MEASUREMENT OF PROTEIN USING INCLUSION BODY DRY WEIGHT FIELD OF THE
INVENTION [0001] The present invention relates to methods of measuring protein product from
recombinant protein production based on the dry weight of an inclusion body harvest. BACKGROUND
OF THE IN %’RFTWOZ] High level expression of recombinant proteiﬁ’g rodUEEY iPbacteria, such
as E. coil, often results in formation of insoluble aggregates within the bacterial cell, known as
inclusion bodies (Shein et al., Bionechnology 7:1141-49, 1989). An inclusion body protein is one that
is, in general, overexpressRENITE HPskWHEGR akiaiensaoesiohexpiessiay svipigification is visible by
phase contrast microscopy as a precipitate. Inclusion bodies are electron-dense amorphous particles
which have a discrete border to the cytdpESMBUT HFe!NSENFhded by a membrane (Schoemaker
etal., EMBO J 4:7/5; ¢80, 1983 -S%P,%” the. preparation of Inglusionedies p¥atiays fypes of

interactions may lead to _se‘cgrq ary adsorption of other contaminants such as, endotoxins, cell wall
debris, and lipids (MEFERIRTE RO BRSCHSHE P24 6t S §8EY THE Be8rLgd PAtrIESize of inclusion
bodies is dependent on the particular target protein expressed, the host strain, the expression system
and the culture medium used and may be in the range from 0.07 um for human growth hormone (Blum
P et al., Bio/Technology 10: 301-308A LSRGV NTH@NTTOE ISVESBAAse (Bowden et al.,
BM/Technology 9: 5&052-7391,_ 1h€9]91 . A further descri ti‘oQ of inclusion bod%gaen.abeuggtégld in U.S. Pat.
No. 4.512,922, whidh raterd 80 (el G B e S e RS B S [ 8b S| Thellision bodies are
generally harveste§ fidfrréel st deraacty serepieisgitayatisihartiohdsratedls after the cells are
lysed (e.g., by lysisdawlysazyimeywitiasosine teatment-onhighyressute, hgghogenization). See, for
example, U.S. Patent NUmBErs 4di & 5034 818526:.5.H05,694:a10.6. 936,692 The purified

inclusion bodies are then dissolved or denatured, With"iﬁ'g[;’ ahdeter ent or other solution (urea, SDS,
guanidine hydrochlBFid&esh A ERPERTiSR & ME LG & PRSP IR SXTES TTHSH AHd become soluble.
The denaturant mayesubseqbchtiyprépsyed, derterampianiswbiahpsisiclsy wisfebtiar sieve, or by
centrifugation at higilacmﬁﬁh&a Ll?ﬁﬁa_(&y_@s;h:i@h@ﬁm&'ﬁiﬁulﬁfo\&ﬂ@mm&ﬂﬂﬁﬂ@dﬂﬁdﬁﬁ:ﬁant the
denaturant. The regombinagf proteings N 'ﬁ_@ﬁ%&%a?%:!ﬁ[%@@ﬂJ&u@&%&%ﬁ?@&m&h order structures

which are biologically active. [0004] In order to insure the most efficient refolding reaction, it is

important to contrdl BREAMIGEH G B B0 BRSBTS e TSt NSRRI Y Ye4ction. The protein

recovered from thesdnolusiorsdiodis gdbrty piddihycd vermmné&d HyBimdriperfdtinantd 4fguid chromatography

(HPLC) analyses ofign.aligeelaftheinglision.pesyLarvgshdiowave pareatrimganalysis by HPLC

methods are comple>§ and timeac%%umin nngyure of the process, {90 uﬁ]ﬂl’pn% ihere remains a need in
X 0

0
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the art for more efficient and accurate methods ot determ ning recombinant protein levels produced

during recombinar’8rBtaff prodcEtsA SUNMRRY Brar g e B soprosHiReE 100061 The present
disclosure is directee/tedmyprgyed poetbad oo measuring the pretei@prddused.and shuttled to
inclusion bodies ingigeRmpiNaNLPreteify(hasterial, chlluresiH L8006 N ONG.a5PRd, there is provided a
method for measLing recompinagt protein-concentiation in bacterial Inclusion pody (18) harvests
comprising the steps off) measuring the'dry solids from an'a |quof’oF an inclusion body harvest slurry,
and multiplying totB¥€&ncentration of dry solids in the aliquot of the 1B harvest slurry using a protein
productivity convergigy fagtar, (PRGRL In. 2 formyla, wherein the. product.of. fhe farmula provides total
recombinant protein concentration in grams/L in"said aliquot of said 1B harvest slurry, and wherein the
PPCF for said rec6HBHEHIC PSS CRtHiStEY faaalibtbisran 1B HEVEE Sarry by multiplying the
ratio of recombinantproteirdmmailligragisppssaithatiggottvdotabdrysekdsdh. Millidkams in said aliquot
by 1000; wherein thg.RRGH fos@ne inghkisionsbogy: havestalsiotis paaditaGaleulate recombinant
protein concentratjo .froarng [geiffglrsesgtv gsr;)rp ng%}i,oy irll&luesior; 5)699 egtz%rygﬁt&c?rurg)% oelit following the
same protocol. 10 T ancther aspect, the deI'S’C‘]VOSl’JI’é;'bI’OVI $'a’method for ¢ uIr(:u'lating recombinant
protein concentratibh i B2ERT RdiReNsidh BoHY (BYhaEn ety HempFAsiAg thestep of multiplying total
concentration of dnyfsalicls bacan-abguat af.an-tBuharwestsshusgy=and-enpratetar pradyetivity conversion
factor (PPCF) in aformula whereinhenrodrs! afhe fanmula.eruides iefalvegarbinant protein

concentration in said aliquot of said TB harvest slurry, and wherein the PPCF for said recombinant
protein is determif&E o S R IFGTBE ST BANB RER S5 SRIN By MG HERIRGHE TAND bf recombinant
protein in said aliquot to total dry solids in said aliquot by 1000. The total recombinant protein may be
calculated according to the formula: [(total dry solid, mg)/(IB harvest slurry aliquot, g) x PPCF] x
total LB harvest slurry weight, g = (total recombinant protein, mg). [0008] The protein productivity
conversion factor may be calculated according to the formula,



(PPCF) = [recombinant protein (mg) in said aliquot /total dry solids in said aliquot (mg)] x 1000. [0009]
In an alternative embodiment, the conversion factor,maydbe calculated based on %LﬂfmatiVe units to be
determined. For e&frifE et sitidiion LM HE kB eSS 838 kS 6 “hafo  fg/ml, and are
generally equivalentigince the densities of the material are very close to one. As such, a concentration
in mg/ml is equivalent to mg/g, assuming the density is ig:lo:se to lt%/m,lt. .LOOlOJ{AQt%ne aspect, the
recombinant proté#P¥hy BePRiy pIotEmBHEP R RS RS IR the Torm of insoluble inclusion
body in transformeochbsiaterience:. piFaoteriaryvkich HeredseerinttemsforknedeeriPansfécted with
recombinant DNA ygctors Shatdirectitbe. expsessinn af gangs sadiagdorisigrologous proteins.
Recombinant proteins contemplated for use.in ethod of ﬁ i , but are not limited
to, an antibody (s@&ﬁ°£a§cﬁél®%%%éqrréaﬁ?%d 3%,@%??1‘6“@? ﬁeglgg%ﬁi {)&%?%Pﬁ%éﬁaéi&é g_oﬁtibody, a
humanized antibodlydsFratyeR(dboy v Evessmy rstsRuibbody faHeAtrmEp adid Yntibody, diabody,
peptibody, chimerigaatibedynane ingascantibody), an enzyme, a hormone, a cytokine, a chemokine, a
growth factor, a transcription factor, a transmembrane protein, a cell-surface receptor, a cell-adhesion
protein, a cytoske @Fhrotdis; ATaSIBIHPTISHY, B FalHTBNt 643188 SF ¥ of the above proteins.
[0011] In one embgédipent; dherRRcirfandheinstusioirbddy ddasvksiraliquotiginsed to calculate
recombinant protejn, cangeRirgtion from different fermentation inclusion body harvests carried out
following the same protocol. [0012)In another aspect, the disclosure contemplates that the total
recombinant protein in said aliquot of inclusion body harvest slurry is first determined by HPLC assay.
In one embodiment, the titer of protein is determined after s llizatior (%J inclusion bodies in an
inclusion harvest aliquot and the recombinant%W?h%ﬁs%ﬁg@é e%gjf#;d by HPLC analysis.
[0013] In a further mepeEt, thetinghesiondbodiesaistiiredid inchsiondrariaskdiquetswanadiesolubilized
before drying. 100141The disclosure further. contemplates that the dry weight of the inclusion body
aliquot is calculated 05 diyingG ct???én%s%l"él%dt?ﬁg usion Oo%f} Lglﬁerc?{i/m\?igdﬁ%rr%%i/ga?/oé%é%ﬁtion. In one
embodiment, the dwjiagsfurther comprises use of heat. In a further embodiment, the drying is
performed on 3 GEN LabWave 9000, It s futhe ontemplatedbat the, dyweiaki f e iesosmbinantn
protein may bd W&&min usmé’ fe?chnlqué)s common in the art, including heating. microwave licuot
radiation, air diyingridyophitizatiody ftée terdrsineprapicsirachefranyhi .f@ﬁ%ﬁ’ﬂgé@a‘?ﬁb?8lﬁgsé‘??é‘a?‘%haé iy
weight of the solid may he measured4sioga stangardibainge-tieahanismidd BT Adt bds in the aliquot of
DESCRIPTION [0015] The present invention. is dirgcted to improved meth r determiningthSein the

protein produc¥ dAdENEtIHTY eI BEEIBY I Fetombinant protein host cell cultures. [0016] As |
disclosed herejsoifdnss iiaefordistomeritithat) trderbivesamvieloe@ssamtER RIStk farifdatgichoT aid

conditions, inclysion bady formai i Gsaenially @ ArdeLes-BiasRSsRad iheanembinanilpraicir a 1
composition of‘inclusion ugafles IS very consistent. Havmg discovered this onsstencﬁxdof mccl)lflﬁl)ot%tai dry

body formationhandstchmpditicrElEnkiBm S WAS SFFSEeBI MR R P B aetEhing Tad dhiiant T
protein concenyatigndmmincsianbasiesfymeasoinglibeidyarightfarqpercehsiolislydrarrihehassrs
body harvest slurry and then multiplying, this dry weight en y - MRS HCRN eSOk s
factor. Relying B4t %%ﬂﬁeﬁéj‘feﬁ%&‘f}% Hilﬁ% §%ﬁ ody %lgr%%%gﬁi%gﬁ,ggﬁg%n%m%%ﬁgﬁnﬁgﬂsﬁ?ecombinam
protein concentratiet dnt Guilywisgribd saliguoeietan inclusion body harvest to calculate the
protein-specific conversion factor, and eliminates the need to ri i dhe@niike inclusion
body harvest usitff Thne-cBHASHRGRRD é%emd%ﬁégs%gmggsegfc %gg) lﬁ%’]&% %ﬁr%{:%%fermentation
process is designgdianehesiablishedsforprodeciitg bogivéh) lecombinantPretentir & given host cell, the
conversion factor for that pratein can hessedia.sxiraneiate.totakiasambisaninraiein for different
inclusion body batch harvests without the need é%eg f.or,rrg th%&%ﬁﬁé%@%i%@ 59(;dg&q)r%kgatch, as long as
the fermentation BSPSERREFSHAMSBLEERASR T char’ga}e'a.oﬁls finding offers a fast, robust and less
expensive way offeontrofingdtheoameantiserideritatorrsrptstehe B el y¥ fess steps such as
refolding. Additiongllsthe-Rrerdeipsminedreanver siatriastomsarnbetsedtommodifonfermentation
process consisterey, [001 1,1 e (81, (SAMPIRARL AIAIGID:AETerI0 A fisserplagous protein molecule

which is expresseaa In host cells transfected with a heterologous DNA moiljeculte.r (LQ3018] The term

cCled v g
inclusion body" reféfeiararanesldnls ity e M t18 badielal FoSt et which contains protein
that is expressed inniire hansteelhWhike ipratéimminianclusion bodies in transfected host cells is largely
recombinant (heterologous) protein, endogenous (or homologous) host cells proteins can make up a
portion of the total protein. [0019] The term "inclusion body harvest" refers to the collected inclusion
bodies '



produced during a fermentation process for production of a recombinant protein. The inclusion body
harvest may have varying degrees of purification. Post Kill samples refers to a sample of the bacterial
culture before lysis, but after killing of the bacteria using techniques known in the art. Cell Paste refers
to a sample of the inclusion body harvest collected, typically by centrifugation, before lysing the
bacterial host cells to release the inclusion bodies. The washed inclusion body (WIB) portion refers to
an inclusion body harvest after washing the inclusion bodies at least one time, or two times (double

washed inclusion body,[(%\/A{I@.SLQQ%Q%)]E@hm{mg %ﬁ%ﬂo@%ﬁj}!ﬁll’}@’; g[a'{iﬁ%cﬁésvi%p body harvest

slurry" refers to the inclusion Bbody harvest which contains thé volume of the inclusion body pellet and
any residual volufiEYeHRSiAG el Eetngr BPHE Metusion body, e.g., by centrifugation and
decanting of the syRRINataRL, ARIREIMKION POdK SWERMAY,GOMALIRE: ALLsLSRGNdsd or partially
resuspended inclysion body pellet in water. [0021] The term "dry weight" refers to the weight of an
inclusion body sIdfy&if4liot after all liquid has been removed from the sample, either by microwave,
heating or other techniquesdmawRdthe.arb-khe @iy, weightinay alseasterto the;dotal inclusion body
solids or weight of the recombinant protein,,lbasie(d 051 tE} OQercent of recombinant protein in the
inclusion body solid. [0022] The term "perc‘]telr(‘l’f'%olel1 “reters to the amount of solids in an inclusion
body harvest slurry aliquot after drying the sample and removing all liquid in the sample. [0023] The
term "protein productivity conversion factor" (PPCF) refers to a number specific for a recombinant
protein being purified from an inclusion body harvest under specific fermentation conditions, and is
proportional to the ratio of the weight of recombinant protein in a sample relative to the total inclusion
body dry sold weight in the same sample. This protein productivity conversion factor allows
determination of the total recombinant protein recovered from the inclusion body harvest. In one
aspect, a protein productivity conversion factor is determined by HPLC assay. The PPCF is calculated
by the formula: [0024] PPCF = [(total recombinant protein in a IB harvest aliquot, mg)/(total dry solids
in the same IB harvest aliquot, mg)1 x 1000. [0025] The term "total recombinant protein concentration”
refers to the total protein recovered from a fermentation process, based on the weight of recombinant
protein in inclusion bodies in the total weight of dry solids of the inclusion body harvest. Total
recombinant protein may be calculated using the following formula. [0026] [(total dry solid, mg)/(I1B
harvest slurry aliquot, g) x PPCFI x total IB harvest slurry weight (g) = (total recombinant protein, mg).
[0027] The present invention is useful to determine the protein productivity conversion factor for any
recombinant protein that is produced in a designed fermentation process. Recombinant proteins
contemplated for use in the method of the invention include, but are not limited to, an antibody (such
as a polyclonal antibody, a monoclonal antibody, a human antibody, a humanized antibody, a Fab,
F(ab52, Fv; Sc Fv or single chain antibody fragment, a bispeeific antibody, a diabody, a peptibody, a
chimeric antibody; and a Linear antibody), an enzyme, a hormone, a cytokine, a chemokine, a growth
factor, a transcription factor, a transmembrane protein, a cell-surface receptor, a cell-adhesion protein,
a cytoskeletal protein, a fusion protein, or a fragment or analog of any of the above proteins. [0028]
Purification and Isolation of Inclusion Bodies [0029] Techniques for isolating inclusion bodies, purifying
recombinant protein from inclusion bodies, and techniques for refolding or renaturing protein are well
known to those skilled in the art. For example, see Sambrook, J. et al., Molecular Cloning: a
Laboratory Manual, pp. 17.37-17.41, Cold Spring Harbor Laboratory Press (1989); Rudolph, R. et al.,
FASEB J. 10:49-56 (1995). [0030] Purification of the inclusion bodies may be carried out using
well-known techniques in the art. See, for example, Ausubel et al., (Current Protocols in Molecular
Biology, John Wiley and Sons, New York , NY, Ch, 1994). Cells are first centrifuged resulting in a cell
pellet. The pellet is then resuspended in an appropriate buffer and the inclusion bodies released by
lysing cells under high pressure, sonication, or chemical means, such as addition of lysozyme or
denaturing agents. In the present invention, it is contemplated that cells are lysed under conditions that
do not lead to solubilization of the inclusion bodies. [0031] For purposes of calculating the PPCF for a
protein in a fermentation process, proteins in an aliquot of inclusion body harvest may be solubilized
using reagents commonly used in the art, including guanidinium salts, urea, detergents, and other
organic solvents (See e.g., US Patent 5,605,691 and Bruggeman etal., Biotechniques 10:202-209
(1991)). It is noted that the efficacy of the solubilizing
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agent varies with the physical characteristics of the protein. Exemplary guanidinium salts include
guanidine-NCI. Exemplary detergents include sodium dodecyl sulfate (SDS), Triton-X, caprylic acid,
cholic acid, {ygegadasylfonic acid, deoxycholic acid, glycocholic acid, glysegasyeisiie-acid,
taurocholic acid, taurodeoxycholic acid, and members of the family of sodium salts of sulfate
detergents (e.g., sodium tetradecyl sulfate and sodium hexadecyl sulfate) (see U.S. Patent 5,605,691).
These reagents may be used alone or in combination with each other, or other reagents as
appropriate for the @é8m binant preteinbemiparitiedo[O3R PrateireExpreisslgnd0033] Inclusion

bodies of interest iR fhe Arasentinvantionaiedemmad by reambinaakprateinexpression in bacterial
host strains. Bacterial hosts sté%in con{emplatled for use in ¥he inveLntion include E. coil strains,

u
including, but not iMFETF0=E{*818 BT '(B'Eﬁﬁeﬁﬁyeg “and B CEESI(BTE_ j pLYSE (F. W. Studier et
al., Methods in Enzyologyiags:6e:899990)); KCLE61 SRS AR P87 "BN RIS 2826434, CGSC
Strain # 7658,C60, 800, 1::d:iAd BO (41073 cBNMN1OID 1210, DB3.1, DH |, DH5a, DI-11013, DHI2S,
DM I, ER2566 (NEB), HB101, LI 1126, 1J1127, IM83, JM.101, 1M103, JM105, JM106, JMI07, 1MIO08,
.1M109,11)11109(0¥03§] JWIPICSIWIRIB00CTPEEYD, AR MM EZAHOT IS T855 RUESHA(DES)pLysS,
Rosettagaini(DE3)ph ys65i RRtls STBLAn SIVBLidcIGHHR bnd$ W RER{0FHR, BE@RR0,<Top IOP, W3I10,
XL1-Blue, XL2-Blug, X|:2-Blue MRE, XL1:Red. /0 QrGolds ¥t R:Ginlgh KapR AQtherbacterial strains

known in the art suitable for recombinant proteirc}igroduhction %nd 'Whtic,h fo}Em in%lillgxsiil({)n bodies may be
used in the methodSFHE THERTSHCTO0SAf REESRISTAL Proteins are expressed in a selected strain
according to standardtférmeentatioatyt Svere fe skmowrvdrr ke sisciPheprsdidtubes @ ddaptable for the
bacterial strain being.used, anshtheuresambinabhpraieindedas expressed.dresa@xample, bacterial
cultures may be oroun 10.6,5eleqleg density, (90600).f gultuke: and 1 80 RRigRYate selection

medium prior to harvest of inclUsion bodies. See"Ausubel et al’, (Current Protocols in Molecular
Biology, John Wiley & s Siec s fLoth AT RASITHREF ABEBMbiAXhE15#otein production are
described in, for exanipky, UuSnRate nt6mibe:;,20Gaid: L. SieReitent 6;6882428010035] Determination of

Protein in Inclusion Bady,Hamnvests [0036LRecemRInaNt prplein.concemtration inan;gliquot of an
inclusion body harvest can be determined using methods known in the art, irgcludi high performance
liquid chromatograpfy HPPEY, %Eﬁajegzgﬁé{haemé%? MAtography, Bradford assay: UV absorbance,
fluorescent technigeess: preigsstern blot analysis. Of the above methods, the HPLC methods allows for
calculation of both pyatgin goncentrafion and puribyof the sample In,the.same (estn, As such, in the
present invention, in one aspect its con'fémp ated that the concentration of a protein in a sample is
carried out using HPLEYBOSFPIP G i Berersie th& A bUriew f protEnya AR Eifuot of the
fermentation culture@pnd:thetinaldsian:betywhanestrapkiPloC titer is performed. In the HPLC titer, a
sample aliquot of the TB harvest is collected, the inclusion bodies solubilized and th%. ,ro%ein
denatured. The safEHs thelt prafisratpesh fip EeclorusEmiime pirsdR %ﬁ?ﬁiﬁe&?@nﬁﬁﬂon ina
protein sample usingomietheds Binthtet hniguesbab haknewinin thérad:(@ureht:PiBtscols in Protein
Chemistry, John Wilgy, ang,S0nsNew.Y 8tk NY pA994) and-as-dessribasihaiein .Regardless of how
recombinant protein concentration in the IB Harvesgia‘llig%%g detergnined, the calculated concentration

is then used to detdPTE 8 BBt &in"SroduCEVIET Conversion Tactor 15838 Mathods for Determining
Inclusion Body Drysiveigkitdoiemeretdit Sid$740989] The dry weight or percent solids of the inclusion
body harvest may Z?ng?te[}mj'}% usingcgt emgmi%%l Ln dtlgs(:'\waf{t ni&%lugjggoggatigg,a ig&owave radiation,
air drying, lyophilization fréeze-arying, and vacaum drying. Once the sample is dred, the dry weight of
the solid is measur&d skt sediaire Bektnce mechanism. [0040] A combination of heating and
microwave radi.atiQp, is, efficient far drying.the sample aligu d determin; e ids
therein. In one asp%@tfﬁe ini[ﬁlj%%%c %‘ﬁg ﬁé@\%g?meén aﬁ% Sd%é%%%?r%“rﬁf ?c{)r\}vgatvmé lrﬁﬁ{%gkéand heat.
The CEM LabWavéiBepa:ifstritret dCErIC HPBratss Hrbiie RN E) TEaeéyhed to reach a
Moisture/Solids Rangr:ieh 0o a-0@:05%tha digtig $yrotidspaizek sharsiesawfnto D2 resolution. The
instrument provide§r9[;&£g;ghg%p&;§m 0. 1 mafeaciabiity; aRsy roMeesiieiayave power from 0 to

100% of full power (630 Wattsg in 19 increments. In related embodiment, the inclusion body sample
may be dried using SHiBP ISt B TA TP 4 NP FRET RIS IR HHE AP, qﬁﬁfﬁ’é’iﬁ%“ﬁﬂ% not limited to
CEM AVC-80 Microwave Moisture Analyzer, CEM Smart System, Denver Instrument M2 Microwave
Analyzer (Denver Instruments, Denver, CO), Omnimark uWave (Sartorius-Omnimark, Goettingen,
Germany), and the Sartorius MMA3O0 (Sartorius, Goéttingen, Germany). [0041] The following
examples illustrate various non-limiting embodiments of the invention and/or provide support therefore.



EXAMPLE 1 [0042] Recombinant protein is often expressed in E. coli as insoluble inclusion bodies. In
the past, inclusion bodies were thought to be a random precipitation of over-expressed recombinant
proteins. Recent% however, it has been suggested that inclusion bodies may form in an ordered
aggregation‘g%%egfsﬂ,ogﬁa if these inclusion bodies were found to have a ggﬁi?%ﬁ?%%binant
protein composition, it may no longer be necessary to quantitate recombinant protein concentration in
an inclusion body harvest using complex and time-consuming HPLC methodsfor every fermentation

and inclusion bodyihanuast.cohitsn in oedet ieidaterninedfinokisienbidies ardrpraduced in an ordered
manner having recombinant protein ina.consistent comeosiion,intiahexnerimentsyvere designed to

attempt formulation’of a mathematical model which would, allow for quahntl,ging protein content with
minimal experiment&iite (8B43R AUV BY e ASTTISPRSHERHDNGSPEREEs for making recombinant
human granulocyte colony stimulating factor (r-metHuG-CSF), E. coil host cells were lysed using high
pressure and inclusion bodies were harvested through multiple centrifugation processes prior to
protein solubilization and refolding. This BETUSIREPOBBSUEROETMAS then first used for protein
concentration analysis, [0044] in order to.determine, the amount of r-metHuG-CSF protein compared to
host protein and otﬁ%?%orﬁi’ﬁ% nan ts”fﬁﬁfﬁgnd?iéléﬁ Cstgcrjﬁ%fem,p{ﬁ‘é%n% ﬁ%ci%gl}%g%?ms?g’c?u%ivity" is
detenn.ined. Produttigifyrisdiesinied dytise ‘ratief sEmpodisssampepreteR sHd f6taf try weight of the
inclusion body samyplerand this ratio, when multiplied by 1000 provides a protein productivity
conversion factor (PPCF) for a desired recombinant protein expressed in a set fermentation process:
PPCF = [(total recdMbharftsHetiass g tatdy SRt G Y 3k 10 08FSIn determining this ratio,
RP-HPLC was carkednoutyigengcaricaliguotcofthditiBrhanviestos oty fArportioneetftiellB harvest slurry
was suspended by ¥otexing-dR.g e OfstitingHbAReakehAhdn i Rfithesuspension broth was
added to 30 ml of incubation/denauration bulfer.(8,M Guaniding HE1, 50 MM Tits, s mM EDTA, 50
mM DTT, pH 8.4 O.W. e mixture was ncubated In a water bath at §8 for approximately 30
minutes, after whictPREPHEBf s Heh %t PP FEATESE A SHTTECSFRRELTHEE R onto a 4.6 x 100
mm POROS R1/1Q@elimngAppliadiBiosystemsekosteriCityy @Adhongnrrdgilenitid tnHPLC (Agilent,
Santa Clara, CA). Recombinantriatein slued.atARRraximatehy B2 min.unger.a rapigd gradient using
60% mobile phase A [0.1% (v/v) TFA (s?/a%uanal ‘g,rade, Pierce, Rockford, IL), 7% (v/v) IPA in water] to
0

55% mobile phaseP T T84 [T T ER BRIV BRI HES GBI RASAMREH St. Louis, MO)] over
9 minutes at a flowspateesf ik fnshodTdnteko itctheb el sis rerreaeingo N détector set at 214 nm
was used to quantifydiheipeateinnealsidhedymeteucLakprataineonigatineaaisrample was
calculated from thefa%lér(‘%%rgi&%lﬁ?é?&?ﬁe%h"Eé;’ S.ea0situcted by Hnear 1garession;;[0046] Cell

fermentation samples taken prior to cell breakage, such as Post Kill samples and Cell Paste samples,

i.e., a sample takefP6T tHE LB HETBPIBH ARG RENTIIYHIER 8f e ferfShtation broth, contain large
amount of E. coli crmpuaemtsidmsiuding dnobtekiiproteinsotiRPt € analysis shavwedithat recombinant

r-metHUG-CSF profeigsinnGell Rasie averages.anpraximate23%.4f thedotaldy weight of cell paste
(Tables 1 and 2). Furthe{ tana}Q{sis alg.o showed 1thfsf}lt.j_the ratio between E. nEh host cell proteins and the
€ 10 in I %1' iergnt inc

L I tei 1 batch I C e
sample protein in this Cell pasterfgo\l?ana ingWHc is reflected %gt e re actlvealrﬁsa?ge variability in Cell

Paste Productivity YTABIdeRartoyer{umIE felebrRprEen b Hrdaldity™Between Double Washed
Inclusion Bodies (BWkBkeandbprecuetivity tsellp astefrem Rihichdhe 1B \eretaltained.

Productiv?ty is eXpEﬁ§%§Qe§§eﬁﬁge@§§’o@fz§?&m9@ m&%ﬂ‘_@d&’c&@kg{b{o\é\@iSFHzéiﬁQ%&JrQQ%’- Table 2 shows
a comparison of Productmtg in Wasi} Inclusion Bod WIB) also compared _to Cell Paste from

e lusi ies
hch the WIE welS SHEAEA T ARTE " SaiBenT S 2 EHETEh SEM N P4SLE Productity 269%
can be used to monitor fermentation process consistency.

[0017} The term "recombinant protein” refers to a heterologous protein molecule

which is expressed in host cells transfected with a heterologous DNA molecule.

[0018] The term “inclusion body” refers to an insoluble aggregate within the

bacterial host celi which contains protein that 1s expressed in the host cell, While



30% -14% DWIS Productivity 6’8.62% 66.43% TABLE 2 WIB Lot # WIB Productivity Cell Raste Lot #
Cell Paste Productivity xxx418 67.13% xxx657 23,9% xxx233 67.47% xxx225 29.6% xxx363 65.50%

XXX225
WO 2009/006643 PCT/US2008/069529

protein in inclusion bodies in transfected host cells is largely recombinant

{heterologous} protein, endogenous {or homologous}) host cells proteins can make up a

portion of the total protein.

[6019] The term “inclusion body harvest” refers 1o the collected 1nclusion bodies
produced during a fermentation process for production of a recombinant protein. The
inchision body harvest may have varying degrees of purification. Post Kill samples
refers to a sample of the bacterial culture before lysis, but after kiliing of the bacteria
using technigues known in the art. Cell Paste refers to a sample of the inclusion body
harvest collected, typically by centrifugation, before lysing the bacterial host cells to
reiease the inclusion bodies. The washed inclusion body (WIB) portion refers to an
inciusion body harvest after washing the inclusion bodies at least one ime, or two

times {double washed inclusion body, DWIB}.

[0620] The term “inclusion body slurry” or “inclusion body harvest slurry” refers
to the inclusion body harvest which contains the volume of the inclusion body pellet
and any residual volume remaining after collection of the inclusion body. e.g., by
centrifugation and decanting of the supernatant. An inclusion body slurry may

comprise a resuspended or partially resuspended inclusion body pellet in water.

(00217  The term “dry weight” refers to the weight of an inclusion body shury
aliguot after all liquid has been removed from the sample, either by microwave,
heating or other technigues known in the art. The dry weight may also refer 1o the
total inclusion body solids or weight of the recombinant protein, based on the percent

of recombinunt protein in the inciusion body solid.

[0022]  The term “'percent solids” refers to the amount of solids in an inclusion body

harvest slurry aliguot after drying the sample and removing all liguid in the sample.

f0023) The term “protein productivity conversion Tactor” (PPCF) refers to a
number specific for a recombinant protein being purified from an inclusion body
harvest under specific fermentation conditions, and is proportional 1o the ratio of the
weight of recombinant protein in a sampie relative 1o the totai inclusion body dry sold
weight in the same sample. Thrs protein productivity conversion factor allows
determination of the tota! recombinant protein recovered from the inclusion body
harvest. In one aspect, a protemn productivity conversion factor is determined by

HPLC assay. The PPCE is calculated by the formula;



29.6% xxx232 68.27% xxx225 29.6% xxx595 69.20% xxx225 xxx394 29.6% 30.2% xxxppl 69.46%
xXxXxsd2 26% xxxpp2 67.53% xxxsd0 30% xxxpp3 63.87% xxxsd2 26%
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[0024] PPCF = [(total recombinant protein in a IB harvest aliquot, mg)/(total dry

solids in the same IB harvest aliguot, mg)] x 1000,

{60281 ‘The term “tolal recombinant protein concentration” refers to the total
protein recovered from a fermentation process, based on the weight of recombinant
protein in inclusion bodies in the total weight of dry solids of the inclusion body

harvest. Total recombinant protein may be calculated using the following formuta:

[0026]  i(wotal dry solid, mg)/(IB harvest siurry aliguot, g} x PPCF] x total 1B

harvest sharry weight (g) = {total recombinant protein, mg).

[0027] The present mventon is useful to determine the protein productivity
conversion factor for any recombinant protein that is prodoced in a designed
fermentation process. Recombinant proteins contemplated for use in the method of
the invention include, but are not Himited to, an antibody (such as a polyclonal
antibody, 2 monocional antibody, a human antibody, a humanized antibody, a Fab,
F(ab"),, Fv; Sc Fy or single chain antiboedy fragment, a bispecific antibody, a dizbody,
a peptibody, a chimeric antibody; and a linear antibody), an enzyme, a hormone, a
cytokine, a chemokine, a growth factor, a transcription factor, a transmembrane
protein, a cell-surface receptor, a celi-adhesion protein, a cytoskeletal protein, a fusion

protein, or a fragment or analog af any of the above proteins.
{0028] Purification and Isolation of Inclusion Bodies

{00291 Techniques for isolating inclusion bodies, purifying recombinant protein
from inclusion boedies, and technigues for refolding or renaturing protein are well
known to those skilled in the art. For example, see Sambrook, J. et al., Molecular
Cloning: a Laboratory Manual, pp. 17.37-17.41, Cold Spring Harbor Laboratory Press
(1989} Rudolph, R. et al., FASEB I. 10:49-36 (1993).

[0038] Purification of the inclusion bodies may be carried oui using well-known
techniques in the art. See, for example, Ausubel et al., (Current Protocois in
Molecular Biology, John Wiley and Sons, New York , NY, Ch, 1994). Cells are first
centrifuged resulting in a cell pellet. The pellet is then resuspended in an appropriate
buffer and the inclusion bodies released by Iysing cells under high pressure,
sonication, or chemical means, such as addition of lysozyme or denaturing agents. In
the present invention, it is contemplated that cells are lysed under conditions that do

not lead to sclubilization of the inchision bodies.



XXXpp5 63.17% xxxsd0 30% Average 66.84% 28.5% RSD 3.3% 7.9% [0047] These results and the
HPLC analyses show that after the cells are lysed, a majority of the host cell proteins are removed
from the inclusion body fraction through the centrifugation steps. The inclusion bodies, washed
inclusion bod&s24¢Hstble washed inclusion bodies elute with almost th&CIAHRERBME2%ith the
recombinant r-inetHUG-CSF protein demonstrating a tight elution profile. Analysis showed that the
recombinant protein accounted for almost 93% of the total protein in the inclusion bodies. [0048] The

average recombinggh fotgpladEIL INRIEASR RO AL CALRARNE R 4776 I Inclusion Bodies.

In addition, the variability productivity decreases from 8% in Cell Paste to 3% in Inclusion

Bodies (Tables | arfi®&%s: [HGE‘EQ’]SWR?I%%l‘gé’éﬁ%‘ﬁﬁ%?ﬁﬂf’ﬁ*&ﬁ@yﬁgt‘“é’ﬁ{?élészﬁgf“ﬁecomblnant proteins
form inclusion bodiesgr@nconderediari éhconsistemtdnamnerdoetwedn fexmentatior hagvests, and

fermentation is cargjgd. @ lQuwving: e.same Pp.esseRtiaky the: SAME-RIRQGEl, the protein productivity
: am Bfe !
conversion factor d%tée& Lqed f é)[gr %9@(&%%& {elslnl{ﬁ% (Pt%%\{% c§ urr% c;lge e, &LSFQJO determ!ne the

protein in the other ermentation harvest example, once calcu ated as preser%ted herein, the total

protein in a given atdt G TBhﬁfé‘Fr%%ﬁE@ &W%ﬁ&?&%d@&%@ﬂ’et@%ﬁﬁ?ﬁ@ﬁ’ BYApifliNiER/ing the dry solid
in the slurry by the BR@Eid&tgmiﬂi&dfﬂb@Eﬁwﬁﬁmyﬂ&mﬁng telper formdARic omexery TB harvest

produced under theggame [RmERLBHAR LANdians. EXAMELR2J2020] dnordefilodetermine if the dry

weight analysis des?rlbed above a ows forh accurzélt(te redlctlon of recomblnant dProteln concentration in
an TB harvest, the Predietea s SmisAM Brotein G SHEaRtr SIS SBEAHTeE Witk dn wiight samples as
above was compareeiterthe Seampley coprebwn stiomnias e dgenssdiusiag spHPInTistradecyl

sulfate and sodium hexadecyl sulfate) {see U.S. Patent 5,605,691). These reagents
may be used alone or in combination with each other, or other reagents as appropriate

for the recombinant protein being purified.
[6632] Protein Expression

[0633] Inciusion bodies of interest in the present invention are formed by
reconmbinant protein expression in bacterial host strains. Bacterial hosts strains
contemplated for use in the invention include E. coli strains, including, but not Himited
to, BL21 (DE3), BL21 (DE3) pLysS, and BL21 {DE3) pLysE (F. W. Studier et al.,
Methods in Enzymology 185:60-89 (1990)), MC1061, AGI, AB1157, BNN93,
BW26434, CGSC Strain # 7658,C60, C600 hflA 150 (Y1073, BNN102), D210,
DB3.1, DHI, DH5a, DHIOB, DHI2S, DM, ER2566 (NEB), HB101, 1126, 111127,
IMB3 IMIOT, IMIO3, IM105, IM106, IMLO7, IM108, IM109, IMI109(DE3),
IMI16, IM2.300, LE392, Machl, MC4100, MGG1655 RosettaiDE3pLysS, Rosetta-
gami(DE3)pLysS, RR1, STBL2, STBLA, SURE, SURE2, TG2, TOP10, Topl0F,
W3110, XL1-Blue, XI2-Blue, XL2-Bilue MRF, X1.1-Red, XL10-Gold, XL10-Gold
KanR. Other bacteniat strains known in the art suitable for recombinant protein
production and which form inciusion bodies may be used in the methods of the

vention,

{0034] Recombinant proteins are expressed in a selected strain according to
standard fermentation procedures known in the art. The procedures are adaptabie for
the bacterial strain being used and the recombinarnt protein to be expressed. For
example, bacterial cultures may be grown to a selected density (ODggw) of calture, and

in an appropriate selection medium prior to harvest of inciusion bodies. See Ausubel



[0051] HPLC sample preparation was identical to the titer assay described above wherein 40 tit of a
denatured and reduced TB harvest slurry sample was injected onto a 4.6 mm ID x 150 mm C4 bonded
phase silica column with 5 gm patrticle diameter and 300 A. pore size (YMC, Shimogyo-ku, Kyoto,
Japan) on a&dHHIF450 HPLC (Agilent, Santa Clara, CA). The reduce&pFIt8H0MIEE? was
separated under a full gradient using 20% mobile phase A [0.1% (v/v) TFA in water] to 85% mobile
phase B 10.1% (v/v) TFA in 90% acetonitrile] over 80 minutes at a flow rate of 0.8 Throughout the

analysis an on-ine. . JELGEIDhRRLAL ?nﬁngu(vjvq@ﬁgaaggJ%%mnégognm@o@{%@w\p&@iﬁy [0052] When

compared to the traditional HPLC assa weight assay correlated with the results in the HPLC

assay (Table 3). Fdréorrdielfiests He RSP 1Y oSO AHOPERST A igh 22 8845P'8 70 was used as the
conversion factor. TableaBa: LEFIIDEawmeightesuls.(iigitnl) HPLC result (mg/mL) %difference (Dry
weight against HPI_[(%)3 xxx001 104.16 104.56 i-0.4% L xxxpp3

5]  Determination of Pratein in Inclusion Body Harvesis

[0036] Recombinant protein concentration in an aliquot of an inclusion body
harvest can be determined using methods known in the art, inclading high
performance liquid chromatography (HPLC), 1on exchange chromatography,
Bradford assay, UV absorbance, fluorescent fechnigues, or Western blot analysis. Of
the above methaods, the HPL.C methods allows for calculation of both protein
concentration and purity of the sample in the same test run. As such, in the present
fnvention, in one aspect it is contemplated that the concentration of a protein in a

sample is carmied out using HPLC.

[0037]  In order to determine the amount of protein in an aliquot of the fermentation
culture and the inclusion body harvest, an HPLC titer is performed. In the HPLC
titer, a sampie aliquot of the IB harvest is collected, the inclusion bodies solubilized
and the protein denatured. The sample is then prepared for HPLC to determine
protein purity/concentration in a protein sample using methods and techiigues well-
known in the art (Cuarrent Protocols in Protein Chemistry, John Wiley and Sons, New
York . NY, 1994}, and as described herein. Regardiess of haw recombinant protein
cancentration in the IB harvest aliguot i1s determined, the calculated concentration is

then used to determine the protein productivity conversion factor.
[0038] Methods for Determining Inclusion Body Dry Weight or Percent Solids

[6039] The dry weight or percent solids of the inclusion body harvest may be
determined using any method 1n the art, including heating, microwave radiadon, air
drying, lyophilization, freeze-drying, and vacuum drying. Once the sample 1s dried,

the dry weight of the solid is measured using a standard halance mechanism,

[0040] A combination of heating and microwave radiation is efficient for drying
the sample aliquot and determining the percent solids therein, In one aspect, the
inclusion body harvest may be dried using microwave radiation and heat. The CEM
LabWave 9000 instrument (CEM Corporation, Matthews, NC) is designed to reach a
Moisture/Solids Range of 4.01% o 99.99% in ligquids, solids, and shurries, up to

(.01% resohirtion. The instrument provides protein output to 0.1 mg readability, and



25.25 25.85-2.3% , XXxpp5 16.24 16.100.9% xxxpp6 15.82 16.45 -3.8% 1 xxxpp7 17.38 17.92
-3.0% 1 xxx776 110.50 10.09
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provides microwave power fram 0 to 100% of full power (630 watts) in 1%
increments. In related embodiment, the inclusion body sample may be dried using
other moisture analyzer equipment known in the art, incfuding but not limited 1o CEM
AVC-80 Microwave Moisture Analyzer, CEM Smart System, Denver Instrament M2
Microwave Analyzer (Denver Instruments, Denver, CO), Omnimark uWave
{Sartorius-Omnimark, Goettingen, Germany), and the Sartorins MMAZ30 (Sartorius,

Goettingen, Germany).

{0041] The following examples illustrate various non-limiting embodiments of the

invenilon andfor provide support therefore.

EXAMPLE 1

[6042] Recombinant protein is often expressed in E. coli as insoluble inclusion
bodies, In the past, inclusion bodies were thought to be a random precipitation of
over-expressed recombinant proteins. Recently, however, it has been suggested that
inclasion bodies may form in an ordered aggregation process, and if these inclusion
bodies were found to have a consistent recombinant protein composition, it may no
longer be necessary to quantitate recombinant protein concentrafion in an inclusion
body harvest using complex and tme-consuming HPLC methodsfor every
fermentation and inclusion body harvest. Thus, in order to determine if inclusion
bodies are produced n an ordered manner having recombinant protein in a consistent
composition, initial experiments were designed to attempt formulation of a
mathematical model which would allow for quantifying protein content with minimal

experimental effort.

{00431 At the end of a cell fermentation process for making recombinant human
granulocyte colony stimulating factor {r-metHuG-CSF), £ coli host cells were lysed
using high pressure and inclusion bodies were harvested through multiple
centrifugation processes prior (o protein solubilization and refolding. This inchusion

body broth was then first used for protein concentration analysis.

[G044]  in order to determine the amount of r-metHuG-CSF protein compared to
host protein and other contaminants in the dried sample, the inclusion body
“productivity” is determined. Productivity is defined as the ratio between sample

protein and total dry weight of the inclusion body sample and this ratio, when



4.1% i xxx779 110.74 10.10 6.3% xxx45419.68 9.2914.2% xxx780 19.83 9.96% Lot Dry weight result
(mg/mL) HPLC result (mg/mL) %difference (Dry weight against HPLC xxx781

WO 2009/006643 PCT/US2008/069529

multiplied by 1000 provides a protein productivity conversion factor (PPCF) for a

desired recombinant protein expressed in a set fermentation process:
PPCF = [{total recombinant protein, mg)/{total dry solids, mg)} x OO0

[0045] In determining this ratic, RP-HPLC was carried out using an aliguot of the
1B harvest slurry. A portion of the IB harvest siurry was suspended by voriexing in a
tube or stirring in a beaker, and 1 mL of the suspension broth was added to 30 mL. of
incubation/denaturation buffer (8 M Guanidine HCI, 50 mM Tris, 5 mM EDTA, 50
mM DTT, pH 8.4 + 0.1}, The mixture was incubated in 2 water bath at 65 = 3°C for
approximately 30 minules, after which 40 pl. of the denatured and reduced -
metHuG-CSF was injectad onto 2 4.6 x 100 mm POROS R1/10 column {Applied
Biosysteras, Foster City, CA) on an Agilent 1100 HPLC (Agilent, Santa Clara, CA).
Recombinant protein eluted at approximately 6.2 min under a rapid gradient using
60% mobile phase A [0.1% (v/v) TFA (sequanal grade, Pierce, Rockford, 1L}, 7%
{(v/v) IPA in water] to 55% mobile phase B [0.1% (v/v} TFA, 5% (v/iv) IPA in
acetonitrile (Sigma-Aldrich, St. Louis, MO} over 0 minutes at a flow rate of 2
mb/min. Throughout the analysis, an on-line UV detector set at 214 am was ﬁsed o
quantify the protein peak. The r-metHuG-CSF protein content in each sample was

calculated from the standard calibration curve constructed by linear regression.

{6046} Celi fermentation samples taken prior to cell breakage, such as Post Kill
samples and Cell Paste samples, i.e., a sample taken from the cell pellet following
centrifugation of the fermentation broth, contain large amount of E. coli components,
including host cell proteins. HPLC analysis showed that recombinant r-metHuG-CSF
protein in Cell Paste averages approximately 29% of the total dry weight of cell paste
(Tabiles 1 and 2). Further analysis also showed that the ratio between E. coli host cell
proteins and the sample protein m this cell paste is variabie, which is reflected by the
relatively large variability in Cell Paste Productivity (Tables | and 2). Tabie | is a
comparison of productivity between Double Washed Inclusion Bodies (DWIB) and
productivity in Cell Paste from which the DWIB were obtained. Productivity is
expressed as the ratio of sample protein to total dry weight times 100%. Table 2
shows a comparison of Produoctivity in Washed Inclusion Bodies (WIB) also

compared to Cell Paste from which the WIB were obtained.

10



9.63 9.40 2.5% xxx782 10.17 10.49-3.1% xxx458 9.95 9.7911.6% xxx793 10.39 9.984.0% xxx783 9.63
9.61 0.2% xxx784 9.701 9.78 -0.9% xxx785 8.66 9.00

WO 2009/606643 PCT/US2608/669529

TABLE |

Sample 1| Sample 2! Difference

Cell Pasie Productivity 28% 30% ~14%
DWIB Productivity 88.62% | 66.43% ~3%
TABLE 2

WIB Lot # | WIB Productivity | Cell Paste Lot #|Cell Paste Productivity
xxx418 67.13% xxx657 23.8%
¥x%233 67.47% Xxx 225 249.6%
Xxx363 65.50% X225 29.6%
Xxn232 68.27% XXX 225 28.8%
XXX595 69.20% ooz oo
Xxxppi 693.46% xxxsd2 26%
KXXpDE 67.53% xxxsdl 30%
XXXpp3d B83.87% XX sd2 26%
XAXpDE 63.17% xxxsd0 30%
Average 66.84% 2B.5%

RSD 3.3% 7.9%

f0047]  These results and the HPL.C analyses show that after the celis are lysed, 2
majority of the host cell proteins are removed from the inclusion body fraction
through the centrifuganon steps. The inclusion bodies, washed inclusion bodies and
double washed inclasion bodics ehrte with almost the same profile, with the
recombinant r-metHuG-CSF protein demonstrating a tight elution profile. Analysis
showed that the recombinant protein accounted for almost 3% of the total protein in

the inclusion bodies.

[0048] The average recombinant protein productivity increases from 29% in Cell
Paste to 67% in Inclusion Bodies, In addition, the variability (RSD) in productivity

decreases from 8% in Cell Paste to 3% in Inclusion Bodies (Tables | and 2).

[0049]  With the present invention, in the instances that recombinant proteins form
inciusion bodies in an ordered and consistent manner between fermentation harvests,

and fermentation is carried ou! following the sanme or essencially the same protocol,
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=3.7% Average | 0.3% [0053] The difference-between the two assays was a combination of inherent
variability, and mainly due to the HPLC assay, since it was a single determination and in general has
larger variability. The average difference between these two assays was as small as 0.3%. The
accuracy of Y& YRAP&tdht assay is probably within 3%. [0054] These re8Gitsigetpieited that the
method of determining dry weight of a protein by calculating the protein concentration based on the
inclusion body protein content is an accurate and fast method for determining protein concentration
before proceeding dtp, e pratein isfelding stepsoRetermining thepeieinisomagnieation using this
method saves time needed {0 prepare an HEL G sample.and also maney.in peparing these samples.
Additionally, using t'he cfry weight measurement is an accurate metrho to determine protein
concentration befof&Bale Aty tHiat e ALRRD 15 BEsEa AP BIB MFETORIRETStE S Therefore, the
present method proasdessarfastel eheaperanathiocifor dateinmaing proteihicdrcdntyation in large scale
protein production & X AMBEE. 2005510 crdebionidentbpiaeiarsithat awintivense the dry weight
assay described above, the assgy was, erformed on IB samples subjected to different preparative
steps. 100561 To HeTSFHIHE ThE GagFea BF VARSI 1"he inclusion body samples, the rmetHUG-CSF
protein concentrations obtained via the new dry weight measurement were compared to those
obtained by conventional HPLC measurement. A minor factor on variability was the concentration of
the sample. When TB harvest slurry samples & &¥Fefmély diluted, the weighing variability increases.
The dry weight asggyspas s allv.edaimed.n dNRIcale. o N dneUERIS,fRl,a fgtal of four

determinations per sample. The HPLC assay was usually a single determination due to its complexity.
[0057] For dry weidHEE Pttt S SHas e IPE S AS IR0 IS Sy Bt vas suspended by
vortexing in a tuberordstiedirgdntanbeakernApproximatebya o wigf dhevsuspemdéd broth was loaded on

to a pre-tared samplgypadsitoa: SaeMomnath Sy stamnealids.and. Meistuig Aratyzer, CEM LabWave 9000
(CUM Corporation, Matthews, NC, USA). The r-rnetHuG-CSF sample was heated and dried at 100%

power level for 5 nif#iiés. PrcermSolinadsnntarmiiieedly Calsulsiasnyiaehsdtmfent. [0058] Results
of the comparisonsvhetiveen.dyy wrighideasuiersemsatesshaviinplabie s:d@ncbhe Table 4 shows

the precision of the, dey weight Assay HeNdIeFRA-SADPIEEmEARIE 4 Releroinaton.instrumentPercent

Solids Determination InsttumentPercent Solids 23707% 2 _ _
and 300 A pore size (YMC, Shimogyo-ku, Kyoto, Japan) on an Agilent 1100 HPLC

{Agilent, Santa Ciara, CA). The reduced protein mixture was separated under a full
gradient using 20% mobile phase A [G.1% (v/v) TFA 1n water] to 85% mobile phase
B [0.1% (v/v} TFA in 90% acetoniwile] over 80 minutes at a flow rale of 0.8 mL/min.
Throughout the analysis an on-line UV detector set at 214 nm was used to monitor the
protein peaks.

[0052] When compared 10 the traditional HPLC assays, the dry weight assay
correlated with the resuits in the HPLC assay (Table 3). For correlation between the

HPCL. assay and dry weight assay, 67( was used as the conversion factor.

Table 3.
Lot Dry weight resuit | HPLG result | difterence (Lry weight against HPLC)
(mg/mi) {mg/mL})
xxx001 104.16 104.56 -0.4%
xxxpp3 25.25 25.85 -2.3%
XXXPPS 18,24 16.10 ! 0.9%
Xxxpp6 15.82 16.45 1 -3.8%
XXXpp7 17.38 17.892 -3.0%
Xx%x776 10.50 10.09 4.1%
XXX7 79 10.74 16.10 6.3%
xxx454 9.68 9.28 4.2%
xxx780 | 9.83 9.96 -1.3%
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13.850%: 35 213.749% 4 1 3.827% 3.832% 2 3.679% 6 7 23.762% 81 3.737% Average of
Instrument 2 3.724% (n=4) Average of

WO 2009/066643 PCT/UIS2008/069529

Lot Dry weight result | HPLC result | %difference {Dry weight against HPLO) i

{mg/ml} fmg/mL) !

XXX781 9.63 9.40 2.5% |

XXX 782 10.17 10.49 -3.1% ]
xxx458 9.85 9.79 1.6%
xxx793 10.38 9.98 4.0%
XxX783 8.63 9.61 0.2%
xxx784 8.70 9.78 -0.9%
xXx785 8.66 9.00 -3.7%
Average 0.3%

{0653] The difference between the two assays was a combination of mherent
variability, and mainly due to the HPLC assay, since it was a single determination and
in general has larger variability. The average difference between these two assays

was as small as 0.3%. The accuracy of the dry weight assay is probably within + 3%,

[0054]  These results demonstrated that the method of determining dry weight of a
protein by calculating the protein concentration based on the inclusion body protein
content is an accurate and fast method for determining protein concentration before
proceeding into the protein refolding steps. Determining the protein concentration
using this method saves time needed to prepare an HPLC sample and aiso money in
preparing these samples. Additionally, using the dry weight measurement is an
accurate method to determine protein concentration before caiculating the reagents
necessary for the protein refolding step. Therefore, the present method provides a
faster, cheaper methed for determining protein concentration in large scale prolein

productiot.
EXAMPLE 3

[0055]  In order to identify factors that may influence the dry weight assay
described above, the assay was performed on IB samples subjected to different

preparative steps.

H056]  To determine the degree of variability in the inclusion body samples, the r-
metHuG-CSF protein concentrations obtained via the new dry weight measurement
were compared {o those obtained by conventional HPLC measurement. A minor
factor on variability was the concentration of the sample. When IB harvest shurry
samples are extremely diluted, the weighing variability increases. The dry weight

assay was usually performed in duplicate on two instruments for a total of four

3



Instrument 1 3.812% (n=4) RSD of Instrument 2 1.0% ('4) RSD of Instrument 1.3% (n=4) Overall
Average 3.768% (n=8) Overall RSD F1.7% (n=8) [0059] The precision of the dry weight was also
assayed using fresh samples. Two measurements per lot were performed using two separate
instruments Yo¢ #1346 four measurements per lot. The average of the Fedi8aiiie Méasurements
in shown in Table 5. Table 5

determinations per sample. The HPLC assay was usually a single determination due

to its complexity.

{0657]

suspended by vortexing in a tube or stirring in a beaker. Approximately 2 mL of the

For dry weight and percent solids measurements, inciusion body broth was

suspended broth was loaded on to a pre-tared sample pad in a CEM Smart System
Solids and Moisture Analyzer, CEM LabWave 9000 (CEM Corporation, Matthews,
NC, USA). The r-metHuG-CSF sample was heated and dried at 100% power level

for § minutes. Percent Solids is automatically calculated by the instrument.

[6058] Resulis of the comparisons between dry weight measarements are shown in
Tables 4 and 5. Table 4 shows the precision of the dry weight assay using frozen
samples.
Table 4
Defermination instrument Percent Solids | Determination | nsfrument | Percent Soiids |
1 2 3.707% 2 1 3.850%
3 2 3.74%% 4 1 3.827%
5 2 3.679% 6 1 3.832%
7 2 3.762% B 1 3.737%
Average of - Average of ——
tnstrument 2 3.724% (n=4) Instrument 1 3.:812% (n=4)
RSE of o/ fro BSD of o _
instrument 2 1.0% (n=4) instrument 1 1.3% (n=4)
Qverall : o (o
Average i 3.768% (=8}
Qverail RSD | 1.7% (n=8]
[0059] The precision of the dry weight was also assayed using fresh samples. Two

meastrements per lot were performed using two separate instruments for a total of

four measurements per lot. The average of the fresh sample measurements in shown

in Table 5.

[0060]

Table 5
I xxxpp6 XUXpp7
Average 2.361% {n=4) | 2.534% {n=4)
RSD 0.6% (n=4} 0.9% {n=4)

In general, it was found that the precision of the dry weight assay 1s

impacted by two factors. The major factor is the freshness of the sample; mclusion
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XXXpp61 xxxpp7 Average 2.361% (n=4) | 2.594% (n=4) RSD 0.6% (n=4)I 0.9% (n=4) [0060] In
general, it was found that the precision of the dry weight assay is impacted by two factors. The major
factor is the freshness of the sample; inclusion bodies tend to aggregate upon freeze-thaw or long
term storage&t A/ fiith leads to sample heterogeneity and higher ass&§ VAR 18061] The
results shown above demonstrate that inclusion body dry weight measurements are comparable to
those obtained using typical HPLC measurements, and are still accurate whether the LB harvest

sample was first frazaR.Qéster egal A-Gphlthepohdbe-parcent. selisds detectedinmay.yaky due to sample
preparation before the mﬁasurem.ents Lq?gr%ygei ht measurements are consistent and in-line with
[

. . Sany 4 bihify. . . .
those obtained usﬁén%lr)a ional HPLC pré &R measurentents. Thus, the present invention provides an

accurate, efficient muatnpd fio daterniping.Rreielhcancentativninarincusieniody harvest in order to
reduce the quantity, of sample that needs to be taken before the refolding reaction thereby increasing

. £as CONTPATH OSe obtained asmg typics ..
the amount that is available for the refol reaction, and also i |3es better control of the protein input

into the refolding st8) i fEESHBIHANTHIGTEN B BHUETST Ry 4 HH S50 1St atécombinant protein
yield and quality. [0®82hpNumeroust mbdificatiensandiwahiationsirethepimvantigfeasiset forth in the

above illustrative examplesates@ediaghioecariiathese skilad indtheiattydonsequently only such
limitations as appeggtggﬂgggsgpqg IQled H@E}? should be 1%Iaced utshslinvention WHAT IS CLAIMED:

10T TOLELN MEeas Tenis., e present inventipn
1.A method for measuring recombinant prote‘fn concentration in bacterial inclusion ody (IB) harvests

comprising the steF&diHes a8 prif@kseifiRgHEC A7 SOIMSTROM GPF4RGFORSPEH ¢ILEIon body harvest

slurry, and inclusion body harvest in order to reduce the quantity of sample that needs to be taken
before the refolding reaction, therebry increasing the amount that is available for the
refold reaction, and also provides better controi of the protein input into the refolding
step in recombinant protein production, and ultimately improve recombinant protein

vield and quality.

[0062] Nwmerous modifications and variations in the invention as set forth in the
above illustrative examples are expected to oceur to those skilled in the art.
Consequently only such limitations as appear in the appended claims should be placed

on the invention
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i) multiplying total concentration of dry solids in the aliquot of the IB harvest slurry using a protein
productivity conversion factor (PPCF) in a formula, wherein the product of the formula provides total
recombinant protein concentration in grams/L in said aliquot of said IB harvest slurry, and wherein the
PPCF for said recombinant protein is calculated in an aliquot of an IB harvest slurry by multiplying the
ratio of recombinant protein in milligrams in said aliquot to total dry solids in milligrams in said aliquot
by 1000; wherein the PPCF for one inclusion body harvest aliquot is used to calculate recombinant
protein conpgrEatiandiomrdeerent fermentation inclusion body harvests carried out following the
same protocol. 2.The method of claim 1 wherein the total recombinant protein in said aliquot of IB

harvest slurry is firkt dete!rmiﬁadcby LG essaing. 'lfbednmﬂn@dtomlﬂmhl coneegitaberdrynweight is
calculated i.n- |sola ed,in on bo slurry via m| ave radiation. 4. The method of claim
R AR s S agh

3 wherein éornc u%%’%% 3%% Blaim 4 wherein the drying is

performed on a mﬂ ?\Ialé?sﬁﬁﬁ&’ 4k dry solids from an ahquot of an inclusion body harvest
siurry, and

iy multiplying total concentration of dry solids in the aliquot of the IB
harvest slurry using a protein productivity conversion factor (PPCF) in a formula,
wherein the product of the formula provides total recombinant protein
concentration in grams/L in said aliquot of said IB harvest slurry, and wherein the
PPCF for said recombinant protein is calculated in an aliquot of an IB harvest
slurry by multiplying the ratio of recombinant protein in milligrams in said aliquot
to total dry solids in milligrams in said aliquot by 1000; wherein the PPCF for one
inclusion body harvest aliquot is used to calculate recombinant protein
concentration from different fermentation inclusion body harvests carried out

foliowing the same protocol.

2. The method of claim 1 wherein the iotal recombinant protein in said
aliguot of IB harvest slurry is first determined by HPL.C assay.

3. The method of claim 1 wherein the dry weight is calculated by

drying the isolated inclusion body slurry via microwave radiation.

4, The method of claim 3 wherein the drying further comprises use of
heat.

5. The method of claim 4 wherein the drying is performed on a

moisture analyzer.
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