, tunor antigens
(such as those described by Robbins and Kawakawi, 1996, Curr. Opin.

I mmunol . 8 : 628-636), fungal antigens, and parasitic antigens), a marker
or tag (&-dnoculatifig aginitegmandnaiaticell graglh mediumewittcthpeaparided célis, ¢p a call hybri d
of RSV G pr i t i f i proteins,

pol ypept ia%g%hﬁéf%%g%{??gf@%f&g@%@l,ﬁa&tdaa%g{Qgisp é@gﬁﬁﬁogfhgjﬁg%gﬁpﬁ y or

acti 2% y gueplgmentsyare kbnasd/sruereah bydralyeaté earoino @EiENBeda vitdhinksalt faed; gytriént- 2,
IL-7, IL- |4 - | | k=22). In a specific enbodinment, the chinmeric RSV
IS attenJg?dégFucég?aﬁ%ﬁgldlrarh%ﬁ%hg exanpl es of chinmeric RSVs see, e.g., US.
appl i cati on Sdheahy Nbinodd4tBBls Y ,0”.Ape fdllo@Bg d29 0t dap dblithestoiawion ddwnisuary 27,
2005 as Ud§yl Ag@%g(g%l on Publication No. 2005/0019891) and U.S. application
Serial No. ?L/ , , filed March 24, 2006 (published on July 20, 2006 as
U. S. Appl i cat iSon ardisr wbaati hydrolsate3@0s A0 kg @xample2dthier pm deyi@ oeafteydi nent ,
RSV i$ engi (el €. Mk ral j Qfgp MU L

bel onss)i nggétﬂgéagélﬁ%fn %gyr ent eg‘?@eﬁy"gég og@ggp?é{lg{nﬂ'stlr?%? %ﬂggﬁﬁg t ﬁ@enmi"%{gﬁi?zsv
vect or. HRbe hgdralypate(shaw sioplyledded om day 8on, the RSV vector may be derived

froma group : N

o oup ATRSY. POIR el g REls b B RS R B R PG AT e
or nor e \Appedxiragieifigelrnsiiteietcaneradrabienses $ai éattht ataw nob Includingttheeeorchainatiagy .

Non- i mi tdsngy SRERIEMon¥hi'im SRk} SRS dih UdFofithe GRS nlhPRAIBAREPVI 1 i dae
(e.g., mastadenovirus and avi adenovirus), herpesviridae (e.g., herpes

si npl ¥ \arewH medivgypes sinpl ex virus 2, herpes sinplex virus 5, herpes

si npl ex Vd:drH%r@nt Epstein-Barr virus, HWG'HHM%oﬁEQ\tr%%rQWLr@!(HQH@r;

| eviviridae (€.0., levivirus, enterobacterTa phase ,_alfrorevirus),
poxvi ri da&qrénge | chordopoxvirinae, parapoxvirui®64avi poxvirus,

capri poxvirus, |eporiipoxvirus, suipoxvirus, nolluscipoxvirus, and

ent onopoxvi ri nae), papovaviridae (e.g., polyomavirus and papill omavirus),
par anmyxoviridae (e.g., paranyxovirus, parainfluenza virus 1, nobillivirus
(e.g., neasles virus), rubulavirus (e.g., nmunps virus), pneunonovirinae
(e.g., pneunovirus, human respiratory synctial virus), human respiratory

e




pyrogenes), Streptococcus (e.g., Streptococcus enteritidis, Streptococcus
fasci ae, and Streptococcus pneunoni ae), Vanpirovibr Helicobacter famly,
Yer si ni a warmioo3eaci | | us antracis and Vanpirovi brio famcirgus2em/ossispeci fic
enbodi ment, the bacterial antigen is Merived froma bacteria that cause or
are associated with a respiratory di sease, such as Pneunobcoccus species,
Haenophi | Uy sthel uenzae, Streptococcus, and Chl anydiga pneunoniae. [0233] In
anot her enip,pﬂumgnt RSV is engineered to express ope or nore fungal
antigens pldomyagd or derived froma pathogenic fumgus. Non-limting

exanpl es pfieddHrgal antigens include antigens deriwad from Cryptococcus
neof or mang;ysileast onyces dermatitidis; Aiellonyces germatitidis; H stoplasm
capsul at umMéaqgﬁqhgh oides immtis; Candl da speci egs.2d ncluding C al bicans, C
tropical i g.phenpPab@psi | osis, C guilliernondii and @xrusei, Aspergillus
speci es, meumh@g A fum gatus, A flavus and A niyger, Rhizopus speci es;
Rhi zonucor.-tgpeehas; Cunni nghamrel | a species; Apopbysonyces speci es,

i ncl udi ngLAyrogagsenaea A. nmucor and A. abS| di a; Sypor ot hri x schenckl i,

Par acocci digligtes brasiliensis; Pseudal |l escheria lagydii, Torul opsis

gl abr at a; L Hdngfrophyt on speci es, M crosporum speci g and Der mat ophyr es

speci es. |msparggifei fic embodinent, the fungal antigen is derived froma
pat hogeni ¢_dsparidiscithat cause or are associated wigslg a respiratory di sease.
[0234] InL@méHﬁQracwrbodl ment, RSV is engi neered tpg4express one or nore

par asi ti cGhminegens. Non-lim t| ng exanpl es of parasigic antigens include
antigens dgyréivved from nenbers of the Apiconpl exa pigyl um such as, for
exanpl e, Bapgss a, Toxopl asma, Plasnodium Eineria,21 sospora, At oxopl asnma,
Cyst oi sospora, Hammondi a, Besniotia, Sar cocysti s, Frenkelia, Haenoproteus,
Leucocyt ozoon Thei | er.i a, rki nsus and. Gregari na spp, C

carin 1 ranbdt & o &S R opngn ChaRe Geer S S DI TRILEn,

Ent er ocyt 0z oorv,ltalﬁngauhééd §mmr(d|saﬁ@éataaovdwsez®euafpr éxﬁvhmemn@en dayeson,

d Pl t h d di f h

e et ek S A BT TR A S A

_sl_peC| fss |ap@+dxd1&ait| ful?dla_laﬁ.mﬁéldomérﬁdaﬂormaereumrtf%elow (m)l(mcladmg\mé eoncBntrmhaifl a,
0OXO0 as 0] I 1 el S Xl Caha I

TP ot By Il cqpanancirorn ol sRHCes wih 2o P el reRn el st oni

S. haematrdédiun): S.j aponi um Tr| chinella spiralis; Wechereria bancrofti;

Brugi a ayli; Entanpbeba hi st ol ¥ti a: Enterobius verm cul oarus; Taenia
sol i um M%Q—ﬁﬁ-{n a, Trichononas »«%ﬁﬁ%ﬁiﬂiﬂ%ﬁ#ﬁ?—m@@ nax; G ardia

| anbl i a; Goyiptrosyemitedi um par vum  Pneunpcyt 091261 ni i, Babesia bovis, B.

di ver gens AdEninesaifadpé i , | sospora belli, L ham3ai s; D entanoeba fragilis;
Onchocer cadendsing us; Ascaris |unbricoi des; 1R@gcat or anericanis; Ancyl ostoma
duodenal eCy@inongyl oi des stercoralis; Capihy@ria philippinensis;

Angi ost r oggghosneant onensi s; Hynenol epi s nan®, D phyl | obothrium | atum

Echi nococtuigingr anul osus, E. multil ocul ari sjp7Baragoni nus west ermani, P.

cal i ensi s Hyfiantidiechi s si nensi s; Opi sthorchitg felineas, G Viverini,

Fasci ol a hejtatlinea, Sarcoptes scabiei, Pedi dgleus humanus; Phthirlus pubis;
and Der matabnithiresitChi s. 7. SPECI FI C EMBODI RENTS [ 0235] 1. A nethod for

pr oduci ngBiathl uenza viruses in cell culturé.280 a |og 10 TCI D50/ nL of at

| east aboktavB. Ademind/Rinudleotidel ogl O FFU/ nL oD.0&8t | east about 8.0, conpri sing:
(a) prolifFeliatcilg MDCK cells in a serumfrdé culture nmedium while

mai nt ai ni hipowrAeiddr nore culture conditions0$H2l ected fromthe group

consi sti ndliaxin an agitation rate of betweeBidbout 100 and 200 rpm a pH of
bet ween aPBgudoxteH€lo about 7.8; a tenperat@re of between about 33C and
about 42CRifldvidi ssol ved oxygen (DO of betlwen about 35%to about 100%
(b) infectThiaqnendCprol i ferated MDCK cells wbth an influenza virus w thout
exchangi n¥itama Eul t ure nedium and (c) incOBa6ing the infected proliferated
MDCK cel | ¥itamadB1Zondi ti ons that permt repld cation of the influenza virus.
[ 0236] 2. Chhknen@hlbide of enbodi ment 1, whereéD the culture nmediumis MediV
SFM 110. [Eo=®vlengne FiBe met hod of enbodi nen#.4l or 2, wherein the Medi V SFM
110 conpri-Besit® g/ L gl ucose. [0238] 4. The78&@t hod of any one of the

pr ecedi ng Tewbiliienent s, wherein the MDCK celll& are proliferated as adherent
cell's on mutressiner 2H@r s[ 0239] 5. The net hodO0df enbodi nent 4, wherein the
concent r aPregestsfon® crocarriers is between 2.04Ad 3 g/L. [0240] 6. The nethod
of enbodi ment 4 or 5, wherein the MDCK cells are seeded onto mcrocarriers
at a density of between 10 to 40 cells/mcrocarrier and proliferated for
between 2 and 5 days. [0241] 7. The nethod of any one of the preceding
enbodi ments, wherein the agitation rate i s maintained between about 100 and
200 rpm the pH |s mai nt ai ned between about 6.0 to about 7.8; the

M T Y I T I NN~ I AN~ I T




influenza virus is an influenza B virus. [0256] 22. The nethod of

enbodi nent 20, wherein the influenza A virus conprises one or nore gene
segrent s Wb 20mid3emnza strain ca A/ Ann Arbor/6/60. [0257pc2ais200@s8tet hod of
any one of enbodinment 2 1, wherein th® influenza B virus conprises one or
nore gene segnents of influenza strain ca B/Ann Arbor/ 1/66. [0258] 24. The
met hod of paRycOmer Miothbgat@r ecedi ng enbodi meptgs, wherein the MDCK cells are
i ncubat ed at RelWeR I rsRen R trdafiH/sdiFebdsre A8 ihGRldroedafsubh 8s tHef dHiggza
virus in steTp é)c% [0259] 25. The nethod of enbodi nent 24, wherein the

cel | s ar ecicieabat epedinaB3MuE eRncemiptions areegfIthe e@mernests frae thenfitaménisalt vi r us
in step ( floct HRSCUIRIAIRE cBfcaAY i U hBRaREEERBbAChIS IR Ment s,
wher ei n tfgééd M@ngrﬁs ar ee(funcu at ec_d At an ag?ta‘ﬂ on rate gw%]et ween 150
rpm to 200t matine agd ferd anshe véamisisalbfeedhe i nfluenza virus in step (c).
[0261]5 27. Thw?énh%dqgisa{%g@gﬁo@ i dif5cBl ©F Belirde TERASUTIRALS artipgel N Lhe

MDCK cells are i1 ncubated a tween about 7.0 and about 7.8 during
t he repl v babloeelt drnsity raagaeszabayt | @sX 16 efllg/pl (&g, treaerarmreximatedinget hod
of embodi iRfe dAcerMABER otk TbW $hof iftflidthg thO e8ent Rion'Si@nyRidRatOf  any
one of the precedi ng enbodi nents, wherein a protease is preSent during step
(c). [O0269Mmoentfras piaehertress sieh gaiiearihe fitial wearasliantel oppmah Bwedivm e a
serine prahiRgdssid édyos] 31. The nethod of enbodiment 29 or 30, wherein the
protease IS a reconbinant aninmal free protease. [0266] 32. The nmet hod of
enbodi mentCogRoNgRier ei n the protease is prE®akgultite gonceedtioponcent rati on of
0.03X. [0267] 33. The nmethod of any one ofM@/HeNprecedi ng enbodi nents,
further cbrASPPSIORG t he step of harvesting81h@9bitft ure medi um after

i nfecti onL-ArO»€8] 34. The nethod of enbodfh@ME/liS wherein the culture

medi um i s LHeRl¢Hed bet ween 48 hours to 787/hE@fiéerafter infection.[0269] 35.
A et hod &fcyslefeci®ing bead to bead transféf4 oW/l |s in a cell culture
grown on kile¥@R&@rriers conprising: (a) a PP4EWINRish step in which all or a
porti on of-then§Rowt h medi um is repl aced'9t Wi wash nedi um conprising a
chel ati ngLa¥®8Ne (b) incubation of the cel$®BWif&%re in the wash nmediumwith
or withoult-#8MNStion; (c) addition of a pleiEedEeto the cell culture in the
wash nedi 4rASPEGF aclfcubati on of the cell clf f@#eWwith the protease with or
wit hout adr9'deméiecidind (e) transfer to a n &Rt h vessel . [0270] 36. The
met hod of WYY ment 35, further conprise?AMBE®nd wash step between steps
(b) and (ONHHYHR a wash nedi um conpri si ng1% BWAIRIt i ng agent. [0271] 37. The
net hod of L&APHBNENt 35 or 36, wherein fré%%"’ﬁf"&%th medi um and/ or

addi ti onal-tHPEPBERr ri ers are added after $PES ??ﬂ) [0272] 38. The method of
any one o 'ﬁ%di nents 35 to 37, wherein £8eMOEEh growth medi um and/ or
addi ti onal-"RHEEYI8EAINEI ers are added prior {6 MI(#e'ng, or after step (e).
[0273] 39LYAHRe net hod of any one of embod2femaditess t o 38, wherein the
concent r atlfGAM®T t he chel ating agent is béPBGA® 4 nM and 0.6 mv [0274]
40. The & BIOSERgte HEIO8RSIENhodi ment s 383-£8'BEET wherein the pH of the
wash nedi $NGYIBEi ween 7.8 and 8.2. [0275]-V8MIMRE net hod of enbodi nent of
any one op@%aﬂf%ntds 35 to 40, wherein PRE3HMYIese is a reconbi nant

ani mal frebé“brgr%g@r% Badgie276] 42. The met hBQUBIE BOAI ment 41, wherein the

prot ease i&-d gﬁg a final concentratio 00£5 B \iRen 0. 04X and 0. 06X.
[0277] 431N'fed! E{" BE gjafgepne of enbod 1691% Ct o 42, wherein the cell
cul ture i%f’gg’g ?\;EH A€ep (b). [027 8”‘9! 'met hod of any one of
enbodi nentNér” g Yar@tter ei he cell cu Qg% itated during step (d).

/i

0279] . 45 Mepganese HRyidg et %fgiﬁ nt 43 or VAR ,W[‘;%F%r' n the cel| culture is
Lo e b%%%ﬁ’ﬂ%%?%q Bt e i3k iRt o Dot S ©
i r7rbo$ Lnerﬁrztidﬂﬁgdy\/]traéﬁé finat bﬂtu@@bdrpbc@gﬂréﬂd)hs a'r%ofa?é tgtépdqeﬁts 20 & r’fLFﬂrﬁEnlt lEeQaa8|1%

. e ne ny,.one of .enbodi S Q erein the ¢ culture
et et oY R B o B ce T ke e ndnd Ca b ot e et 4o
The net hoghmind asidyfeahendthe enbiedi feeat s 35 to 47, wherein a protease inhibitor
i dded aft t (d 2831 49. thod of effecti.ng. d bead
Lranator of oGiPesBid Saed R E AR i TR St cheitE AP o Be bR ma: (4
addi ntp a mbdbLmtfalisgpetgyeaboutd .3 drtétecand L-glutdnine isaddedufor axesimpleigviidngheel |'s; (b)

w thout - agyERTeCEner Bk Butulf PSS o ABUE R B, TOrC 1 e

presence of the chelating agent; (d) incubation of the cell culture with
the protease with or without agitation; and (e) adding additional fresh
nmedi a and suppl enenting the cell culture with one or nore nedi a conponents.
[ 0284] 50. The nethod of enbodi nent 49, wherein the one or nore nedia
conmponents are selected fromthe group consisting of CaCl2, MyCl2, MySO4,
trace elements A, trace elenments B, and trace elenents C. [0285] 51. The
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[ 0291] 57. The nmethod of any one of enbodi nents 49 to 56, wherein the
protease is added to a final concentration of between 0.04X and 0. 06X

[ 0292] S58woTBhm/msetshod of any one of enbodi nents 49 to S5PCTWisesmmiossithe cel |
culture is agitated during step (b).[3293] 59. The nmethod of any one of
enbodi nents 49 to 58, wherein the cell culture is agitated during step (d).
[0294] 6®- oBﬂenzmvt mae@ﬁgeﬁéa@@lsmfeﬁnhéﬁrwucﬁ& coltiteiermédiencell, weshture is

agitated at and 295] 61. The, net of. a one
o e R e e OB, DY R e TR e BT B eatie TediMR (S ab e Moo by
and (d) ft@mp@@weemhé&emd #Mumizial e@dmd&iﬁﬁi pﬁasphﬁttebmttogtamfzeamy peine of

enbodi nents 49 to 6 nerein a protea d after ste d
[0207) 63 SRtk had anilipine i PERzAo SRy celmicer PRt i e~
conpr issi r@cre&eai) thzi raeditimcahibereained for fuaheripasosssing hfthdipratein i$ hatwetietdd; at i on

( DFF) througq e e r;egbrane having a pore size of between about 1.2
m cr onet &PE TS § 5’8tret@'”§§ O TR QGe§SING4Y concentration by tangential flow
ul trafiltrati emyctdverd thdibddsadanaealsan gerddyovedithé téllsrfrim e niddimf b, ew ng

step (a) us rane havi ng 500 kDa npl ecul ar ht cut , of

ey pur | (EBTitaTlomy S PRI U BR R RS s P Biokodend  BEIP by & ()
concent r ahiefsigry ( ddﬁsai)dvfebom@fz‘?eﬁekchange by DF foll ovm ng step (c) using a
menbr gne havi 00 cul ar We cut of (.

sterifzat) on%l??rmr%hwﬁwmaw 4 Ergmgee st sy SREn dliasennin
having a qvwm\claﬁtiazgermffu%mt mmamlpm,lwma%nml;yeon'et;?@cests@amb@uh e_Gmbaalmelnt

m cronet er, erein_the overa ver urifi Viruses i t | east
3054 and QU5 EYSIBREoTT R van oL en heed whiuT Ll trla P SIS MeBh, | anc

| ess t harwithodt argeritiiiBg@ahe Prde@sdcdro i atérbbadiment afshe iNOEABH, EopriBBaiseef Aod of
enbodi ne 5 b\mtﬁf Qlf sucr ose and a phosphate buffer are added to the
viral har Ltc5° ftf concentration, within 10% variation, of 218 nM
sucr oke, 11n1\/||rp)ladx!3nﬂ1a1tre rbecﬂntlmrcapHe?llt@re?ﬂ.tlﬂr,ougm ia(ﬁnefih)erstoepxdraple, Wib2899]2 65.
The net hodlcof enbodi e g"\;/d?—!ﬁlp wherein steps (a) and (b) are coupl ed.

[ 0300] 66" T r[r%?ﬁ%&e %f &of enbodi ments 63 to 65, wherein step (b)
is perforameld at a transrrenbrane pressure (TMP) of between about 10 psi to
about 20 psi. [0301] 67. The method of any one of enbodi nents 63 to 66,
wherein step (b) is perforned at a flux rate of between about 35 liters per
met er per4-aptiongllytfiheruetymgtthd Protdif]. . €. 383 bo6R . forTdampid, lsbbnaftograghicatie. of

betweh about EBER: wREF hEhd pB e Bl ha R e " BB B any

one of enfufidienerbifted® abwpu6800 midsreiorabstiefO(rbPsmgdistussed abavé)Xn@oncent ration

any oo B At RS By B8 s ke MR Csen g ! el ST Gl o)

conpri sest Xviof bells/Mi0% vari ati on, 218 nmM sucrose, 11nM phosphate buf fer pH

7.0-7 .4. [03 f whereln
buffer exchang?&'oﬁé[ya&n%%curggﬂ}le?strt]ea'w? g’)&e%@ﬁ%}aop%ég tﬁe?e?fn%e?%m%foany one
of en2fodithecultrés ghiftedQp 3\’&}Pietoeaihmut&51°6e(dtscectsedrabbye)U|ﬁ aremtmdirhent ot kehange by
DF occur 7 f aodi 63 to
20 or 72| ren%BSthg%rft c%cgﬁr% Jn emb %ftqtf"g% |ﬁvenﬂ§r¥( b%g/g%eg'nn g?‘.ag‘ﬁr?Fr?zo
74. The n@mehddeohanzgwnmableafellelnbmtjrlqvanaﬂaeurtmﬁrbﬁ is iwhethenrOfeast 8
di avol unes of f n 7 t hod of
any one of enﬂ@g{] r?lﬁe{r?togl §?§ﬁn€2ﬂ%\s&ndn WEE#B ég)g% rﬁﬁ@%ll%l $?ree-rmlg?1&§t ep (d)
corrprl sesproggsshine celeslivae Oaconsentram, pﬂwddemeeattme)conqunhes@mmeuwyf er pH
f 75, wherein
bet \/ve?t’a(fn1 8%8%}]03% %@FT?TLIJ eﬁﬁ%gdceﬂlgﬁc&ﬂ 5’}%8@@3@. ﬁ@%@v‘gﬁg}ﬁ)&aded per nL
of affi leqﬂCmirﬁtlan ls[mer_u@ediand mlaetairmdﬂidabgtﬂt &b ddineesell gr@ythydrelesiphl ibet ween

9.0 | ogi f S -

at i ity oo adushanhonalaidinaflerdd s UBRARD 4 D ER O B ERRG ARL IS 5
| ogi oFFU teperadure dmeatirupusty teitonechard maintaiees! airboltaided (per. abpufoit 04&f@)i nity
medi a. &}ﬁbcg@ rond¢ method of any one of enbodiments 63 to 78, wherein
after the vi re | oaded the affinity nedia is washed with a buffer
conpr¥si ng, wiGeligiowiD%R0 eeirgtiPared ip EBY eiveerert sydems1 v pleonihaebgiowti er pH
7.0-7. 4. {3 eAdondGn a EicpIEREE0E. Lfa Ghss %ﬁe %sker@tﬂgl‘ SR |ﬁ@1u&é)tazﬁ wher ei n
step (c) further incorporates exposure t fer conprising a

non- speC|Wﬂ@a@ﬁﬂbﬁﬂkp@&§@K”fégﬁgfmgﬁbbtweeﬂﬁP%od\@ﬂk@Wﬁﬁﬁkﬁﬁwwdsa wher ei n
the I ength of exposure to the buffer conprising the non-specific nucl ease
is between 30 and 90 m nutes. [0316] 82. The nmethod of enbodi nent 81,
wherein the |l ength of exposure to the buffer conprising the non-specific
endonucl ease is 5010 m nutes.[0317] 83. The nmethod of any one of
enbodlnents 80 to 82, mhereln the ~non speC|f|c endonucl ease is
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[0324] 90. Purified influenza viruses conprising less than 0.1 ng HCD, and
| ess than 0.3 ng HCP per 7.00.5 | ogi oFFU of virus, wherein the influenza
vi ruses woeopussfered froma culture of mamual i an cel | sPCrAB2ap/0S€i64 The
purified influenza viruses of enbodi mnt 90, wherein the mamualian cells
are selected fromthe group consisting of human diploid |ung fibrobl ast

celI's, hupmeaikes Heehhasdepleg. Cektamleéa@f@én Jal@kétaeyeesel)h@whtcﬁtcai|s ér@%%l@th' ng

cells, African green _nonkey kidney ¢ and cani ne ey cells, [0326]

92. The pufquid BRCILRY TABKPRTAGAYS 6N Be Ué%t?ﬂ?rté‘i’ﬁ rayge oﬁﬁét“éf? YPYRES [agmral i an

cel I's ar e;odpGs0qeidobo d%’t@@]u) %%nkﬁtwemrgbrtemhawémr@ﬁat fehtiHsgsr Of
enbodi ment 90, wherein the manmmalian cells are culture is a VERO cel |

culture. ({°0§9|h']'9 ool grawth GeRgife R M udsnP8’1s b ieTRSFBHIeSORtClBIefivEDt | des of
the i | ugjkafon! cobmtesim %fpaﬁ}j'éYQa%%né\éntr%ﬂ&@éj'caﬁtFﬁllﬁtggtﬁ-l tcent%’mr?g OFedNYBhttioh 0329]

The invention is now described wth reference to the follow ng exanples.
These exa[ﬁﬁ]oé'ﬁgé?‘@%ﬁéf@ﬂh@ﬂ mesiup.Heagar yeigh! 'B‘f“cﬁt!OPl?é‘tjrcﬁt"irQJnc'%‘?ﬂ'Wg and the

i nvent i oMmzsdneatk dstbMizhg tMeNaddafd pRifg @ dumisg ttecuen.geﬂ aurgetne&bst addingsrdpxanpl es
but rather should be construed to enconpass any a varjations which

become eoRERkPHLSORIel Selyfipns Ang ﬁ%ntf%éétﬁ%agmﬁ'f‘ﬁﬂeﬂiéedﬂ%'Btonthe grovdip yesse! it

will be appr eeieriigsty thtfol aRE &idatLadduititiond (MssHiBaonisRF R bifredtRdriindiidear
equi pnent and reagents used, sizes, manufacturer, etc is not to be

consi ter edime ANk TRgCteR WhREeie mecBAtICa! SUBREI(B4- IMPYISE) Sousad e ik {hespasied t o

be so. | tto\mgtﬁbuttehédtrahbﬂtatm @ebraéeexgg@atanetshegtraeéﬁyl BUBHS]& clfhnreademt s
whi ch performsimlarl be readi ]y substituted Medi um and Cel |

Cul ture PHBLRISEREOTSYYY U%e?'b‘ﬂ??‘? toemprde GRRteRYP i it r%ﬁ?éor% 8> MIfERI v SFM

107, MedipdbbEMolf rddi&tbfrsﬂbuf dxffertttyeth@tetdt tHz@ thl/ icontaPla ML IThS drdfftube is
particul ar non-tunori cells, \ﬁ’éo hlégh den have been descri bed

(see, e. dYPICHYANGURErA ‘@P’I‘_MFHE’JS%SC“'HH e %ﬁﬁ”d@f‘%@r%’}%%"é*a%ﬁs fir ee

megl urg 12 Oforoek &t ihensadtért n ﬂmﬂlzéduﬂ@cﬂ Fegetors; cMRGfeCRirhsbidapbesmbpps@esa f ree
nmedl um

PTA- 7909 PTA- 7910 | t hat , whil
e s ommo i aipvs AT i Do FiaaraIclos Herts aiaae a1 en FrapiRp gk 0 | ©

reassort agid eriableltﬁﬂﬂglﬁrate bﬂ&amlcm ok e ndinieiEntd tbhigaitell8E MH puiakedeb@nge t he

peak titers yer e st t t hose oht ai ned ium e ange, in
Phioh o dorePEFeSal mmepd o rag PaTgat n eSRPARECS SPBROVELE SA T Eag aced
with an iRjuRctP=eRedBeld wéb@fré%smﬁ@blté esratruetaridiperé bet @ﬂ%uﬁénfﬂimto (or at

the s fection Furth addi Qnal rot se rypLE) was
oout 20G bi0EaES b PorB Gl Biveet Fensel A fistabl iy Shnr ekt b
exchange tanel (16 b.bﬂfeecrroeqoftéreraaspbsémé b@déactdrepoweeé mee@suﬁméttbfnoﬂd rredl um
Medi V SFM,.110, g M? § ri ses. bx. the concentration
of the Vﬁiﬁ?ﬂsﬁgl\,\%'qfﬁ%ﬁi%rﬁg e PG 5¥7 Smaﬁﬁ"tfge rﬂjng RSB e &iClhut r esci ne and

nearly all thJt@mr@&namwdﬁlolnrfeﬁmﬁndlume‘sIﬁtﬁydelﬂ&bmttﬁé yhedracgértestetredanysf (see
Table 3). Use of I\/Iedg\éqﬁFM 11Q did n t | o(g\ﬁ%cell densities over tt hose
obt ai ned WPPRPRERSFEEIANTEE TR PFIPLE: r%? USROQMT Prossine FRPPNISI RECHRTOY sFm
110, 2B aadinfidPmemedialan eetbgtawgﬂnsdnomepteaumﬁearto wbo@t|378C¢ tvittich mp@idgdl] The

S A L s

Secti on 8re2omeihant)hufrramrmduting traveetemeds bod suréanthngs; @v»ﬁwhtchl‘«hds‘vfoﬁﬁi\vhpﬁh@ rredl a

d bed bel | d d d
21 tenuat oL e Al i SR of ded bAEPRIEPIA iip RET BXBAS nb hne
NA from t tedls wkprdsdiypthesintinodySight dairginayinbgldblUROT] hesvgehtinDaknhed|6b 2607,

d I da/ 4/ 2006 th t i n desi ti
o ecettbd B Gl Senary PP &5 Ol edindlRe sl e WP R IR o He
t hree st rmedmmpre@mtepmiutiarreuaely with oamtmédaatetyfaf’@t shigamicul@tidn:| ogi o FFU/ L.
P det th d attachnent of |
the 11 nar “FoATrBHoFoel areeremilt aefd Bl ad art er bead to bead -

t ransf er argd, ngtidnel\DRBS nias Acid fiekdt whgosin nhe edricentration rod thErgopifenests eadtedaiyd EDTA

at pH8. 0. : periodically to determ ne
t he opti n%aw @tdygs%hggré%@$%@g%mﬂﬁg%§ e cg"éak virus titers were
observed atarginit@ys post i nfect 1204 (gyditgr for all virus types. Four runs for
each of t (gg ral ns were pergghﬁﬂ? to verify reproducibility of results
and the data were in-line to eac fer ca Al Uruguay/ 7 16/ 2007 produced the
hi ghest titer at 8.70.05 logl0 FFU nL at 3 days post infection (dpi), while
the peak titers for ca A/ South Dakota/6/2007 and ca B/ Fl orida/4/2006 were
8.80.0 logl0 FFU nL and 8.45 0.25 |10gl0 FFU nL respectively at 3dpi.

[0332] The reproducibility of data fromthese runs indicates the no nedium
exchange process is a robust process. Thus, the fortified nmedia naintained
pr oductl VI ty WI t hout e| t her exchangl ng or add| ng rredl um or corrponent S.
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23. 0.2mm steri cup filter (MIlipore, Bedford, MA, Cat No. SCGPUOS5RE) 24.
TrypLE Select (G bco, Grand Island, NY, Cat No. 12563) 25. Linma Bean

| nhi bi t orwO\WorwdssTegt on, Lakewood, NJ, Cat No. LS002829) pRé/USEybossR4 3
(Amer sham Bi osci ences, Piscataway, NB3 Cat No. 17-0485-03) 27. Sucrose
Phosphate (Hycl one, Logan, UT, Cat No. SH3A1578-01) 28. 10-20L sterile bag
( SAFC Bi osgHigtiages JRH, Lenexa,4m?ﬂa§, 1329B) 29. Roller Bottles (Corning,
Corni ng, NY, Cat No. 3907) 30.@4\1:1 ] | M solution (EVD, Darnstadt, Gernmany,
Cat No. 16799¢¥ieg 2pm steril® F9(H&r (Corning, Corning, NY, Cat No.
430320, 480d@ie:32. 1 nl, 5 ms2hQ/iede, 25 nl, 50 nL Pipettes (VR

Bri sbane, CA Cat. Nos. 53284-_700, 53283-704, 708,710, respectively) 33. 5
mL aspirati¥R'Pi pettes (VWR, BFF QG4IRE CA, Cat No. 53392-044) 34. 1.8 niL
Eppendor f | tméeenineSA Sci enti fi¢52@palté FL, Cat No. 1415-5510) 35.

M cr opi pe Ejﬁ’@ti S (Art Mol eculgi Bi oproducts, San D ego CA, Cat No. 2CkE,
200E and pylalgginesycr ose PhosPEAEE, 10x (Hycl one, Logan, UT, Cat#
SH3A1578- QhreddineAppl i kon Cont 416 heyiiténi ts (Appl i kon Bi ot echnol ogy, Foster
Cty, CA Mde Sy ADI 1010, ADI 8%@_38. 3L gl ass vessel and headpl ate

(Bi ot echnbTBEPP BEster Gity, dﬁﬁl Mte 5+ A310 inpellers (Lightnin,

Rochest er | -t)W65ind0. 60mm mar i ne3é mgaikdrer ( Appl i kon Bi ot echnol ogy, Foster
Cty, CA.4 il. A45mm nmarine i npg%)hﬁggz_éAppl i kon Bi ot echnol ogy, Foster City,
CA) . 42. PeA'S%altic punp (Wat ¢ow Bredel Punp, WImington, MA Mbdel
520S/ R) 43.a@iimsaf ety cabi net §9mey/Baker Conpany, Sanford, ME, SG 600) 44.
Rol l er bottle incubator (Bell cg Bi ﬂ.&ﬁ?chnol ogy, Vineland, NJ, Mbdel

7630- 8058%)2%R8"89(4t er bat h (BoekBW¢§ ant, West Chester, PA, PB-1400) 46.
Nucl eocoumtadpaftidesidBr unswi ck Seé.emig/fterc, Edi son, NJ, ML293-0000) 47.

Bi oprof | e 400.(Noya Bi onedic .t ham MA, Bioprof |e 400) 48.

M cr oscopé’?'é@?jécs?c'a{’hor nwood, ﬁ#?"]@lit%rvert 25) 49. Digital Canera (N kon,
Mel vil | e, ghtineMbdel E5400) 50. 19Mngniepi pette (Labsystem Boston, MA, Model
No. P2- 20’L Pl OO, P200, PI OO0 ??1 Pi$ette aid (Drummond, Broomall, PA Cat.
No. 4-000-"FBB¥ 52. co shake 1 E9K"9'ncubat or (ATR Biotech, Laurel, D,
Model AJI Li&)ing0334] Cell Sourzemg/literum free MDCK clone I D 9B9-1E4 cells
(ATCC accessi on _nunber A- 7910, see WD 08 ) rjiv fromthe Process
bevel opmert el (REBrebar Rt §E B BoRct bR Ralt ol b 58dina PR SEm
105 wi t h feedsehakianeatoncantr&icand tiie compdranié Slbt Y 34id sTipglementfesdd aren of
Medi V. SFM 105.Wi,[t[1yt race ?Irﬁﬁa?ts A Band Cis simlar to MediV SFM 109
medi a, wi W THEFERC ?ﬁelsiﬁtu THAR"VEdi v SFM 105 is nmade out of liquid and

Medi V SFMSbd@Rm seleraigde out of powder. 014126 nvggiiter r out i nel y passaged every 3
to 4 days pgast-seeding as per SOP D0200,.5 i th the exception that the 2x
DPBS washp\%ggmﬁ&"?%&for med. [0335] a%?sm%)ﬁ% . This process was devel oped
with the 2008642069 FI uM st (r) seasondl7.&tgditens: ca A/ Uruguay/7 16/ 2007 (Lot
# nb3903p 4|in1-41900675A)’ ca NSOUthI?XﬁnD@tOt a/ 6/ 2007 (Lot # 141900666),
and ca B/ y(gg da/ 4/ 2006 (141900641A) . HESE seeds were produced in eggs.
Simlar rd&ushbsinltlave been obt ai ned f di7.&megditeri r uses produced in cell
culture u%r%%lepl asm d rescue mnet hods 1{7868%9/“ or exanple, Wang and Duke; 2007
Cct 23, J . "Vitol, 4:102; Hoffrmann, et al, 00, PNAS, 97(1 1):6108-13; and
Hof f mann, Hpornthi2®02, PNAS, 99(17): 1118Whglites) [ 0336] Cul ture Medium : For
t hese run iV SFM 105 with I X Tra ents A, B and C and a total

4. 59/ Lof ﬁ)-'g ﬂ'l'c”&e or Medi V SFM 109 \%mittﬁlnﬁmfegt al 4.5 or 9.0g/L of Dgl ucose
wer e used Lrornigtlihe-HOUt | ne cel | passagia%p mgriterol | er bottl es and seed
reactors (5 runs, respectively. M%fgsvmgﬁwrllo mediumwi th a total of
9.0g/L of gl ucose was used for final™ pr éucti on reactors (FPRs) runs.
Dependi ng Havirt Adersreeeldinngectiedi t i ons d&n@b géitesnt i ci pat ed heconcentrati on of
D gl ucose . adj ust ed between abg A to about 9.0g/L. The

conpositi o%ﬁ%f\ggach culture nmediumi si%gégﬁ Ted in Table 3. Table 3. MediV
SFM Medi urhigedy Acid:at i onsHi gh titer antd.3bohg/liroducti on This application

cl ai ms t hey; efit of U S. provision application no. 61/100, 450;
filed Sepﬁ\lelﬁﬁe]'r 26, 2008, which is h?ﬂéfﬁb?ﬁ%or porated by reference inits
entirety. AsidpinefCthe | nventi on The 3omeditant i nvention rel ates, generally,
to a met hegydyinpr oduci ng | arge quantf_%é ﬁ%/liﬂafr a protein, such as an
antibody, in a cell culture; along with thHe cell culture itself. Background
of the Invention Culturing cells for the comrercial production of

t herapeutic proteins is a costly process. The equi pnent required is
expensi ve and research and devel opnent and production costs are high.

Devel opnent of cell culture processes which nmaxinze the quantity of

t herapeutic protein produced per liter of cell culture will mnimze the
resources necessary to produce a given quantity of the protein. It is,
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Cytidine: 17.6 ng/liter D-Cal cium Pantothenate: 23.8 ng/liter Ethanol am ne
HCl: 4.4 ng/liter Flavin Adenine Dinucleotide: 0.05 ng/liter Folic Acid:
4.6 ng/liweno@oseione 72 ny/liter Guanosine: 17.6 ng/lit ecTHspaastibs ne:
11.8 ny/liter i-lnositol: 73.2 ng/lity®r L-alanine: 8.9 ng/liter L-arginine
312.4 ng/liter L-asparagine: 842 ng/liter L-aspartic acid 97.6 ng/liter
L-citrul | TRRmide2HBI: o/ iter L-cystei nenhliter24 ng/liter L-cystine: 34
ng/liter L-glutamc acid 155.4 nyg/liter L-hjstidine 167 ng/liter Lipoic
Acid: O. 5?’”%@7’1 Eter L-isol euci ne 422 OmyfBIMPEErL-| euci ne 384 mg/liter

L-1ysi ne $fibmrogid:ter L-nethionine 14/ Agndl iter L-om thine-HC: 25.6
nog/liter L-phenyl al anine 207 ng/liter L-proline 239 ng/liter L-serine: 281
mg/liter b—hgﬂ}ee%WPWge'Z 11.6 nmg/liter 591-%’59@L66phan 109.2 ng/liter L-tyrosine
234 ny/ | i E@anblawahdé AE1:308. 8 no/ | iter 4Mamgaicsese chl oride tetrahydrate:

0. 0003 ng/,*i terNiacin: 3 1.4 ng/liter, N ckE di chl ori de hexahydrate: 0.0004
mg/liter PrO§Eterone: 0.015 ng/literPUlPe€ine 2HC: 0.4 ng/liter

Pyri doxi nehialdine3 ng/liter Riboflaviryghgfitermo/liter Sodi um nol ybdate

dehydrate:_ 0.0001 /1iter Sodium phosphate nonobasic: 288.2 ng/liter
Sodi um selFgHPE@E &@?426 mg/liter Th!ba‘ﬁie‘ﬁ@'t‘%cu 16 ng/liter Thynidine: 7.8

ng/liter Progesreid:de dehydrate: 0. 0QU®& mgliferter Uridine: 17.6 ng/liter
ol 1t or G GEOYE ASOGPTRESr L gl ut a9 g/ 1 ter 1n an enbodi ment of
the inveniiddparagmee suppl enents are a@ddegylfiteom an amno acid feed stock
sol ution 3;_3. 8" . a 50X stock sol ution) _1hhat/.gorrpri ses am no acids at about
the fol |l oliRi@Meoncentrations: L-argi i R&"IEEB2 g/liter L-cystine: 1.7
g/liter Lihéséighene: 2.1 g/liter L-iibengiitee: 2.6 g/liter L-leucine: 2.6
%/ I6|5t e;l L5l gtepee;#ér 6 g/li tze:rasL- }\/F_t P??Q'Ln@?tﬁgt 76hg/I [ Ber51L-|/o|h_etnyI al ani ne:

: o/ li - oni ne: 2. o/ li ophan: O. g/liter
L-tyrosine:edcil® g/ liter L-valine: 2. 382gdd/itter I n an enbodi nent of the
i nvention, ﬁbout 20 M am no acid feed, st Fk solution is added per liter of
culture. M"8"®8bodi ment of the inve f‘i”b‘-?(z,'te'i he fol | owi ng suppl ements are
added fromtsmesiaei no aci d feed stock si@Butg/fiter (e. g., a 100X stock sol ution)
that conprises. am no acids at about t,&% f&&tl OW ng concentrations: L-al ani ne:
0.89 g/l i t&F9 M sparagine: 1.5 g/1itefPMeBartic acid: 1.33 g/liter
L- gl ut am ¢-aspedic atidd7 g/liter dycingiMgMerg/liter L-proline: 1.15 g/liter
L-serine: [1.05 g/liter In an enbodi ng of .the invention, the amno acid
feed stocl&"%%tf1 %(fluéi s added at about&;f(')n%'te'ém no acid feed is added per
liter of @Wdnge. In an enbodi ment of57trhglitenventi on, sone of the
suppl errenﬁng,l?iatr e added froma nutri entwéee Sk ock solution (e.g., a 50X
stock sol ut %Hjj % hat conprises supple _rW &t about the follow ng
concent r atl-oathionlneaspar agi ne: 40. 6 g/132trey/liter prol i ne 10.81 g/liter

L-i sol eudne . g/liter L-cysteine- JgC 1119 g/liter L-Ileucine 16.58
L AR el

g/liter Re 8.2 g/liter L-tyrdosi 9.9 g/liter L-arginine 9.29

g/liter Lidgpeetic acid 3.56 g/liter 293 mg/liter
L-phenylalanine 174 mgl/liter
L-valine 262 mg/liter
L-serine: 260 mg/liter
Sodium phosphate monobasic: 288.2 myg/liter
Zinc sulfate: 1.08 mg/liter
Cupric sulfate: 0.0032 mgl/liter
Ammonium vanadate: 0.00078 mgl/liter
Cobalt chioride: 0.0025 mglliter
Nickel dichloride hexahydrate: 0.0004 mg/liter
Sodium molybdate dehydrate: 0.00016 mgl/liter

; and, during cell growth, adding glucose to the medium when glucose levels fall below

about 1.5 g/liter and adding L-glutamine when L-glutamine levels fall below about 150



L-glutamc acid 6.28 g/liter Gycine 2.83 g/liter L-histidine 6.23 g/liter
L-nmethionine 6.58 g/liter L-tryptophan 4.93 g/liter L-lysine 14.66 g/liter
L- phenyl avertoroe387664 g/ liter L-valine 13.08 g/liter L-secrris20008sg64iter
Sodi um phosphat e nonobasi c: 14.41 g/l3ster Zinc sulfate: 0.054 g/liter
Cupric sulfate: 0.00016 g/liter Ammoni um vanadate: 0.000039 g/liter Cobalt
c?: ori de:rg@m@%ialaaggﬁé bélggrﬁm;jmheihtadimmo@bbrd)%nfnftmrat@bamt@o;/?.&D&d%guthag

g/ literSod] ate de rat e, 0. 000Q0, iter Tin oride dehydrate:
0. 000004 %W?‘tagﬁ t%ﬁ‘?ﬁjﬁ?fé%%t %’HP&E‘Q'@& iBg’t 861‘%98)?3:5‘?%‘?’ "5‘.%@@? BedbM ter In an
enbodi mendonrisédi€ells VA Mal @ FeachbPBO% 4bbility.of the nutrient feed stock
solution is added per liter of culture. In an enbodi nent of the invention,

sonme of the supplenents are added froma vitam n/salt feed stock sol ution
(e.g.,5a 50X stock solution) that coEramprRs suppl ements at about the

foll owi ng concentrations: Sodi um selenite: 7.1 3 10.4 g/liter Adenine

Sulfarer Do oaaBedn M MiRgERtRg erovseadorpredsarsderivigthg bisrenf | t or

E%ua_nosi lnle_hvéhii&ﬁiag% lslhc}L{qu nadry dbdil%_‘truﬁq ﬁﬁliraigﬁetrﬁészééw m;)idrﬂlmhhiﬁmg:an_e .aﬁ%g el i4t er
-clitrulline: Q. Iter, L-omt ne- : . 208, | r. Bl I Nn: .

Gl e O AR HE o e Br SBbrARE Y, Gadios 1 nTar. Emitanars foog e

g/ liter Lirpsdngindenttbn. 0. 026 g/liter Niacin: 1.57 g/liter Pyridoxine HCl :

0.15 liter Riboflavin: 0.093 g/liter Thiamne HCl: 0.8 g/liter Vitamn E

0.0188 g/liter Vitamn Bl12: 0.17 g/liter Choline Chloride: 2.51 g/liter

E} Ih_anol apmﬁmmh: Eﬂgﬁésgidob%a&ni-ilelrmm@éiggI|eveB3 G\Gd@/nhhgee(s)dogkopﬁts?S ﬂ ne: 0.39

iter Putpescine 0. ter Progesterone: O. iter

2 Cal o1 um PRRTSRHORSIENS e ePafiad irptass <2 e BU A Rrnce S a8orbisl i,

alrargu'([j_ 20 thési/riuh%r@mmm_ﬁ(@deﬁme@ﬂlﬁbﬁﬂgrﬁati-l@ﬁﬂIErLOG‘f(kapﬂat) anﬁHGN‘(gamma-‘l)h

enbodi nent _of the inventian, the netho urther comprise arvesting the

oul ur o TRENHS i el e el MR RpL o e WHER s oy EhEre S a d

cel | s15 ntaidebavastick BXGCHAr AR @D medium @igreaddailichestt Lafis,tiM@).i nventi on, the

culture nediumis harvested fromthecells en viability of..the cells is

ol ow about AaEblsH s R Pere s PheEiResh HARDte B8 bbin b e B8 oy

exanpl e, foyingeodass fglugamigetane giuedse)mUadl thieseleqriditiohs | 4 tter ofgl35heg/mmdisum

and/or filteri t medi um t hrough a,0.2 mcron filter Th r.otein

oor ossodrtigne i Rerpas e Dt Fa Mefonplobln PSR,

exanpl e, adhesstt speoifigallyrto ardteiq&n-Thertiters @bfairegrie tite foliwviepleyveled and erthaateddi nds

specifically to 1G-1 R .e.q.,. wWherei.n the antibody or .fr nt _conprises a

ey o dut sttt i bl I Ahod S Fa cHRERED R o1

a nenber gelsechethdtographiynaibgiratep Aroedinsttedieodf Ha@ 3D NGk wigulBhave,bekd, 2 1
and 26; o fr hereqf or [ re CDRs.therefr .and a
ant | mdarEbh A AR e & e e BB ettt "« om

t he groupbesonsedti ng of SEQ ID NGs: 2, 7-9, 17 and 25, or a mature fragment

t hereof or gne.or [ .therefro for. | e rein. the tipody or
fragnent 1 s e 19 BRES SR AT e8GR Bfoa tERE Tnt ke Tl
conpr25i nenhantetbpracesses Aisclid8edibel SEpro@udd@ar 8ypedior thers. or 6, and a heavy
chai n i munogl obul i n conprising am no acids 20-137 of SEQID NO 8 or 9 ,
e.g., wherein the light chain i munoglobulin is linked to a kappa const ant

i mmunogl obuEnhacéed promegs t he heavy chain i mmunoglobulin is linked to a
gamma-1 con 1y | EY hodi per f ' tLon,
The ini t1 al oanhel AR S e 1 BRI ER T e e B T e
conpr i ses(SHERES|drisidbtubouis, d40 baimist wab pie-earsied tn 872 ane agjasted fo pldH-Bessent i al
am no30310|.Fla%leI;I?cp;@fs%digm#@aHr&qstsrr@lﬁgwe! e“rregts and surfactants; and

does not cCf ateh! Tt afm F&%dé"é‘ddé‘, SURICE IE - IéL! rl% rhé.S Ot |ﬁi})irghnls-sdﬁri ved
conponent s| The preSent invention I ncludes ) nEI Nedile SCOPE (& '% f or
produci ng an anti body (e.g|, nonoclonal, rleconbin uld d/ or OWEF%“}EU n)
conprising|inoculating an initial manmalidgn cell o u di um “pre-war med
to about 3Y0C, which nedium conprises HEPES, sodiﬁg} carbgnate buffers,
i norgani ¢ saltts, ngn-essentizgy ino—acids; oD g et Sl
trace el ements and?surfact a%r;_ﬁ%s‘:%ﬁd whi ch d(gg gnot c%‘%ri se?’,&s' day e i|ne,
antibiotics, antinmycotics ob@*eggb-deri ved @pd)nenb'ﬁ;z W th 11
host cel | s expressing—the—antrpody Hght—char—tmunogtobuti—and—tHeavy
chai n i munogl obulin, to a cell density of about 2.5-5 X 105 cells/nl; and,
addi ng the follow ng supplenents to the medi um before, sinultaneously with
or immedi ately after said inoculation: soy hydrolysate to a final
concentration of about 10 g/l iter; and, optionally, am no acids to about
the followi ng final concentrations (not including the quantity of said

am no acids fromother sources such as the initial manmalian cell growth
medium: L-arginine: 126.4 ng/liter L-cystine: 34 ng/liter L-histidine: 42




L-lysine: 72 ng/liter L-Methiopine: 15.2 ng/liter L-phenylal anine: 33
ng/liter L-threonine: 47.6 ng/liter L-tryptophan: 10.2 ng/liter L-tyrosine:
36 ng/litwo 2btvabione: 46.8 ny/liter L-al api pe: 8.9 ny/ | ipCcenuskecaspasagi ne:
30 ng/liter L-aspartic acid: 26.6 ng/diter L-glutamc add: 29.4 ng/liter

A ycine: 15 ng/liter L-proline 23 ng/liter L-seri ne: 21ng/|iter ; and,

when vi able—cett—density ver —aboutni, g2 X 106 eel T34 Nng
suppl enent| f eeds erein teg‘wlg? e%lnent S frogi&é' d sué)'g errenggﬁweﬁﬁ%:& not

i ncl udi ng |t he quantl ty of e@,qgfg onent frg Qt her 'ggds)
appr oxi matre—finat utture rattronset th—befgav—S enite:
0.01426 ng/liter Adenine s@?ﬁ%ﬁé@iﬂ 632 / i gr Ad%ggi ne; ?i %?% lliter
Cytidine: }7: 64Erg/nl L:nﬂer Gu diz 17.6 ny/ Ly &' Uri hpe: 1 er.
Hypoxant hime—tt: G o H Lc ‘fé dl e Ollg/ | T3 BE = UIYIé gy Cl :
25.6 ng/lijter Biotin: O. 28 £ Fl avin Qi ne Dy giicl et %7%/861')
ng/liter Rolic Acid: 4.6 Htfgdé_lpchcb'30.526'rglite 31.4
ng/liter Ryrt+doxite—HCH 3 eLdl Ribof éﬂ% AEH

16 ng/liter \ﬁtarri5: E: 0.3 |no fg%é 1:%
Chloride: [50.2 ng/liter Et fd’b |a| 4Dy

ng/liter Thym dine: 7.8 ng‘/

86 LY | IIII d.lllllt‘ HCI
8'%2 ng/ | ;Ntoer Chol ijne

] 1i-InositoI 73. 2

ng/liter

1¢b
Progestergne: 0.015 ng/litlg A,lCI um Par heniat 8§ 8 mog/liter
L- aspar agi ne 812 rrg/l | ter HBrgf 2ne 216 rrggéi ger L- 6 | eu¢ine 370 mg/liter
L-cystei /'(('q:)oh f 1 '\t/nr i MR, ITiter
ysgf%%;o@w w%g@z@%é RO Fisbg TR

ng/liter (?tf Y yC| ne rrg Ser L-hi stldl ne 125
ng/liter re er L-tryptophan 99 ng/liter L-lysine 293

ng/lltsersxp é’%}n ng/liter L-valine 262 ng/liter L-serine: 260

er IBU'[ Fesm I

mg/liter te m)nobaS|c 288.2 mg/liter Zinc sulfate: 1.08

/1 12 d 0. 00078
i R
|t S Hg]% d dur| ng

y 5 feropd
;ﬁl)'ut&rlogé Wrﬁ ?1:%8 é}b’: d@%‘i St Hfge %%Fc%eée"e bel ow

utamne | evels faI | bel ow
bout 150ng/ | I t
2bout 60%”9pr2 o8 2@? Q‘Tf%d?&oe?ﬁéwgeﬁ&%%p%?%%@%ﬁ% U HERCHIAN 072
I'n an entroetiure fell befow he d/litereand loglutantiee was pddatl farenpmpleewhen theaglytamine
h I ; . ) A

d e N ¢ ietrfe o r es ayand
7 gh '%@QQQ&;& E?fé?ig saaury B& PR e %le;a‘ﬁgle?frgm
the group consisting o é%& B%ENJ@HQ [}13@@ Ang &% or a r%ture fragnment
t her eof ovhepreell giabitityrwasGeRdcedHe rbbutdiP’.e. g., wherein the anti body conpri ses

a light chai n i mrunogl obul in conprising am no acids 20-1 28 of SEQ ID NO 3
4, 5, or ; and a heavy chain i munogl obulin conprising am no acids

:20 134 ofy §ﬁ% R%E} gf@'{h"‘%"eg%ﬁ%&f@bu}‘ , in an enbodi nent of the

i nvention, chain 1 nmmu inis Ilnked to a kappa const ant
i rmmunoglobutin L.B%ltdh and LTITEI llt:avy blld-hhhrl lnlunugl u‘S eélﬁc p'rémﬁﬂll,yhy =}
gama- 1 rconstant Jllllunugl oo Nn L.Ild.l T I3Te m—;tlluu opttTonari y26: tr-rrel
COFTpI’i sgs—tecovet |2|g the—cutture—red U|§r3 omthe—cetts b‘y’ U|2)]r(- stack
centri fugi—ﬁg—t—he—rgu. v—deptih—H+terit eyt L‘.e r.mdi d—and—ftt ,Oh‘ﬁ“.g the
medi um thhrough—afiHter—wthja—0—2—mer gn—pore——stze—anth—optigraty—tHe
f h csteon nf N fur Ny + [illaaaalla¥a¥all t;‘F:?ﬂ rn—echat e fromtha“emdAr i hy
urt er \JLL:'J —JIT ‘pu T Iyllly CTITy IIIIII.IIIUHI L LELELEL CTTUT 1719 LB AL LB L me T arTT Ll_y

col um chrerateographic—fractionati-on: fepresent—invention-al-so-provides
an aqueoys, liquid cell culture rredlum

d u‘ Abb eclnated gatch run

25 The addition of amino acid feeds may be omitted when the nutrient feeds are used in

the enhanced process.



conprising: about 10 g/liter soy hydrolysate, about 1.5 g/liter glucose,
about 150 ng/liter L-glutam ne, pH of about 6.8 + 0.02, HEPES, Sodium

bi car bonawe 2bwufd36163, | norganic salts, Non-essential am ROTASR2EL/058164
Reconbi nant human insulin, Trace elemdnts, Surfactants, an am no acid feed
wherein the concentration of the conponents added by said am no acid feed
are appr Qevees procesbose set forth below L-arginine: 126.4 ng/liter
L-cystine: 340w Weteshitibiyhhsdulatenat 3 42 mgfsldeﬂsﬁ‘mllnthsﬁb(emléum,eCFm-lo

rrg/llterLI i /Liter I S|n th0|ne

1o/ 11 tor TReHE OB Sha S oY SRR v ruB e e S
L-tryptomgén: 10. 2 ng/llter L-tyrosine: 36 ng/liter L-valine: 46.8 ng/liter
L-al a%l ne: 8.9 rrg/liter L- asparagi ne: 30 rrg/liter L-aspartic acid: 26.6

o Pl B Bt Sy ST Dot o
anti bi otics atﬁhtl rrycotl cs Fe%ﬁﬁ 3gde9der | vedq#%ﬁgpoxgw raﬁff}rag\%?ceiﬂ
X |

present inyention provides|a cell culture OB | MREGIYG | a
i munogl obul i ns of interest have been grown. For %iatc“’}i.‘}”é']et oreSent

inventi on rn\ll rlnc a ||qn| 'l t"lllflll‘ﬂ medi-um nrcrhul a prccesc r-nnlr‘Fri S| ng

i nocul ating an i i nifial nmam grfe‘é ! ;q%ﬁm% dil un %5 war med\® o about

370C;, which nedi um conprise ?1 R rbonag buf flers, inorganic
salts, nonlessential amnolaR{’HEMTQ nafeYRufran P8ulin, trace ellenents
and surfactants; and which fna&‘ corrprlsEJ L-glutam ne, gntibioticg,

anti n‘ycot| £S _OF ant ml rlarl 1£5 onents \ a‘yﬁ CHO g;@% 1 lhact ecall
expressi ng| t he antFr?'body i g (’,Sﬁﬁ? gl S%Lgl i[n afld>heavy chb¥Pn

i mrunogl obulin, to a cell ¢ %?C%Eéat 05! x 189%el I|s/ml; and,
addi ng the|fol I ow ng suppl di ﬁ%obef or &%si m{l t aneousl y wWith
or i medi at eI y after sai d i éﬁ #gat soy dr.ol ysabfb to a final
concentr about ; Y g—aci-d—feed
wherein t eéfe@{)zp% Lo<ﬁq1§ N beoﬁsﬁ oI By b TG el o 1 eed
are appr ax| g mg'ésta bl h bel ow. L-arginine: 126.4 ny/liter
Lcysﬁqln hlstldlne 42 ng/liter L-isoleucine: 52 nmy/liter

(0]

D

L [TTO9T CCTTTJ

\1*4 Ll-u

L-1 ‘? /1] i oni ne: 15 2 mg/lit

L pﬁgnyl %WP%& nt@go y fop Sf'e@rggv%m”% tif%é:dé y ?”'er” © %ghaln “l0. 2
o/t er e TS ey el ) % %ﬁe S S, o
nmg/liter %ff‘?g‘i"?ﬁaco@ HF/M oo LAt adne(gcq 6.5508 g/ 1 i t er

L-glutam c acig: 29.4 I|ter in iter L- lin /liter
- Sertihe: ©2™ Gl v oty o7 gﬁ?%.@wnih%%wa%ﬁgm o Rdte §9uF abou
1.2 X 106necﬁhdn5élnﬂ>elowdcﬂ gitesarppll-ghmeamhiné ad addék fei exatripee, 0086 &Y glatimie of

t he corrponent dded, by al d su eds are approxi mately those set
forth bel GWF€ @@P'&iﬂ@sﬁa rf’gjed@f)”ghejg’%P%J ’PQ/ ®Adeni ne sulfate: 1.632
ng/liter Adenosine: 17.6 ng/liter Cytidine: 17.6 ng/liter Guanosine: 17.6
mg/ liter Tabledn®esilts 6f kwel 3 paocebly poxant hine: 11.8 ng/liter L-citrulline:
12.6 26g/liter L-ornithine-HCl : 25.6 /liter Biotin: 0.28 ng/liter Flavin
Adeni ne Di nucl eotide: 0.05Batghl it er Folriter AcliSpeci#fi® noy | iter Lipoic Acid:
0.52 ng/liter Niacin: 3 1.4 ng/liter Pyy/Lpoxipredtivity3) ng/liter Ri bofl avin:

1.86 ng/liter Thiamne HA : 16 my/liter Matamn B9 0. 376 ng/liter Vitamn
B12: 3.4 ny/liter B 1.2 22

The feeds used and the final concentrations of the components of each feed are set
forth below.

25 Table 5. Vitamin/salt feed

Component Concentration in feed Final concentration in
(g/L) culture (mg/L)
Sodium selenite 7.13 X 10™ 0.01426
Adenine sulfate 0.0816 1.632
Adenosine 0.88 17.6
Cytidine 0.88 17.6
Guanosine 0.88 17.6




Choline Chloride: 50.2 ng/literEthanolamne HCl: 4.4 ng/liter i-lnositol:
73.2 ng/liter Thymdine: 7.8 ng/liter Putrescine 2HCI: 0.4 ng/liter

Pr ogest erwoen10030%3 ng/liter D- Cal ci um Pant ot henat e: 23P8Trup2001068164
L-asparagine: 812 ng/liter L-proline 38 16 ng/liter L-isoleucine 370
ng/liter L-cysteine-HClI 224 ng/liter L-leucine 332 ng/liter L-threonine 164
mg/ i ter [Uriiweosi ne 198 ny/litler L-argigsi ne 186 |ng/liten7k-aspartic acid 7
1 mg/litenybosntlimen ¢ acrd 128§ ng/Titersgd ycine |57 ng/Thigr L-hisiidine 125

no/ liter E-dRRfilNeOn Nne 132 mo/Tfiter L-plggpt ophan [99 no7Thper L-Tysjne 293

g/ liter -PREMNA-gopNI Ne L1724 T/ TTTer qlpgval tne 262 ngllgggr C-Sepne: 260
ng/liter Wmﬁvmw g ter Zi ngzsgunat —1.08

ng/ | Iter BRI Kdenifle u-ngcl.e (R0 32 g7 Tt g Ao ILIIIL_Vd.IId.Uﬁ.lOS 0000 8 .

[PTAYA Ul C. U, UUZ9 117l | L I NI CRCI ur Crir Ul C TITAdll .
ng/liter PINeAi 3 73 & ydr at e
0. 0004 rrg:j_ OILCEAAF' Setttumotybdgte dehy(gﬁéne: 0-0401—6——+% ',.5'2t et——ahd, during
cell gro\ mN?? —aethrg—glueese—tgthe M when—gluecese—+evels—+ald bel ow
about 1. 549" ter_apd-addingL-gl 12 when ghut am ALY evels al | bel ow
about 15( ation at

about 60YRBANAYE about 6.8 + Q.02 and®P8merat ude at abhd8P 36 _50C| + 0. 50C
wher ei n ¢dhamingRE ty is aboult 60% ar0Bower 11 an enhotfi nent of t he

i nvent i onVitemi Byl t ure medi umli ncl ud@O188st cel I|s whi cH)-8&hprise a vect or

encodi ng | ditamint Bbbdy or anti gen- bi ndi Rdl7f r agnent| t her eof3.4
opt i onal I Ehatires €hlpridpst cel | decret ed2&iti body gr fragnB®f is in fhe

medi um FéthawkmiheHCi n an _enhodi nent 02 t he i nyenti on, 44e i munogl obul i ns
form an aidrdsibaly or anti gen-bi|ndi ng f B&rent t hereof th@8.2bi nds
speci fi calThymidind GF1 R, e.g., |wherei n0t3®e anti bgdy or fr7agnment conprises a

heavy i mnpaagbamuPHOl chai n cornpri si ngotd2e am no [aci d sequgnce set [forth in

a menber |pedbgsteehd rom the grdup congiosbrsng of SEQ ID NfB151, 3,-6, 13, 2 1

and 26; oD-@aldRbEPantbthagstent t|her eof Qrqgone or rore CDRs3zgherefroim and/ or
a |light immunoglobulin chain conmprisi ng an am no aci d sequence sel ected

fromthe grou con5|st|ng of SEQ ID NGs: 2, 7-9, 17 and 25, or a mature

f ragment 804""‘&0 a¢id fepd #H(30 therefrom e.g., wherein the antibody
or fragrrPnt CONM@bing&Rend | | gNT | ChRdeRtratioAREd AT NFiRAEPRdehirat@naiéulareaC| ds
20-128 off SEQID NO 3, 4, 5, |or 6; and a heavy |chai n i nmunggl obul i n
conpri si nd-aginme aci ds 20-137/ of SEQ ID NO 8.32r 9. In an enbodi net@6.4of the
i nvention,-dysind i ght chai n i npunogl obulin is hifnked to a kappa constant
i munogl olHistrirghai n and t he heavy chain i mupadlobulin is Tinked to4a
gamma- 1 g¢aeunsélémsing nmunogl obul | n chai n. For examdl e, wherein the hostszells
conpri se [a-weatk®dr encodi ng i nprunogl obul i ns of 2gn anti1 body or 52
anti gen- bilngdipg fragment thergof wherein the ggtlibody or fragment 1577
secr et ed | lOh@hidAamemdi UM Th an enbodi ent oy 7fje T nvention, the nhogs fel |
vi abi i t Y isheAD@RBMINE070 OF T OWer and/ or Wwher eligsCel T growth has proceggled
for about [ Ifrgfingays (€. g., apout 14 days, abagdl 15 days, about 16 gayp.
about 17 Q’_atYy%to;ﬁH%HU[ 18 aays about 19 aays 0"?39 ut—20 aays about 20lp ays,
about 22 YR rosin@Pout 23 days pr avbout 24 Udys,\,g €0, by (,en[Tlrugl 129 he
medi um ang_ &R &S amd renovingythe cetts—fron L3I4 medirum e, g, whet 11 t he
medi umib at sodepth—fittered—andtor—fittered through—a—0—2 mncron—Fiiter,
for exanple, after centrifugation. Any nmedium conprising the
char act erTahle ZsAwiing heidifeeti W@@K@)r ated as set forth above forns part of
the present T NveRtLBRent car dees Qhrkdsn nh’feu&tifrls “YFM‘AI'cbﬁbehH%HWé +
actual l'y [generated. The presept invention al so grovides amwggsel (e.g.
flask, a[hLgaggstor, a tank b|oreactor, a baggoi|oreactor or a di spogad| e
bi or eact di.asphidgiRd tank bi or pactor, a bubbl €GOl unm bi Of €actor, an g [
lift biorgagdo@ic aaidf 1 Ul di Zed ped bioreactor, {3 [a packed bed bi or eagg @[ )
conpri si rg__ Irbdi&r € medium of The TnventTany [Detal 'ed Descripti gy pf the
| nventi on Jresent appl rcayiomnm T nctudes PHYGESSEs for anti Doay 15
producti rl‘_-;Sr@hrﬂav anti =TGP R from mammat Tgnysgel 75 _suchas CHO (Chpdgipse
Hanst er (A(_ageymecel IS The professes are run HTHS5: vari ety of broreact
cul turg systems, TnchodimgstTTred tank bioreactors,  bag and disposab
bi or eact ors, and shake flasks. The "l evel 3" productlon process yields, on
average, a titer of about 1.2 g/L of antibody and a culture specific
productivity of about 22 pg/cell/day. The "enhanced" process yields, on
average, a titer of about 2.3 g/L antibody, wth a specific productivity of
about 30 pg/cell/day. Both processes involve the addition ofspecific

suppl ements to the production bioreactor culture either prior to

i nocul ation or as inprocess feeds to increase culture specific

productl Vi ty, t| ter bi omass, and cuI ture vi abi | | ty For the Ievel 3

o M ._._l e R B D T e Y Y IR 1 e




In addition, an in-process osnolality shift (to 400-500 nOsn) is optionally
enpl oyed by addition of a concentrated salt solution, soy hydrol ysate

sol ut i on WO 208vi36167di oxi de and sodi um hydroxi de (as par PCofustéve/opdds€ont r ol
for the bioreactor). The osnolality s¥ift is enployed in order to increase
culture specific productivity and inprove harvest viability. Furthernore,
an i n- pr gapks8.iNeitplentefead.e downshi ft, from about 360C to 370C to 33-350C, is
optionally used to stabilize culture viability at the high viable cell
counts. For the purposes of the present invention, the term"in-process"
refers tp an evertonposentri ng dur| Ggna@nipatioh irofeed(gr) dduRibal oonaeefratioo i ¢ultue:
following an initial cell inoculation (e.qg., of cellls expand&e/L)f or
exanpl e, | k-@epaiagnst er cel |l bank br worki f#¢6cel | bank). A "pro@fiZction cell
culture" | ketdrs to the cell culture fromihich a filnal produc?260 such as an
anti body| (#®raine anti-1GF1 R antibody) isl&® be isollated. An "2%pansi on cell
cul ture"| kéfobaugineo cells or a cujture oft&& s to he used for3ihiti al

i nocul at | breysteina-HBloducti on cel |l | cul turel1.#n "nX" gtock sol ut22#n of

suppl eneptgedcieerein n i s a nunber, suchieads 50), indicates the2 the stock
sol uti on| Lshrdohiné ed by 1/n when pdded to &he cul turle. For examl e, a 50X
stock sol uttyresinés nornmally diluted 1/50 when added to a culturgd Feeds Th
pr ocesses@kgihine present inventipn includeggsteps wHerein varime feeds ar
added to| paspatiE k@ mammalian celT growi Bsgedi um These feedsyzinclude
hydr ol ysaf gt&eg.ac tam n/salt Teed, am ppgacid feqd and nuiriznt feed.
Dependi nggQ@nENe Type of celT cujtureprogggs being |used, the kevel 3
process O[ HfdfgineNhanced process, [ The feegpzmy be gdded at difdgrent

poi nts. Th&ethBhihbal mammal Tan Cel'T growggmedi um—[can be anyyff several
t ypes of @q@sf&;ﬁaﬂeal Ums KMmowrT 1711 the arag3ana the jmeani ng of g s term
woul d be [ Y Kmowr Dy any pr C[I[IOHQ‘_I' Pfordi ary skitt iggtne art.
Exanpl es[T1 a ACF medium EBMQ”“ Aldrich \o[ LUW4§ IVLJ)

di SCUSSGJL_LYHH rer—betow),  DVEM—DVEM F1 Ty o 10 Nortr em vxt RPM

Medi um 16 Qeiuim ":Eé\iﬁé%h,%lﬁgbé‘gid&fu —iviedh |'|41199 Eagte—s—VEM Z%Tﬁﬁai

medi a, aé—?—gwg@ﬁ a. F—exapte,—agie s mat—essen 83‘ e i
H y . na |_l

O

glfate .
MVE CORRFLSEes il
I(Tg/ :\/;1 L UpRLG Iyﬁ}Le_lm,A ochl

L- Leuci n,E 3 1
ng/l), L -N“ L A TR AP By {

ickeldichloride hexa
o/ 1), LS

, LnLhjoridpidiiydrate pgy | :
Vi Maﬂgarﬂesﬁﬁh|°f|de {atrahysrate ydr ac 000035 (1 i - 1 HHQGE o (2
ng/ 1), Calcium Chiori de (CaCl 2) (anhyd.) (200 ng/l), Magnesium Sul fate
(MgS™®) (anhyd ) (97.67 ng/l), Pewassiumthbarkde (KC) (400 ng/l), Sodium
Bi car bonate (NaHCO3) (2200 ng/l), Sodl um Chl ori de (NaCl _&(6800 ng/l),

Sodi u Phosphdf® PHRSSBYRYGON Rt e [ipitgd inS£EP%BY hF SPECILE BFESEMEDISXt r ose)

(1000 nog/dekcryed HeR&GMOIndBed thel Scdpa/df ihe dveghrﬁirﬁdnt%mh@u&&cbmmom@w& (2><)
conprises L- A‘r@%l ni ne h drochl orj de (504 Cysti ne

L- @ ut aniSReci{ieihy spiorty ! ere'ﬂ-ﬁ’l,dt?tﬂ?rr%nwggﬁPBtrsiP&@f'FP'b’ée ’Pé‘é hﬁﬁ?”! t

LI sol eUC'éﬁrﬂ)oﬁ%ﬁ)&t édftcaﬂyéﬁwmrélﬁ(&% ﬁ&/de}:ess}ari Mr&bﬁ&d‘tb(ye%@él@ﬁw@e (290
ng/ 1), LMethioni neﬁat{oglgnﬁbﬁep L- Phenyl al ani ne (1 , .L-Threoni ne (192

mg/ 1), L-YBpps BiodHl ')Wentof’rsﬁr%%’itﬁ@ tQfhose ideﬁir@sﬂ he@éhw (PEERME 208

mg/ 1 )10 L'a\ééh#eﬂﬁto(tﬁége é’ﬁﬂt’eh)n tHehPt ﬂ'd?ﬁ tI'@TbR,fgbﬁl\@ dedcriioh) Suéh %Hi‘ﬁbéﬂéhs are
pant ot henat e ic Acid ng/ ), Niacinamde (4 nmg/l), Pyridoxal

hydr ochl dipt Pﬂ%ed(tﬂq%b‘f’%r)'“ t'ﬁsr?BP‘F quth ﬁcta@" mg/ 1), Thiam ne hydrochloride (4
ng/ 1), ilnosiPatents pawnt dp nE@dcﬁsuFmb%ét@hg qﬁo&@@a&ﬁnpﬁ@&hwﬁ bro(o’i;% am/ 1),

Ferric Nitrate nesi um Sul fat e
e e Niagle N O (L bl QUL BEDNFRIPPRIERAPTRY
Bi car bonabrrdrvaiiCHB)r entéhiés 1B il purpdest, um Chl oride (NaCl) (12800 ng/l),

Sodi um Phosphat e nonobasi ¢ ( NaH2PO4- H2O) (250 ng/l) and DA ucose (Dextrose)
(9000 nmg/l). RPM Medium 1640 (1X) conprises Gycine (10 ng/l), L-Arginine
(200 ng/1), LAsparagine (50 ng/l), L-Aspartic acid (20 ng/l), L-Cystine
2HCI (65 ng/l), L-Qutamc Acid (20 ng/l), L-dutamne (300 ny/l),

L-Hi stidine (15 ng/l), L-Hydroxyproline (20 ng/l), LIsoleucine (50 nmg/l),
L- Leucine (50 ng/l), L-Lysine hydrochloride (40 ng/l), L-Methionine (15
mg/l), L-Phepylalanine (15 ng/l), L-Proline (20 ng/l), L-Serine (30 ng/l),
L- Threonine (20 ng/l), L-Tryptophan (5 ng/l), L-Tyrosine disodiumsalt
dehydrate (29 ng/l), L-Valine(20), Biotin (0.2 ng/l), Choline chloride (3
ng/l) DCaI CI um pantothenate (0 25 ng/l) Folic Acid ( 1 ng/l),
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L-om thine-HCl e.g., at a concentration of about 1.28 g/liter Biotin e.g.,
at a concentration of about 0.014 g/liter Flavin Adeni ne Dinucleotide e.g.,
at a concwotwaidders7of about 0.0025 g/liter Folic Acid ePgT/USat09m58164
concentration of about 0.23 g/liter Ll40poic Acid e.g., at a concentration of
about 0.026 g/liter Niacin e.g., at a concentration of about 1.57 g/liter
Pyri doxi g¢e Halme. 9., at a concentration of about 0.15 g/liter R boflavin
e.g., at a concentration of about 0.093 g/liter Thiamne HCl e.g., at a
concentration of about 0.8 g/liter Vitamin E e.g., at a concentration of

about 0. Q1R8nd&hdd fof produtiagiapréidid RnrisinglincRuRERE B8R Iitdll hfnediiad Rem§rowt 7
g/literCholine Chlori a concentration of about iter

( de e.g., at ] 2.51 g/
Et hanol amgMsfth §0g. ,e”%l?x%{eiscﬂ?ﬂc@ﬁtpf%{?'ﬂ@ﬁd@ﬂd@SéHPP'BWQQt%Pmpf'é'Pg% -l nosi tol
e. 9., 5at @udeBcentration of about 3.66 g/liter Thymdine e.g., at a
concentration of about 0.39 g/liter Putrescine 2HCI e.g., at a
concent r &t9'$AM#E about 0.02 g/liter Progesterone e.g., at a concentration
of about %y(h@@raﬁlsg{eldrweat Asolisdt@bebdtny Pant ot henate e.g., at a
concentration of fabqut 1.19 g/liter In an enbodi nent of the invention, the
vi t ami n/ saf¢NReedids a 50X stock solution. In an enbodi ment of the
i nventi onAdé,{agin\é'gtan‘i n/salt feed is added to the culture nmediumto reach a
final concentration of about 20 mi/liter. When enploying the |evel 3
process, BREIURYANRAE%It feed is added to the cul ture between days 3 and
5, post-ipehl ation, or when viable cell density reaches over about 1 X 106
cells/m. h@ an rgn‘p diment of the invention, when enploying the enhanced
process, CAYINGIGHPHYS salt feed is added to the cul ture between days 3 and
5, post-i gesad @lerile; or when viable cell density reaches over about 1.2 X
106 cells/m . erally, for the purposes of the present invention, an
"ani no acFUPTERH@S nel udes: L-arginine e.g., at a concentration of about
6.32 g/liCetidide;cystine e.g., at a concentration of about 1.7 g/liter
L- hi sti di ﬁe %g , a; ﬁ c?n_cent ration of about 2.1 g/liter L-isoleucine
e.g., at 2 CONLBRIWRINAGF about 2.6 g/liter L-leucine e.g., at a
concent r atiranolamiral@0t 2.6 g/liter L-lysine e.g., at a concentration of
about 3. 6F [liter. L;#\/bt |’|1i Q ine e.g., at a concentration of about 0.76
glliter L-%H’@rﬁffé&”& 'rr\Léceeo.'a.e’, at a concentration of about 1.65 g/liter
L-t hr eoni AeliccAdld;, at a concentration of about 2.38 g/liter L-tryptophan
e.g., at Icong:entrati on of about 0.51 g/liter L-tyrosine e.g., at a
concent r at’i’6i'®of about 1.8 g/liter L-valine e.g., at a concentration of
about 2. 3¢ughdditeer L-al anine e.g., at a concentration of about 0.89 g/liter
L- asparagine e.g., at a concentration of about 1.5 g/liter L-aspartic acid
e.g., at YE%?WE&W{%H on of about 1.33 g/liter L-glutanic acid e.g., at a
concent r at-inositadf about 1.47 g/liter Aycine e.g., at a concentration of
about O. 7;%/ liter L-proline e.g., at a concentration of about 1.15
g/liter; aftf1™%erine e.g., at a concentration of about 1.05 g/liter In an
enbodi ment-apdinihe i nvention, two separate am no acid feed stock sol utions
are prepared: a 100X stock solution including L-alanine, L-asparagine,
L- asparti ¢ 25879 "Eyl utanic acid, glycine, L-proline and L-serine at the
concent r atiaspartisatidf ort h above; and and a 50X sol ution including
L-argini nﬁ_, .th-”%g_sti ne, L-histidine, L-isoleucine, L-I|eucine, LIysine,
L- Met hi onFiie" II_-phenyl al anine, L-threonine, L-tryptophan, L-tyrosine, and
L- val i ne hicysthimed®icentrati ons set forth above. These stocks can be nmade
and addedL:se%g]reatel y to the culture medium In an enbodi ment of the
i nvention, Y am no acid stock solution is added to the initial nedium at
day 0, betfg@heamisidcid;or i mmedi ately after cell inoculation. CGenerally, for
t he pur pols:_eﬁ?sﬁ fnet he present invention, a "nutrient feed"
i ncl udes: C-asparagi ne: e.g., at a concentration of about 40.6 g/liter
L- prol i nelLipog.Acigt a concentration of about 10.81 L-isoleucine e.g., at a
concentra&j&ﬁe#fneabout 18.53 L-cysteine-HCl e.g., at a concentration of
about 11.I9 LoTleucine e.g., at a concentration of about 16.58 L-threonine
e.g., at &lewmeentrati on of about 8.2 L-tyrosine e.g., at a concentration
of about gil)gsir‘e‘ar ginine e.g., at a concentration of about 9.29 L-aspartic
acid e.g., at a concentration of about 3.56 L-glutamc acid e.g., at a
concentration of about 6.28 dycine e.g., at a concentration of about 2.83
L-histidine e.g., at a concentration of about 6.23 L-nethionine e.g., at a
concentration of about 6.58 L-tryptophan e.g., at a concentration of about
4.93 L-lysine e.g., at a concentration of about 14.66 L-phenylal anine e.g.,
at a concentration of about 8.64 L-valine e.g., at a concentration of about
13.08 g/liter L-serine: e.g., at a concentration of about 13 g/liter Sodium
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stock solution) are added to the culture nediumat any point, e.g., when
the concentration of the nutrients fall below 1.5 g/liter glucose and 150
ng/liter woghuwmeiene. Osnol ality and tenperature shift Poe/ysc@osstcs

i nvention al so includes processes whetlein the osnolality and/or the
tenperature of the culture is optionally shifted. The osnolality or

t enper at ur gheSthbdike:may be done at any point in-process. The osnolality shift
has been shown to increase culture specific productivity as well as cell

vi abi |'i t y=ofpinedi¢y, the initial manmalian cell growth nedium has a
starting pgrehyddiadiye;of about 300 mOsm The "osnolality shift" of the
present invention, however, includes shifting the culture osnolality to

fr om about™PX¥Bn0OsM t 0 about 500 mOsm Osnol ality is a neasure of the

osnol es of-semidit e per kil ogram of solvent. Gsnolality can be measured using
an osnoneter whi ch neasures colligative properties, such as freezing-point
depr essi oW IN"GAWBE: pressure, or boiling-point el evation. Osnolality of a
cel | cul tutgptapyarhe shifted by any of several neans. For exanple, a
concentrated salt solution (e.g., including 5M NaCl salts stock, 8-12 nL/L
added), sbW§dF ol ysate sol ution (200 g/L stock, 50-80 ni/L added), or
carbon di pxhie ;may be added. I n an enbodi nent of the invention, adding the
nutri ent Lleed to the .magl‘li urpyshi fts the osmolality. In an enbodi ment of the
i nvent i onMapgRNese $eride LetayArai®e culture is optionally shifted, e.g., in a
st ep changgginf r om about 36.50C (+ 0.50C) to between about 330C and 350C.
Proteins The present invention includes enbodi nents conprising nethods for
r econbi naHtcgﬁl %@Eihﬁéaq}’td&t@i ns such as inmmunogl obulin chains. In an
enbodi menPraggksteRsel Nnventi on, the immunogl obulin conprises an anti-IGF1 R
ant i body e%%‘f n anti body, humani zed anti body, chineric antibody) or
anti gen- bi 1 Efef nment thereof, e.g., including an i mmunogl obulin |ight
and/ or hebyydoximaiHClyari abl e region, optionally linked with an

i mmunogl SEE)I hn .constant region. For exanple, the present invention includes
net hods Pefia protein to be expressed (e.g., an anti-1GFl R anti body

| i ght chaBadiom rhegbdatebiehyardtemunogl obul in) is encoded by a pol ynucl eoti de
in a plaspid vector, .e.q.,, wWherein the polynucleotide is operably linked to
a pronot egl"&%‘w%&ép*?tw%”@?%t er. In an embodi nent of the invention, the

i ght andSbd¢iamysetdniténs are included in a single plasmd vector. In an
enbodi menrl_ of .t Ii_ nvention, the inmunogl obulin chain encodes any of those
set forth IB'@'I“HW, or exanple, any of the follow ng inmunogl obulin |ight
and/ or he@kymidinaj ns and/or any of the CDRs thereof (e.g., all 3 froma
single |ight hg)r. hgavgd cth_ai n). Dotted, underscored type encodes the signal
pepti de. 519 r'ﬂﬁ 8? dFed type encodes the CDRs. Plain type encodes the

f ramewor kUrigigeons. I n an enbodi nent of the invention, the chains are

expr essedvxg[vi theé%;e signal peptide which is cleaved upon secretion fromthe
host cel |l {%m'ﬁ ate a mature fragnent of the chain. Conpositions and

pr ocessesVitamingt;@ddci ng any of the follow ng target i mmunoglobulin am no
aci d sequgm&;%s a% mature fragnments thereof formpart of the present

i nvent i onZ i SBIBF15H12 Light Chain (SEQ ID NO 1)

MSPSQL| G tHeWREBIRGE! VL TQVPDFQSVTPKEKVTI TCRASQSI GSSLHWQQKPD

QSPKLLI KYASQSL SGVPSRFSGSGSGTDFTLTI NSLEAEDAAAYYCHQSSRL PHTFGGGTKVEI KRT

19D12/ 15H12 Heavy Chain (SEQ ID NGO 2)

VEFGL SWFL2VAhé KEHHQOR Qa3 GBErshREEHaREGCAANBEHoh b BierddrYdREAIR added to the

WOV TR HEBIOIRERHS A1 ARr GRSPHOLOM BN SEQ 1D NG 3) MWV R
El VT QAUenings@faR:Y T L HWY Q K KegYhglit&s Q S L S GV P S S
GTDFI@ée%Ske_SSLEAEDAAAYré‘_ﬁ\)ESHeQSSRLPHTF K

<®
~Wm
0]
w

RF
GQ

19D12/ 15 Li"ght Chain-D (LCD) (SEQ 4) MSPSQWVRGEI VEV
H WQ Q KA@niorkunyvan8a®:S L S GV P SOROBBglBtes GSGTDFTLTI SSLE
AEDFAi-?{.YCHQSSRLPHTOFZESSrI g T KV E I 19D12/15H12 Li ght

Chai n-E E "(SEQIDNO 5 MS P 7ST L I G_FLLWYV
PASR _CholgeChionde TQSPGTL SOMMMeGERATLSCRASQSI GS
SLHWY . QAPRLLI K SGI PDRFSGSGSGT
DFTLTCIQD%QI{?IOE'PEDAAAYYCHI—(@6§g%§§ﬂLLPHTFGQGTKVEI K
R T D12/ 15H12 Light Chain-F (LCF) (SEQIDNO 6) MSPSQ_LI . GFLL
LWVP_ SRGEI VLTQSPGTLSVSPGERATLSCRASQSI G
SSLHWYQQKPGQAPRLLI KYASQSLSGI PDRFSGSGSG
TDFTLTI SRLEPEDFAVYYCHQSSRLPHTFGQGTKVEI
K R T D12/ 15H12 heavy chain-A (HCA) (SEQID NO 7) Met GQu Phe Gy Leu Ser
Trp Val Phe Leu Val Ala lie Leu Lys Gy Val Gn Cs GQu Val Gn Leu Val Gn



Gy Ser Leu Arg Leu Ser Cys Ala Ala Ser Gy Phe Thr Phe Ser Ser Phe Al a Met
Hs Trp Val Arg Gn Ala Pro Ay Lys Gy Leu Ju Trp lie Ser Val lie Asp Thr
Arg Gy Ave2twosdiwr Tyr Ala Asp Ser Val Lys Gy Arg PhepChruskeos/oSass Arg Asp
Asn Ala Lys Asn Ser Leu Tyr Leu G n M2t Asn Ser Leu Arg Ala G u Asp Thr Ala
Val Tyr Tyr Cys Ala Arg Leu Gy Asn Phe Tyr Tyr Gy Met Asp Val Trp Ay Gn
Gy Thr Toupredulfhter Val Ser Ser D12/ D332 nigiey chai n-B (HCB) (SEQ | D NO

8) Met Gvg P(&] Gy Leu Ser Trp VaI Pg? Leu/lt\/al Ala lie Leu Lys Gy Val Gn
Cys G % Leu Val G n Ser 3? Leu Val Gn Pro Gy Gy Ser Leu
Arg Leu SerCAlyismAPantdthenater Gy Phe b8 rl?djVﬁteBer Ser Phe Ala Met His Trp Val
Arg G A%&PrloGl P[S Gy Leu Qu Tr .EeSer Val He Asp Thr Arg Ay Al a
Thr Tyr TyP2RP'E™ er Val Lys Ay ﬂlrg BUS Thr He Ser Arg Asp Asn Ala Lys
Asn Ser LElavFﬁyAdeheu CEhuclddtide Asn Ser Dens AgiteAl @ G u Asp Thr Ala Val Tyr Tyr

Cys Eg' Gly Asn Phe Tyr T Nﬁte Asp Val Trp Ay G@n dy Thr Thr
Val Thr V. d'Ser See internati onal a%er At i on publication no. WO2003/1
00008 whi Gﬂycinse i ncorporated herein by2med/iteence in its entirety. 2C6 heavy

chai n MEL %W!&RF}%«E:,AI LKGVQC EVQLV xs%gﬁ .SIBRLSCAASGI:TFDDYAM—N\RQAPG(GL
XSG SWNS VKGRFTI SRDNAKN SLYL TALYYCAKDI Rl GVAAS
YYFGVDW\GHGIIRAMeS (SEQ |D NO. 9 ) 20% GhReHl: GFTFDDYAMH (SEQ I D NO 10)
206 CDR- HZH SVKSGSKGYVDSVKG (SEQ | 99 %ﬁ 206 CDR- H3: DI Rl GVAASYYFGVDV
(SEQ I D 206 Light chain MDMVRV LLW. PGARC

Al Q_TQSPSSM&DRV'I'I TCRASQG SSVLAWGXKRGHAPKLLI YDASSL ESGVPSRFSGSGSGTDFTLTI
SS_LQPEDFATYYCOOFNSYPYTFGQGTKLE! K( SE%%% l\@ 13) 206 CDR-L1 : RASQG ssVLA
(SEQ I D 94206 CDR-L2: DASSLES 4l 15) 206 CDR-L3: QQFNSYPYT
(SEQ | D NOaspégbeR Heavy chain NDWNARR mdALMAAATGAHS

W@V@%?K%EWS%SMFTSWNWW NAGNGNTKYSQKFQGRVTI TRDTSA
S TVYMEL SSIREEDT AV YCARGAVPVAGPGYF TVTvss (SEQ ID NO 17)

9H2CDR- H11-cBYMFESYVIVH (SEQ | D NO  18)12BHAGABR- H2: W NAGNGNTKYSQKFQG ( SEQ | D
NO  19) QF@%\%%?CH GGVPVAGPGYFYYYGMDY, (SEQ | D NO 20) 9H2 Light chain

METPAQLLF
El VL TQSPGIicShiBREERATL SCRASQSVSRSYL AWBAQKPBEAPRL LI YGASSRATG PDRFSGSGSGTDFTLT

IS RLEPE SPWI'FGQGTKVEI KRT 21) 9H2 CDR-L1:
RASQSVSRSYL X\{%@% NO 22) 9H2 CDR1(E§§QEQ@§E2T (SEQ ID NGO 23)9H2 CDR-L3:
QQYGSSPWI L{r8fEQ@ineD NO 24) Heavy chai 6V mgditegl obul i n variable region # 1.0
SCCOTTYAPLEVRERFTI S RONSRTTLYL GVNSPARERSAWWVCAKDLG, VBDSYYYWG
MDVWGCQGT T\ SokS8IneSEQ | D NO.  25); Li gH@2aoiwiter i mmunogl obul i n vari abl e regi on
# 1.0 seq QWMTQFP SSLSASVGDR | RNDLGWYQQ KPGKAPKRLI
YAASRLH %@%EgGSGSG TEFTLTI SSL CPVéb{$$@@&fEHNSYPCSF GQGTKLEI KR ( SEQ DNO
26); Enbodilysme s of the invention i nGbbdwllittose wherein the inmnogl obulin
IS expres exanpl e, in conbin ny of those set forth herein
(e.0., heg\?ﬁet@ﬁgl{nﬁ lg. # 1.0 and Ilgflvtiﬂﬂ%qT1 /|teF‘ # 1.0; or LCC and HCA; or
LCF and HCArnithing-IgC: and HCB) . Pai ri n@5df mgtiter| i ght and heavy chains can
result in ratl of an anti body nbi ndi ng fragnent thereof. In
an enbodi rl?gﬁaﬁg?ltabﬁg i nvention, the %lbéﬁ{t}/lctgil nis fused to an
i mmunogl obtdrdlineconst ant chain, e.g., 23%kegdger chai n. I n an enbodi nent of the
A o gy 53&%%%?31 el 1. G her proteins of
i nt er est LHhrteonwy be expressed usi ng 21hé meltittods and conpositions of the
present inp i ncl ude receptors g or CYt OKi nes, chenoki nes, growh
factors, h\(;tﬁ/réodr?eg and enzynes. Productlolbgﬁrﬂ rocess and materials Vect ors,
such as playgwside, including a gene t @fhendgiter essed by a process of the
present i pugftdon nay be introduced ijk@ rﬁ%/ﬁt% t cell by any of several
met hods knovvn In the art. Transformatlon n be carried out, e.g., by the
cal ci um pMenghrese ghicsicp [ty diare: met hAPRS rawliter i bed by Graham and Van der
Eb, Virol agypin:52: 546 (1978). Ot her rgqt4h9gmtef.or introducing DNA into cells
such as by nucl ear injection or by protoplast fusion may al so be used.

Met hods f Olicket diglieristlemnaabydraeso | ncI (D04 Ireg/liteopor ati on, 1i posonal
transf or n@iréqgétm_DEAE- Dextran trangfgs /mg Host cells are, in an
enbodi ment the invention, manmalian cel For exanpl e, Chinese hanster
ovary cells (CHO cells). A CHO K1 cell is prollne-requiring and is diploid
for the di hydrofol ate reductase {dhf gene. In an enbodi nent of the
invention, the cell lineis the DXBH CHO cell line (Wlaub et a/. (1983)
Cell 33: 405712). OQcher cell lines include, for exanple, HEK293. Host cells
conprising a gene to be expressed using a process of the present invention
may be sel ected and screened to |dent|fy the clone with the reqU|5|te
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with the target gene to be expressed. Anplification of the vector-inserted
target genes occurs in response to addition of increasing anounts of the
DHFR ant agontosrosamthot rexate (MIX) to the cul ture medi urcand2@oossEs4 Or
subpopul ations carrying nultiple copi4®s of the reconbi nant genes are
generated and can be selected (Wirm (1990) Biol ogicals 18:159- 164). The
gene anpl Pliresirie®H@Ir ocess typi cal | y Otdakeghiteseveral nmonths until stable cell
| i nes are_obtain whi ch show hi gh targe ene copy nunbers and hi gh
productioﬁngyg?qu'the desired protgﬂ%thﬁ an embodi nent of the invention,
a pol ynucRioflade: of the present inventdéangditeri ntegrated into host cell

(e.qg., CHO- K1 1 1) chr I or ectopic and
autonomngpgl'uWe'B?lﬁ?’%daa{t?ﬁgn.y%I%(%an enbo@ﬁ@ﬁ:%&(d?%\lrﬁe i nvention, the

pol ynucl eSbdide mifospliege promsbadic:i nvent i268.2irsg/[fteesent in the cell at several
copi es pe ell (e.q., 2, 3, 4, 5 6, .7 10, 15, 20). Were an
expressi o oé'gg]tsoeﬁew{g's been integrat egj'q%ggﬁ%@ergenom c DNA of the host cell
to i nprove&histrédd HCELy, the copy nunberi6ofig/itbe vect or DNA, and,

concorritaﬁlhl i,.tehe anount of product 7vgﬂ c&%ecroul d be expressed, can be

i ncreased wgg‘l ecting for cell li ned" 99 ch the vector sequences have
been anpl iTii extbraktdehydrateegr at i on i nt @.G0068 BAitef t he host cell. Integrated
genes may he. screened for the presen relative amount of chronosonmal |y
i ncor por atUé'gmﬁNA and correspondi ng n%z;&a'ﬁﬁlcli{egol ypeptide synthesis by
standard weahod312: For exanpl e, the pRebmgbierof the desired integrate nmay be
det ect ed i|dard procedures such .sequenci ng, Southern blotting,
Nor t her n tp)/%rt%wér}g and/ or Western bl otoflﬁr?gn%\@,l&ﬁg of several cell culture

medi unms kdowrsulfatet he art can be used 1tG8 pglifsagat e cel | s expressing a target
gene. Sev%rhjaclosgomrer cially avail abl e 10,51{;]/{itté|:e medi uns are available. If
expressing a protein to be used therapetutically, animal-product-free nedia
(e.qg., setiwtbme nedia (SFM) nmay bdSOew/liteabl e. There are several nethods
known in the art by which cells may be adapted to growth in serumfree

medi um For exanple, direct adaptation includesnerely switching cells from
ser um supplToewmtieat ofethim 1t whereindine suppéernard$ are Higd dotri 21l amtepcat feenhthat

weani ng i - i.t.chi I [ pl enmented nmediuminto a
ser umfre(%mrPg' % anifo as%reyx?%?gﬁ&!'é‘tt@ep'fé’ﬂ%g??&%%@% 50% SFM 75% SFM t hen,
90% SFM f brargibioat 3 passages, ©.B29/i8®0% SFM) . Sequential adaptation tends
to be less_harsh on cells than,direct adaptation. Generally, to adapt cells
to serum?’r(&gﬁ%édi a, the cul tu}'zgélﬁ%rul d be in md-logarithm c phase, > 90%
vi abl e and-histidihed at a hi gher 2.iglliterl cell inocul umthan during direct
adapt ati on.; .enbodi nent o invention, the initial mammalian cell
grow h ne |Iﬁér%1&fczr{éEX CELL ACF é—\gtgr/r]rgﬂl umwhich is comercially avail abl e
from Si gma-l@daiived:ch (St. Loui s,2MgliterThis culture is ani mal -conponent free,
with HEPE§_I§%62- Hydr oxyet hyl pi Qﬁr agdne- N - 2- et hanesul fonic acid), w thout
L-glutamine; liquid, sterile-fiTteered and cell culture tested. The nedi um
al so i ncl bedethionvegani ¢ sal t s, 0.864diliten bi car bonate buffers, essential and
non- essengi ] aci ds, vitagkns.:..reconbi nant human insulin, plant

hydr ol ysa?@eng?ﬁgﬁebr gani c cofr'pgg ﬁlgesr trace elenents, and surfactants. The
medi um al $ghigeeivenot contai n adBBiligari cs, antimycotics or transferrin and
al so cont ai ni mal - deri ve ins or other conponents. Typically,

for recongttﬁ?b({bﬁgﬁ of the nediﬂ'rSnpbgmﬁracti ti oner should aseptically add
20-40 nl &fty@e0enM L- gl ut ami nel 8@¥litgri on per liter of nmediumprior to use. A
cell line gapt&ai ning a host ceﬁb4%ﬁm}ri sing a gene to be expressed using a
process og' the present invention y also be stored in a nmaster cell bank
(MCB) and/or working cell bank (WCB). Typically, when a cell line is to be
used qyerq. mRBYnGTROYARIN'S Pierel CoBSt 20m! Mimblaigaod & Adﬁ%@?gﬂ e S eshg)
consisting of a master cell bank or master seed bank (MSB) and a working
cel | bankMeditmbe established. A cell line is established froma single host
cell clone and this cell line is used to nake-up the MCB. Generally, this
MCB nust be characterized and extensively tested for contam nants such as
bact eri a,-flliggrethed efitan ameeralpdop papirments gremysided fomca ersinprasia feedt Wi can
be expandeshprided aiiRotdeRis\WeBho W ERbIIbRING RBR@MIafidsed for cell viability
prior to use in a manufacturing processS. The cells in a MCB or WCB can be
stored in vials, for exanple, at |ow tenperature (e.g., QC or |ower, -200C
or -800C). Typically, the working cell bank includes cells fromone vial of
the master bank which have been grown for several passages before storage.
In general, when future cells are needed, they are taken fromthe working
cell bank; whereas, the master cell bank is used only when necessary,
ensuring a stock of cells with a | ow passage nunber to avoid genetic
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L-l eucine 52 L-lysine 72 L-Methionine 15.2 L-phenyl al anine 33 L-threonine
47.6 L-tryptophan 10.2 L-tyrosine 36 L-valine 46.8 L-alanine 8.9

L- aspar agivoeoBlstwasparti c acid 26.6 L-glutam c acid 29P¢T@ESg@9nss1&b
L-proline 23 L-serine 2 1lln an enbodi4ent of the invention, am no acid
feeds are not added to the nmedium Vitam n/salt feed solution (discussed
above) isLatsha®; for exanple, ey whiwn days 3 and 5 or when viable cell
density rgaches about 106 cel I}séml. o€ 9 to reach approxi mate final
culture cbineBAPPPi ons as set FBHH bel ow (not including the concentration
of any i ntissparidacidnponent fron8®gyhiemr sources such as fromthe initial
mammal i an, cel.l growt h nmedi un): nent Final culture concentrations

(mg/ i terﬁ"gggﬂ?%rﬂc\gel enite O. Okgy%aeni ne sulfate 1.632 Adenosine 17.6
Cyti di ne GRcmeGuanosi ne 17.6 W.rslghierl7. 6 Hypoxanthine 11.8 L-citrulline
12.6 L-omthine-HClI 25.6 Bi oti,r Qﬁ% Fl avin Adeni ne Dinucleotide 0.05 Folic
Acid 4.6 L& Acid 0.52 Niacl'®® 8" 4 Pyridoxine HCI 3 Riboflavin 1.86

Thi am ne HGeridd Vitami n E 0. 3760%gtisemi n B12 3.4 Choline Chloride 50.2

Et hanol amne HCl 4.4 i-lnositol 73.2 Thym dine 7.8 Putrescine 2HCI 0.4
Progesterone 0.015 D Cal ci um Pant ot henate 23.8 d ucose is added, for

exanpl e, aMiea ndieoddfutnad wiseiarzboait 100ml aminb Reiddadd israeldew dediterfdicLiturbel ow
about 1.5 %I iter and L-glutam ne is added, for exanple, when the gl utam ne
concentr W'in the culture mediumfalls bel ow about 150 ng/liter. 3-
Optionally harvesting the cells fromthe production cell culture nedium
e.g., wh iabi i i,s. bel 60% by re i ells ulture
medi ufh (€ g BoPA e Ty AR Toih Pt BREMS P ARy s el s

addi ng sadimpnis@hsgpleatentdaif dbent the faloalrig saneertttatiopsd at about 6.8 and
centrifuging the culture mediumto clarify it of cells). If the protein is
secreted, the nediumcan be retained for further processing, if the protein
i s not setraspamginehe cells can be retdfionglitef or further processing. Any of
sever al mEEp'F&ﬁ% can be used to renove,tfe cells fromthe medium e.g., by
centrifugathon.” For exanple, using a ¢ontd ntous di sk-stack centri fuge,

e.g., wth-isolédadw rate/sigm (cnm sec)ldd@B glberut 9. 27 X 10 7. Furthernore,

t he nedi umcggtgingm&i |tered to renove 1qe||9|ﬁl1tere' g., by depth filtration with
or w thout centrifuge. For exanple, Wwth a centrifuge, the process can,
in an enbbdéumdret of the invention, cdfd8idglédeuse of an 8 + 2 L broth/ft2
filter (eLQhre Gnar ged cel lul ose fil t%réé/“t\éi}t hout a centrifuge, the process
can, in an enbodiment of the invention; conprise use of a 20 + 3 L

brot h/ ft 2Lftydosiee. | n additi on, the n&dH gfitecan be filtered through a fine
filter, for_ g le, with a 0.2 mecr e size (e.g., a PVDF filter) and,
4- Opti ongﬁr@ﬁ?glr)t her purifying the %{%{) ptﬁr e.g., antibody, for exanple,
chr omat ogtegshadialeacid. | n an enbodi nent3.affg/itee i nventi on, the enhanced
process for RLQfUEig a protein, such gs.aR, antibody (e.g., anti-IGF1 R
conpri ses tgne steps: 1-expanding cells e%pressi ng the protein in a standard
initial méayeiled an growt h nedi a. Thi s 283ulitei on can be done, for exanple, in
shake fl asks.s: an enbodi ment of the 4 i on, expansion occurs by growh
t o about ?@Stgz'n%% cells/m, diluti o%’éo:’:‘]éllgtefsarrpl e of those cells (e.g., to
a densitylLonethipone 2. 5-5 X 105 cel | s/ g/liad, then, regrowth to about 1-2 X
106 cel Il sfr about 10-30 cycl es. isaocul ating an initial manmalian
cel | grovamy&teJ(?%%with t he expanded 4(':%%9”5“?&0 a cell density of about
2.5-5 X 108ysied | s/ nl, and addi ng suppl&fefiter t o the medi um The suppl enents
are soy anc hydr ol ysate, am 2hd feed, vitamn/salt feed,

nut ri ent #%h%ﬁyléqéﬁ@%se and L-glutam r?er& qwgpday of inoculation is "day 0",
the fol | okiM@inglay is "day 1", the follBdfiglgeday is "day 2", and so on. Soy
and/ or wheal,jhydrol ysates are added, (hqpigxanpl e, either on day O or after
vi abl e cell density has reached over about 106 cells/m . In an enbodi nent
of the i nwediumophosphete anobasieat e(s) 14rdd diiteml y added on day 3. Amino acid
feeds (di sgiespmsteabove) are added, foromxpmel e, at day 0, e.g., to reach
approximate final culture concentrations as set forth below (not including
t he conceUPHE PYiRi®f any indi cated cOROABE(Itar om ot her sources such as

fromthe iamrhéoiimWBRERd:an cell gr owgodeedd §iler



Conponent Final concentration in culture (ng/liter) L-arginine

126. 4L-cystine 34 L-histidine 42 L-isoleucine 52 L-leucine 52 L-lysipe 72
L- Met hi omwoeofsiiclz- phenyl al ani ne 33 L-threoni ne 47.6 Lermyysc@plossicd0. 2
L-tyrosine 36 L-valine 46.8 L-al ani net58. 9 L-asparagi ne 30 L-aspartic acid
26.6 L-glutamc acid 29.4 Gdycine 15 L-proline 23 L-serine 2 1 In an

enmbodi nenCobélt tharidenvent i on, am no a®iadofi2edhitear e not added to the medi um
Vitam n/salt f sal ut i on i scusse .1 s added, for exanple, between
days 3 ang“%elo &\?ﬂgﬁ '%ﬁxgﬁ}'derg%el I dengi(@@%gg'&%es about 1.2 X 106 cells/m,
e.g., to SBediam rappbdste deltyelrdtenal cul VW0O0CD LNt rati ons set forth bel ow
(not incluyding the concentration of hidi cat ed conponent from ot her

sour ces sE@hChg)sr'dFrdgﬁH}ﬁtg' initial mam%a I gﬁijg@fir growt h medi un): Conponent

Fi nal cul Mangarssackhtidetteoars/d(atg/ | | t &0008b@lplitersel enite 0. 01426 Adeni ne
sulfate 1.632 Adenosine 17.6 Cytidine 17.6 Guanosine 17.6 Uridine 17.6
Hypoxanthine 11.8 L-citrulline 12.6 L-ornithine-HCl 25.6 Biotin 0.28 Flavin
Adeni ne [@. itehetiaddsd cRirf@T Wadreio aboutd0dmbnutiigro feedAs bddddl &2 liddratcuitue 1 . 4
Pyri doxi ne cF(CI 3 Riboflavin 1.86 Thiamne HCl 16 Vitamn E 0.376 Vitamn
B12 3.4 N%'{Re chloride 50.2 Ethanol amine HCl 4.4 i-Inositol 73.2

Thym dine 7.8 Putrescine 2HCI 0.4 Progesterone 0.015D Cal ci um Pant ot henat e
23.8 %0”5‘9.%95'%’&?05&&%%%1%%&% gl{p et €52 HeEd HbRCa {/iPan%/QSﬁfe]feS‘?ﬁ’a% such
as the anmno aci eed. These tinal 'culture concentrations are of the
conponent®nipriees supplemdnésratrdbeat the falodirgnebndentredibns:ef | ect the cumul ati ve
concentratl Q. f.the indicated conponents f. m both the am no acid feed
and the v%f)g'gl%n%é%‘{it?' feed. Nutrient 'feegé(gplgegussed above) is added, for
exanpl e, Bdevieenultkg's 3 and 5 or wWOB1Gigdidre cel |l density reaches about 1.2
X 106 cel l,.§.lM..€.9., to reach appray final culture concentrations set
forth bel é\?ve’ﬁgn%’{e'i ncl udi ng t he conggegrgt@%:?on of any i ndi cated conponent
from ot heCysdioe:ces such as from t h®.88dg/iteal nmarnmualian cell growth nedi um or
am no aci .. Conponent Fi nal e concentration (ng/liter)

L- aspar ag?;rlffgﬁg%%ez ng/liter L-proli S\)égéﬂrggrngll iter L-isoleucine 370 ng/liter
L- cyst ei n&kiBiGE: 224 ng/liter L-1euciOf® gB82r ng/liter L-threonine 164 ny/liter
L-tyrosin .iter L-arginine m/liter L-aspartic acid 7 1
my/liter f'!é?%}”%% acid 126 rrg/lito;ebi%%g'}g!ci ne 57 ng/liter L-histidine 125
nmg/ | iter L-aitetlimeoni ne 132 ng/liter 06X g/htpt ophan 99 ng/liter L-1ysine 293
mg/liter k- WA nine 174 ng/lit line 262 ng/liter L-serine: 260
ng/liter E(_)Ogﬁﬁ{nh}gpﬁggphat e nonobasi 89182%@}% ng/liter Zinc sulfate: 1.08

nmg/ liter @igdni c sul fate: 0.0032 nyOQerlitBrmoni um vanadat e: 0. 00078

mg/liter fﬁgﬁl,&d%w %ihgﬁéqt@gm% ng/dydgtrsylg&li ckel dichloride hexahydrate:

0.0004 ng/liter i um nol ybdat e deh 0.00016 ng/liter
Folic Acid: 0.23 glliter
Lipoic Acid: 0.026 g/liter
Niacin: 1.57 glliter
Pyridoxine HCI: 0.15 g/liter
Riboflavin: 0.093 g/liter
Thiamine HCI: 0.8 glliter
Vitamin E: 0.0188 gl/liter
Vitamin B12: 0.17 glliter
Choline Chiloride: 2.51 glliter
Ethanolamine HCI: 0.22 glliter
i-Inositol: 3.66 g/liter
Thymidine: 0.39 g/liter
Putrescine 2HCI: 0.02 g/liter

Progesterone: 0.00075 gl/liter



Tin chloride dehydrate: 0.00008 ng/liter Manganese chloride tetrahydrate:
0.0003 ng/liter Sonme conponents of the nutrient feed are also in other

f eeds sucWoasiodieream no acid feed. These final culture eomaspemassiens are
of the components fromthe nutrient f#ed and do not reflect the cumul ative
concentrations of the indicated conponents fromboth the am no acid feed
and t he nDtCaléwn Hapédher@taicose i s dd@eaditef or exanpl e, when the gl ucose
concentration in the culture mediumfalls bel ow about 1.5 g/liter and
L-glutam ne is added, for exanple, when the glutam ne concentration in the
cul t ur e M8dThemmietiiod ©f blalno @ vdieczit ab&0 Gl vitarmin/ St fepd isadded per Iherrof esiturag t he
cells fr (%nﬁ production cell culture medium e.g., when viability is
bel ow 60% Dy renoving the cells fromthe culture nedlunf(e g., by lowering
t he tenperature of the cells to about 150C, addi ng sodi um phosphate buffer
to stabiliz : j [ L m to

ol ari By i1t ope BRI it SoRPe g Rk boB i B el

ret ai ned vfr@renh sait! peoteipiosaseatiea from Jaid ¢adls ntothes medismnot secreted, the cells
can be retained for further processing. Any of several nethods can be used
to renove the cells fromthe nedium e.g., by centrifugation. For exanple,
usi ng a dénfThemetimddif skeing fl Aedhessmthei duligre, medigm is harvésted frorovhe bostLslisgna

(cn sec) re, the mediumcan be filtered to
renove ce en%ﬁ&mé“%tﬁg %B%QRQP|%§ {gaﬁnmnth or without a centrifuge. For
exanpglle, with a centrrfuge the process can, in an enbodi nent of the
inventio - f

cel | ul osg3f ?ﬁ?me;r%% 0¥%ﬁ"ﬁ% }%%ﬁ%f%{]bﬂ%@g?ﬁ%gﬁ%tﬁe Auqt@recrgﬁdlgn rrom%n%odl ment
of the i rbysenirifugingcibapradisn asé/ondepdh figering3he megdiptrharider fiitetingethe madiugaldi ti on,
t he nedi through a fine filter, for exanmple, with a 0,2
m cron pgﬁgﬁ laez(rfn|C|réne1rlf%gPVDF filter). and; 4- Optionally further
purifying the protein, e.g., antibody, for exanple, chromatographically.
Opt i oral | i h

ool 3 1 1 TROFRUSE el ierdiR i R i 0Bt of HRRFRERRIRBER S el ames

( di scussetibenaantigen-kindisgiyednaeiiheddfi.t he i nvention, this shift occurs
when the cells are at a density of at or above 1 X 106 cells/m.

Optionally, when using either the |level 3 or enhanced process, the

t enper at urSe The methwdmiictaim d4iwhesdin theeantibedy3@d@omenhbiods spBdicalydtiodehiBed
above). In an enbodi nent of the invention, this shift occurs, in an

enbodi ment of the invention, between days 4 and 8, e.g., when the change in
vi abl2® cel6. Themsthog abgleim 45 herriu thepantibeey ordrageent e¢raprisee @hemy an
enbodi ne f ' t d
rocess, TRanelPRulAER oy HhEd setEbnee o [ o tpiod BRARRT s
are cont |frmnmhh§|groum¢qne@flmjofa$ﬁﬂélaﬂ\l§bt ads, cﬁmﬁn%ﬂ ard 26, @r gvpaiurelfragament

enbodi menfe @bt S eiof R EORsRereRBGEM /G 1 on is monitored and naintained at
about 6096dur|ng cel | growt h; and/or pHis continuously nonitored and

mai nt ai nellight inyBenagladby (:fealrgcomnrlsm)a) amlmprangi SasMENGH FRMRated f5era ther group

t enpgisat %oﬁsrbi@gC&@ECPWN%YZ rm'f?%%dzsaeﬂa &E%‘r‘a@@w‘én%eé@%fi é%%rfﬁ%:e( €.g.,
about + O. during ce growt h Cel gromf canbe performed in any of
several syRRemerefogr exanpl e, cell gromfh can be done in a sinple flask,
e.g., a glass shake flask. O her systens include tank bioreactors, bag

bi or eact ors_and di sposabl e bi oreactors. A tank bioreactor
i ncl udes, Yiyphe giethed of clain 4P Whesdle theqantigody er feaoment seceted &em the brettcatiis

vessel) idh ibsly Gal boindisss 8NN dhalnmhrbgitbel nreamdrmngféanfro bises 20450Ee can

be used for a de range of ture vol unes 1000
1500030 ) .SEG@HR NrSf S eafm%ﬁsanﬁq e%a\ry&fﬁemaramunpefﬁar infGORAIEIRY arrtno eqrfﬁ?%r | i ng
cel | growdr $epd iD ROSs ot §cl udi ng nmeans for tenperature control, medium
agitation, controlling sparge gas concentrations, controlling pH
controlling Q2 concentration, renoving sanples fromthe medium reactor

wei ght i . qpé h%o@ruf cRAAT herdih ﬂenrgngcmr Mrﬂxglo%hﬁ#f islihgéd 4 rbaeﬁaar dwar e,
pi pi ng or tubrng o deliver all services, i ng nedia, control %ME control

sol ut i on<LONSRAL IF¥HNegiobylifsehain M?r‘?&a‘é\t@ﬁﬂ 'é“”f‘ rlﬂgf??“'i'%'tsdimfef?etoﬁr Ravessel
and, 3gupedovik@ef thneuhoblodlilireérhi data acquisition. Cassifications of tank

bi oreactor include stirred tank reactors wherein mechanical stirrers (e.qg.
inpellers) are used to mx the reactor to distribute heat and naterials
(such as oxygen and substrates). Bubble colum reactors are tall reactors
which use air alone to mx the contents. Air |ift reactors are simlar to
bubbl e colum reactors, but differ by the fact that they contain a draft
tube. The draft tube is typically an inner tube which inproves circulation
and oxygen transfer and equalrzes shear forces |n the reactor In fluidized

. o



L-valine: 46.8 ng/liter L-alanine: 8.9 ng/liter L-asparagine: 30 ng/liter
L-aspartic acid: 26.6 ng/liter L-glutamc acid: 29.4 ng/liter glycine: 15
ng/liter wopoolasem?s 23 ng/liter L-seripe : 2 1 ng/liter pCTAISAQ0bER4 Vi abl e
cell density reaches over about 1.2 X7106 cells/m, addi ng suppl enent feeds
wherein the concentration of the conponents added by said suppl enent feeds
a(r]I e appr cmi }‘rra?é @kthot! fm@sleim;;kltwhfetmrﬁ thebleitisJMarﬁmdiiarmalq:jriamﬁhtrﬁedi@n@cidwaﬁhmﬂga! liter
Adeni ne sulfate; 1.63 iter sine: 17. i ter tidine: 17.6

T ¢ or SPRIABENR &S 3 gl Ees FEEE S Pt birebalgi hife. mAA e ne: 11, 8
ng/ | i t er nbr@issertibl am@o atids Greogrhbinbgrhuramn$ulin nieadd@lem@tts Gndrgddfadtats;Binat i n:

0. 28 /1t Fl i, deni Di | eoti 0. 05 /1iter Foli Acid: 4.6
vl i tor dobE Bpteore CET Ao e Pt RS aArfiveSheS P FRima-Ebver Sbbabitte 1o : 3
ng/liber Riboflavin: 1.86 ng/literThiamne HCl: 16 ng/liter Vitamn E

0. 376 [ Vi i B12: 3.4, liter. .Choli .Chl ide: 50. []it

£ hanol artbnd ol & ratinng edany Kk sal B0 oS T HubPanoelenEel 7. o

ng/ | iter grwith esaliume, p2é@larmBd b amput BT, wRichgeisdlenexian cOmPisesEPES er

D- Cal ci P h - 23.8 mo/l.i L- i ne: 81 (1t - i
216 gl | TPAPMOT50 U PHE S0 BRI PR "o S erar A he s e g ol ' "
L- | euci nénsBB2 tragtleldneantd atichsietactanes; 36d whighldobe notlecdmyprias iLrgutd®éeng/ | i t er

L- inni 186 mg/liter L- t] id 7 1 nolli <4l ' id 126
mo | HPer SR soRu ey o T eB fronronsafhyh 79 B bR sRIfe 137

ng/ | iter expesyipg dhanib&8&y light thdire imruhggiobudin 208 hegvyl dhiaer imsyploglopllad, sona ne 174

nmg/liter L-valinhe. 262 Lt L-serine: 260 It er Sodium phosphate
monobas 21 IR oh 30 085 X iE o8Il pR8: «r0R8 (RIAPVER SRR IEN S P TR o

0. 0032 nghedidre befaneysim wianeaushdaitteor iRy et saickinoGobdtant chl ori de: 0. 0025
ng/liter Nickel dj .l de mw : nmg/liter Sodi um nol ybdate
dehydr at eSPng%BB%@E%%Iﬁb%eCPH? andgﬁ %%%Jg‘l@gﬁ er’gr owt h, adding glucose to

t he rédi wamdwbreionglyuensminceacid efl athlerdiretheveoabenitatidn bf e lcongonarisl addkdi byg

L- gl utam_ne, when L-qlutam ne | evels fall I bout 150ng/liter; and

duri ng- cert APBheReTat P Rrg P T sl B SRRY “anout 0% pH at about
6.8 + 0. OR-aggiciné:enper ature at woScumgleer50C + 0. 50C;, for exanple, wherein

t he medi um rises cells th e reached 60% viability. Exanples The
fol |l ow ngmicﬁgomr%hati on is pr ov?%e@%%rr nore clearly describing the present

i nvent i onLdwatideeoul d not b e c&hepfliteed to [imt the present invention. Any
and all of . ppositions a hods described below, in whole or in
part, fal 'Et\'/arl]?qﬁﬁ%'the scope o;%rﬂgﬁ'%?esent i nvention. Exanple 1: Expression
of anti-| GilRIingsi ng | evel 3 arfi rephienced process Several runs using the
enhanced F_r cess and the Ievel723m$;&%iess were perfornmed. In these runs, CHO
DXB1 1 cell's expressing the anti- 1 R LCF (kappa) and HCA (gamma- 1)

chai ns wekéMajhionine: The initi al 1v2mgditéran cel | growt h medi umto which

suppl enent s r ed was th - L ACF CHO nedi um (Si gma- Al drich; St.
Loui s, I\/Dg'.%hgﬁ%??nﬁ g’r set of %u‘?ﬁﬁgﬁv@rre performed wherein there were no

addi t i onslLdffireprivels (except fordi;mgfliteress gl ut ami ne and gl ucose). Under

t hese congit | atiter of 4 L. was obtained. This titer was

esti mat edgg@bg)@g%rt]'i tating the mlg "obul i n produced whi ch adhered

speci fi calttyrosioeprot ei n A, The3&@pdites obtai ned in the following level 3 and
enhanced progess runs were esty <fromquantitating i munogl obul in that
adher ed tgvgﬁfezverse phase chrAOdﬁT%tn%'rtgarphy substrate. An estimated titer of
about 300Lraigninenoul d have beerB.®btdditered in the run without addition of
feeds hadt LEVEer se phase RF quantitation been used. Relative to
the titer o%?%ié ‘eg in the ruga“{é({}@ /ll.ll Ing the addition of feeds, the level 3
and enhantegpptiogeidses (di scusfe@mgéitesw) produce far superior titers.

Enhanced pr, ng_@.ls were i nd i aloiye Nocul ated at 3 - 4 x 105 cells/m in
t he EX- CELqu{,ﬁA@ ‘medi um 4 Migfiter

glycine: 15 mg/liter

L-proline: 23 mg/liter

L-serine: 21 myg/liter



(Sigma-Aldrich; St. Louis, M) which was pre-warnmed to 370C and adjusted to
pH 6.8. Table 1. Feeds added for enhanced rocess runs. SHYS feed: a 200 g/L
(aq) soy wodnologemte feed from DW international (Nethercandsjooyscs eed: a
200 g/L (aq) soy hydrolysate feed fro# Kerry Bi osci ences CHO feed 1. 50X
Vitam n/salt feed CHO feed 2: 50X Nutrient feed 50X am no acid feed 100X
gm'Sno C;ci;dna,aﬂﬁbrm'rhtw@aglcwisimmaéyom@b?mmezixgmrm@calgbi/rulstg@arag Sugplergémol nt of
. 8. ygen concentrati on was conti nuous nmoni tored .and adjusted to a

set poi nt TEISHOR ST Ah S A Rl MG RIBHIS I SR AY B0 SHPRIRGe RS Red at
37 + 10C opproximAe0eesse deefpi@matow: e downshift to 340C was perforned in the

i ndi cated_Db tche?. _d ucose was added, far exgz | e, when the glucose

concent ra§P%Hm|§‘?eﬂ’1tE' cul ture nmedi um PAIP2BBIMNPL. 5 g/liter and L-gl utanine
was addedadémine exmit@l e, when the gl utia@seneg/iencentration in the culture
medi um fel | bel ow 150 ng/liter. The | aJjty was shifted to over 400 nOsm
from addi {988 t he nutrient feed. %Zgorﬁ I“{eé were harvested between days
21- 24, excgidind:or batches 3 and 4 whiiels mefier harvested earlier (days
14-18); generally, when cell viability was,reduced to about 60% Table 2.
Resul ts of’Y&f ed process runs. * ABSYBH& ed batch run The addition of
am no aci dritigeds nmay be omitted when1Flgemguiteri ent feeds are used in the
enhanced })_IroceSﬁ\ii Level 3 process Cel lrjri V\e{ﬁ initially inoculated at 3 - 4 X
105 cel | sI¥PORRMIME Ex- CELL ACF cHO redi U E8i gra- Al drich; St. Louis, MO
whi ch was Laitedliner ned to 370C and adj ugteedgliterpH 6. 8. Tabl e 3. Feeds added
for level 3 Br oceéﬁ_SHYS feed: a 2002g/6L soy hydrol ysate feed from DW
i nt er nat i GIRAMMNYMSEEHEr | ands) CHO f eedi?®f 8 itamin/salt feed 50X am no
acid feedBidifX am no acid feed pH wa®.28anglitRdous! y noni tored and nmai nt ai ned

at 6.8 + 02. congentration continuously nonitored and adj usted
to a set pg,a\‘ﬂn %&%%ﬂ%‘é}nﬁcgﬁ%@faature mmorﬁg}iﬂ%ﬁousl y monitored and naintai ned
at 36.5 +FOLGACH: G ucose was added, f@ meianpl e, when the gl ucose
concentratiaon in the culture nedium f0 | bﬂceow 1.5 g/liter and L-glutam ne
was added"PPE % anpl e, when the gl uCAf Y ncentration in the cul ture
medi um f eNiadrel ow 150 ng/liter. Tabl 814.mééial ts of | evel 3 process runs.
The feeds _used. and.the final concentratipnpns of the conponents of each feed
are set fortOHSE Table 5. Vitam r?/@%(ﬁ‘&erfeedUri dine 0.88 17.6

Hypoxant hiRitefl@vibd 11.8 L-citrul line 4.83m3dM8teb6 L-ornithine-HC 1.28 25.6
Biotin O. 3%4 0. chgl avi n Adeni ne Di nggl egﬁti de 0.0025 0.05 Folic Acid 0.23
4.6 Lipoic AB"F 0026 0.52 Niacin 1.57 ¥4 Pyridoxine HCO 0.15 3

Ri bof | avi NitBmBO3 1. 86 Thi am ne HCl 0.08766nyliteami n E 0. 0188 0. 376 Vitani n

B12 0.17 jne Chloride 2.51 5Q.2 Ef.hanolam ne HClI 0.22 4.4

i -1 nosi to?’“élr.“gk;@%. 2 Thyni di ne 0. 39 %I%mﬁ&'Perresci ne 2HCI 0.02 0.4

Pr ogest er @heli: OQI67de:0. 015 D- Cal ci umsPa@nhgliteenate 1.19 23.8 Table 6. Am no

acid feed # 1 (50X),,~Iable 7. Amno gcjd feed #2 (100X). Table 8. Nutrient

feed. ***,E,th@np&aﬂuaell;i? FoRkk kkkkkokkk %h‘{emﬁfj'g%ent invention is not to be

i m tedfi RHresibge bytthe sp;a_ci fic elnbddizrmg/ﬂim(eresc[i bed hga][ ei nl. I I ndett_'ad],c t[}ﬁ

scope 0 sent invention inclu epbodi nents specifically set for

her ei n angh(grpﬁﬁen%‘errbodi ments not spe?ﬁwgg'%ry set forth herein; the

gnbodihrrentPgsltremm 2hGlal 'y Z_e]E_ forth héremgligre not _necejssarid:j_y intendedhto
e exhaus . i.ous nodifications t he.jpvention in addition to those

descri bedﬁﬂﬁééq?eg}ex&{vﬁ'l | becone apparent(ﬂ%g '{‘I@P)ﬂgg skilled in the art fromthe

f or egoi ng Dd€slciuimptardetheBleh nodi fi catZB@rsghitee i ntended to fall within the

deseri pti SRePEBSE: of ocol s ar b i ted EAMUTGhout thi s appli cation the

di scl osur ésprofnewhi ch are i ncor por at e@1bergdliter by reference in their

entireti ei-igc%uc?r{é pur poses. & cl ai m376md@it§r‘3t hod for producing a protein

conprising rnoculating an initial mammalitan cell growth medi umw th host

cel | s expleysieing-i@le protein and addi2add rwiijed ement s conpri si ng: d ucose;

L- gl ut am pge S hydrol ysate or wheat ysate or both; Adenine sulfate;

Adenosi ne, efilL#n‘rD_ni um vanadat e; Bioti n;33%1%g{/?%re Chl oride; Cobalt chloride;

Cupric sulftareeningyti di ne; D- Cal ci um P&damg/lHenat e; Et hanol ami ne HCl ;

L-tyrosine 198 mg/liter



Fl avin Adeni ne D nucl eotide; Folic Acid; dycine; Guanosine; Hypoxanthine;
i-lnositol; L-alanine; L-arginine; L-asparagine; L-aspartic acid;
L- ci trul Iwoepioo3exst ei ne- HCl ; L-cystine; L-glutam c aci eécTisshemossiche;
Li poic Acid; L-isoleucine; L-Ieucine;49L-Iysine;L-nethionine;
L-ornithine-HCl ; L-phenyl al anine; L-proline; L-serine; L-threonine;
L-trypt opbarginihke t yr osi ne; L-valine ; 18&amgditerse chl ori de Tetrahydrate;
Ni aci n; N ckel .. dichl oride hexahydrat e, est erone; Putrescine 2HC ;
Pyri doxi m'aﬂa“,"’ ?ﬁ'gof | avi n; Sodi um m%? 9@@%@ dehydr at e; Sodi um phosphat e
nonobasi clt-ghhtahhinrcislel eni t e; Thi am ne12&mg/ifdrym di ne; Tin chloride
dehydr at €q| Uridine; Vitamn Bl2; Vi tggimn /IFr'r and Zinc sulfate; to the
medi um 2°YTHE8 method of claim 1 wheP&l¥'fe final concentration of the
conponent k-histidied to t he nmedi um from t2®mgUiel enent s are about those set
forth bel ow .Adenine sulfate: 1.632 | i Adenosine: 17.6 ng/liter
Ammoni um @'&‘néfag?'%‘? 0.00078 ny/liter Bi oﬂghﬁéro. 28 nmg/liter Choline Chloride:
50. 2 ny/ | Ltrgptofladoal t chl ori de: 0. 00289 myflitet er Cupric sul fate: 0.0032
mg/liter Cytidine: 17.6 ng/liter D Lum Pant ot henate: 23.8 ng/liter
Et hanol ant"&8"f5C1 : 4. 4 ng/liter Fl avicgb%mgmtenre Di nucl eotide: 0.05 ng/liter
ll:;l iC Acih_d-:phdnﬁarghéi ';fa_r d yci Ine 72 mm’;;ﬂ'ﬂaa;' Gu;alnpsi neL 1|7. 6 o/l iBt Sr
poxant hj ne: .8 ng/liter i-lnositgka. .2 ng/liter L-alanine: 8.
mo/liter LYAIS nine 312.4 my/liter L?é%b"gﬁﬁ%ﬁ ne: 842 ng/liter L-aspartic
acid 97. 6Lsgfima:ter L-citrulline: 12.@60rgigliterer L-cystei ne-HCl 224 ng/liter
L-cysti neg I - m c aci /[liter L-histidine 167
ng/liter EP%@%B@/&L;@%% #ggéé%(?l iter Eg?%%?%@(e:me 422 ny/liter L-leucine 384
ng/liter Emntysifate 365 ng/liter L-nethi0Bmglited47.2 ng/liter L-omthine-HC:
25.6 mg/ | Rter. Laphenyl al ani ne 207 nmoflyaGsr. LmRroline 239 ng/liter L-serine:
281 nyg/li Fé?ﬁq_%lflfﬁirééoni ne 2 11.6 ny/l ?tdglf;sgm#mrté){)t ophan 109.2 ng/liter
L-t yr osi ndm@®hiumgrénadate: L- val i ne 308080a%8 motliker Manganese chl ori de

tetrahydr e%gélbg_%cg_g%?a ng/liter Ni aci ”b.o%z%m%/lﬂg/' iter Nickel dichloride

hexahydr ate: mg/liter
Nickel dichloride hexahydrate: 0.0004 mg/liter
Sodium molybdate dehydrate: 0.00016 mg/liter

; and, maintaining glucose concentration in the medium at about 1.5 g/liter and maintaining
L-glutamine concentration in the medium at about 150 mg/liter; and during cell growth
maintaining O, concentration at about 60%; pH at about 6.8 + 0.02 and temperature at
about 36.5°C + 0.5°C; and, optionally, removing the host cells from the medium when cell

5  viability is below about 60%.

21. The method of claim 20 wherein the antibody comprises a heavy immunoglobulin chain

comprising the amino acid sequence set forth in a member selected from the group

consisting of SEQ ID NOs: 1, 3,-6, 13, 21 and 26; or a mature fragment thereof or one or
10  more CDRs therefrom; and/or

a light immunoglobulin chain comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 2, 7-9, 17 and 25, or a mature fragment thereof or one or more

CDRs therefrom.

15  22. The method of claim 21 wherein the antibody or fragment comprises an antibody
secreted from the host cells that comprises a light chain immunoglobulin comprising amino
acids 20-128 of SEQ ID NO: 3, 4, 5, or 6; and a heavy chain immunoglobulin comprising
amino acids 20-137 of SEQ ID NO: 8 or 9.



Progesterone: 0.015 ng/literPutrescine 2HCI: 0.4 ng/liter Pyridoxine HCl: 3
ng/liter Riboflavin: 1.86 ng/liter Sodi um nol ybdate dehydrate: 0.00016

ng/ |l iter wWodnwm3ptsesphat e nonobasi c: 288.2 ng/liter SodiPumsedoensd1es
0.01426 ng/liter Thiamne HCl: 16 ng/30iter Thymdine: 7.8 ng/liter Tin

chl ori de dehydrate: 0.00008 ng/liter Uidine: 17.6 ng/liter Vitamn Bl2:
3.4 ng/ | iZBeThavinkethod f Baind 23 Weeralyl thietlight chiainCinsnlriogiobulinlis IBkewtbla kappa G ucose
1.5 g/liter L-glutamne 15 [liter 3. The .nmethod of . claim1 wherein,the
supp! emer s AMTLABHORYBa E (hE et Pl HRe B O 0 AR s - a
about t heofsthhtomim@oglobd@ndhamt i ons: L-arginine: 6.32 g/liter L-cystine: 1.7
g/liter L-histidine: 2.1 g/liter L-isoleucine: 2.6 g/liter L-leucine: 2.6
g/liter L-lysine: 3.6 g/liter L-Methionine: 0.76 g/liter L-phenyl al ani ne:

1. 65 ¢/ | izdeThdriethoe @ficlagn 22 fiBthegLtdmprisind retoygping pheacultute médighl franethe cells

L-tyrosipe: 1. /liter L-valine: 2. 3 liter 4. The hod of claim3
wherei n BysiRc st senkfifors KB P fimpetth Hlnabh Fasren IOarasi ety Ba et om

5. The netroogh efiitelvdinnabbutnd ér2emisrdnmresigpl enents are added from an am no
acid feed that conprises amno acids at about the foll ow ng
concentrations:L-alanine: 0.89 g/liter L-asparagine: 1.5 g/liter L-aspartic
aci d: 1. 235. The miethodlof glalih adnfuarthec cathprsidh/pgifying e iGhuabglebulds Trongthki t er

L- prqloi ne:eO:IL.r%% %/ I int erhroLrasterri ne.: rlbtc|)05nag/| iter 6. The nmethod of claim5
wher €i’n About™ 1Y ?Jiu i SN ARYGPE 8@3 1< %8d8ed per liter of culture nmedium

7. The nethod of claim1 wherein the supplenents are added froma nutrient
feed that 6cRrrlr%riesesS isui%l ﬁ:rgelptrs aetd' about tri1e_f ol ow ng concentrati ons:

L- aspar a& ne" 9P d/qFl t€ E-Lb?B] ohe' QT rbgfl iter L-isoleucine 18.53

g/ l'iter laboyistOeg/titer $43 hyblfolisaiteg/ | iter L-|eucine 16.58 g/liter L-threonine
8.2 g/liter [L- OSI 9 g/liter L-arginine 9.29 g/liter L-aspartic acid
3.56 g/l ﬁ%SLr‘tLI%é{“fﬁ?ger%E?g%ci d 6.28 g/liter Aycine 2.83 g/liter L-histidine
6. 23 18/ | iabeut 150megMtieohighear6in®8 g/l iter L-tryptophan 4.93 g/liter L-lysine
14.66 g/ljter_ L- anine 8.64 g/liter L-valine 13.08 g/liter L-serine:
13 g/ li té)r#%oagkﬂtfn&gﬂyodsg%at e Monobasic: 14.41 g/liter Zinc sulfate: 0.054
g/liter GERES sul fate: 0.00016 g/liter Amroni um vanadate: 0.000039

g/liter hl.oride: 001 25 g/liter Nickel dichlopde Hexahydrate:
o.oooozag%%w”% g'@"@% gr%uﬁ%ﬁ%ybdate dehydrate: 0.000008 g/liter Tin chloride
dehydr at dnorQal)068@®4 g/ | iter Manganese chloride: tetrahydrate: 0.000015 g/l
iter., 8. \fhe .alm7 wherein about 20 ml nutrient feed is added
per l%OterN%fe%E{w Ergrgmr?egllcﬁém 9. The method of claim1l wherein the

supp! eneritesombaaatilgdarf inewina vitam n/salt feed that conprises suppl enents
at about fr?fe %Igrlnlergf\é‘ ng concentrations: Sodiumselenite: 7.13 X 10 4 g/liter
Adeni ne sulfate: 0.081 6 g/liter Adenosine: 0.88 g/liter Cytidine: 0.88
g/liter Gutaosintse: 0.88 g/liter Uidine: 0.88 g/liter Hypoxanthine: 0.59
g/liter LgCit; . Lter J-.ornithi ne- el I Bl ot} n:
0.014 g/ ettt %edA‘g%eﬁ?'Hg‘%@'ﬁ??@%@”%?@o&g@%%hd{?’g? B spib 8yl 444 0 -
g/ lit%r egrbare apprctimaely2®osg/det fogth bRlosci n: 1. 57 g/liter

L-arginine: 126.4 mg/liter
L-cystine: 34 mg/liter
L-histidine: 42 mgl/liter
L-isoleucine: 52 mg/liter
L-leucine: 52 mg/liter
L-lysine: 72 mg/liter
L-Methionine: 15.2 mg/liter
L-phenylalanine: 33 my/liter
L-threonine; 47.6 mg/liter
L-tryptophan: 10.2 mg/liter

L-tyrosine: 36 my/liter



Pyridoxine HCl: 0.15 g/liter R boflavin: 0.093 g/liter Thiamne HC : 0.8
g/liter Vitamn E 0.0188 g/liter Vitamn B 12: 0.1 7 g/liter Choline

Chl ori de:w@.26b/ig6167t er Et hanol amine HCl: 0.22 g/liter i Pcmams2aooloss1d+ 66
g/liter Thymdine: 0.39 g/liter Putredgcine 2HCI: 0.02 g/liter Progesterone:
0.00075 g/literD Cal cium Pantot henate: 1.19 g/liter 10. The nethod of claim
9 wherei nLabimgt 20 m vitam n/468 ingflieed i s added per liter of culture

medi um 1ﬁ. The met hod of claignl f\Lflrther conpri sing harvesting the medi um
fromthe h6&"¥el|s; wherein ¢ At ein is secreted fromsaid cells into
t he medi umaspatagihbe net hod of 30magMmet3 wherein the culture mediumis
harvested from.the host cells élf)@mffn m]abi lity of the cells is bel ow about
60% 13. THREPHECABE of claim PPYUBHE: conprising purifying the culture
medi um f r blutdeiceeld: s by cent raddigighigert he nmedi um and/ or depth filtering the
medi um anglor filtering the ne 'un).{hrough a 0.2 mcron filter. 14. The

met hod of "&°%®m 1 wherein the prBdieh is one or nore i mmunogl obul i n chai ns
of an ant Lipedliyieor anti gen- bi ndignggfiteagnment thereof. 15. The nethod of claim
14 wherei[n t he anti body or frzéglrren}i. bi nds specifically to 1G-1 R 16. The
met hod of “&PHi% 15 wherein the aRei§0dy or fragnment conprises a heavy

i mmunogl qluhkrein thieah¢dioaripes sot@niphiee anikiciicacardingequeng ansedl-dedvdd i n a
menber sel ect ed tf romthe group consisting of SEQID NGs: 1, 3,-6, 13, 2 1
and 26; Het'%re fragment thereof or one or nore CDRs therefrom and/or
a light imunogl obulin chain conprising an am no acid sequence sel ected

1 agnent 2na) BOTSBE 1BHE R TRaT R Fhet B pdiseert oM RSl ™ ol m 10

wher ei5n ftitittal amgnrbaltiyn el gf ovet mestliuns, ere-etaeded tooahduh 879 shicbehddiurs campasdsi body

that co i a light chain, i nogl obul i n conpri si.ng am nao acids 20-128
of | SEQ | DiHicrS godiyicarpntye byt iretadt)y sals, PRTEeig g aBt A compr i si ng
am no acirdson@rant Bdmah irSED, tacéleten8nty ardl sUtBctahtse andtvhiot doés obtaiomptige
wherei n the J|ight 1ai.n. i noql obulin_ is, l.i nked to K

munog! doar e afieRs: FTEOREAGH elhaitehd Slndafen PRER PR Thoy
gamma- 1 ocehsexnessingramadibothulight clediaimmuBogldihudin met heavyothagl ieinminbglehelinei n t he
initial L an.. [ ich | ed
conpr'se s FLALLERS Y pdli 2 S XCRECHIP ol e g RUBAMGIERbEmBRS SHECL | o
am no acindadium éefndyismautanbhousiynwitmenilinmgdidtelg @éeedaidipotgationd sur f act ants; and
does not J - gl yt am L hjati itj mycotics or ani mal -derived
conponentsgyﬂ%ﬁoﬁ'gatéé?ﬁg'hgl;ggﬂg%nrt%%'l&?Lég]goéjﬁ?%ﬁﬁi%bdy conpri sing inoculating
an i _ni ti aaind_nwtimahli;aal_’l eglino gpidfsed vwhle_cﬁimjme_ qneentatine df the campune_zrﬂgédzjed_vw ch
initial e é#?i'nS%%rfééoegre'i'égﬁ%mit&g't%@e@eﬂ%"rtﬁ%%%%ﬁ buffers, inorganic
salts, non-essentral am no acl ds, recomnbi nan uman insulin, trace elenents
and surf atteagitise: and whi ch doeR6rbmgditarpri se L- gl ut am ne, antibiotics,
antimycot | c .ani mal -derive ents; with CHO DXB1 1 host cells

expr essi nig%gﬁtg{eanti body | i ght d%{lrﬁg}rﬂ\%?mmnogl obul in and heavy chain

i mrunogl obulistidinet o a cel | densdamafliferabout 2.5-5 X 105 cells/m; and,

addi ng thg_i; %L]C i.ng suppl emarggsmbmteli,he medi um before, sinultaneously with
or i medi ateciy atter said inoculation: soy hydrolysate to a final
concent r atileueingt about 10 g/l id2%ng/litend, optionally, an amino acid feed
wherein the &Loncentration of t onents added by said am no acid feed
are approEi tely those set fo-}rjztenﬂaftﬁ[e%Pow L-arginine: 126.4 ny/liter

L- cysti nel-Nethieginei t er L- hi stith-2en9/der ng/liter L-isoleucine: 52 ng/liter
L- | euci nej _ trer L-1ysing; . /[liter L-Methionine: 15.2 ng/liter
L- phenyl a?’fﬁi%wg:yllaé@&'rrgll iter Ln%rﬂéégeﬁne: 47.6 ng/liter L-tryptophan: 10.2
mg/ | iter L-thygeoisene: 36 ng/liter6 molidgrine: 46.8 ng/liter L-al apine: 8.9
mg/liter Ly Kagi ne: 30 ng/lj a@spartic acid: 26.6 ng/liter
L-glutam c Q@Pﬁ:g%g# mg/liter dg @/q_l In%:s 15 ng/liter L-proline: 23 ng/liter
L-serine: Layresingy | i ter; and, wifemdliteibl e cel | density reaches over about
1.2 X 106 gglihs/ M , addi ng SU%.@Fﬁﬂﬂer‘c eeds wherein the concentration of

t he conponents added by said sugp ement feeds are approxi mately those set
forth bel 6wlasdi um sel enite: I0WUHE ny/liter Adenine sulfate: 1.632
no/liter Adepesphe: 17.6 my/lijemngfdidine: 17.6 ng/liter Guanosine: 17.6
ng/liter Uidiné: 17.6 ng/liter Hypoxanthine: 11.8 ng/liter L-citrulline:
12.6 ng/liter L-ornithine-HCI: 25.6 ng/liter Biotin: 0.28 ng/liter Flavin
Adeni ne Dinucleotide: 0.05 ng/liter Folic Acid: 4.6 ng/liter Lipoic Acid:
0.52 ng/liter Niacin: 3 1.4 ng/liter Pyridoxine HCl: 3 ng/liter




Ri boflavin: 1.86 ng/liter Thiamne HCl: 16 ng/liter Vitamn E 0.376
nmg/liter Vitamn B12: 3.4 ng/liter Choline Chloride: 50.2 ng/liter

Et hanol amvoeotd@iss764. 4 ng/liter i-lnositol: 73.2 ng/literCThigrediossss 7. 8
ng/liter Putrescine 2HCI: 0.4 ng/lite2 Progesterone: 0.015 ng/liter

D Cal ci um Pant ot henate: 23.8 ng/liter L-asparagine: 812 ng/liter L-proline
216 ng/ | i gkpirit agheuci ne 370 71é higligsr L- cystei ne-HCl 224 ng/liter

L- | euci ne 335 mg/liter L-threoni negl_64 ng/liter L-tyrosine 198

mg/ | it er LEMHRRACAEYi86 ng/liter >t rtic add 7 1 ny/liter L-glutamic acid
126 ng/| ©lyemed yci ne 57 ng/ | i{smghlitdhi stidine 125 ng/l iter L-methionine
132 ng/liter L-tryptophan 99 Iter L-lysine 293 ng/liter L-phenylal anine
174 ng/li Lé’FO“I[‘?vaI ine 262 ny/ {?‘{’Egﬁ'i_e-rsepne: 260 ng/liter Sodi um phosphate
monobasi cL-s38%:2 g/ liter Zinc2ismbhigre: 1.08 ng/liter Cupric sulfate:
0.0032 ng/ hter Ammoni um yanadate: 0.00078 iter bal t chloride: 0.0025
mg/ i ter s RNERMETHY! ?sg']o SH% 1eATeR ares om"%ékrﬂ&/ belsR: e A RRA Y at e
dehydr at eedd WMPdiA t@EédrickBtrationdf the dBMptinehtBiaaBe@bys48 Susslanentieadd £#8 i n the
medi um at _about 1.5 (%{gl [ eh ap}d ‘mai ntaining L-glutam ne concentration in
the medi @RPEXIMEEHLN Ogefr%’ft &YW and during cel | growh maintaining O
concent r aBb@iomadelatiteut 60% pH at 0 @he28 mguier+ 0. 02 and tenperature at about
36.50C + Q..50C; a] d, optionally, r% Vi r)l the host cells fromthe nedium
when cel | AGPHBY P?F%t/e:i s bel ow about- gg% gerl. The method of clai m20 wherein
the anti bpdynssaiepri ses a heavy i mmusoegymeul i n chain conprising the am no
acid sequence set forth in a menb%ﬁsel le,[ct ed fromthe group consisting of
SEQ I D yignels g 13, 2 1 and 265 g nature fragment thereof or one or
mor e CDRs Gubessig:om  and/ or a |i ght.eingnitsogl obul i n chain conprising an

am no aci d sequence selected fromithe group consisting of SEQ ID NGs: 2,
7-9, 17 aﬂ&a'ﬂgx, or a mature fragm@%? ”Egﬂ{%t?'éof or one or nore CDRs therefrom
22. The melypednofinel ai m 2 1 wher ei h8tglitant i body or fragnment conprises an
anti body secreted fromthe host c S that conprises a light chain

i munogl ogiﬁ'tf "Eonpri si ng anino aﬁ'héngé{%?rl% of SEQIDNO 3, 4, 5 or 6;
and a heayyrgithiricaHCPMunogl obul i n g®BPtid/iteng am no acids 20-1 37 of SEQ I D
NO 8 or 923. The nethod of clai rein the |ight chain inmunogl obulin
i s |inked™®%"a kappa const ant in%%ggﬁ@@ﬁﬁi n chain and the heavy chain

i mrunogl olavinnAdepirlel Dikecledtidea gamom@sngitest ant i mmunogl obulin chain. 24.
The net hoggﬁ)‘{éé:%al m 23 further co r"hé{"%g recovering the culture nedium
fromthe y di sk-stack centrif the nmedium depth filtering the
medi um andipbicl Aatd:i ng t he nedi um t bisaugdnlitar filter with about a 0.2 mcron
pore size,.25. The nmethod of clai 4 further conprising purifying the

i nmunogl OBILIﬁCiIrhS fromthe nedium b? -é&ﬂ%’ﬁﬁr chromat ographi c fractionati on.

26. An aqbgndcsxire lgQi: d cel | cul t ur 8 mgitteum conpri sing: about 10 g/liter soy
hydr ol ysa about 1.5 g/liter gl se..about 150 ny/liter L-glutam ne, pH
of about tgﬁg)ﬂiv'& 02, HEPES, Sodi u%%gin&%{pt%nate buffers, Inorganic salts,
Non- essenfThamimenH@b aci ds, Reconbi@aflittrunan i nsulin, Trace el enents,
Sur f act an amno acid feed in the concentration of the conponents
added by é’g?r&%g?ﬁ no acid feed ar\gﬁ'%gﬁo]%‘ft tely those set forth bel ow

L- ar gi ni n¥/itabBB®:ng/ | i ter L-cystBdengBrng/liter L-histidine: 42 ng/liter
L-isol eucine; 5 [liter L-leucipg, B2 .ng/liter L-lysine: 72 ng/liter

L- Met hi onicﬁg!meléhlgﬁ j/liter L- pheﬁ@'?ﬂéwﬁnﬁe: 33 ng/liter L-threonine: 47.6
rrg” iter Eha{rlpm_rmrpdnblgi:glo. /2| ng/ | i ddrmyAiteyr osi ne:3036 /rr}gll [ terLL-vaI i tn_e: 46. 3
mg/liter L; jne: 8.9 ng/liter Ls ~agi ne: ng/liter L-aspartic acid:
26.6 ny/l ilr{ng)rS' ~glutam c acid: 29!7%%?1@&[“??&

Thymidine: 7.8 mg/liter
Putrescine 2HCI: 0.4 mg/liter
Progesterone: 0.015 mg/liter
D-Calcium Pantothenate: 23.8 mg/liter
L-asparagine: 812 mg/liter

L-proline 216 mg/liter



A ycine: 15 ng/liter L-proline: 23 ng/liter L-serine: 2 1 ng/liter ;

wherei n the nedi um does not conprise antibiotics, antinycotics or

ani mal - dewowveth/sesponent s. 27. An aqueous |iquid cul tur ecrasteniopsieduced by

a process conprising inoculating an issitial mamualian cell growth medi um

pre-warned to about 370C, which nmedi um conprises HEPES, sodi um bi carbonate

buffers, Liwlgg@nec salts, non-essgrdingliteam no aci ds, reconbi nant human

i nsulin, Lracte. el nts and surfa ﬂantﬁ.' and whi ch does not conprise

L- gl ut am H&YS'EREEr ot i cs, anti mycttd P ani mal - deri ved conponents: with

(h:H() DXBﬁ L-duesle cel : sbei(pr estsi ng aap rlaaglli'td@opl%/ i ?ht bchfti 2 i5rrr5ru;1<o%gbul in and
eavy chajn i munoglobulin, to a nsity of abou . 5-

cells/ni; L'ﬁ?{ﬁ?n'%di ng the foll ow ﬁ%{ @Q%&rement s to the medi um before,

si mul t anepwabsined t h or i nedi at el yosampgitersai d i nocul ati on: soy hydrol ysate

to a fina] concentration of about [liter; and, optionally, an am no

acid feed-WHEYBfn the concentrati o 'Egl“ e components added by said ami no

aci d feedLasparappcioxi mately t hose7seilg/literth bel ow. L-arginine: 126.4

ng/liter L-cystine;, 34 ng/liter L-histidine: 42 ng/liter L-isoleucine: 52

nmg/liter t'-gf%%'icr?&d 52 ng/liter L @ph'g?r 72 ng/liter L-Methionine: 15.2

mg/ liter Ghphenyl al ani ne: 33 no/l 5t ery/litert hreoni ne: 47.6 ng/liter

L-trypto n:. ,10. 2 /[liter L-tyrosine; 36 ng/liter L-valine: 46.8 ng/liter

L-al gﬁi ngt%é?“@'“ﬁg/ I in?er L- aspar zlgi?%mgé'ffrrrg?}}i terL-aspartic acid: 2296

mg/liter L-ngdthibainec acid: 29.4 nydda inenited ycine: 15 ng/liter L-proline: 23

nmg/liter l:-tseéi e. 21 nmgl/liter ;%éind”. when vi able cell density reaches

over about " ¥P2P¥MN06 celis/m, ad W& 'é‘ﬂppl enent feeds wherein the

concent r atilyineof the conponents agekeghiyersai d suppl enent feeds are

appr oxi mat e t hose set forth bel Sodi um selenite: 0.01426 ng/liter

Adeni ne sfﬂpllhé't“é? annga2 nmg/liter Aﬁ%%gﬁ' : 17.6 ng/liter Cytidine: 17.6

ng/liter Gualesine: 17.6 ng/liter26Xindiitee: 17.6 ny/liter Hypoxanthine: 11.8

ng/liter I:_-Sélpr'%?r_;ul line: 12.6 ny/| I%@%‘b{" I‘énlthl ne-HCl @ 25.6 ng/li t_er. Bi otin:

0.28 ng/l Tt | avi n Adeni ne Di nuCte : 0.05 ng/liter Folic Acid: 4.6

ng/ liter Bogiomphaspltate ehobBbagid:| i t 288. Nmadliterr 3 1.4 ng/liter Pyridoxine HC :

3 nmg/lite inRi bﬁfl_avi n: 1.86 ng/li ‘iﬁﬁngQni-t%rm' ne HCl: 16 ng/liter Vitamn E:

0.376 nyg/ I't&r"'Iftani n B12: 3.4 my/ it 1'°Chol i ne Chloride: 50.2 mg/liter

Et hanol anCopridKllifated. 4 ng/liter i-00032tmlliter73.2 ng/liter Thymdine: 7.8

nmg/liter Rutrescine 2HCI: 0.4 ng/)i Progesterone: 0.015 ng/liter

D Cal ci unﬁﬁ}%‘{”&rﬂéﬂ%‘g&'zs_ 8 ny/ | {’P@ﬁiimg@geér agine: 812 ng/liter L-proline

216 ng/ i Cebdlt ctdaiceuci ne 370 ng/ | 00625 ngdiyet ei ne- HCl 224 ng/liter L-Ieucine

332 ng/liter L ' mo/ |} -tyrosine 198 ng/liter L-arginine

186 ny/li gc#elbléﬁ%gd%ﬁeggt&@?aé% 1 tr)wtgg)ﬁ{)lll b@?lx{r- glutamc acid 126 ng/liter

3 yci ne 53Bodigim molgbddie Helsytdratene 12500t ngtliear L- net hi oni ne 132 nyg/liter

- h ) Ji -1 ysi . [ -ph I i T4 . ol i

L val | ne 285 R Rt bEesg colfemBug? AP med ihatre e TR Bl Bl ¢ '
288. 2. ng/U-gltiamizg concsoirdtandn thb.rﬂﬁiimrg/alt iabcimt 1}nTg/I§ter$amd dtraig @JI@G@Q/ . hm};/ :\l: E:EL:I
Al t e . :

ai el or1 dEAREREIHr GrEsnGsHE b o B R AP oA GRS B o oo
nmg/ | iter about 36.5°C + 0.5°C.

5
28. The aqueous liquid culture medium of claim 27 wherein the host cells comprise a vector

encoding the immunoglobulins of the antibody wherein the antibody is secreted into the

medium.

10 29. The aqueous liquid culture medium of claim 28 wherein the host cell viability is about
60% or lower and/or wherein host cell growth has proceeded for about 14 to 24 days.

30. The aqueous liquid culture medium of claim 29 wherein the host cells are removed from

the medium.



; and, maintaining glucose concentration in the nediumat about 1.5 g/liter
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35. The aqueous liquid culture medium of claim 34 wherein the light chain immunoglobulin
is linked to a kappa constant immunoglobulin chain and the heavy chain immunoglobulin is

linked to a gamma-1 constant immunoglobulin chain.

25
36. A vessel comprising the aqueous liquid culture medium of claim 27.
37. The vessel of claim 36 which is a flask, a bioreactor, a tank bioreactor, a bag bioreactor
or a disposable bioreactor.

30

38. The vessel of claim 37 which bioreactor is a stirred tank bioreactor, a bubble column

bioreactor, an air lift bioreactor, a fluidized bed bioreactor or a packed bed bioreactor.



