f0 The transformation of bacteria with vectors cont ai ni ng DNA sequences
encodi ng mammalian proteins is common. Expression of the ma hh ot ei ns
ky bact eri WOR2R38sult in hi gh production of the protein coﬁﬁ g‘ﬂoﬁh hi n

i nclusi on bodies in the bacteria. To obtain and 15 purify the protein, the
prot ei n-cont ai ni ng i nclusion bodies nust be extracted fromthe bacteria. In
t he past inclusion bodies have been isolated by centrifuging the
fermentation broth, renoving the supernatant |iquid, resuspending the 20
bacterial pellet in-buffer and disrupting the bacterial cells by mechani cal
- techni ques such as honopgeni zati on or sonication or, alternatively, by the
use of |ysozyme plus detergents. The m xture containing the disrupted cells
is then cent&i fuged resul ti ng in supernﬂmmmd peI | eted inclusion
bodi es. An incl usi on bgaghrd al e = , g

bodi es obt ai ned after S
centrifugation. However, this procedure involves centrifuging fernentation
broth containing live bacterla as an initial step. Oten, during large
scal e centrifugatl lLive cter n be emtted into the
surroundi ng at ' e by the 30 centrifuge. US.

Pat ent No. 40958, 007 solves this problemby first inactivating cells by
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di srupted by horRFogin inclusion badies; iny actesias  Eoob $ain and
1§ purify the protein, the protein-containing inclusion bodies must be
extracted from the bacteria.
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In the past inclusion bodies have been isolated by centrifuging the
fermentation broth, removing the supernatant liquid, resuspending the
20  bacterial pellet in buffer and disrupting the bacterial cells by mechanical
techniques such as homogenization or sonication or, alternatively, by
the use of lysozyme plus detergents. The mixture containing the
disrupted cells is then centrifuged resulting in supernatant liquid and
pelleted inclusion bodies. An inclusion body pellet is a pellet containing
25 inclusion bodies obtained after bacterial cell disruption and subsequent
centrifugation. However, this procedure involves centrifuging
fermentation broth containing live bacteria as an initial step. Often,
during large scale centrifugation the live bacteria can then be emitted
- into the surrounding atmosphere in the aerosol emitted by the
30 centrifuge.

~_ U.S. Patent No. 4,958,007 solves this problem by first inactivating
cells by adding either toluene or acid to the fermentation broth. The
broth is then centrifuged, the supernatant liquid removed, and the

35 bacterial pellet resuspended in a buffer and the pH of the suspension is

adjusted such that the final pH is between 6-9. Alternatively, the pH of
the acidified fermentation broth is adjusted to 6-9. The bacterial cells are
then disrupted by homogenization releasing the inclusion bodies from.
the cells. This process eliminates the emission of live bacteria into the



the cells. This process elimnates the em ssion of |live bacteria into the
ere during centrifugation; however, when toluene is used to

-2- at m)sgﬁ
i nacti vat BANE¥icteria, the process nust be carried out i RCIAISESPNBsi on-
proof room as toluene is flamable and its funmes expl osive. Furthernore,

when acid is used to inactivate the bacte@-a and the 5 bacterial pellet is
resuspended in a buffer and the pH of the suspension is adjusted such that
the final pH i athosphere duﬂngmeamﬁlgdtwrsﬁowd\mbmtoﬁ:emw&wtére
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t hen be perforrred w thout the em ssion of |ive bacteria. This bacterial
dlsruptlor)I ignific | e bacteria, and at the
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em ssion of  insoluble, recombinant proteins in Wthh all or most of the bacteria are

killed prior to centrifugation, most of the host bacterial proteins remain
in solution, and the predominant insoluble protem is the bacterially ‘
expressed heterologous protein. -

15
- SUMMARY OF THE INVENTION

The present invention fills this need by disrupting the bacteria
expressing the heterologous protein while the bacteria are still present
20 in the fermentation broth followed by an optional inactivation of the
bacteria by acid treatment.  Centrifugation can then be performed
~ without the emission of live bacteria. This bacterial disruption
significantly lowers the count of viable bacteria, and at the same time it
can be performed in a closed system to minimize or prevent emission of
25 broth containing live bacteria. The methods of the present invention
produce inclusion bodies containing a heterologous protein having
increased purity, i.e. inclusion bodies having lower levels of
insolubilized bacterial protein than is produced by extraction procedures

of the prior art.
30
The present invention provides for three methods of extracting
inclusion bodies containing heterologous protein from bacteria
expressing the heterologous protein. : :
35 The first embodiment comprises the following steps:

(a) fermenting bacteria expressing a heterologous insoluble
protein in a fermentation broth; :
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steps: 10 (a) fernmenting bacteria expressing

(b) disrupting-

- the bacteria contai ngfle Yebdid enibodifieHit bffHe thvention comprises the

following steps:

10 (a) fermenting bacteria expressing a heterologous insoluble

protein in a fermentation broth;
(b) disrupting the bacteria contained within the
broth;

15 temperature of 0-15°C;

fermentahon

(¢) cooling or maintaining the fermentation broth at a

(d) adding acid to the homogemzed fermentahon broth such that

the fermentation broth obtains-a pH of about 2.0;

(e) incubating the acidified fermentation broth at a temperature of
between 0-15°C so as to kill any remaining undistrupted bacteria;
20 (f) centrifuging the fermentation broth so as to obtain an

inclusion body pellet and a supernatant liquid;

(g) removing the supernatant liquid from the inclusion body

pellet;

25 a suspension;

(h) suspending the mdusmn body pellet in a buffer so as to obtain

(i) adding a pH adjusting solution to the suspension so that the

supspension obtains a pH of between 6-9;

(j) disrupting suspended solids contained within the suspension

of step (i);

30 (k) centrifuging the suspension so as to produce an inclusion -

body pellet containing the heterologous protein and a
liquid; and

supernatant

@). :emdvmg the supematant liquid so as to obtain isolated

: inclusion bodies containing heterologous protein.
35 :

The third embodiment of the present invention comprises the

following steps:



broth; (c) cooling or maintaining the fernentation broth at a 15

t enper at esz_’f &t15 C, (d) adding acid to the honogeni zed fernmentation
br ot h su 7338 he fermentation broth obtains a pH of abR§T/ES9Y07IE)

i ncubating the acidified fermentation brofh at a tenperature of between
[err] so as to kill any I’EITB.I ni ng undi strupt ed bacterla 20 (f)
centrifuging the f tat oth.,so as tp obta n: i nc)J usj gn body
pell et and a superg L t('tgsla,egpﬁqﬂswg mmhiﬁl d from
t he incl usi onprotennla &rm(ﬂt}hsnsbmﬂﬂ; ng the i ncI usi on body pellet in a
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di srupti ng sugﬁgaﬁed solids contained within the suspensi on of step (i); 30

(k) centrigugi ng t (& Qhe ferdHeftation! St body pel | et
containing th eterol 0 E% tein and a supernatant liqu ; and (1)
renovi ng the »so as to obtain isolated i ncI usi on bodi és

contai ni ng heterol @))laddin ufﬁric add tihhetfélmd\ﬁﬁbﬁcbm%%f fife BrgtRent
I nvention Co%ﬁﬁ?agﬁof ”Bg st eps: _
(e) incubating the acidified fermentation broth at a temperature
10  of between about 0-15° C so as to kill the bacteria;
(f) raising the pH of the broth to about 8.5;
(g) disrupting the broth; '
(h) centrifuging the disrupted broth so as to produce an inclusion ‘
body pellet of inclusion bodies and supernatant liquid; and
15 (i) removing the supernatant liquid so as to obtain isolated
inclusion bodies containing heterologous protein.

20 ' -

The Figure is an SDS-PAGE gel of inclusion bodies produced by the
methods of the present invention and of inclusion bodies produced by
methods other than by the present invention.

25 DEI'AEEQDESSRIZHQN.QE[HEJMNIIQM

All US. Patents c:hed herem are hereby mcorporated herein in

theu' entirety by reference.
30 " The the present invention provides methods for extracting an

insoluble, non-bacterial protein, in particular a mammalian protein
produced by genetically transformed bacteria, especially E. coli. A non-
bacterial protein which is expressed in bacteria is referred to as a
heterologous protein. As used herein, the term "transformed bacteria"
35 means bacteria that have been genetically engineered to produce a
heterologous protein. Such genetic engineering usually entails the
introduction of an expression vector into a bacterium. The expression
vector is capable of autonomous replication and protein expression



“4- (a) fermenting bacteria expressing a heterol ogous insoluble protein in
a fernentation broth; (b) disrupting the bacteria contained wthin the
ferment at i SYP BV 5 (c) cooling or maintaining the BHMAP on
broth at a tenperature of [err] C, (d) addi g nitric acid to the
fermentation broth so that the broth obtaiT"a pH of about 2.0; (e)

I ncubating the acidified ferngn atlon broth at a _tenpergture 10 of between

about [err]C so elative tQ genesyin rial genome. Gonstruchap ofibasteriale br ot h
to about [err]; é:q)reshxéﬁmmﬁmmkﬁmni&hbhecm,t rdvideaghéhmcthoﬁddot ed

broth so as to produce an_incl usi,on_b f |ncI S|on bod and
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DESCRI PTI ON T, I I
‘bodi es produ?:d %ﬂ%@%ﬁ?ﬁye%eaneﬁﬁggnd of'lllqﬁcrﬁls??m

bodi es produced l@mmﬂ»&n at; Novd 431539 disclose the prodyation of

DETAI LED DESCR TthM H}?Mi éxg:&s.ofa yieise; ehil Rigessapra, a1 ©
ereby incorporated herel nce, The
the present i nv r‘!!vfﬁ’és Iﬁfﬂg '#‘3 éﬁygé% p&ﬂateta Nucleic
Acid Research 13:2959 (1985) and Mullenbach et al., J. Biol. Chem 261:719
10 (1986) disclose how to construct synthetic genes for expression in
bacteria. Many bacterial expression vectors are available commercially

‘and through the American Type Culture Collection (ATCC), Rockville,
Maryland.

16 - - The bacteria which have been transformed with an expression
- vector are then grown in a bacterial medium under conditions which
stimulate the heterologous protein to be expressed. This bacterial
medium containing the transformed bacteria is called a fermentation
broth.
20 : _
In the first embodiment of the present invention, the
transformed bacteria, preferably a transformed E. coli strain, expressing
a heterologous protein are disrupted by sonicating or homogenizing the
fermentation broth by standard techniques at a temperature between 0°
25 t025°C. In general, sonication or homogenization of whole
fermentation broth should proceed until essentially all the cells are
broken. This allows efficient removal of soluble proteins and small cell
fragments from the inclusion body by subsequent centrifugation; hence,
it maximizes the protein's ultimate purity.
30 ' S
Sonication is generally used for disruption of bacteria contained
in analytical (10 - 20 ml) scale volumes of fermentation broth. At larger
scales high pressure homogenization should be used. For analytical
volumes (10 - 20 ml) of fermentation broth using an Ultrasonic
35 Processor Model No. W-85 from Heat-Systems-Ultrasonic, Inc., having a
_ 1/8 inch (3.2mm) tapered microtip, 18 minutes of total sonication time
at 50% duty cycle, 1 second pulse (9 minutes net somcatxon) of 10 mi

whole broth is preferred.



i nsol ubl e, non-bacterial protein, in particular a manmalian protein

pr oduced enetically transfor med bacteria, especially E. coli. A non-
bact er i alwéﬁ?%'% which is expressed in bacteria is refer rRCI/USPS8T129
het er ol ogous protein. As used herein, the term"transforned bacteria" 35
means bacteria that have been genetlcal I'ysengl neered to produce a

het er ol ogous protein. Such genetic engineering usually entails the

i ntroduction of an expression vector -into a bacterium The expression
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sequence enco mesaoﬁehe fenhemahonrbroﬁh ICROF DIZER®abl e. For

bactori Bl B f@@s?%ﬁ%%%%me&éﬁ@ﬁ%ﬁ& 00 ST 2, 3505 "
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Proc. Nail. m&b g roat at i’fgﬁé elc ﬂ%l d&hesearch
13: 2959 (1985)%4*?8l Kve ba |l>ﬂ!§en &ealechomogenizers amege)

di scl ose how toftapsutu masﬂﬁs‘ea temgenes for expreSS| on in bacteria. Many
bacteri al }9xpre55| on vect ors are avai |l abl e conmercially and through the

Anerican pe Culture Collection (ATCC), Rockville, Mryland. 15 The
bacteri a which havéﬂtﬂammdsébhombmdafemmtahencbmthasd:hemre t hen

grown in a bachfirkRigedHd prdiRd%n fdilibh Yoy Wirftlining pellet and a |
supernatant liquid. The speed of the centrifugation should be sufficient q
to sediment most of the inclusion bodies but slow enough to keep most '

15  of the cell fragments in suspension within the supernatant liquid. In
general the centrifugation should be from about 5000 rpm to 10,000 rpm,
preferably 7000-10,000 rpm using an inch and one-half conical
microcentrifuge tube in an EPPENDORF® microcentrifuge Model No.
5402 for about ten minutes or equivalent. The supernatant liquid is

20 then removed so as to obtain inclusion bodies contammg the
heterologous protem

- In the second embodiment of the present invention, after the

bacteria within the fermentation broth have been disrupted, the

25 temperature of the broth is reduced to 0-15° C. The pH of the
fermentation broth is then lowered to about 2.0 using sulfuric,
phosphoric, nitric or hydrochloric acid at a temperature of about 0-15° C
and then the broth is incubated at that temperature to kill any
remaining bacteria, typically for about an hour. This is important

30 because simple homogenization does not kill all of the bacteria.
Preferably the acid which is used to lower the pH is either phosphoric or
nitric acid. The fermentation broth is then centrifuged as described
above, and the supernatant liquid removed to isolate the inclusion body
pellet. The inclusion body pellet is then resuspended in a buffer.

35 Examples of buffers which can be used in resuspending the pellet are

: sodium phosphate, potassium phosphate and tris (Hydroxymethyl)

aminomethane hydrochloride (TRIS). A preferred buffer is comprised.
of 50mM TRIS, SmM EDTA and 50mM NaCl pH 8.5 (TEN buffer). The



stimul ate the heterol ogous protein to be expressed. This bacterial medium

cont ai ni ngwd\gs/dseeansf or med bacteria is called a fernentati orpdangdeRn7dd | n
the first enbodi nent of the present invention, the transforned bacteria,

preferably a transfornmed E. coli strain, expressing a heterol ogous protein
are disrupted by sonicating or hoanen|Z|n the fernentation broth by
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At larger scal es high pressure honmpgenization should be used. For
anal yti cal ‘vol unes (10 - 20 M) of fernentation broth using an Utrasonic
35 Processor Mdel justed suspensipntis thertdisrapted againrso as toavi ng a
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broth is prefer hemogenization, isubsequent]ys cenfrifu,
bacteria, mMti ghpeRtitaffliquid containing the soluble host bactenal protems and cell

debris is removed, and the pellet containing the insoluble mammalian

protein is recovered. If necessary, the pellet may be washed once or

twice in buffer at a pH of preferably about 8.5. It is essential that the

. addition of acid be conducted between 0° and 15°C. All the other
15 extraction operations may be carried out between 0° and 32°C.

In the third embodiment of the present invention the bacteria

expressing the heterologous insoluble protein are fermented in a
fermentation broth. The bacteria in the fermentation broth are

20 disrupted by sonication or homogenization as described above. The
temperature of the fermentation broth is then lowered to 0-15°C, and
nitric acid is added to the fermentation broth so as to lower the pH of the
broth to about 2.0. The fermentation broth is then incubated at 0-15°C
for a length of time necessary to kill any remaining bacteria, typically for

25 about an hour.

The pH of the fermentation broth is then raised to about 8.5 and
suspended solids including any remaining bacteria are again disrupted
by homogenization or sonication. After this second disruption, the

30 broth is centrifuged so as to produce a supernatant liquid and an
inclusion body pellet. The supernatant liquid is then removed so as to
obtain isolated inclusion bodies containing insoluble, heterologous
protein.

35 In a large scale operation, the use of the acid kill procedures of
embodiments 2 and 3 is preferred because the acid kill procedures easily
kills essentially 100% of the bacteria. To kill 100% of the bacteria using -



of the fernentation broth are preferred. It has been observed that three
passes of hggn mentation broth through a [err] 5 (Mcrofluidics M110) at

11, 000 pou square inch (psi) are adequate. During sBAT/ESS G 9
honogeni zation using a [err], it is preferable to enclose the system such
that em ssi on of live bacterl ais preven‘t%d' Large scal e honpgeni zers are
of ten set up cI o_sed sy m, 10 The sgni cated or honogeni zed
fernmentati on é@ﬂ?l"r mgsestteffmbem ok thesmudtipledy

‘cont ai ni ng pelmgﬁzahaugﬁ"sﬁﬁ osf. the centrifugation
shoul d be sufficient to sedi ment nost of t'he |ncI usi on bodi es but sl ow
enough to keep nmobst 15 of the cell fragnents in suspensi on within the

super nat ant | i qui d. Aftatmmumohdmrhas hia¥’e deehdsolabed;| thelltetés é\bg)ut 5000

rpmto 10, §00 “Lﬁ; ne f coni cal
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ten mnutes oroigghemigal s%ee: fan expmple oGride; to Ryoteim Rurifioationd so as
to obtain mclegdhgsEg cidentid B ein. In the
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second enbodi nent of the present i nvention, afte he bathrl a wthin the
fernentation broth have been disrupted, the 25 tenperature of the broth is

reduced to [err] C. Thnfollowing éxamples destribe ¢n detail the $nvéistibrl. oYewad t o
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tenperature t&nethods beprasticed withautide pat?pg(fmmythﬁcpur@losenndn hour .
This is i morm%}m@w agaggﬁé'uom)genl zation does not kill all of

the bacteri a.

The present invention can be illustrated by the following, non-
15  limiting Examples. Unless otherwise specified, percentages given below
for solids in solid mixtures, liquids in liquids, and solids in liquids are
on a wt/wt, vol/vol and wt/vol basis, respectively.

Fz'ampl:.l
20 :
(Embodnnent 1 of the Present Invenhon)

: 'l'he human IL-10 expression plasxmd used in the present example
contained the following sequences:
25
(a) The nucleotide sequence of the human IL-10 coding region,
Viera, P., et al. Proc. Natl. Acad. Sci. USA, 88:1172 (1991);
(b) The tac promoter, the 3' end of which was fused to the 5' end
 ‘of the nucleotide sequence of the IL-10 coding region,
30 ' Zurawski, et al., J. Immunol., 137:3554 (1986);
(c) The Ipp 3' coding and non-coding regions, including the
- transcription terminator, lie downstream of the rhIL-10 coding
region, Ghrayeb, J. et al., EMBO,,]. ,3:2437 (1984).
(d) The tetracycline resistance gene from pBR322, Sutcliff, IG
35 : - C.S.H. Sypmp. Quant. Biol. 135:612 (1978);:
(e) The copTS thermoinducible origin of replication, Hakkaart,
M.J.J., et al., Mol. Gen. Genet. 183:326 (1981) and Andreoli, P. .
M., et al., ]. Bacteriol. 135:612 (1978).



Preferably the acid which is used to | over the pH is either phosphohc or
nitric aC| rmentation broth is then centrifuged as cﬁgqﬁ Rshagbove,
and the supena#% %’el iquid removed to isolate the inclusion body pelfJl The
i ncl usi on body pellet is then resuspended_ign a buffer. 35 Exanples of
buffers which can be used in resuspendi ng the pell et are sodi um phosphate,
pot assi um phosphate and tris (Hydroxynethyl) am nethane hydrochl ori de

(TRIS). A preferred buffer is conprised of 50mM TRIL.S, 5mM EDTA and 50nmM
NaCl pH 8.5 (TEN buffer). The -7- final pH of the resultant suspension

is adjusted with a suitable base to a%@i‘ﬁ?en from about 6.0 to about
. 9.0, preferably 8.5. Exanpl és of suita ases that nay be used in the pH
- adj ust ment step are sodi um hydroxi de, potassium hydroxide and the like. The
preferred bagic 5 solﬁut:unaréefzmsﬁ&émmnharm tié above-desaibed NaOH.

The pH adj usted USBSIOI’II ru e the
S0l i b5 present  PIAREDBRS HEvAeE S, ﬁ%ﬁg§$laaﬁ‘?r£32§?%§#§ﬁ‘d=‘<§&§“§t s
Slﬁbseqlueg]t I yhcewmémhghdn lﬁednirhy Eadhelited of medium tcontained 30dg ©fnt SI nlhng
t he sol ubl e hos and the
pel | et contai ni he @aofﬁg’? gﬂ%ﬁu cfﬁéo?s‘.i? coverecL'
necessary, the y@omplmphamaaem %mM@QﬂB Msé@ﬂacxﬂlm
preferably ggpou ). IThe m@abnabné@atmmmw%wmofmﬂ and

(
e Aot Wi oS 190 Pl P2 1
present inventi vespect td airt umder 5 psi pressure. The temperature was uutxally
v ‘controlled at 30°C. When the culture's turbidity reached about 100 Klett
units as measured with a Klett Summerson colorimeter having a No. 54
15  green filter, the temperature was raised to about 38°C, and the culture
was harvested 12-14 hours thereafter.

Extraction

20 " The whole fermentation broth was passed three times through a
MICROFLUIDIZER M-110® homogenizer (Microfludics, Inc.) under
about 11,000 psi pressure to disrupt the cells. The homogenizer and
product containers were kept on ice so the temperature of the
homogenized suspension was kept between 0-15°C.
25 '
The fermentation broth temperature was then reduced to 4°C and
agitated for about an hour at pH 7. The suspension was then centrifuged
in 250 ml aliquots at 8,000 rpm for 65 minutes in a GS-3 head of a
SORVAL® centrifuge (model RC5C) at 4°C. The supernatant was
30 discarded and the extracted IL-10 remained in the pellet. The purity of
the resulting inclusion bodies is shown by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), Laemmli, U.K., Nature,
227 : 680 (1970) in lane 1, Figure 1. According to this process, the
_inclusion bodies were resuspended in a buffer to a concentration
35 equivalent to 15 ODss of original broth in a 1cm light path. The buffer
was comprised of 2.3% sodium dodecyl sulfate (SDS), 10% glycerol,
0.062M Tris-HCl pH 6.8, 0.001% bromophenol blue and 5% -
mercaptoethanol (freshly added) 10 pul was then loaded in each well of a



expressing the heterol ogous insoluble protein are fermented in a
fermentation broth. The bacteria in the fernmentation broth are 20 .

di srupt eWOAs/3538i cati on or honpgeni zati on as descri bed ab&$EMUSPHRTI29
tenperature of the fermentation broth is then |owered to [err], and nitric
acid is added to the fermentation broth=38-as to | ower the pH of the broth
to about 2.0. The fernentation broth is then incubated at [err] for a

l ength of ti @med%mgdr@zmmw Ahetgel was rurpincal |y for 25
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and suspended sol. ﬂ%%ughn n&@y re | ni n bacter tg di sriupt ed
by honogeni zat /gel ﬁge}masgo

broth is cent rdévunqsbcsas desdribed byl t‘lxaemhpﬂmmt’mé réstﬂ,ts arexshdwan imncl usi on
body pelleﬁ ! ﬁ iuw?%llqwd is then renoved so as to obtain

| sol ated incl d tai ni ng insol ubl e, heterol ogous protein. 35

In a large scale operation, the use of the acid kill procedures of

enbodi mrents 2 and 3 is preferred becaﬁwm d kill procedures easily
Kills essentially 100% of the bacteria | 100% of the bacteria using
- 8- honogeni zation alone is not cost effective, because of the multiple

honogeni zati on passes reqyEntisoditheiit(@ ofithe mémqnbenﬁbﬁ)er t he i nclusion
bodi es ha)gﬁ been isol ated, the heterol ogous-5 protein can then be unfol ded,
r ef ol ded d purified using standard biochem cal nethods. See, for exanple,
Guide to Protein PULFIQ containing inclusion bodies were preparedasdescnbedm

Example 1 except for the following. After the fermentation broth was
homogenized, as in example 1, the temperature of the broth was q
reduced to 4°C and the pH of the broth was lowered to 2.0 by adding 85%
15 w/w phosphoric acid. The acidified suspension was then agitated for
about an hour at 4°C. The acidified suspension was then centrifuged in
250 ml aliquots at 8,000 rpm for 65 minutes in a G5-3 head of a
SORVAL® centrifuge (model RC5C) at 4°C. The supernatant liquid was
discarded, and the inclusion body pellet was resuspended to 1/4 of the
20 original fermentation broth volume with TEN buffer and the pH of the
" buffer was raised to 8.5 with a solution of 25% NaOH. The resultant
suspension was passed three times through a MICROFLUIDIZER M-
110® and centrifuged in a GS-3 head of a SORVAL centrifuge as
described above. The supernatant was discarded and the extracted IL-10
25 remained in the pellet.

The purity of the resulting mclusxon bodxes is shown by SDS-
PAGE in lane 2 of the Fxgu:e

30 : - Example 3
(Embodiment 2 of the Present Invention)
'IL-10 containing inclusion bodies were prepared as described in
35 Example 2 except for the following. A solution of 9N HNO3 was used .

instead of phosphoric acid to reduce the pH of the fermentation broth to
20. B | o



Deut scher et al. Ed. (Acadenic Press, San Diego, CA 1990). The follow ng
exanpl es d rJ |n detail the invention. It will 10 be a t hose
gkilled i n%?‘ﬁgl"%%é that nodification of materials and met hogééﬁé}%ﬂzﬁg
practiced without departing fromthe pur PO$ f and intent of the present

di scl osure. The present invention can be illustrated by the follow ng, non-

15 limting Exanpl esmelﬂhﬂ Fﬁgg bel ow
for solids in solid mXt gofjl qugféﬁxéﬁ% sﬁﬁ’ﬁpéhl ds are
on a wt/wt, vol RAGE)inilane 3;xf theFigyure: espectively. 20 (Enbodi nent 1 of the
- Present Inventlon) The human |1L-10 expression pl asmi d used in the pr esent
exanpl e contai ned the foll ow ng sequencig: 23 ga) The nucl eoti de sequence

of the human |L-10 codi ng region, Vieramaalll al. Proc. Natl. Acad. Sci.
USA, 88:11725(1991); (b) The tac promoter, the 3' end of which was fused to

tZB(raa\?lsk?nde?f aIt e nfjdl %ESW??@&#&%& i&ﬂ%&egl C)(r:]odl ng and

non- codi ng regi ons i ncluding the transcripti on term nator i e downstream
~of the rhiL-10 codi n l%ﬂa,ngg?y&& Eéﬂ,g (d)
. The tetracycline res%{ ance ro 10%@ dth
 CS.H Sypnp. QExample 2 gxceptior x}eP Haggnrw%ﬁused
| replicationjoHalijtaad oflfﬂlﬂ)sﬁhonefacﬁltoréﬁdce@ﬁpl@&ifﬂhe fafiflefiasion Bibth tond
. Andreoli, P. M det al . Bacteriol. 135:612 (1978).
! ~ The purity of the resulting inclusion bodies is shown by SDS-

PAGE in lane 4 of the Figure.
15 Example 5

(Not an embodiment of the present invention)

IL-10 containing inclusion bodies were prepared as described in

20 Example 2 using 85% w/w phosphoric acid to acidify the homogenized
broth except for the following. After the acidified suspension had been
‘agitated for an hour, the pH of the suspension was raised to 8.5 with 25%
w/v NaOH solution. The suspension was passed three times through a
MICROFLUIDIZER M-110® and centrifuged in 250 ml aliquots at 8,000

25 rpm for 65 minutes in a GS-3 head of a SORVAL® centrifuge (model
RC5C) at 4°C. The supernatant was discarded and the extracted IL-10
remained in the pellet.

The purity of the resulting inclusion bodies is shown by SDS-
30 PAGE) in lane 5 of the Figure. |

Example 6

(Embodiment 3)
35
IL-10 containing inclusion bodies were prepared as described in
Example 5 except for the following. A solution of 9N HNO3 was used to
reduce the pH of the fermentation broth to 2.0.



95 A culture of E. coli strain K12 harboring the above-descri bed
plasm d was cultivated under aeration and agitation in an aqueous

fer ment a3 um Each liter of medi um contained 30 g ot 87128 aci ds
(Difco) 20 g yeast extract (Difco), 5 g potassium di hydrogen phosphate, 20
g glycerol, 1 g [err] and 10 ny tetracycil@me 10 (Sigm). The pH was
controlled at 7.0 with 25% w v of [err], and dissolved oxygen was

mai nt ai ned between 30-100% sat ur ati on W|th respect to air under 5 psi

pressure. The tenpertp ﬁﬁty\@ithé‘téstﬂhh iRElsion badiedlis ER6Wh b d;V\BﬁS-t he
culture's tur%;ﬂ YA reac%e%g&go% lett units as neasured wth a Klett
Sumrer son col laﬂﬁ 4 15 green filter, the tenperature was
rai sed to about [err], and the culture was harvested 12-14 hours

t hereafter ' The whol e ferne "ﬂ?#roth was- passed three tines

t hrough a ?/I CROFLUI DI ZER [err] honoge crofludics, Inc.) under about
11, 000 psi pressure to disrupt the cells. The honngenlzer and product
contai ners were kept on(Neg ahle ﬁb@ﬂﬁgﬁﬁbﬁméf?éggeﬂtrﬁvggggg ni zed
suspensi on was kept between [err] e fermentation broth tenperature
was then reduced to [err] and agitated for about an hour at pH 7. The

suspensi on was t heIL<in¢orithingng indlusion tidies wene ?&{e mﬂesfc?meiﬂh 65

Cupor nat a1y wERePIE e ’P%Pﬁééfe%'?ﬁ%kt BRI 3935030 ey ™

pellet. The pmedtxge the pH of the fermentahon broth to 2.0.

The purity of the resulting inclusion bodies is shown by SDS- q
PAGE in lane 7 of the Figure.
15 '

_Examnlg.&
(Not an embodiment of the present invention)

20 Lane 8 shows the purity of IL-10 produced and purified from
Chinese Hamster Ovaries as described in International Patent
Application PCT/US94/01909. The purity was determined by SDS-PAGE
of the Figure as described in Example 1 except that a 20l sample was
loaded into the well

25

Example 9
(Not an embodiment of the present invention)

30 Lane 9 shows a high molecular weight standard marker used to
estimate the molecular weight of the proteins in the other lanes of the

figure.
Example 10
35
(Prior Art)



the resulting inclusion bodies is shown by sodium dodecyl sul fate-

pol yacryl awog&{;g#g el ectrophoresis (SDS-PAGE), Laemmii, N?%#glp 227

%80 (1970) 1, Figure 1. According to this process
bodi es were resuspended in a buffer to a 1%mentratlon 35 equi val ent to 15
[err] of original broth in a lcmlight pat The buffer was conprised of

2. 3% sodi um dodecy!l at e ( SDS 10% gl ycerol, O 062M I s: HCl pH 6. 8,
0. 001% br onpphenol bﬁﬁs%éﬁtf {‘@‘H“&E‘?%ﬁp’? Y¢rR fermen %W%ﬁ!ﬁl 10
[err] was then Wietethe fermentationl was cempleted) HGF"thmfétmﬁiﬁﬁdﬁ"t gel

A ol 2 s Rl 1 i T

current was st o@b umhmwmsammwm H&'&le;ultanh'rﬂl

?Egvgl’ e:srgﬁt ry[?l\eéw df& Con&%&gml qu,)ﬁl es _were pr epgr gL

as described in d ALY centrifugedasient at i on

broth was honogd&&nﬂdm nweexﬁmtbﬁst&amaeal&ﬂ%émmmlms
reduced to [err' and t.he pH of the broth was |owered to 2.0 by adding 85%
15 w w phospho fd tOllfled suspensi on was then agitated for
about an hour at [err]. The acidified suspension was then centrifuged in 25

o1 ) PSSy e B s

dFAGE
Example 11
15 (Prior Art)
IL-10 containing inclusioﬂ bodies were prepared as described in

Example 10 except for the following. A solution of 9N H2S04 was used
to reduce the pH of the fermentation broth to 2.0.

~ The punty of the resulting inclusion bodies is shown by SDS-
- PAGEmlanelloftheFigure '
| Exampie 12
25
(Prior Art)

IL-10 containing inclusion bodies were prepared as described in
Example 10 except for the following. A solution of 85% w/w H3PO4 was
30 used to reduce the pH of the fermentation broth to 2.0.

The purity of the resulting inclusion bodies is shown by SDS-
PAGE) in lane 12 of the Figure..

35 Conclusion

. Figure 1l illustrates the surprising ability of the embodiments of .
~-the present invention to produce inclusion bodies having low levels of



di scarded, and the inclusion body pellet was resuspended to 1/4 of the 20
original _fernentation broth volune with TEN buffer and the pH of the buffer
was rai sP!WBE \ith a solution of 25% [err]. The resul tRGRUSISOBRASI on
was passed three tines through a MCROFLU DR M [err] and centrifuged in a
GS-3 head of a SORVAL centrifuge as descridred above. The supernatant was

di scarded and the extracted 1L-10 25 renmined in the pellet. The purity of
the resul ti ng impusitiesi.codove levels of insolubledumt protwins.n The-first lasie fshe

Figure. 30  the SDS-PAGE elof&mmduﬁbﬁme gftg.gidp é ctbfe Present
P

| nvention) |L-10.con}aini ¢l,usion S me[e pr escribed in
35 Exanple 2 S45Rg rﬁ’@P‘ lﬁg‘ WB'F H’tf'g%‘q theifirst em f the used

i nstead of phopnebent inventiont Omdmenhﬁ%ﬂhtMt thé baeferia’ Wab

i ane 3, 5 p%*‘&%&%@%@é%ﬁéﬂgeﬁé a‘*é#ﬁ*ga?%ﬂﬂ%%z'ciqa “H@Twéei’ﬁf" F.’AGE)

| nvention) | L-bxsliesnt ai ni ng i ncl usi on bodi es were prepared as described in
Exanpl e 2 except for the following. A solution of 9N [err] was used 10

|2n8t ead of phOSphor‘hfeS&h?yo?mﬁggi%gt}o%efpmé t he f%{‘errent atjon broth to

embodiment of the present invention is illustrated by lanes 2, 3 and 4 of
10 Figure 1. Lanes 2, 3 and 4 are inclusion bodies produced according to
Examples 2, 3 and 4 respectively in which the ho‘mogenized
fermentation broth was acidified, incubated at a temperature between 0-
15°C and centrifuged to produce an inclusion body pellet and | q
supernatant liquid. The pellet is resuspended in a buffer; the pH raised '
15 to 8.5 and the suspension homogenized. The suspension was then *
centrifuged again and the inclusion pellet isolated. Example 2 (lane 2)
used phosphoric acid, Example 3 (lane 3) used nitric acid, and Example 4
used sulfuric acid to acidify the homogenized broth. As Figure 1 clearly
illustrates, the process of the second embodiment of the present
20 invention produces inclusion bodies having a high degree of purity.

Lane 6, produced by the process of Example 6, shows the SDS-
PAGE gel of the inclusion bodies produced according to the process of
the third embodiment of the present invention. In this embodiment,
25 the pH of the homogenized fermentation broth was lowered to about 2.0
with nitric acid, and agitated for about an hour at a temperature between
0-15° C. The pH of the broth was then raised to about 8.5. The broth was
‘then homogenized again and centrifuged to produce the isolated
- inclusion bodies.. According to the third embodiment of the invention
30 only nitric acid was effective in producing clean inclusion bodies. If
either phosphoric acid, Example 5, lane 5, or sulfuric acid, Example 7,
lane 7 were substituted for nitric acid, inclusion bodies containing
unacceptably high levels of insoluble bacterial host: proteins were
produced. '

Lane 8 is an SDS-PAGE gel of human IL-10 produced by Chinese
Hamster Ovary (CHO) cells. Lane 9 is an SDS-PAGE gel of a high
molecular weight standard. Lanes 10, 11 and 12 show SDS-PAGE gels of

35



The purity of the resulting inclusion bodies is shown by SDS- PAGE in | ane
4 of the Figure. 15 Exanpl e 5 (Not an enbodi nent
of the preWn®s/Asaesention) |L-10 containing inclusion bodi es RBVESIMOTRAr ed
as described in 20 Exanple 2 using 85% w w phosphoric acid to acidify the
honogeni zed broth except for the foll ow ngl®kter the acidified suspension
had been agitated for an hour, the pH of the suspension was raised to 8.5
with 25% w v Naghtlasion bodies edacezbmdm prios artdmeethods desmbeahhough a

Hinutes ina comaRblek &Pgﬁfi phe R?%ﬁ%ﬂf!ﬁ?‘%ﬁeﬁé Hafife Prlpr R etiody
super nat ant was Oﬂrmﬁas Mtﬁqwmmmm bacteriagproduce inclusiome| | et
rgﬁepg“orE yt b § réeéstu! ﬁlﬁi&; qév B 0? %ﬁcont alni rlrrg:}a o
i ncl usi on bggl eb%aﬁsee R%Bﬁp‘iﬁﬁsﬁé&é‘bﬁd’ enfigR. the

follow ng. A solution of [err] was used to reduce the pH of the
fernmentation broth t | usi on
bodi es is shown by Sgg%u&&ry,nﬁfgﬁyl%w ??é%srggéﬂt ven on
produce cleaner inclusion bodies as 1llustrated by lanes 1, 2, 3, 4 and 6 of
Figure 1, while the inclusion bodies produced by other methods result
10  in inclusion bodies havmg unacceptably high levels of host protein.

While the present invention has been described in conjunction
with the specific embodiments set forth above, many alternatives,
modifications and variations thereof will be apparent to those of

15 ordinary skill in the art. All such alternatives, modifications and
variations are intended to fall within the spirit and scope of the present
invention, which is only to be limited by the claims.



Exanple 7 (Not an enbodi ment of the present
|nvent|o contai ni ng |ncIu5|on bodi es were prepared as described in
ek

10 Exa ept g A sol ution of 9N HXK/USIAMII2sed to
reduce the pH of thelwm FH 2. 0. Thu--r'fv of the resulting

I nclusion bodies is i n ane Qf lthls%h ure 15 Exanpl e
8 (Not an enbodi nent of the present |nvent|on WS! t he
purity of IL- ced .and urlfledfromChlnese'Ha

described in m&&& d8t Appl i cati-on IPCELUS9 ur| ty
was determ ned by SDS-PAGE of the Figure as descrl bed in Exarrpl e 1 except
that a [err] | e s,|l oa nt 0 5 Exa e. 9 (Not an

enbodi nent of ang Wﬁ%f’?@ﬁ&@ﬁﬁ h%e“;ﬁe % bastezian gh

nol ecul ar &ei gexpressingl said hetekelogoasqorbtem ltherfollowihg istegss: ght  of
the proteins in the other lanes of the figure.” 35 %PI‘IOI’ Art)- - 13-

(a) fermenhng the bacteria in a fermentation broth,
(b) dxsruptmg the bacteria oonumed in the fermentation broth;
| (c) centrifuging the fermentatson broth 50 as to obtain an
10 inclusion body pellet and a supematant hqmd and
(d) removing the supernatant liquid so as to obtain an isolated
inclusion body pellet containing the h_eterolog_ous protein.

2 A method of extracting a hetetologous protem from bactena
15  expressing said heterologous protein comprising the followmg steps:

(a) fermenting said bacteria in a fémi_’enta_ﬁon'bmth; |
(b) disrupting the bacteria contained in the fermentation broth;
(c) cooling or maintaining the fermentation broth ata
20 temperature of between about 0-15°C;
(d) adding an acid to the fermentation broth such that the
fermentation broth obtains a pH of about 2.0;
(e) incubating the acidified fermentation broth at a temperature of
between 0-15°C so as to kill any remaining undisrupted bacteria;
25 (f) centrifuging the fermentation broth so as to obtain an
inclusion body pellet and a supernatant liquid;
() removing the supernatant liquid from the inclusion body
pellet; . -
(h) suspending the inclusion body pellet in a buffer so as to obtain
30 a suspension;
(i) adding a pH adjusting solution to the suspension so that the
supspension obtains a pH of between 6-9;
(j) disrupting suspended solids contamed within the suspension
of step (i);
35 (k) centrifuging the suspension so as to produce an inclusion
body pellet containing the heterologous protein and a supernatant

liquid; and

»)

4
S



The bacterl a produci pg-the—H—L—were—fernenfed=as
fermentation was conpleted, the pH of the fr'ﬁlﬂlﬁt&HE[EOTHAHBE ms reduced to

fo8'5 w ??%ﬁf’&”@‘“ﬂaﬁﬂllmmﬂf’llﬂllﬂum L orae &1 oes

through a M CROFLUI DI ZER M [err] &nd*cent#Tfugedin a GS-3 head of a [err]
centrifuge as described above. The supernatant was di scarded and the
extracted IL-10 renai(Retemavingthe-supernatant liquid sotas toobtain isplated

resul ting incl ushdisidbedies containing heflrdlogotistpidteinane 10 of the Figure.
Example 11 15 (Prior ‘Art) 1L-10 containing

-inclusion bodies were prepared as described in Exanple 10 except for the
following. A soButhéﬂlédldﬂmmlaththeacﬂﬂﬁeé feimentatioh broth is

fermentati ongbr '8“% e resul ting inclusion bodies
I s shown by %ﬂ%qfaﬁgn@% ﬁghF Exanple 12 25 (Prior Art)
-1L-10 contalnlng |ncIu5|on bodi es were prepared as described in Exanple 10

re)e(glﬁgte Iﬁre |torljleof t he, f.erne of roﬁ&éﬁﬁ(ifi}“\l"\llmei § ﬁﬁon rtgsfultl ng
i ncl usi on bodi e§§&&9 WF‘&?%%”%Q%)‘WE"%HE g“ “fk‘é Bﬁ a 35

temperature between 0°-15°C.

10
5. The method of claim 2 wherein the acid is selected from the group
consisting of phosphoric acid, nitric acid, hydrochloric acid and sulfuric
acid.

15 6. A method of extracting a heterologous protein from bacteria
expressing said heterologous protein consisting essentially of the
following steps:

(a) fermenting the bacteria in a fermentation broth;
20 (b) disrupting the bacteria contained in the fermentation broth;
(c) cooling or maintaining the fermentation broth at a
temperature of between about 0-15°C;
(e) adding nitric acid to the fermentation broth such that the
fermentation broth obtains a pH of about 2.0;
25 (f) incubating the acidified fermentation broth at a temperature of
between 0-15°C so as to kill the bacteria;
(g) raising the pH of the broth to about 8.5;
(h) disrupting and dispersing solids contained within the broth;
(i) centrifuging the fermentation broth so as to produce a
30 supernatant liquid and inclusion body pellet containing inclusion
bodies; and
(j) removing the supernatant liquid so as to obtain isolated
inclusion bodies containing the heterologous protein.

This Sheet Has Been Rep laced

||II|I [




ﬁigure 1l illustrates the surprising ability of the enbodi nents of the
present invention to produce inclusion bodies having |ow | evel s of - 14-
inpurities, i.e., lowlevels of insoluble host proteins. The first lane is
t he SDS- PA®EB 958b6368f the inclusion bodies containing |IL-10 eREHHESEAIBuri ng
Exanple 1 which is nethod of the first enbodi mrent of the present invention.
The fernmentation broth containing the ﬁqpt ria was 5 honopgeni zed and
centrifuged to produce isolated, clean inclusion bodies. The purity of

i ncl usi on bodi es produced by the second enbodi nent of the present invention
is illustrated by lanes 2, 3 and 4 of 10 Figure 1. Lanes 2,3 and 4 are

I ncl usi on bodi es produced according to Exanples 2, 3 and 4 respectively in
‘whi ch the honopgeni zed fernmentation broth was acidified, incubated at a
tenperature between 0- [err] and centrifuged to produce an inclusion body
pell et and supernatant liquid. The pellet is resuspended in a buffer; the
pH raised 15 to 8.5 and the suspensi on honogeni zed. The suspensi on was
then centrifuged again and the inclusion pellet isolated. Exanple 2 (lane
2) used phosphoric acid, Exanple 3 (lane 3) used nitric acid, and Exanple 4
used sulfuric acid to acidify the honogenized broth As Figure 1 clearly
illustrates, the process of the second enbodi nent of the present 20

i nventi on produces inclusion bodies having a high degree of purity. Lane 6,
produced by the process of Exanple 6, shows the SDS- PACE gel of the

i ncl usi on bodi es produced accordi ng={G e fprbfdss of

1 23 45 678 910112



the third enbodi nent of the present invention. In this enbodinent, 25 the

..-pH of the’ honegem—z—ed—f—er—n%n%_en broth was | owered to about 2.0 with
nitric acid, and ai‘lt ated for. about an hour at a te ure between.ferr]

EngrDSSn?;edhgggmll m&m”ﬂmﬂ: uze?otgrgggﬂé ?hg S Ieha edﬁh{éﬁé@fgﬁzgﬁbc‘;gl es.
acild was

According to the thi'rd" enbod |nent of the invention BQ. . 0@l ¥ WY rve! acil
effective in producng dean inclusion bodies. If eit{iel_.pho

Exanpl e 5, | angHAT IS CLAIMEDdSaci d, Exanple 7, |ane _7 wer e substltut ed for
nitric acid, inclusign bodies containing unacceptably high | evels of
I nsol ubl e bacterial host protei ns were produced 35 Lane 8 i s an SDS- PAGE

gel of human IL-10 . Qph? @'I&E i 6ai@ | S
an SDS- PAGE gell of [g 1 g gf nol"ecu vveltéi‘ﬁ st ahdar Lanes l%H‘ﬁrwandﬁ\allZ
show SDS- PAGE hgekslogéus profeltﬁeomm&mgthmfoﬂowl@stqrsoduced according to prior

art nmethods described in Exanples 10, 11 and 12 respectively, show ng that
the prior art methods of extracting heterol ogous prot ei ns from bacteria

produce inclusion bodie Walam t B f@hﬂctl@ of host
prot.ei ns tthan incl usi on%gﬁfe%ggn%&é@?%g?%xaccor Ing to the processes of
the present invention. I(b) disrapting thebacteria cdntainedbimothedfesnentdtioneroth; esent
i nvention produce cl eaner_ing]usion bodi,es as ustrate l.anes
4 and 6 of Figure 1, whi(Peceqlmg;oranpiaiaiping the gmﬁptamh{p%)ﬂattﬁlgpeqé{rﬁggs
result between about 0-15°C;

(d) adding an acid to the fermentation broth such that the fermentation

10 broth obtains a pH of about 2.0;
(e) incubating the acidified fermentation broth at a temperature of

between 0-15°C so as to kill any remaining undisrupted bacteria;
(f) centrifuging the fermentation broth so as to obtain an inclusion body
pellet and a supernatant liquid;

15 (2) removing the supernatant liquid from the inclusion body pellet;
(h) suspending the inclusion body pellet in a buffer so as to obtain-a
suspension; '

(i adding a pH adjusting solution to the suspension so that the
supspension obtains a pH of between 6-9;

20 (§) disrupting suspended solids contained within the suspension of step
D;

(k) centrifuging the suspension so as to produce an inclusion body
pellet containing the heterologous protein and a supernatant liquid; and
() removing the supernatant liquid so as to obtain isolated inclusion

25 bodies containing heterologous protein.

2. The method of claim 1 wherein the acidfied fermentation broth is maintained
at a temperature of 0-25°C.



;0'; i n inclusjon-bodies having unacceptably high levels of h
Wi le the present invention has been described in conr Q&}A
o

speci fic enbodi ne m " ve, many alternati
vari ations ther eo“!mlﬂfm HLM Mt to those of 15
art. Al such altetndtives® nmbdifications™dnd vari ati
fall within the spirit and scope of the present invent+om,
be limted by the clains. VWHAT IS CLAIMED IS: 1. A et hod of
extracting a heterologous protein frombacteria expressing said

het er ol ogous protein conprjsing the followng steps: 5 . (a)
fermenting ¢ hd- bac T8 e qﬁafﬂmrérwlmleﬁheo%@iiﬁ?ﬂ}n%mmwft% @ s
bacteria cont ai j HRE Rﬂ:eﬁﬁ?ﬁl xticdnGak dr hLOHEi1§k Qg :
t he fernentat ?%c’riliﬁ rot?%rtdgtsuﬂ;ﬁ{ errpk?g%ure 0 et%c{\f\l/ee% about Ierri; l?éc)ll) lgdgi ng
an acid to . the fernentation broth such that the fernmentation 10
broth obtains a pH.of abou .0, -(e), i ncybat i, the acidified fernentation
broth at a t offper ailhe asirobef o | Fersin S erid S effied from the ool gt
undi srupt 8d bgehesdorié hoid Ciftid hdid hftiolHiGrd &6iTaNA Bhireric Reiglh so as to '
obtain angi nc?uglﬁogg ggély p’eﬁ et a{n’d }gﬂguper natant |1 quid; 15 :

(g) renmoving the supernatant liquid fromthe inclusion body pellet; (h)
suspendi ng the inclusign Bq(?ﬂd el.let i buffer so.as fo obtain a, .
Susponsi on; (3 addh Meted g cructne p Jelnflapdsproiy Bt bR FaeSive wid
the heterologous protein consisting essentially of the following steps:

o skt BYERE

(a) fermenting the bacteria in a fermentation broth;
(b) disrupting the bacteria contained in the fermentation broth;
10 (¢) cooling or maintaining the fermentation broth at a temperature of
between about 0-15°C;
(¢) adding nitric acid to the fermentation broth such that the
fermentation broth obtains a pH of about 2.0;
(f) incubating the acidified fermentation broth at a temperature of
15 between 0-15°C so as to kill the bacteria;
(g) raising the pH of the broth to about 8.5;
(h) disrupting and dispersing solids contained within the broth;
(i) centrifuging the fermentation broth so as to produce a supernatant
liquid and inclusion body pellet containing inclusion bodies; and
20 (j) removing the supernatant liquid so as to obtain isolated inclusion

bodies containing the heterologous protein.
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L (87) Abstract

An insoluble mammalian protein is ex-
tracted from transformed bacteria express-

irreversible insolubilization of bacterial host -
proteins by homogenizing the fermentation
broth, centrifuging the homogenized broth
and removing the supernatant liquid from the
nclusion body containing pellet. In another
embodiment, the pH of the homogenized
broth is adjusted to 2.0 prior to centrifuga-
tion. The acidified broth is then centrifuged,
and the pellet is resuspended in buffer, ho-
mogenized again, and the inclusion body is
isolated by centrifugation.
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(h) disrupting and dispersing solids contained within the brothx (i) _
centrifuging the fernentation broth so as to produce a supernatant |iquid
and inclusion body pellet containing inclusion bodies; and 20

@ renoving the supernatant |iquid so as to obtain |solated |nclu5|on
bodi es containing the heterologous proteln
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