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[0003] Inclusion bodies are generally harvested from cell lysate through several
centrifugation and wash steps after the cells are lysed (e.g., by lysis by lysozyme,
ultrasound treatment or high pressure homogenization). See, for example, U.S. Patent
Numbers 4,511,503; 4,518,526; 5,605,691; and 6,936,699. The purified inclusion
bodies are then dissolved or denatured, with, e.g., a detergent or other solution (urea,
SDS, guanidine hydrochloride), which causes the insoluble protein molecules to
unfold and become soluble. The denaturant may subsequently removed, for example,
by dialysis, by molecular sieve, or by centrifugation at high speed to remove higher

molecular weight components and decant the denaturant. The recombinant protein is
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harvest slurry, and wherein the PPCF for said recombinant protein is determined from
an aliquot of an IB harvest slurry by multiplying the ratio of 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 IB harvest

slurry weight, g = (total recombinant protein, mg).

[0008] The protein productivity conversion factor may be calculated according to

the formula:

(PPCF) = [recombinant protein (mng) in said aliquot /total dry solids in said
aliquot (mg)] x 1000.
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assay. In one embodiment, the titer of protein is determined after solubilization of the
inclusion bodies in an inclusion harvest aliquot and the recombinant protein in the

sample is determined by HPLC analysis.

[0013] In a further aspect, the inclusion bodies within the inclusion harvest aliquot

are not solubilized before drying.

[0014] The invention further contemplates that the dry weight of the inclusion body
aliquot is calculated by drying the isolated inclusion body slurry via microwave
radiation. In one embodiment, the drying further comprises use of heat. In a further
embodiment, the drying is performed on a CEM LabWave 9000. It is further

contemplated that the dry weight of the recombinant protein may be determined using
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without the need to perform the calculation for every batch, as Iong as the

fermentation process remains essentially unchanged. This finding offers a fast, robust
and less expensive way of controlling the amount/concentration of proteins before key
process steps such as refolding. Additionally, the pre-determined conversion factor

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 cell which contains protein that is expressed in the host cell. While
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[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:
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[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.
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mnvention.

[0034] Recombinant proteins are expressed in a selected strain according to
standard fermentation procedures known in the art. The procedures are adaptable for
the bacterial strain being used and the recombinant protein to be expressed. For
example, bacterial cultures may be grown to a selected density (ODggo) of culture, and

in an appropriate selection medium prior to harvest of inclusion bodies. See Ausubel
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[0039] The dry weight or percent solids of the inclusion body harvest may be

determined using any method in the art, including heating, microwave radiation, air
drying, lyophilization, freeze-drying, and vacuum drying. Once the sample is dried,

the dry weight of the solid is measured using a standard balance 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 0.01% to 99.99% in liquids, solids, and slurries, up to

0.01% resolution. The instrument provides protein output to 0.1 mg readability, and



U S Patent 6,759,215 and U S Patent 6, 632,426 [0035]
Determ nation of Protein in Inclusion Body Harvests

WO 0@30)6clREconbi nant protein concentration in aPCHUB2H08/069529
of an inclusion body harvest can be determ ned using
met hods known in the art, including high performance
i quid chromatography (HPLC), ion exchange

chr grRiseghpMve fBivadien d eyt fll\oabs@sbanscein 1%

fluorescent tech r. \est ern o .
e PS8 it ROHY LR L Rt BB AR PR G oed hine
cal ciukahdiQve afalodt eIQmpmatt&hdswmﬁ aeant indbdionbuand liptted toyCEM

of t in te run

or e 35 ARy oo i 4SS Sl Bl e w2
t haMitrheave avmaigndr (anadnsoﬁmaltsp Detrer, ﬂQ)rDmnlsaﬂwV\éavrf s

carr I . ne.

t ne Caf St dher, By | aoiSGhoh PRS0 BuRiu
f er Meettizgen.drermuiyi-ure and t he inclusi on body harvest,

an HPLC titer is perforned In the HPLC titer, a sa

al i 98 ofhe fRlowipge W&Pﬂ'@%‘t““ﬁ‘%“edé‘l“{“éB?Ib’d‘m“f‘ﬁ%m‘i"ﬁi&‘fi%rrgﬂ“’

bodifenise hadiirpzRtdic 3ol herei®t €i N denat ured The sanpl e
is then prepared for HPLC to determ ne protein
pupty/concentration in a protein sanple using nethods
and techni ques well known in the art (Current Protocols
in Protein Chenistry, JoHXAWIPE¥ land Sons, New York
NY, 1994). and as described herein Regardless of . how

r ecmlnaﬁfwa?wﬁlé PFPICbI BT FBETSEHNEn s MsRupg Mlvsion

al i gous. [r&hd@tste rnmune:dbodtela &feﬁzaﬂ(ﬁgﬂt&t 1&ch rﬁlﬂi@ﬁﬂjﬂécipﬁhﬂldhl’bfl s

t hen used H% srn1ne t he %CH)V ted that
OnVVeeF g)fp(lj(ﬁs é% IHFXB(BY?&'IHS (f,?gt S ?W Vel‘% %Sr een s 6&5 c al

I ncimmlombdawdmaﬁ)fcym%mgmer@lraggiegauempro&si gtkif [h6@319:]1usfbhe
dr ybé)é@elts gvrre]rnt*aeyfgl%lé:lgo %ggtconssgt nt recomf:mgnn protexr{ \%]olﬂ‘gmg {]ori, ﬁ%g P?

har v rm ned using
inckmﬁﬁhgmheamwngvmmﬂ%¢mwm@wwnammanw@wmnahmlMmyungﬁon

| VOQMEYI%%S& anng Jo g@z gﬁ(ﬂrryé-&gsu,mM@mamﬂfoya@gy Once

nmple 1I's ry weight of the solidis
rreaéeuv@amalsmggncéusw aﬂdy&a&% alllicie orschapFEmr] iboglgtion

COMbdditd hie Prbdded AL drifie dHR nFn G AVYRN SN bi AR ;ﬁ&blm d ®nsistent
efficient for drying the sanple aliquot and

det EFHPH lwgmetwée’w@fffa@fﬁweéﬂerla%ﬁdﬁ%@Pgﬁphﬂ)ffﬁulﬁwa °B¥pect ,
t hembd&h4hisil addaadychRaiMasbw PR Yudagfyilgipedeik SénR@t with minimal

m cr owave E |at|on and heat The CEM
experimental etfort

[0043] At the end of a cell fermentation process for making recombinant human
granulocyte colony stimulating factor (r-metHuG-CSF), E. coli host cells were lysed
using high pressure and inclusion bodies were harvested through multiple
centrifugation processes prior to protein solubilization and refolding. This inclusion

body broth was then first used for protein concentration analysis.

[0044] 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
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protein in Cell Paste averages approximately 29% of the total dry weight of cell paste
(Tables 1 and 2). Further analysis also showed that the ratio between E. coli host cell
proteins and the sample protein in this cell paste is variable, which is reflected by the
relatively large variability in Cell Paste Productivity (Tables 1 and 2). Table 1 isa
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 Productivity in Washed Inclusion Bodies (WIB) also

compared to Cell Paste from which the WIB were obtained.
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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 I and 2).

[0049]

With the present invention, in the instances that recombinant proteins form

inclusion bodies in an ordered and consistent manner between fermentation harvests,

and fermentation is carried out following the same or essentially the same protocol,
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protein in Cell Paste averages approxi mately 29% of

the total dry weight of cell paste (Tables 1 and 2).
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coli host cell proteins and the sanple protein in this

cell paste is variable, which is reflected by the

relatively large variability in Cell Paste
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Table 3.
Lot Dry weight result | HPLC result | %difference (Dry weight against HPLC)
(mg/mL) (mg/mL)
xxx001 104.16 104.56 -0.4%
Xxxpp3 25.25 25.85 -2.3%
XXXpp5 16.24 16.10 0.9%
XXXpp6 15.82 16.45 -3.8%
XxXxpp? 17.38 17.92 -3.0%
XXx776 10.50 10.09 4.1%
XXX779 10.74 10.10 6.3%
xxx454 9.68 9.29 4.2%
xxx780 9.83 9.96 -1.3%
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produced under the sanme fernentation conditions
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[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.

[0056] 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 to those obtained by conventional HPLC measurement. A minor
factor on variability was the concentration of the sample. When IB harvest slurry
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
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bet weBfDdry wei ght measypemenf s| ar®Pshown in Tabl egsed(n-s)
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pr eChvela@RsSOT] The dry Wel ght wasS| al SO asspyed USl NO1.7% (n=8)

fresh sanpl es Two

[0059] The precision of the dry weight was also assayed using fresh samples. Two
measurements 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.

Table 5
XXXpp6 Xxxpp7
Average 2.361% (n=4) | 2.594% (n=4)
RSD 0.6% (n=4) 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
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appgp@ggwgh@hns shoul d be placed on the inventi onVWHAT
S CLAIMED: 1 A nethod for cal cul ati ng reconbi nant
proteln concentration in bacterial inclusion body (IB)
harvests conprising the step of multiplying tota
concentration of dry solids in an aliquot of an IB
harvest slurry using a protein productivity conversion
factor (PPCF) in a fornmula, wherein the product of the

15



formul a provides total reconbinant protein
concentration in said aliquot of said |IB harvest

W@ kaptgse4mnd wherein the PPCF for said reconbi PEFIUS2008/069529
protein is calculated in an aliquot of an |IB harvest
slurry by nultiplying the ratio of reconbi nant protein
msaid aliquot to total dry solids in said aliquot by
1000 2 The nethod of claim1 wherein the PPCF for one
i nchwisAons bodymMEar:vest aliquot is used to calculate
reconmbi nant protein concentration fromdifferent
fermentation inclusion body harvests carried out

followi ng the sank B QlPG@lg rdokBRatAGs ctenth@inm 2
wherein the total reconbinant protein in said aliquot

of PbBeialipeutiondiody (1) hagvests pamprigivg dierfich A BYPIYBE % ssay
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aliquot of an IB harvest slurry by multiplying the ratio of recombinant protein in said

aliquot to total dry solids in said aliquot by 1000.

2. The method of claim 1 wherein the PPCF for one inclusion body
harvest aliquot is used to calculate recombinant protein concentration from different

fermentation inclusion body harvests carried out following the same protocol.

3. The method of claim 2 wherein the total recombinant protein in said

aliquot of IB harvest slurry is first determined by HPLC assay.

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

the isolated inclusion body slurry via microwave radiation.

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

6. The method of claim 7 wherein the drying is performed on a CEM
LabWave 9000.
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