1 o TI TLE OF THE | NVENTI ON SHUTOFF- OPENI NG

DEVI CES AND FLUI D CONTROL APPARATUS COWPRI SI NG SUCH DEVI CES
BACKGROUND OF THE I NVENTION 5 The present invention relates to

shut of f - openi ng devi ces conprising a valve main body and a plurality

of valve actuators and fluid control apparatus conpri sing such devices.
The terns frontwomeasrse upper, lower, right and 10 left are kpeggistsgdssd
based on FIG 2; the right-hand side, the left-hand side, the upper
side and | ower side of the drawing are referred to as front, rear,
upper and |l ower, respectively, and the terns right and left are used
for the device as it is viewed 15 fromthe behind toward the front. The
devi ce may be used with the front-rear relationship as reversed, or
t he upper and | ower side thereof positioned as the left and right

si des. Shut of f - openi ng devi ces are al ready known which 20
conpri'se a rectangul ar parall el epi pedal valve main body, and a
plurality of valve actuators. Such a device is disposed at each of the
inlet,side and the outl et side of a massflow controller or like con-

PREPARATION OF AN ACYLATED PROTEIN POWDER

The present invention is broadly directed to a method for recovering, as a
5 powder, an acylated protein, particulary those that resist recovery by precipitation
or crystallization and subsequent filtration from aqueous solutions, and especially
certain acylated proinsulins, acylated insulins or acylated insulin analogs. More
particularly, the present invention relates to the preparation of a freely-flowing
powder of certain acylated proinsulins, insulins and insulin analogs from their
10 aqueous solutions.
2. Description of Related Art
It has long been a goal of insulin therapy to mimic the pattern of endogenous
insulin secretion in normal individuals. The daily physiological demand for insulin
fluctuates and can be separated into two phases: (a) the absorptive phase requiring
15 a pulse of insulin to dispose of the meal-related blood glucose surge, and (b) the
post-absorptive phase requiring a sustained amount of insulin to regulate hepatic
glucose output for maintaining optimal fasting blood glucose. Accordingly,
effective therapy generally involves the combined use of two exogenous insulins:
a fast-acting meal time insulin provided by bolus injections and a long-acting basal
20 insulin administered by injection once or twice daily.
Recently, a class of acylated insulins has shown promise for use as a long-
acting basal insulin therapy. These acylated insulins are prepared by acylating,
selectively with an activated fatty acid derivative, the free amino group(s) of a



2 troller to provide a fluid control apparatus for use I n

sem conduct or manuf acturi ng equi pnent. FIG 17 shows a conventiona
shut of f - openi ng device 61. The device 61 conprises a rectangular 5
par al | el epi pedal val ve main body 63, and three val ve actuators 64, 65,
66 nounted on the upper surface of the main body and arranged si de by
si de | ongi t W%49MBY t hereof (in the front-rear di r ectpcasesobhs
valve main body 63 is formed with a 10 main channel 67 extending fromthe
rear end face of the body 63 nearly to the front-end val ve actuat or
64, and three subchannels 68, 69, 70 conmmuni @ati ng with the main

channel 67 via the afibntiheticSinddlin, Goluding a pRfinsulifS REdal Y6hbn afd SeltBP Shsuli
surface of the valve 15 bg%zl 63 is flat "and parallel to the |ower surface
thereof . The actuat GPalogy Ussful fary acid deriyatives dnclde reactive faty atigttype wompounds as

spaced apar t by eqUalavipg at eied BORF Sarbon atom chaiy | ;% .4 he

mai n channel 67 into '28.the fi rs@}su c%%%nr‘]e @%r@d%@%ﬂ%&d}@)ﬁ% Jgfgc] ant

portion of fluid) ofderiMasivéehiing 810 2§ cambby atomsrin their chainhaMuab-acylated Hétmal
and third actuators 65,

6. when the | IHGHRA it e Wia PRlPIAR G e Fat, §iHeERErhE eoming
3 channel 69, thandi@dsl Ylif®failihg WRIrSAR' datagB W€ estfibed in Japanese patent
application 1-254,699.
As well-understood by those skilled in this art, ways of recovering a protein
in a solid, preferably free-flowing powder, form is especially advantageous, if not
10 essential, in many applications. Preparation of a protein as a powder, for example,
* maximizes storage and distribution options. This is particularly true in the context
of compositions destined for insulin therapy where high volumes of product must
be produced to satisfy demand. Fortuitously, it was long ago discovered that
normal insulin, including beef insulin, pork insulin and human insulin, could be
15 recovered as a powder by precipitation, or more accurately crystallization, of the
insulin from relatively dilute aqueous insulin solutions as a zinc complex or as
sodium crystals. In general, so-called zinc insulin is crystallized from a buffered
agueous solution coniaining zinc ions and can readily be isolated by filtration.
Unfortunately, attempts to recover insulins acylated with long chain fatty
20 acid derivatives by filtration have not been as successful. Indeed, known attempts
to crystallize fatty acid-acylated insulins have been uniformly unsuccessful. It has
been postulated that the hydrophobic character of the long chain fatty acid moiety _
on such insulin monomers contributes to this difficulty by interfering inter alia with
the protein-protein interactions required for satisfactory crystal formation.
25 Consequently, other ways must be found for preparing these acylated insulins in a
solid, powdered form,
One technically feasible approach to produce an acylated protein, such as an
acylated insulin, in a powdered form is to lyophilize an agueous solution of the
protein. While powdered preparations of fatty acid-acylated insulins can be



I nterconnecting the main channel 67 and the third val ve actuator 66,
and front end portions 67a, 67b of the main channel 67 positioned

bet ween the first 5 val ve actuator 64 and the second val ve actuator 65.
Further when the fluid flows fromthe main channel 67 into the third
subchannel 70, the dead volune is t he short channel 71 interconnecting
the main cHEAASI7®7 and the second val ve actuator 65, thectifswesss
channel front end portions 67a, 67b positioned bet ween the first and
second val ve actuators 64, 65, and an internedi ate portion 67c of the
mai n channel 67 positioned between the second and third actuators

65, 66. 15 W t Ipridied il waf)Ngaiiadal iRl the Aot cBnvenienyP Mapl to
devi ces for use in sem cgnduct or manuf acturing equiprment, 1t°1s
critical to dim ni s@productiomef d@mﬂmﬁwcmmi@dwg@ toremengiallyy Issues log

Contont vol e, ent (P ok iy W prbAitt O e i iy BRPREEE Y 76s tlume

devi ces still Myophilization dperatiomy. oved i n t hese points.

SUMVARY Og THE | NVENTI O\IAn .An object of the present invention is to
provi de other potential strategy involves isoglectric precipitation. ofrelsingdn an
devi ces which are diagaddus Bslitidn haV€ Whg been ¥RIwHS bedithe! @1@1@% f-la&‘
conpared with conventi onal devi cgs and to provi deﬂ% ul con??%’ the

devi ces conprisi ng $tharPnment i adjngich ingeandye petein’s isoelectric point. This general
phenomenon has long been exploited in protein purification and recovery processes.
Once insolubilized, such proteins often can be recovered from the resulting aqueous
10 suspension by simple gravity thickening or by vacuum-assisted and pressure-assisted
filtration.

Unfortunately, our attempts to recover fatty acid-acylated insulins simply by
adjusting the pH of an aqueous solution of the acylated protein to near its isoelectric
point has produced emulsion-like compositions that resist easy solid-liquid

15 separation, such as by gravity thickening or vacuum-assisted and pressure-assisted
filtration, As a result, a new approach for recovering such acylated insulin species
in a powder form must be found.

The present invention provides a simple procedure for recovering acylated
proteins by precipitation and fitration as a freely-flowing powder, and especially

20 certain fatty acid-acylated insulins that resist such isolation and recovery by
precipitation and filtraton. The present invention thus provides a method for
recovering fatty acid-acylated insulins as a freely-flowing powder from aqueous
solutions. In particular, the present invention provides a process for recovering a
powdered, fatty acid-acylated insulin that can be adapted conveniently to relatively

25 large scale production techniques. The present invention also pertains to the
powdered protein prepared by this method.
DESCRIPTION OF THE INVENTION

All amino acid abbreviations used in this disclosure are those accepted by the

. United States Patent and Trademark Office as set forth in 37 C.F.R. § 1.822B)(2).



5 The present invention provides a shutoff-opening devi ce
conprising a generally rectangul ar par al | el epi pedal val ve mai n body,
and a plurality of channel on-off val ve actuators nmounted on an upper
surface of the valve main body and arranged side by 10 side longitudinally
t hereof, the val ve main body being internally formed wth a mai n
channel &gﬂ&k&g froma rear end face of the main body or

end portion |lo Yace of the main body nearly to thel’%‘t’ﬁ?@“%’t uator
at a front end of the 15 nmain body, and with a plurality of subchannels
communi cating with the main channel via the 4 respective valve
actuators, the shutoff-opening devi ce being characterized in that the

surface of the VAkYemiBhaROs “hodmbiipasn” %ﬁé@ﬁ&hﬂ%&@ﬁﬁnﬁsﬁﬁte“di ng

forwardly downward and having the front- end val ve actuator nounted

t her eon. porkriasufin, mwmbmmmnummmmmmm@gmps &'ant i ng

face is prefera € 29 0
degrees to 45 dte)gl?eégmﬁ@ﬁ‘%&g &l B Lysrxg t&?},‘é |nc Xﬁg t he
advant age resul tandgB! are o-afmimongrotpss Tlea‘teummmosgrmpedtppsxm’éasanfaaﬂm
inclination is great, the front-end val ve actuator becones forwardly
proj ect ed beyon H% front end of 5 the val ve main body, increasing the
possi bility of t Mihe fe@in Uproinsulin® aeiish@ hidréif) is\biptdpery da6ss- 1RSSOI JEMS ,

the inclination Phould be within the preferred range

B-C-A

wherein:

A is the A chain of insulin or a functional derivative thereof;

B is the B chain of insulin or a functional derivative thereof having an e-
amino group; and

C is the connecting peptide of proinsulin. Preferably, proinsulin is the A
chain of human insulin, the B chain of human insulin, and C is the natural
connecting peptide. 'When proinsulin is the natural sequence, proinsulin possesses
three free amino groups: Phenylalanine(1) (z-amino group), Lysine(29) (e-amino
group) and Lysine(64) (e-amino group).

The term "insulin analog” as used herein is a properly cross-linked protein
exhibiting insulin activity of the formuia:

A-B

wherein:

A is the A chain of insulin or a functional derivative of the insulin A chain;
and

B is the B chain of insulin or a functional derivative of the insulin B chain
having an e€-amino group and at least one of A or B contains an amino acid
modification from the natural sequence..

Preferred insulin analogs include insulin wherein:

the amino acid residue at position B* is Asp, Lys, Leu, Val, or Ala;

the amino acid residue at position B* is Lys or Pro; — —
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described in view of the size of the valve actuators and the size of
the fluid control apparatus to be 10 provided by such shutof f-openi ng

devi ces. Wth the shutoff-opening device of the present

i nvention, the upper surface of the valve nmain body isin the formof a
slanting face gxtendi ng forwardly downward at the portion thereof

havi ng t he 15MBH#0738nd val ve actuator nounted thereon. Thi BCT/USI6O®EUCeS

t he vol une of the front upper portion of the val ve mai n body, the
front-to-rear length of the front portion thereof, and the content

vol une, vol une and wei ght of the shutof f ®openi ng device. 20 The nain

channel includes a front tegaminoatcidaesidue at pasitionBihis dibet Aggn t he front-end
val ve actuator and t ve actuator immediate dj acent thereto

whi ch portion accounts ft)l% é‘ﬁ#ﬁﬁ ﬁ&ﬁﬁ’?%’r’“ °?Ill?e‘s hye!éeégd"’{/é?lﬁfﬁ%a‘@ﬂe eria
shut of f - openi ng devi evmbinbkib® with a deletion of the residue at position B2, 6 mal n

channel front end portion dimnishes with the % reduction in the length
of front portion of the theaminpgeidxesidyeaspsition &) sie Thorlay oridalstedagndig t he

Lot %o acn, e SAUmREINAE o e ok bl A ik
out | et si de pf MQ&B?’GWBI%MIWSJ | er or i ke contr oller to
et actur ng equi prent - 1 £ B e i st nan e
shut of f - openi ng preferred insulin analogs are Lys®Pro™-human insulin (B* is Lys; B is Pro);
Asp™*human insulin (B* is Asp); Asp®-human insulin, Arg®"®Zhuman insulin,
10 Asp®°-human insulin, Arg*-human insulin, Asp®,GIt®*-human insulin, Al%-
human insutin, and Gly*?'-human insulin.
The term "acylating” means the introduction of one or more acyl groups
covalently bonded to the free amino groups of the protein.
The term “fatty acid" means a saturated or unsaturated C,-C,, fatty acid.
15 The term “activated fatty acid ester" means a fatty acid which has been activated
using general techniques such as described in Methods of Enzymology, 25:494-499
(1972) and Lapidot et al., in 1. of Lipid Res., 8:142-145 (1967), the disclosures of
which are incorporated herein by reference. The preferred fatty acids are saturated
and include myristic acid (C,,), pentadecylic acid (G ), palmitic acid {C ),
20 heptadecylic acid (C;,) and stearic acid (Gg). Most preferably, the fatty acid is
palmitic acid. Activated fatty acid esters include derivatives of agents such as
hydroxybenzotriazide (HOBT), N-hydroxysuccinimide and derivatives thereof. The
preferred activated ester is N-succinimidyl palmitate. |
The term “"cross-link* means the formation of disulfide bonds between
25 cysteine residues. A properly cross-linked proinsulin, insulin or insulin analog
contains three disulfide bridges. The first disulfide bridge is formed between the
cysteine residues at positions 6 and 11 of the Achain, The second disulfide bridge
links the cysteine residues at position 7 of the A-chain to the cysteine at position 7
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device in this case, it is desired to use the subchannel renotest from
the controller for the process gas and to use the subchannel adjacent
to t his subschannel for a purge gas. The dead volume 15 during the
flow of the process gas is then l[imted to a short channel or short
channel s connecting the mai n channel to the other valve actuator or
actuators tomrﬁotgg(ém?‘bar, with the result that the gas PERHPIOTRE upon
changi ng over the process gas to 20 other gas can be renoved within a
short period of tinme. A suitabl e nunber of fluid control

devi ces of the type described are used f&r providing a fluid

control apparatus. | fbfths Behainl Qe third idisulfidectitige lifkatthe cysteine at position 20 of the A-
7 t he val ve nmain bodi&g of .the shut off-%)eeg—ic devi ces be equal

in front-to-rear | enGhain 19 the cysicing 3 posion; ¥pf tber of val ve actuators.
The first valve act U%Qrt&npféprﬁﬁﬁmﬁa‘l‘tﬁfek e,p@wﬂssdﬁvwﬁem&aﬁ,(tdi@&bxe S
eni to operate.

aligned, rendering the shutoff-o g devices easy
Preferably, the subcpsmicies aferprodnderinialiquideand is to bedistinguished Sropf simplyla change

Fhutof - pgn o Sov1 Seg s o € A0t g FBOf o B et "°
face or |ower surfacand/or éhdsioalive twoiphash militures. The filterallé barticles heiseives hreOr
subchannel s have an O&Srr}édnt% iy iinitz;[teu.e | ower surface of the valve main
body, and T as a precip
The phrase “readily filterable” and other similar phrases refers o a condition
in which the particles of a solid-liquid mixture or sturry can be isolated by a process
10 of dead-end filtration and related techniques to a handleable filter cake, i.e. a
material with a residual moisture content that does not interfere with the handling
of the cake as a solid rather than a slurry. In “dead-end” filtration, the slurry is
delivered and filtrate liquid passes substantially perpendicuiar to the plane of the
filter and is to be contrasted with “crossflow” or “tangential-flow” filtration in which
15 the main liquid flow is parallel to the surface of the filter medium. Importantly, the
method of the present invention produces a slurry of an acylated protein that can be
isolated by dead-end filtration and related techniques at an average or mean filtration
rate exceeding 5 /m*/hr (LMH), and often at an average or mean filtration rate
greater than 20 LMH, the endpoint of the filtration normally being the point when
20 the cake can be handled as a solid. Such filtration rates are critical for economy of
operation on a commercial production scale.
The term “aqueous” includes cosolvent systems as well as use of water only
as a solvent.
The present invention relates to a method for recovering an acylated protein
25 as a powder from an aqueous mixture, especially those acylated proteins that resist
isolation and recovery by isoelectric precipitation from an aqueous solution of the
acylated protein, The method comprises adjusting an aqueous solution of the
acylated protein to 2 pH that causes the protein in solution to become insoluble and



pi ping for the other subchannel or subchannels is 15 provided under the

mai n body. The pipi ng neans can then be in a flat arrangenent under

t he val ve nain body, conpacting the control apparatus inits

entirety and assuring the piping portion of facilitated mai ntenance.
20 BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1lis a
perspective vi NP ¥HOWONg a first enbodi nent of shut of f - operrussgntbeyi ce
of the i nventi on; FIG 2 is a viewin |ongitudinal section of
t he sane; FIG 3 is a perspective view show ng a
first enbodi nent of a fluid control device of the i nvention; 5

FIG 4 is a view in addingsifficiénn alcotobiottheratmedus inid@ure of the protéin to cause prefipitatioR | S

a perspective view show ng a.second enbodi ment of_ shut of f- openi ng
devi ce of the i rﬂ?gl?ﬁl?’gtﬁf“mﬂ?t%m of-fikteralgle partigles 2t sAdMH.i ve vi ew showi ng a

mecong oot T oty hthe Rt R e e

FIG 7 is aviewin longitudinal sectio !
shut of f - openi ng deviRfetel; papicularly an @oyiated qrotein1that resists-isglatibn by dsoeliestric i n

| ongi tudl gal sect i 0ol rom an aqfeoh blildn ® EPRARD 8 oredlit iRl i petaind
to a fatty acid-acylated proinsulin, a fatty acid-acylated insulin or a fatty acid-
acylated insulin analog in the form of a powder, prepared by adjusting an aqueous
solution of the acylated insulin protein to a pH that causes the protein in said
agueous solution to become insoluble, and adding sufficient alcohol to the aqueous
10 protein to cause precipitation of the protein in the form of filterable particles at said
PH. Thereafter, the protein can be recovered as a zinc-free powdered acylated
protein by filtration and drying. Preferred acylated proteins prepared in powder
form using the method of the present include N-palmitoy! Lys®?> human insulin and
B28-N°-palmitoy]-Lys® > Pro>2>-human insulin (B28 is acylated Lys and B29 is
15 Pro).

Proinsulin, insulin and insulin analogs used to prepare the acylated proteins
that are the principal focus of the present invention can be prepared by any of a
variety of recognized peptide synthesis techniques including classical (solution)
methods, solid phase methods, semi-synthetic methods, and more recent
20 recombinant DNA methods. For example, Chance et al., U.S. patent application
number 07/388,201, EPO publication number 383 472, Brange et al., EPO 214
826, and Belagaje et al., U.S. Patent 5,304,473 disclose the preparation of various
proinsulin and insulin analogs and are herein incorporated by reference. The A and
B chains of the insulin analogs of the present invention may also be prepared via a
25 proinsulin-like precursor molecule using recombinant DNA techniques. See Frank
ef al., Peptides: Synthesis-Structure-Function, Proc, Seventh Am. Pept. Symp.,

Eds. D. Rich and E. Gross (1981) which is incorporated herein by reference.
Generally, the proinsulin, insulin and insulin analogs are acylated by reacting
. them with an activated fatty acid derivative, such as an activated fatty acid ester.



I nventi on; FIG 9 is a plan view showi ng an enbodi nent
conprising a plurality of shutoff-opening devices of 20 the invention;

FIG 10 is a plan view show ng anot her enbodi ment conprising a
plurality of shutoff-opening devi ces of the invention; FI G
11 is a perspective view showing a fifth

9 enmbodi ment@8¢#4%#ut of f - openi ng devi ce of the i Nvent i BOT/US96/07963
FIG 12 is a view in longitudinal section of the same; 5 FIG 13
is a perspective view showing a fluid contyol device enbodying the

I nventi on and conpri si ng shut of f- openi ng vi ces according to the
fifth enbodi nent; e acyliog, of Inbringl insulinevith a fdtyregid iscistidsed iclapaiespatidie

10 sane; FI LS a.perspective Wi ew showinga sixth,

embodi nent of shut of %ﬁ"ﬂgmegﬁﬁﬁ%mwwéﬂt maceutical Resqarel, 6 g
is a viewin |ongitud7Rire 6989). 0Thesk disbidsurdshars HiBrpomisd herein by refifefigel 7 1S @
view in longitudinal sectjon showng  a conventional shu{gff-_openi ng
devi ce. DESCRI Preferpblyorthersaqylapipqriscopducted pndsn besispenditions, i.e., at a pH

Enbodi ments of the i pugdl indh o\ dnld ﬁ&eﬂﬁ?%&ﬂeﬁs, in a polar solvent. While the reaction

can be conducted in a wholly organic polar solvent using a base having an aqueous
PKa of greater than or equal to 10.75, we prefer a mixed organic and aqueous
solvent for the reaction medium. Preferred bases are tetramethylguanidine,
diisopropylethylamine or tetrabutylammonium hydroxide. One particularly suitable
10 solvent has been acetonitrile and water, containing about 50% acetonitrile. Other
polar solvents include dimethylsulfoxide, dimethylformamide and the like.
Cosolvent systems also include acetone and water, isopropyl alcohol and water, and
ethanol and water. Time and temperature conditions suitable for conducting the
reactions are not narrowly critical. A temperature of 0 to 40°C and a reaction time
15 of 15 minutes to 24 hours should generally be suitable., A particularly preferred
way of preparing such fatty acid-acylated insulins is described in copending U.S.
application Serial No. 08/341231 filed November 17, 1994, the disclosure of which
is incorporated herein by reference.
Once the reaction is complete, the reaction mixture containing the acylated
20 protein typically is diluted with water and an acid is added to neutralize the
alkalinity. The acid is supplied as an aqueous solution to the acylated protein and
serves to lower the solution pH to below the isoelectric point of the protein.
Normally, at this point the protein is in a properly buffered aqueous solution for
further processing. Such processing particularly includes purification by standard
25 chromatographic methods such as reverse phase or hydrophobic chromatography,
concentration by crossflow filtration, solvent exchange by ultrafiltration and the
like, For acylated proinsulin, acylated insulin and acylated insulin analogs,
particularly  N-palmitoyl Lys®® human insulin and 128-N -palmitoyl-
LysmsProB”-human insulin, the pH normally should be adjusted to below about

—_—
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20 below with reference to the draw ngs. FIGS. 1 and 2 show a
first enbodi nment of shut of f - openi ng device 1 of the invention. As
shown in FIGS 3 and 4, the shutoff-opening device 1 is di sposed
at the inlet side and the outlet side of a .

10 massfl ow controller 2 to provide a fluid control devi ce 10.
Wth reference WQ9He@8. 1 and 2, the shutoff- openi ng d®PCiraesinroes
conprises a generally rectangul ar 5 parall el epi pedal val ve nain body 3,
and first (front-end), second (internediate) and third (rear-

end) channel opening-closing valve actuators %, 5, . 6. The val ve main

body 3 is internall 300k Proferably to betweeBbsutCNSRAE!2. 8 lugig Eedidid ad hécdbdiNt
fromthe rear 10 end face of the nmain body 3 nearly to the |ocation of

the front-end val ve $éehlgaeids include HGl apetieadid; glycine and eppecigly gitrigacid. f Usesof
front-end), d gircic adiit B £bSBEHAK ' 22,
b5 °50 commn; oat i ngte il i £bdmeliRlion of S mibhds beld fha EAbleD 1P GEBO R pr

4, 5, 6, respecti velaso cdhbe readjustadbwithembask ssufiBas @divooydnoNiden tte keppiil withio e

main , hannel 21 yi.a the respective second and third val ve actuators
5 6 are %ositioned SHHESA%%  y in t he rear of respective short

channel s 25, 26 extendi nqmﬂi@gbmmlémemismuﬁ&iaambis'blaté@ahdnprefamy\ﬁxm

third val ve actuators 5, . wher eas t hese subchannel 23, 24 are
shown in broken |i nea6ylated Srtein cparticuariy- fatty acid-acylated proinsulin, a fatty acid-acylated

insulin or a fatty acid-acylated insulin analog, can be processed in accordance with
the present invention to recover the soluble protein as a powder. According to the
10 invention, the pH of the agueous protein solution is adjusted, by the addition of a
base, preferably a water-soluble base such as sodium hydroxide, in 2 sufficient
amount to cause the soluble protein to become insoluble. This is accomplished by
adjusting the solution pH to near the isoelectric point of the acylated protein,
alternatively referred to as the isoelectric pH. In the case of a fatty acid-acylated
15 proinsulin, a fatty acid-acylated insulin and a fatty acid-acylated insulin analog,
particularly N-palmitoyl Lys'i29 human insulin, adjustment of the pH to within the
range of about 4.0 to 6.0, and preferably to about 4.5 to 5.5 has proven suitable.
At this pH, the net charge on the acylated protein should be at a minimum and the
solubility of the protein should be at its lowest. During adjustment of the pH, the
20 solution should be agitated to obtain complete mixing.

Aqueous solutions of the acylated proteins, which are especially amenable
for treatment in accordance with the present invention, form an emulsion-like
composition when the pH is adjusted to near their isoelectric pH. This condition
interferes with isolation of the protein ﬁsing those solid/liquid separation techniques,

25 such as deadend filtration, desireable for large scale processing. A key feature of
the present invention relates to the use of an alcohol, especially ethanol, added to
the agueous protein mixture to assist the formation of an easily filterable precipitate
of the acylated protein.
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fromthe actual |ocations (the same as hereinafter). The val ve

main body 3 is integral with a 11

bl ockl i ke extension 7 extending froma right wall 3c of the portion

t hereof having the actuators 4, 5, 6 attached thereto. The extension 7
is formed with t he second and third subchannels 23, 24 and serves 5
as a screw f astwoiosrgp7porti on. The upper surface of poevsslov®ssMain
body 3 i ncludes a nount face 3a in the formof a slanting face
extending forwardly downward for nounting the front-end actuator 4

t hereon. The remaining portion 10 of the uppey surface I.e., a mount face

3b for the second a | re

to the | ower surface of ,?ﬁ%é%é%xc@?&r%}tﬁﬁfg é‘ﬁ‘ﬁg‘m\} Fé ac o?‘galf()ﬁ)@l?h&are

attached to the critical. mmmmwtoenw wlmbmpﬁmtmmeTma&Jaitment 15

mai n body 3 has a cavit, for,inse first . actuator and

cavities 19 for i nsePﬁ\“¥§]}-8 MP@J%E@H&’%’W‘P@W“&E%@&WS

6. The cavity 18pdafy ttg}-qﬁb C3iotibd.€s 19.

Accor di nglgj, the first actuator 4 |s shorter than 20 the other actuators
al

5, 6. The ve act uat or sApplicants havéfound ﬂuh&esmmtbédgwhol ﬁ!etrmusﬁ:beaddedrto thet o

of 'the normal 1y ol osSay FEoui i pbifh.an Sally fiuole ristbyE 1t b § arsy, pnf

open type. In particular, applicants have discovered that for a fatty acxd-acyiated insulin, and
especially N-palmitoyl Lyst>> human insulin, the desired result, i.e., formation of
an easily filtered precipitate, is obtained only upon adding an amount of alcohol,

10 especially ethanol, in a narrow range to provide a final alcohol concentration of at
least about 20% and up to about 35%, and preferably about 25% to 30%, in the
aqueous protein suspension or slurry. While ethanol is clearly the alcohol of choice,
other alcohols such as methanol and isopropanol should be suitable substitutes in
certain circumstances.

15 Adding too much alcohol to the aqueous protein interferes with obtaining an
acceptable level of precipitate formation, while adding an insufficient amount does
not adequately resolve the emulsion-like composition produced upon pH adjustment
of the acylated protein into a readily filterable slurry or suspension. Indeed, at
higher than desired levels of the alcohol, the protein will redissolve contributing to

20 possible reductions in yield. Determining an amount of alcohol, such as ethanol,
needed to facilitate precipitation and filtration of other fatty acid-acylated proteins
can be done using routine experimentation.

In effect, therefore, the invention is based on the recognition that to recover,
as a freely-flowing powder, an acylated protein particularly one that otherwise

25 resists isolation and recovery by isoelectric precipitation and filtration from aqueous
solutions of the protein, one must produce the following combination of conditions,
(a) 2 pH at or near the isoelectric pH of the protein and (b) a sufficient alcohol
concentration to assist precipitation and filtration of the protein by facilitating the
formation of easily filterable particles. As noted above, in the case of N-palmitoy!



12 The main channel 21 extends fromthe rear end face of the

main body 3 to a location close to the front end face thereof. The
first subchannel 22 has an opening in the front end face of the body
3. The 5 front end face of the main body 3 is provided with a

fitting 9 having a nut for connecting a check val ve, pressure

regul ator or th¥OP¢#/E3% o the first subchannel 22. The Petwsm/ozasg
third subchannel s 23, 24 extend through the extension 7 of the main
body 3 10 and each have an opening in the |ower surface of the body 3.
Wth reference to FIG 2, the dead vol une oftthe device 1 is only the

short channel s 25, 26,2 nGARAGIS WhoMBieRARGNG! bl 30% bS5 GIRBRIEY

15 second and third Vval ve actuators b5, en a

mai n channel 21 i nt ooftshary, widgreferably 25 %6 B0% by lvoRithe, Yibcseed Foand ko behatticansly

fromthe main chanpel 21 into the second suhchannel 23, the dead
vol ume is the short PhABiGeto asgistprseipitation P (the PRAIGIR in she £orm, Ak readily filterable
third actuator 6, an@r&&&?t end portions 2la, 21b of the main channel
21 whi,ch are posi tioned between the first and second actuators 4,

5, form ng an obtuse anglBhe iéthnd bjavhidhuancaghidousprotein miktorenis prepared ibroadlyatonel
21 into the third SUP?&%Q %r}gt{mred alcohol (e.g. ethanol) concentration and to exhibit the isoelectric
pH of the acylated protein is not critical. For example, such a mixture can be
obtained by diluting, with water, a pH-adjusted aqueous solution of the protein
having a higher than required alcohol concentration, i.e. in the case of N-palmitoyl
10 _ LysB29 human insulin by diluting an ethanol concentration of above 35% by

volume, i.e. from 40 to 45% ethanol, to an alcohol concentration in the desired
range. Preferably, the composition is gently stirred (mixed) at the point both the
alcohol concentration and the pH are within desired limits to facilitate precipitate
formation.

15 The concentration of the acylated protein in the solution prior to treatment
in accordance with the present invention also is not critical. In the case of acylated
insulins, including. also acylated proinsulin and acylated insulin analogs, a
concentration of at least about 1 mg/ml, and preferably at least about 5 mg/ml,
generally should be used, though using a protein concentration as high as 35 to 50

20 mg/m} and higher should provide a precipitated protein that can be processed at
more acceptable filtration rates. As noted above, the protein slurry produced by the
combined treatment of pH adjustment and alcohol addition should exhibit an average
or mean filtration rate of at least about 5 LMH, and preferably exhibits a mean '

filtration rate of at least about 15 LMH. Surprisingly, mean filtration rates of about

25 20 ILMH and higher have been observed upon treating N-palmitoyl Lysmg

human
insulin solutions in accordance with the present invention.
Although not narrowly critical, for best results, the temperature during the

. filtration is kept in the range of 20°C to 30°C. Temperatures of 0 C or below,
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13 24, the dead volune is the short channel 25 connecting the
mai n channel 21 to the second actuator 5, the main channel front end

portions 21la,

21b positioned between the first and second 5

actuators 4, 5, and an internediate porion 21c of the mai n channel 21
positioned between the second and third actuators 5, 6. Wth
t he shut of f - op#ia %egoT8evi ce 1 descri bed, the first actuaror/usesengssface

3a included in the
in area to the
shut of f - openi ng dev
the front upper
rear length of the
the conventional sh@PS#ion
to the formatio
the nount face 3a,
vol une and wei g
| ength of .the first
shut of f - oﬁenlng dev
face is [err]. The
shut of f - openi ng devi

10

15

20

25

upper 10 surface of the valve nmain body 3 is made equal

first actuator npbunt face gga of the conventi onal
ice 61 shown in FIG

front portlo the body are smal l er. than in

the d hlgration @tes Weéhe émm prefarably is donec
?%‘a%%q*é%#ﬁ%‘ %W. HAEHERE prich AT adimedhaRd epranciidiiial °>
mepmantueeionmmmummmmmmg@ppomemm
ea! e BB A S5 o il S5 B

isolate the precipitated protein. In some cases, it maybeadvantig%ous toperform
ice 1is reduced by Lah cos [err])
a gravity thickening or settling of the aqueous protein compomnon or slurry before

the filtration in order to minimize the hydraulic load on the filtation equipment.

While centrifugal filtration of the agueous protein composition may be advantageous
at larger treatment scales, e.g. production batches of greater than about 0.5 kg, any
means for liquid/solid separation, including vacuum-assisted or pressure-assisted
filtration, can be used to recover the precipitated protein in the broad practice of the
present invention. On a smaller scale, e.g. batch sizes below about 0.3 t0 0.5 kg,
pressure-assisted filtration using a filtration device having a porous frit filtration
surface can be used with advantage. Filtration through a porous frit with about 5.0
pm nominal pore size has proven quite effective. The equipment used to filter the
slurry is not narrowly critical and any of the wide variety of known filtration
systems compatible with the processing of pharmaceutical compositions can be used.
Following filtration, the filter cake is recovered and dried, generally by
vacuum-assisted evaporation. In the broad practice of the present invention, any
method for drying a thickened paste of solids, not otherwise injurious to the isolated
protein, can be used. Ways for recovering the filter cake and other ways for drying
the filter cake should be apparent to those skilled in the art and are not critical.
The acylated insulin powders of the present invention are useful as a bulk
drug substance (BDS) for preparing pharmaceutical compositions used in insulin
therapy, i.e. for administering to a patient in need thereof (i.e. a patient suffering
from hyperglycemia). Such pharmaceutical compositions contain an effective
amount of the powder in combination with one or more pharmaceutically acceptable
excipients or carriers. For these purposes, the pharmaceutical compositions may

Accordingly, the vol unme of
however, shiouldf betdveided bivingnfittratidnOakysuch &mteiahﬁeé n@dHerd With 15



front-to-rear length, and by L[err] x cos [err] x sin [err] [err] 2 I n
vertical section. Wth respect to the dead vol une, the conbi ned vol une
of the obtuse angle 5 formng front end portions 2la, 21b of the nain
channel 21 is made snall er than the conbi ned vol une of the front end
portions 67a, 67b of the main channel 67 of the conventional

shut of f - openi ngo g6/4073devi ce 61 owing to the reduction in theptrusgshhresd 10
t he val ve nain body 3, whereby the dead vol une of the entire

shut of f - openi ng device 1 is al so di m ni shed. As the inclination

I ncreases, the front end portion 2la ext#nding straight fromthe

portion 21c of gaq;a Eﬂmn%] l.m.ni | : I ngcr

in.the |l ength of thets'%i ont en gﬁ%%ﬂw%fgl%ﬁm@sé%? Tfﬁe%? sititat

di m nution of the O\mnmtaudﬂmnmnmganmﬁmamameefsthsmﬂadd izsnlin powésas These

t he i nclination, and 4 show a fluid control evi ce,

whi ch® 20 conprises § W%Wﬁ}‘ c}ﬁ‘? RR na ”'g 'Ctﬁg

device 1 installed 3HrefRg @f@h,q §ues usin %b&fv&nﬁﬂnﬁl&xb@mﬁs@rcﬂ%eﬁnd
S

the outlet side (r| S|de in FIG The ut,of f - openi_ng deV| ce 1
shown  3in FIGS. foamarezteraj Rf@@ﬁﬁseﬂh’ﬁh %éve}lrhnewnslndée Wit hSee, for example,

15 their front gad g 5 é”‘mh“e""fu fadk Pgﬂghw Company,

shut of f - openi ng devi‘Ce
renmotest fromthe Eastonrd?s’sﬂlsw\(les‘i)twm:m is incBrpomtadderkid by reférenden fHopexamiple,

dosage forms for parenteral administration may be prepared by suspending or

dissolving the desired amount of the protein powder in a non-toxic liquid vehicle
10 suitable for injection such as an aqueous medium and sterilizing the suspension or
solution. Alternatively, a measured amount of the powder may be placed in a vial;
and the vial and its contents sterilized and sealed. An accompanying vial or vehicle
can be provided for purposes of mixing prior to administration.
Pharmaceutical compositions adapted for parenteral administration employ
15 diluents, excipients and carriers such as water and water-miscible organic solvents
such as glycerin, sesame oil, groundnut oil, agueous propylene glycol, N,N-
dimethylformamide and the like. Examples of such pharmaceutical compositions
include sterile, isotonic, agueous saline solutions of the powder that can be buffered
with a pharmaceutically acceptable buffer and that are pyrogen free. Additionally,
20 the parenteral pharmaceutical formulation may contain preservatives such as meta-
cresol, other agents to adjust pH of the final product such as sodium hydroxide or
hydrochloric acid and stabilizers such as zinc salts.
The following example is presented to illustrate and explain the invention.
While the invention is illustrated by reference to the recovery of N-palmitoyl Lys®>
25 humin insulin as a powder, the scope of the inveation should not be consisdered as
being limited to this example. Unless otherwise indicated, all references to parts
S and percentages are based on weight and all temperatures are expressed in degrees
Celsius.



5 process gas, the second subchannel 23 adjacent to t he subchannel 22
for the inflow of purge gas, and the third subchannel 24 closest to
the controller 2 for evacuation. Wth the shutoff-opening device 1
at the outlet side, the first subchannel 22 renotest 10 fromthe
controller 2 is to communicate with a process chanber, and the second
subchannel 23 W®96/40730 an exhaust gas duct to serve as a pur PETSI607963

An upper channel block 11 having a channel 1lla opened at its | ower
surface is provided in a 15 projecting manner at the | ower end of each of
t he inlet and outlet sides of the massflow controller 2. A | ower
channel block 12 is disposed beneath the 14bl ock 11. The | ower and upper
channel bl ocks 12, 1% are fastened together by two controller
installing 20 scre ewed into the upper block 11 from above.

channel 11a of the upper A Aot sepiIBHY of ¢ tay &kt aaufl Hdfihell Human
channel 21 of the Iﬂmmﬂ%ﬂwﬁa’hﬁaﬁhﬁlﬁhﬁw é)ﬁrbteﬂnzcd'néen

16 to the valve main body 3w device installing screws 14 driven
in through the | owermpldakd 42 pH of 2.6 ipireated ah & engleranire ok 2-816 with 530 ail of be%

e TRL MRS TS T N R P M E R MR
EEL tegfs:c on 7 fr om abqpisted Bdtution to bithih ChobduBle BR}S labsbutOéthird, ihah Gnotit 4€0.46
liter per liter of the pH-adjusted solution (to a total solution volume of 13 1), was
added, with gentle stirring, to assist precipitation of the acylated insulin. The
acylated protein slurry was dewatered on a pressure-assisted filter having a stainless
10 " steel frit, nominal 5.0 y pore size. The observed mean filtration rate was about 25
LMH. The filtrate was discarded. The filter cake then was washed with an -
aqueous solution containing 30% ethanol by volume, and the washed filter cake was
recovered from the filter and dried under a vacuum to yield a zinc-free powder This
pmmmx1msuwmcbxmmdu:MWeenxmuuﬂongeﬂmﬁﬁwwnﬂ&mjxmﬂmm&as
15 a pharmaceutical bulk drug substance. Substantially all of the protein was recovered
in the filter cake with very little lost via the filtrate.

The principles, preferred embodiments and modes of operation of the present
invention have been described with particularity in the foregoing specification
primarily with reference to fatty acid-acylated proinsulin, insulin and insulin

20 analogs, particulary N-palmitoyl Lys®>° human insulin. The invention which is
intended to be protected herein, however, is not to be construed as limited to the .
~ particular forms disclosed, since they are to be regarded as illustrative rather than
restrictive. Variations and changes may be made by those skilled in the art without
departing from the spirit of the invention as defined in the following claims.




opening device 1 and the third subchannel 24 of the out | et -side
shut of f - openi ng device 1 are connected 10 to a vacuum punp (not shown)

after their piping channel bl ocks 15, 15 are interconnected by a pipe

27. Afitting 28 is attached to the | ower side of the block 16 for the
second subchannel 23. The fitting 28 has a pipe joint portion which is
15 positioned ¥O&6/408%er | evel than the evacuation pipe BaT/ushparogsir ge

gas piping is therefore unlikely to interfere with the evacuation pipe
27. \Wen the fluid control device 10 is to be instat-ed,

massfl ow controller 2 and the shutoff-opening4520 devi ces 1 are nount ed on

t he upper surface of GLAIMS plate 29 with the pll;k mr,"
15, 16 positi oned beneath the | ower surface of t IT %mw as
shown in FIG 4. Werclaime nassfl ow control ler 2 of “tHe f uis

17 . control device 10 mal functions, the controller 2 is renovabl e

upward for replacenent by renoving the controller installing screws
13. Further if the shut of A methedi foyredeveriog ar adylatddsproteincascepavaler fromean be

5 renmpved gpward for Ia}gﬁﬂent ving th deV| ce.installi R
screws 14 frland the pi 8@%5“3_ &‘E%F(;‘?fg M@G&a‘ﬁ“f“ °? 1?5'8 ess
gas flows through thmibﬂlﬂﬁtmﬂﬁ?me%MhﬁﬁoWe'm%lémaﬂ&ﬂﬁ'sﬂfﬁhﬂéﬂiﬁ
is limted 10 only to the short channels 25, 26 connectjng each

alcohol to the aqueous mixture of the protein to assist precipitation of the protein in

the form of filterable particles at said pH.

2. The method of claim 1 wherein said protein has been acylated with
10 a fatty acid derivative.

3 The method of claim 1 wherein the acylated protein comprises a

protein that resists isolation by isoelectric precipitation from aqueous solutions of
the protein,
4.  The method of claim 3 wherein said acylated protein is selected from
15 the group consisting of a fatty acid-acylated proinsulin, a fatty acid-acylated insulin
and a fatty acid-acylated insulin analog.
5. The method of claim 4 wherein the aqueous solution is adjusted to
a pH of about 4.0 to 6.0.
6. The method of claim 5 wherein the acylated protein is N-palmitoyl
20 Lysw human insulin.
7. The method of claim 6 wherein the alcohol is ethanol added in an
amout to yield an alcohol concentration of 20% to 35% by volume of the aqueous

mixture.
8. The method of claim 7 wherein the alcohol concentration is 25% to
25 30% by volume.

9. A method for recovering an acylated protein as a powder from ar
* aqueous solution of the protein, said method comprising in combination adjusting
said aqueous solution to near the isoelectric pH of the protein and providing a
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mai n channel 21 to the correspondi ng second—anrd— __third val ve actuators

5, 6. FIG 5 shows a second enbod nt of shut off- openi ng
device 31 of the invention. The shutoff- @ mm e 31 is provided
at each of the inlet si de and outl et 3 ﬁw controller 2 to
constitute a fluid control device 40 as seen in"FI & * 6. This

shut of f - openi ngV@8¥$®& 31 is different from t he shut of f - FETMISHY7TISVi ce
1 of the first enbodinment 20 in that a first subchannel 32 has an openi ng
in the | ower surface of a valve main bo% 33. Throughout t he
drawi ngs showing the first and second odinents, |ike parts are

desi gnated by |ike suitablé Qlc6lR RESeMtitdf b Sssﬁnﬁreﬁ iﬁ!i%h%f&i&%r@teinhnﬂﬁ&fd@fhof
18 descri bed reefﬁeat edly here| nafter ef erence to FIG 5,

the fitting 9 at th BHyal ve mai n body 3 shown in FIG

1 is renoved, and the naif Q%ﬂ& r?feélagg ;ﬂ“ﬁ ﬁﬁéfl{'ﬁ ms}g@l ch
S 5forrred vmththeflrst suebc annel I ch aésdyizéﬁd ope%%l

| ower surface of theso]aimebynmelechm@eclpmuon from daid gueous shutioes.second and
third subghannel s 23, I.N FI the n,34.ha

connect ed%t hereto a pipi e chZﬁ%é‘Pﬁﬁaé’&?‘% 1 eﬁ%mﬁﬁ‘éyi‘f% #F@ted
first subchannel 32 frdnfthe groupadﬂkx&th@fbffa(fa@ﬁnd)hd?la&fmﬁ'ahh?&&iﬂ lated 6

in rcommuni cation with the respective second and third subchannel s
23, 24. A fitting 3dnsylinandiadpttyragigracylated insulin analog.

12.  The method of claim 10 wherein the aqueous solution is adjusted to
a pH of about 4.0 to 6.0.

10 13.  The method of claim 12 wherein the acylated protein is N-palmitoyl
Lys 22 human insulin.

14.  The method of claim 13 wherein the alcohol is ethanol added in an
amount to yield an alcohol concentration of 25% to 30% by volume of the aqueous
mixture.

15 15. A powdered acylated protein prepared by a combination of (a)
adjusting an aqueous solution of the acylated protein to at or near the isoelectric pH

of the protein and (b) providing a suitable alcohol concentration in a aqueous
composition of said acylated protein to assist the formation of filterable particles
of the protein at said pH, followed by recovering the filterable particles as a

20 precipitated protein powder by filtration and drying of the aqueous protein
composition.

16.  The powdered acylated protein of claim 15 wherein the acylated
Pprotein comprises a protein that resists isolation by isoelectric precipitation from an
aqueous solution,

25 17. The powdered acylated protein of claim 16 wherein said acylated
protein is selected from the group consisting of a fatty acid-acylated proinsulin, 2
fatty acid-acylated insulin and a fatty acid-acylated insulin analog.

18.  The powdered acylated protein of claim 17 wherein the aqueous
solution was adjusted to a pH of about 4.0 t0 6.0.
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this piping channel block 35 has a pipe joint, which 15 is positioned at a
| evel internedi ate between the evacuation pipe 27 and the fitting 28
comuni cati ng wi th the second subchannel 23. Accordingly, the

process gas piping is unllkely to int purge gas pi ping
or the evacuatl on |pe 27. ﬂmm Il“ﬂﬁ'wuﬂmf openi ng devices 1
shown in 40730 and 5 have thﬁeecvalva astuators 4, BCTAG96/07963 t WO
actuators are used when there is no need for the evacuati on subchannel
24. In this case, the third val ve actuator 6 is of course elimnated
with the front to-rear |engthzof the val ve mai n body
shortened, whereas FIG gﬁg a _valve main boﬁ¥ whi ch has the
same length as the foredgfng Latedprateingk whiTeia jthe) alcohel wascethaneliand
nei t her of the 5 d@yn

evacuation subchannt(:ahla\ezﬂilamﬂlamt QJdeh%fé(HpB&ﬁwmz a shu wg’%%‘%‘f“g‘é’ggg%%g%l
whi ch conpri ses3% dyrvolumid gftheaquamgipmtmnpnmpbdlmrepl pedal val ve main
body 43, and first (front-end) and second 10 valve actuators 4, 5 nounted
on the upper surface of the main body 43 and arranged side by side

| ongitudinally thereof (front-rear direction). The mai n body 43 is
internally formed with a main channel 21 extending fromthe rear end
face of the 15 body 43 to a |location near the front end thereof, and
first (front-end) and second subchannels 22, 23

eplaced



T

adapted to conmmuni cate with the main channel 21 under Pﬁ; §1 /o
the respective actuators 4, 5. The upper surface ‘& lra\é A) g

43 i ncl udeq03@Nse8s8ount face 43a in the fargnof a sl antl

extendi ng forwardly downward and having the tront- side fi rst act uat or
4 mounted thereon. The ot her portion of the surface, i.e., nount face
43b, is flat and parallel to the I ower surface of the body

ggt uat or gséa-rll-hgef lrrgLnI %H’éhé‘ﬁgﬁ“ 'ﬁ‘?@ ?&&4‘?[ Siin® ha'&?é%’&‘ﬁ@“}/%!&!\gfmw

has the second aghpiay d ﬁ%&sisFes S
can be nounted o%bt heﬂb[‘)]g?i It)(r)rl])eem?idﬂirf Ih tofT-openi ng evic g‘“ﬂ%vﬁ
FIG 7 at the  Pheqylalarine; X'«Giyciné)iand B*hEysine.r Thefree ainiio groups AtPomivions A

as shown in FIG 8, \Wth reference to FIG 8, a shut offlg?penl ng device

51 thus adapted GB% jaZ% §-aming gropser QQW%‘E{HQ@Q‘FMN»MH&HI #apeadgiino
val ve gnai n ng%)rb 53, and first (front-end) and second val ve
actuators 4, 5 nted on the upper surface of the mai n body 53 and

u
ar ranged side by sideThe term! "preinduln! s hirbilies brobtpeross 1aied Prétesldrtnd
The 15 main body 53 i s internally formed with a main channel
extending fromt ir end face of the body 53 to a | ocation near t he
front end thereof, and first (front- ﬁgdk and second subchannel s 22, 23
adapted to communicate with the main cha

wherein:
10 A is the A chain of insulin or a functional derivative thereof;
B is the B chain of insulin or a functional derivative thereof having an e-
amino group; and
C is the connecting peptide of proinsulin. Preferably, proinsulin is the A
chain of human insulin, the B chain of human insulin, and C is the natural
15 connecting peptide. When proinsulin is the natural sequence, proinsulin possesses
three free amino groups: Phenylalanine(1) (¢-amino group), Lysine(29) (e-amino
group) and Lysine(64) (e-amino group).
The term "insulin analog” as used herein is a properly cross-linked protein
_ exhibiting insulin activity of the formula:
~20 A-B
wherein:
A is the A chain of insulin or a functional derivative of the insulin A chain;
and
B is the B chain of insulin or a functional derivative of the insulin B chain
25 having an e-amino group and at least one of A or B contains an amino acid
modification from the natural sequence..
Preferred insﬁlin analogs include insulin wherein:
the amino acid residue at position B* is Asp, Lys, Leu, Val, or Ala;

the amino acid residue at position B? is Lys or Pro;

AMENDED SHEET
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20 under the control of the respective actuators 4, 5. Pmsp%/07963

surface.of the valve main body 53 includes a nount fac ' ﬂ]é f.arm
of 'a sl ant'i ext endi ng forwardly_downward and haa % nt}A,'\' ]&

f
end first a%&éﬁo%r% nmount ed t hereon. The of her

21 portion of the surface, i.e., nount face 53b, is flat and
parallel to the | ower surface of the body 53. The flat face 53b has
such an area that two val ve actuators cap .be_ nounted thereon. The

front 5 half of thethelaming acid resydne s posiien Beds Has ARt or 5 nount ed
t hereon. The rear hal ortion.is for .0 ' thr.e r 4 r
nounting a pressure Illepaggwgcﬂqd %ﬁ'{g%egfggmﬁ%#&?a@e’&bf gggfglg\%?aag%&a?;iﬁts
front end with aoéxhﬁﬁxhﬁ&ﬁﬁhﬁ*de}éﬁoﬁ%f&@x%&@ééﬁ@ogiﬁ@ntﬂﬂf eaded. The

fluid control devices 10, 40 shown in Fl . 23, 4 and 6 are used in a
sui t abl e conbi nati on the amino peid wesiduezat position BYis Tor, Alaper deletedsand use in

fabricating sem conductors, Fl 9, shows an exgnplke 15 of such,fl ui

contrél apparatus. W the 3rgingracy eesidye at Wﬁ‘ﬁ@ﬁr%ﬂ or ffRs RIP&‘I%G%‘&KF&B‘F’

devi ce 40 incl udé&gﬁon};za%gwgf%@peni ng devi ces 31 each having two val ve
I Sposed 1 n pdr

actuators 4, 5 i allel to the fluid control device 10
i ncl udi ng shut of f - opeli ngndkadibischemitdl ferma dkinowa\to itige oOrdireaeily skilled artisam ther s
4, 5 6 wthout no spaci ng formed wegen the two_ devices 4 10.

Al t hough not shoprefersebinsulin analpgscare ﬂyg‘?%i’reonh%m insulin (B is Lys; B i Pro);

Asp™-human insulin (B is Asp); Asp®-human insulin, Arg®"**-human insulin,
10 Asp®®-human insulin, Arg*’-human insulin, Asp™,Glu®"-human insulin, Ala®*-
human insulin, and Gly**-human insulin.
The term "acylating”" means the introduction of one or more acyl groups
covalently bonded to the free amino groups of the protein.
The term "fatty acid” means a saturated or unsaturated Cg-C,; fatty acid.
15 The term "activated fatty acid ester" means a fatty acid which has been activated
using general techniques such as described in Methods of Enzymology, 25:494-499
(1972) and Lapidot et al., in 1, of Lipid Res., 8:142-145 (1967), the disclosures of
which are incorporated herein by reference. The preferred fatty acids are saturated
. and include myristic acid (C,,), pentadecylic acid (C,s), palmitic acid (C,¢),
~20 heptadecylic acid (C,;) and stearic acid (C,s). Most preferably, the fatty acid is
palmitic acid. Activated fatty acid esters include derivatives of agents such as
hydroxybenzotriazide (HOBT), N-hydroxysuccinimide and derivatives thereof. The
preferred activated ester is N-succinimidyl palmitate.
The term "cross-link" means the formation of disulfide bonds between
25 cysteine residues. A properly cross-linked proinsulin, insulin or insulin analog
contains three disulfide bridges. The first disulfide bridge is formed between the
cysteine residues at positions 6 and 11 of the A-chain. The second disulfide bridge
links the cysteine residues at position 7 of the A-chain to the cysteine at position 7
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device can be disposed in parallel to these devices Eb‘ugpwij tU( Vb’
bei ng spaced apart therefrom Thus flmﬁ‘&\% y JA)N 1997
ev 10,

appar at us ﬂﬁgﬁ.@mﬂgovided wherein these fluid control

are in a planar or .flat arrangenment, with the first actuators 4 of
t he shutoff-opening devices 1, 31, as well as 5 the second actuators 5
thereof, arranged in alignnent with one another. Further the piping

neans 15, 16, 27, 28 for the second and third .. supchannels 23, 24 are
provi ded under aAhsA¥labpn BOMZQS‘{I%Wéi{ﬁEYGPmt‘Hé&ETW%)hmmm‘

| ncreasing the ai)gl;&uggq-%tl,kﬁ 3%@(;51%{ !Hna?fa?iﬂ{ncft@kt ﬁg,ngmd&?@eamh,%pi ng

portions 15, 16, are’easy appear neat.

According to t hg7ac178n493BHNt Thés \Wisciosurel @re ifcorporated: Hepein dyerefenericef f - openi ng
devices 1 or 31 are 15 disposed at the inlet side and the outlet side of

each massf|ow cont r o/Breferably, hiagylation:is eonsiucted underdasic congitions,d.&/aatapHai n
o e o o oo IS e g %, S e P o AR
Pl ot i de and. (RS SELTRREAT € ghoty ot Pl SHOR5ine o bask hayihl Aaghlie,
outl et side are pKa of greatel ahdnyoragquah ¢e 80.35, wegprefer hhmiedi orgatic and eaqueduse
TN bodies 44, Civeal for the reaction medium, - Brefotred bases are tetramethylguanidine,
diisopropylethylamine or tetrabutylammonium hydroxide. One particularly suitable
10 solvent has been acetonitrile and water, containing about 50% acetonitrile. Other
polar solvents include dimethylsulfoxide, dimethylformamide and the like.
Cosolvent systems also include acetone and water, isopropyl alcohol and water, and
ethanol and water. Time and temperature conditions suitable for conducting the
reactions are not narrowly critical. A temperature of 0 to 40°C and a reaction time
15 of 15 minutes to 24 hours should generally be suitable. A particularly preferred
way of preparing such fatty acid-acylated insulins is described in copending U.S.
application Serial No. 08/341231 filed November 17, 1994, the disclosure of which
is incorporated herein by reference.
Once the reaction is complete, the reaction mixture containing the acylated
~20 protein typically is diluted with water and an acid is added to neutralize the
alkalinity. The acid is supplied as an aqueous solution to the acylated protein and
serves to lower the solution pH to below the isoelectric point of the protein.
Normally, at this point the protein is in a properly buffered aqueous solution for
further processing. Such processing particularly includes purification by standard
25 chromatographic methods such as reverse phase or hydrophobic chromatography,
concentration by crossflow filtration, solvent exchange by ultrafiltration and the

like. For acylated proinsulin, acylated insulin and acylated insulin analogs,
particularly N-palmitoyl Lysm human insulin and B28-N£-pa1mitoyl-Lys132 oo

human insulin, the pH normally should be adjusted to below about 3.0, and

-
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merely by changing the position of the extension 7 orbimbg(ﬂtbf &}796,
as shown in FIG 1 to the left side and causing the nfpm 6237&@19
comuni catgyer see4d th the channels in the |Bter| or of the exte 91
Wth this arrangerrent the second and third subchannel s 23, 24 are all

made to communicate with openi ngs in the underside, while the openings
are all positioned at the right side of the valve main bodi es,

consequently assuring facilitated piping 10 work. When t he
shut of f - openi ng R!%‘ﬂﬁg wlbetmen abput .5 and 2. écumﬂthegmd)a&medéd r Suitable &cids t h

nbodi h I. hl ocks e ng Qessar f or

Comnacttny t e bdude BEDcEC Geia. SlyShe Snd Aipec a;mca%%sa@ a1

31, 51 as shown cdoficdnitfation dIrSOGmM haﬁ]iféb? toaw@umw Fi %él{ﬁsof anl ghed
ng scre

to the val ve nmain body 3 with vi ce I nstal

driven in througkadjhsied withra bases sudassodiumriydidxnide, to ketp it withini the dekiced
shut qof f - openi ng device 1, 31, 41 or 20 51, these screws 14 and pi pi ng

instal 1ing scref@8fy need to be renoved, whereas the renoval of the ]
device installing sc e n t e
case where nany cont r‘ftlvmls]p%ngéw c@%‘% %Zv@’on ‘P“E%%g"g&ﬁﬁg I%%@f?%gy

as acylated protein, particularly a fatty acid-acylated proinsulin, a fatty ac1d-acy1ated

insulin or a fatty acid-acylated insulin analog, can be processed in accordance with
the present invention to recover the soluble protein as a powder. According to the
10 invention, the pH of the aqueous protein solution is adjusted, by the addition of a
base, preferably a water-soluble base such as sodium hydroxide, in a sufficient
amount to cause the soluble protein to become insoluble. This is accomplished by
adjusting the solution pH to near the isoelectric point of the acylated protein,
alternatively referred to as the isoelectric pH. In the case of a fatty acid-acylated
15 proinsulin, a fatty acid-acylated insulin and a fatty acid-acylated insulin analog,
particularly N-palmitoyl Lys}329 human insulin, adjustment of the pH to within the
range of about 4.0 to 6.0, and preferably to about 4.5 to 5.5 has proven suitable.
At this pH, the net charge on the acylated protein should be at a minimum and the
solubility of the protein should be at its lowest. During adjustment of the pH, the

20 solution should be agitated to obtain complete mixing.

Aqueous solutions of the acylated proteins, which are especially amenable
for treatment in accordance with the present invention, form an emulsion-like
composition when the pH is adjusted to near their isoelectric pH. This condition
interferes with isolation of the protein using those solid/liquid separation techniques,

25 such as deadend filtration, desireable for large scale processing. A key feature of

the present invention relates to the use of an alcohol, especially ethanol, added to
the aqueous protein mixture to assist the formation of an easily filterable precipitate

of the acylated protein.
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24 arranged in parallel into a fluid control apparat u ﬂl\é‘)ﬁ /FILH ‘db J

or 10).. Two enbodi nents wll be described bel ow ﬁsgjrﬁ!\z 997
facilitat¢g em of the shutoff-openingjyy.5 devices.

and 12 show a h enbodi nent of shut of f - openi ng devi ce of the

i nvention. This shut of f - openi ng device 101 has the same construction

as the shutof f-opening device 31 of the second 10 enbodi nent shown in FIG

5 except that a ' channel 121 has no opening in a rear end face 103c
but communi cat efysu t human insulin, ap efhanohedndentration ¢ﬁnb9nt 20% te 35aby volume ofal ve
mai n body 103 by way of a downward channel 122 ovided in the body

103. 15 Thpl@um@admfembha%ﬁgtg %nglmlm nfoundwbemuhﬂm t he
foll nbod 1 f
nareral 8 or oy nBOFIE o asi BRCIRROT of she oSBT YR oy of adily' AR,

reference to Fl fiaticles. and 12, the val ve 20 main body 103 is internally

formed with the above- menti oned mai n channel 121 which extends from a
portidon close to themeanethodibgfwhihhahmedmaamekrmj!xture is preparé¢dobfoadlyttoend
t her eof , andf| fron ecod i nt er medi te ndthlr .

23, 24 communi Cﬁﬁ 88 Y 5{!}’1&&? pf@élﬂ is not critical. For example, such a mixture can be
obtained by diluting, with water, a pH-adjusted aqueous solution of the protein
having a higher than required alcohol concentration, i.e. in the case of N-palmitoyl

‘0 Lys $*? human insulin by diluting an ethanol concentration of above 35% by

volume, i.e. from 40 to 45% ethanol, to an alcohol concentration in the desired
range. Preferably, the composition is gently stirred (mixed) at the point both the
alcohol concentration and the pH are within desired limits to facilitate precipitate
formation. '
15 The concentration of the acylated protein in the solution prior to treatment
in accordance with the present invention also is not critical. In the case of acylated
insulins, including also acylated proinsulin and acylated insulin analogs, a
concentration of at least about 1 mg/ml, and preferably at least about 5 mg/ml,
generally should be used, though using a protein concentration as high as 35 to 50
20 mg/ml and higher should provide a precipitated protein that can be processed at
more acceptable filtration rates. As noted above, the protein slurry produced by the
- combined treatment of pH adjustment and alcohol addition should exhibit an average
or mean filtration rate of at least about 5 LMH, and preferably exhibits a mean

filtration rate of at least about 15 LMH. Surprisingly, mean filtration rates of about

B29

25 20 LMH and higher have been observed upon treating N-palmitoyl Lys — human

insulin solutions in accordance with the present invention.
Although not narrowly critical, for best results, the temperature during the
filtration is kept in the range of 20°C to 30°C. Temperatures of 0°C or below,



channel 121 via respective valve actuators 4, 5, 6. tﬂ’fé’%ﬁc@%l&?‘?é}
121 has the downward channel 122, whi ch extends strai dm te ﬂﬁ{iﬁ ng
end of thfmé §é§3§nel 121 downward and hasjgn opening in t I iy 7
surface rear énd portion of the body 103. The subchannel s 32, 23, 24
extend through a bl ockl i ke extension 34 of the valve main body 103

and are open at the |ower surface of the body 103 10 The upper surface of
the valve main bodx 1%3 i ncl udes a mount face 103a which is in the form

Fotend't 7 M8 e MR .
e

nmount face 103b 15 for other two second and thir‘d Vval Ye %act‘uat ors
5, 6. Wth reference to FIG 12, the dead vol unme of t he
shut of f - openi ng device 101 is onlérthe short chanpel s 25

, 26
connecting the main dhanndt method: for recgveringean acyjated: Prolein as 8 PAWAR o 3y
| t uat 5 6 . f,l.ukd fl. . js I nt
Uhe 8 ret  aubcnaainobs wjutiopyete Revisteh proicif Gid Pl SGmBRlfls SERREE miph | ™' ©
121 into the seqengle SHBERRBRkORDf the acyldtafpﬂmﬁiwalpmmaks:aﬁdggwaylam

channel 26 connecting ) . the main
channel 121 to tphseinito betometinsiuble Bid provdding a suitable alsabiolsonesniration ol assist 21

of the nmain channel . 121 _whj.ch ., are si tLoned .between the first and
second act uat or §omation qfd'ﬁﬁﬂﬂ Q’FF@%P‘HE&C%IH &g_acylgteé\péﬁelphe fluid flows
fromthe main channel, 121 fytfethod of claim 1 wherein said protein has been acylated with

10 a fatty acid derivative.
3 The method of claim 1 wherein the acylated protein comprises a

protein that resists isolation by isoelectric precipitation from aqueous solutions of

the protein.
4. The method of claim 3 wherein said acylated protein is selected from
15 the group consisting of a fatty acid-acylated proinsulin, a fatty acid-acylated insulin

and a fatty acid-acylated insulin analog.
5. The method of claim 4 wherein the pH of the aqueous solution is
adjusted to a pH of about 4.0 to 6.0.

6. The method of claim 5 wherein the acylated protein is N-palmitoyl

20 Lys1329 human insulin.

7. The method of claim 6 wherein the alcohol is ethanol and said ethanol
is added in an amount to yield an alcohol concentration of 20% to 35% by volume.

8. The method of claim 7 wherein the alcohol concentration is 25% to
30% by volume.

25 9. A method for recovering an acylated protein as a powder from an
aqueous solution of the acylated protein, said method comprising in combination
adjusting the pH of the aqueous solution of the acylated protein to a pH near the
isoelectric pH of the acylated protein and providing a suitable alcohol concentration

to assist formation of readily filterable particles of the acylated protein.

This Sheet Has Been Replaced |
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S ope b e

(he Ui 1d subchannel 2—the-dead-volumo s the  snol LSS &f 0756 5

ting the main chan 1 to t he second act uat\(,)\é
EEQEﬁ& ! { H0B61.56858 ﬂﬂ meﬂw b-pgsiti oned bet Pﬁ%n&%démgw
10 second actuators 4, di ate portion 121c of the main

channel 121. p05|t|oned between t he > second and third actuators 5, 6.
FIGS. 13 and 14 show a fluid control device 140 conprises two

hut of f - openi ng devi ggs 1 [ 4 in ElG 1

ihgr gct erlozed |gn thatCle %e élaged #E@ﬂfpm%%ﬁxﬁwg@’ff@%?$ FI G
3, t he deviisolatibA® B&lmidpl&ipltﬁﬁtﬂﬂﬁéﬂnsbidoﬁﬁémﬁ?soﬁﬂ ns therefore
none of the device i nstygl ling screws 14 hor’i zontal |y driven through

the bl ocks 12. Each 120 cAharmethed of rlaim lioowhm'dntsauhacympmﬁemomsdedtécbr 2
has a channel has a.lo e

communi cat i on vm}tt%? ?{% F&“%mgﬁrﬁiffy @gﬁ}gcy?a%d BV”%F“BP’p%E’FWﬁc%%cYM

bel o§ the val Vexﬂﬁhﬂaﬁ&ﬁfa%d—acylatedinsufiﬂaﬁﬁbf way, the space under the
val ve mai n body 27 103 is used
for piping not only f2r t@hemethdd of clains b0 wherehnthetpH ofithe ugadannelutosds 23,

24 but also for hannel 121 wher eby the devices, such as
t he massfl ow coﬁqJPﬁF‘iﬁg?aM H'Lﬂ Bte Sheni ng 5 devi ces 101, which are

fromthe  piping heans iemetod Br BARE LB AR e 2fafid Poidi s Xe-BRTOH 1o
28, 36 and pi peLgs‘l329 Wn&h iflEn 21 F anged
"0 14.  The method of claim 13 wherein the alcohol is ethanol and said
ethanol is added in an amount to yield an alcohol concentration of 25% to 30% by
volume.
15. A powdered acylated protein prepared by a combination of (a)
adjusting an aqueous solution of the acylated protein to a pH at or near the
15 isoelectric pH of the protein and (b) providing a suitable alcohol concentration to
assist the formation of readily filterable particles followed by recovering the
filterable particles as an acylated protein powder by filtration and drying.
16.  The powdered acylated protein of claim 15 wherein the acylated
_ protein comprises a protein that resists isolation by isoelectric precipitation from an
20 aqueous solution.
17.  The powdered acylated protein of claim 16 wherein said acylated
. protein is selected from the group consisting of a fatty acid-acylated proinsulin, a
fatty acid-acylated insulin and a fatty acid-acylated insulin analog.
18.  The powdered acylated protein of claim 17 wherein the pH of the
25 aqueous solution is adjusted to a pH of about 4.0 to 6.0.
19.  The acylated protein of claim 18 wherein the alcohol is ethanol and
the ethanol is added in an amount to yield an alcohol concentration of 25% to 30%
by volume.
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under the plate 29. If the massflow controller 2 of 10 the fluid control
deVlce 140 mal functions, the controller 2 is removable upward for

rep#acenent by renoving the controller installing scre L3 Arenaes
Further if the shutoff-opening device 101 fails, the dévﬁé@l&ﬁgaw§gnS%E§T
renoved upward for replacenment by 15 rgyoving the pi pi ng |n3talllng scremq

o

-

17 and the ‘piping installing screws 17. The piping portfi dn g@nitl kel
be in a flat arrangenent under the valve main body, conpagcting the

cogt{ﬁl appaemmsl nits f entitlretmmm"mj' qmlﬂlre congonent devi Cle:isGS
an e p ans of greatly i enancd, "
15 and 16 sH@%/QEgFQEh enbodi ment of * ¢ &hutof?-dpening device of the

i nvention. This shut of f - openlng device 131 is simlar to the

shut of f - openj ng dgv ejho nt Wl .

28 ionIESQ %c%é?‘ fruﬁ 41 q%&gﬁé eﬁ'f5¥lﬁ5§d pr05818pening
in a rear ennreai;plnaee, bmhzcdrnmqmpaness, adgugting opbei e f efired in the
| ower surfacg,phit fon coM%{;Y&HE' O?§0§¥té§3a¥ 8- éc&‘?&‘@&@rgrsgé??ek g32 >

formed in the body 133 t enin evi ce ers fromthe
device 101 i@ @h’&? oyl thate %n%ﬁttj}e?cé@réﬁ’é@aﬁeénpﬁﬁteln

|nterned|atepg@éipgﬂa@és the main channel 121 (between the second and
third actuators 5, 6) to the opening in the | ower surface 10 of the
val ve main body 133 through a bl ocklike extension 34 of the body 133.
The shut of f -®peni The process of claim 1, wherein adjusting the pH

precedes adding alcohol. v

3. The process of c¢laim 1, wherein adding alcohol
precedes adjusting the pH.

4. The process of c¢laim 1, wherein the fatty acid-
acylated protein is selected from the group congisting of
a fatty acid-acylated insulin, a fatty acid-acylated
insulin analog, and a fatty acid-acylated proinsulin.

5. The process of claim 4, wherein the pH is adjusted
to a pH between about 4.0 and about 6.0.

6. The process of claim 5, wherein the fatty acid-
acylated protein 1ig B29-N°-fatty acid-acylated human
insulin.

7. The process of claim 6, wherein the fatty acid-
acylated protein is B29-N‘-palmitoyl-acylated human
insulin.

8. The process of claim 6, wherein the fatty acid-

acylated protein is B29-N-myristoyl-acylated human
insulin.

9. The process of claim 5, wherein the fatty acid-
acylated protein is B28-N-fatty acid-acylated Lys®®,

PRy
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device, 131 provides a fluid control device, which has the same feature

as the fluid control device 140 shown in FIGS. 13 and 14 15

| nci¥dental |y, shutoff-opening devices 1, 31, 41, 51, 1-BFP&&¥UWWM'@HEET
course -be attached to devices ot her than the massfl ow [cop

and are of - course usable for passin I|qU|ds |nstead (o) S |
29 What is claimed is: QG % c2%§6W%T§§8n$
a general ly rectangul ar paraIIeIe ore) body-—and--a
plurality of channel on-off valve 5 %ﬂiﬂ on an upper surface
of the valve in bod and_arranged’ Ongltuuiﬁa{!y

t hereof, the Jgf ug Png internally forned wth a main
channel extending fron1a rear end face of the main body or a rear end

portion Iomer:ﬁyrf?ﬁ%%eﬁgoggsﬁogg?a %hn%ﬁ{fkl()%ﬁ@ ¥gk¥§ qﬁgqgtor at

a front end o ura channels
conmuni cat i ng @ﬁ:}tl‘ait%pmtﬁlélhhﬁﬁéla-W—&?almltq}ﬁieaﬁé@pé@ﬂl I{}és%?sal BEO

actuators, the, g (gésdgggnng devi ce being characterized in that the
surface of 15 the valve nain body includes a slanting face ext endi ng
forwardly downward and having the front- end val ve actuator nounted
thereon. 11. 2. Tlﬁefbubdesgntdﬂnlcmmcg cwﬂéiimgtlaesmuteiff -acid-

opening devi ce. a5 deldncd n. ol Shs e L SRS300 5 2c2% £, O a1 1 et

side and an ouft
human insulin.

12. The process of claim 5, wherein the fatty acid-
acylated protein 1is Bl-N*-fatty acid-acylated human
insulin.

13. The process of claim 5, wherein the fatty acid-
acylated protein is B1-N*-fatty acid-acylated Lys®®

Pro®-human insulin.

14. The process of claim 5, wherein the alcohol is
ethanol, and wherein ethanol is added in an amount to
yield a concentration of ethanol in the solution of about
20% to about 35% by volume.

15. A process for producing a fatty acid-acylated
protein powder, which comprises,

a) recovering the fatty acid-acylated protein
precipitate produced by the process of claim 1;
and

b) drying the recovered precipitate of step a) to
produce a powder comprising the fatty acid-
acylated protein.
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dlitor - regul ating the pressure or flow rate of fluids. Pe% &ty
3. Afluid control apparatus characterized in that the apparatus
conprises fluid control devices 30
as defined in claim2 and arranged side by side, the val ve nai n bodi es
of the shutoff-opening devices bei ng equal in front to ;;'-’-;e;
I rrespective of e nunber of valve actuators, A§ ;f} i

control apparat USPQ defined MA® 8I%nu§?m%cﬁq§'%°ﬁar acterl

in that
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A method for recovering an acylated protein as a powder, especially in cases where the acylated protein is one that resists isolation

by isoelectric precipitation from aqueous solutions of the protein, the method comprising in combination adjusting the aqueous solution to
fear the isoelectric pH of the protein and providing a suitable alcohol concentration to cause precipitation of the protein in the form of

filterable particles at the adjusted pH.




