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METHOD OF PRODUCI NG | G--1 AND | GFBP- 3 W TH CORRECT FOLDI NG
AND DI SULFI DE BONDI NG Field of the Invention 5 The
invention relates generally to the field of production of active,
properly fol de&Wkns and particularly to the refol dipggusésesiis
insulin-like gro actor-|1 (IG~1) and insulin-like growh factor

bi ndi ng protein-3 (1 GFBP-3) pol ypeptides. 10 Backgr ound

Gowth factors are pol ypeptides which stinmulate a wi de variety of

bi ol ogi cal responses (e.g. DNA synthesis, cell di vi si on, expression of
specific genes, etc.) in a defined 15 population of target cells. A
variety of growh factors have been identified, including transformn ng

growm h factor [err]1l

METHOD OF PRODUCING IGF-I_AND IGFBP-3

* WITH CORRECT FOLDING AND DISULFIDE BONDING

Field of the Invention

5 The invention relates generally to the field of
production of active, properly folded proteins and
particularly to the refolding of insulin-like growth factor-I
(IGF-I) and insulin-like growth factor binding protein-3
(IGFBP~3) polypeptides.

10
Background

Growth factors are polypeptides which stimulate a
wide variety of biological responses (e.g. DNA synthesis, cell
division, expression of specific genes, etc.) in a defined

15 population of target cells. A variety of growth factors have
been identified, including transforming growth factor §1
(TGF-P1), TGF-B2, TGF-P3, TGF-B4, TGF-P5, epidermal growth
factor (EGF), platelet-derived growth factor (PDGF),
fibroblast growth factor (FGF); insulin-like growth factor-I

20 (IGF-I) and IGF-II.

IGF~I and IGF-II are related in amino acid sequence
and structure, with each polypeptide having a molecular weight
of approximately 7.5 kilodaltons (Kd). IGF-I mediates the
major effects of growth hormone, and thus is the primary

25 mediator of growth after birth. IGF-I has also been
implicated in the actions of various other growth factors,
» since treatment of cells with such growth factors leads to
increased production of IGF-I. In contrast, IGF-II is

believed to have a major role in fetal growth. Both IGF-I and



(TGF-[err]1), TGF-[err]2, TG--Jerr]3, TG--[err]4, TG-[err]5, epidermnal
grow h factor (EGF), platelet-derived gromth factor (PDGF),
fibroblast growh factor (FGF), insulin-like growth factor-I 20 - (I1G-1)
and 1G-11. |G~-1 and IGF-I1 are related in amno acid

sequence g osrkgrsct ure, with each pol ypeptide having a nptHosvsadsiis
wei ght of approximately 7.5 kilodaltons (Kd). 1G--1 nediates the

major effects of growth hornone, and thus ig the.primary 25 nediator of
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various other grew pr AGkOESsul in-11ke aReSvi{RAl '?ﬁ&ﬁcé)fthQQJ:':?a:ﬁ@'st) N e

gromh factors leads to I ncreased production of . In contrast
IG=-11 is B&ERi Bifyendchistdmglatg Gellofivisionet for g}h@mﬁi—ls BBt h | GF- |

and neM\paZQGt_/:éQZQG muscle, reproductive tissue, skeletal tissue
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insulin-1ike acendi@iwsle NaRER ﬁéi?"—hﬁnﬁé?su%d are mtogenic
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reproductive tissue, skel et tissu e varie 8
tissues. 5 substantialnfnimetitmysin g:tmwt:itrd':wkattoos, dteohr“fsa aeeypsmsldnt i n
fraction of this IGF is free in the circulation or in other
body fluids. Most circulating IGF is bound to IGF-binding
protein-3 (IGFBP-3). IGF-I may be measured in serum to
10 diagnose abnormal growth—-related conditions, e.g., pituitary
gigantism, acromegaly, dwarfism and various growth hormone
deficiencies. Although IGF-I is produced in many tissues,
most circulating IGF~I is believed to be synthesized in the
liver,
15 Almost all IGF circulates in a non-covalently
associated ternary complex composed of IGF-I or IGF-II,
IGFBP~3, and a larger protein subunit termed the acid labile
subunit (ALS). This ternary complex is composed of equimolar
amounts of each of the three compecnents. ALS has no direct
20 IGF-binding activity and appears to bind only.to the
IGF/IGFBP-3 binary complex. The ternary complex of
IGF+IGFBP-3+ALS has a molecular weight of approximately 150
Kd. This ternary complex is thought to function in the
circulation "as a regervoir and a buffer for IGF-I and IGF-II
25 preventing rapid changes in the concentration of free IGF"
(Blum et al. (1991) "Plasma IGFBP-3 Levels as Clinical
Indicators"™ in MobDERN CONCEPTS OF INSULIN~LIKE GROWTH FACTORS, pPp.
381~-393, (E.M. Spencer, ed., Elsevier, New York).
Most circulating IGF-I, IGF-II and IGFBP-3 is in the
30 form of a complex, accordingly, very little free IGF is
detectable. Moreover, a high level of free IGF in blood is

- undesirable. High blood levels of free IGF lead to seriocus



Substantial quantity in the circulation, but only a very snall

fraction of this IG-is free in the circulation or in other body
fluids. Most circulating I1G- is bound to | G- binding protein-3
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ed., Elsevier, Bimgikgrpgoteins (IGFBPs) have Mmt identcid iatd mg vdidfidus | G- 1|
and | GFBP-3 is é{L;ﬁgs and body fluids. Although these proteins bind IGFs,
10 they each originate from separate genes and have distinct
amino acid sequences. Thus, the binding proteins are not
mexrely analogs or derivatives of a common precursor. Unlike
IGFBP-3, other circulating IGFBPs are not saturated with IGFs.
None of the IGFBPs other than IGFBP-3 can form the 150 Kd
15 ternary complex.

IGF-I and IGFBP-3 may be purified from natural
sources or produced by recombinant means. For instance,
purification of IGF-I from human serum is well known to the
art (Rinderknecht et al., (1976) Proc. Natl. Acad. Sci. (USA)

20 73:2365-2369). Production of IGF-I by recombinant processes
is shown in EP 0,128,733, published in December of 1984.
IGFBP-3 may be purified from natural sources using a process
such as that shown in Baxter et al. ((1986) "Growth
Hormone—Depéndent Insulin-Like Growth Factors (IGF) Binding
25 Protein from Human Plasma Differs from Other Human IGF Binding
Proteins,"™ Biochem. Biophys. Res. Comm. 139:1256-1261).
IGFBP-3 may be synthesized by recombinant organisms as
discussed in Sommer et al. (supra, pp. 715-728). Recombinant
- IGFBP-3 binds IGF-I in a 1:1 molar ratio. '
30 Topical administration of IGF-I/IGFBP-3 complex to
rat and pig wounds is significantly more effective than

administration of IGF-I alone (Sommer et al., supra).

25
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reconbinant means,  For (Rt ANSShurea 1RHWGLERY O lede T huddi 2 BErERL Serum
two proteins substantially inhibits this activity (Koedam and
Leo van den Brande (1994) "Insulin-Like Growth Factors (IGFs)

10 and IGF Binding Protein-3 Display Disulfide Isomerase
Activity"™ Biochem. Biophys. Res. Comm. 198:1225-1231).

Genetic engineering has made it possible to produce
large amounts of polypeptides encoded by cloned DNA by means
of recombinant expression systems, especially by expression in

15 prokaryotes such as Escherichia coli. The expressed
heterologous peptide, which would otherwise either not be
produced at all by the host cell or be produced only in
limited amounts, may constitute a significant proportion of
the total cellular polypeptide of the host cell.

20 Several problems are frequently encountered when
cloned DNAs are expressed at high levels in recombinant
expression systems. Polypeptides which are overexpressed in
the cytoplasm of host cells often accumulate as insoluble
"inclusion bodies” or "refractile bodies," particularly when

25 bacteria are utilized as host cells (Williams et al. (1982)
Science 215:687-689; Schoner et al. (1985) Biotechnology
3:151-154). However, inclusion body formation is not limited
to bacterial expression systems. For example, the Kriippel
gene product of Drosophila can form inclusion bodies when

30 produced in insect cells using a baculovirus expression
system. Polypeptides accumulated in the form of inclusion

bodies or refractile bodies are relatively useless for



art (Ri nderknecht et al., (1976) Proc. Natl. Acad. Sci. (USA) 20
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activity (Koedaipea@gtoplasm of host cells in soluble form, they may not be
biologically active, due to incorrect folding. Incorrect |

10 folding may occur in the cytoplasm of host cells or during the
isolation procedure.

The difficulty inherent in obtaining bioclogically
active recombinant proteins from recombinant expression
systems is increased with polypeptides which contain cysteine

15 residues, such as IGF-I. - IGF-I contains six cysteine
residues, all of which form intramolecular diéulfide bonds
which are believed to stabilize the active conformation of the
protein. The cysteine residues in IGF-I can form incorrect
disulfide bonds, i.e., disulfide bonds formed between cysteine

20 residues not found in native IGF-I. IGF-I molecules
containing incorrect disulfide bonds have reduced biological
activity (Raschdorf, et al. (1988) Biomed. Env. Mass Spectros.
16:3-8).

It has been found that the amount of soluble

25 polypeptide can be increased in E. coli recombinant expression
if the fermentation temperature is lowered below 30° Celsius
(C). This procedure is useful as an alternative to
renaturation of polypeptides from inclusion bodies but
requires an expression system which operates efficiently below

30 30°C. This procedure may not be commercially feasible,
however, since reduction of the fermentation temperature

increases the duration and, therefore, the cost of the
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10 intramolecular forces, i.e., hydrogen bonding, hydrophoblc.
interactions, and ionic bonding, to fold the protein into its
proper conformation, followed by oxidation to form correct
disulfide bonds.

In one such method, the protein to be refolded is

15 purified under conditions which maintain the cysteine moieties
of the protein as free sulfhydryl groups by the inclusion of a
reducing agent throughout the purification process. This
allows the protein to refold during the purification process
in the absence of incorrect intramolecular disulfide bonds.

20 The reducing agent is then diluted to enable the refolded
protein to form disulfide bonds in the presence of air or some
other oxidizing agent. ‘This method can be easily incorporated
into most purification processes and works optimally for
recombinant proteins having relatively uncomplicated tertiary

25 structures.

Another approach is to refold the protein in the
presence of both the reduced (R-SH) and oxidized (R-S-S5-R)
forms of a sulfhydryl compound. This allows disulfide bonds
to form, break, and reform throughout the purification

30 process. The reduced and oxidized forms of the sulfhydryl
compound are provided in a buffer having sufficient denaturing

power that all of the intermediate conformations of the



5 bi ol ogi cal and bi ochem cal assays. Conversion of this I nsol ubl e
material into active, soluble polypeptide requires slow and difficult
sol ubili zati on and refol ding protocols whi ch increase the cost of
production of the polypeptide and 5 often greatly reduce the net yield of

bi ol ogi cal |y agibyguerss POl ypeptide. Even whescramdsgbsiigous
pol ypepti des are expressed in the cytoplasm of host cells in soluble

form they may not be bi ol ogi cal |y actgve, due to incorrect folding.
Incorrect 10 folding may occur in the cytoplasm of host cells or during
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difficult refolding situations is to break any disulfide bonds

10 that may have formed during the synthesis or isolation of the
protein, then derivatize the free sulfhydryl groups of the
protein. Free sulfhydryls are derivatized by sulfonation,
‘which blocks the formation of disulfide bonds. The protéin is
then refolded in a weak denaturant, then desulfonated, which

15 allows correct disulfide bond formation. Desulfonation takes
place in the presence of a sulfhydryl campouna. A small
amount of the compound's corresponding oxidized form will
ensure that suitable disulfide bonds remain intact. The pH is
altered, i.e., increased, to a value such that the sulfhydryl

20 compound is at least partially ionized, enhancing the
nucleophilic displacement of the sulfonate.

These refolding methods, while practical for their
universal applicability, have not been shown to be
particularly efficient with IGF-I and may be difficult or

25 burdensome to perform.

Refolding methods have been disclosed which are
specific to IGF-I. PCT publications WO 91/02807, WO ©93/11240,
and WO 93/19084 each disclose methods for refolding

- recombinantly expressed IGF~I protein.
30 WO 91./02807 discloses IGF-I fusion proteins, wherein
a positively-charged amino acid sequence is fused to the

amino-terminus of IGF-I. The amino-terminal addition aids in
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This procedure is useful as an alternative to ‘renaturation of

pol ypeptides frominclusion bodies but requires an expression system
whi ch operates efficiently below. 30 30C. This procedure may not be
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6 fermentation with a concomtant increase in the risk of

contami nati on of £HQ;GU! t4U® that yields of appioW¥tdl$ JRNYorRdtags of
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as being univerg PR J e ht.h -0 ; b ifas, to the
ref ol di ng of prso?eéﬁ%gérg%%a\%?gdﬁf \ggrkh aﬂmcﬁ\ccl usiaoln fgg%icim;%%trﬁiése&%et hods
general |y seek puridiieatpén ttveyield netiveti@feIof i nproperly fol ded proteins,

e oo E 10, bk PTTEAR ol RLAGRy 4 el oSS oYt
its _ properp£&ddiar iRta eingleldadwedobycantadiatingpra thadtropicorgentt, an
disulfide bonds6rganic solvent, and a reducing agent at alkaline pH, such
. that as much as 85% of correctly folded protein is achieved.
WO 93/19084 discloses a method for refolding
10 recombinantly produced IGF-I utilizing a three step refolding
protocol. ' Improperly folded met-IGF-I, i.e., IGF-I with an
amino-terminal methionine fthis methionine residue must be
removed to yield mature IGF-I), is solubilized in a denaturing
solution. BAn oxidizing agent is then added to form a "redox™
15 solution. An additional reducing agent is added to increase
| disulfide exchange and the solution is incubated overnight.
This method results in yields of up to about 30% correctly
folded protein. This protein must be further processed to
remove the amino-terminal methionine residue.
20 Recently, Hober et al. ((1994) "Folding of
Insulin-Like Growth Factor is Thermodynamically Controlled by
Insulin-Like Growth Factor Binding Protein" Biochemistry
33:6758-6761) described a method for refolding IGF-I utilizing
the addition of native IGFBP-1. Addition of native IGFBP-1 to
25 reduced IGF~I polypeptide ‘under redox conditions resulted in
yields of native IGF-I of up to 89%. Use of IGFBP~3 was not
disclosed, nor was the use of unfolded IGEBPs.
The refolding methods known to the art all result in
yields of correctly folded protein significantly less than
30 100%. The heterologous mixture resulting from these methods
must then be further purified, a process that can be time

consuming and/or costly.
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condi tions which maintain the cysteine noieties of the protein as free
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protein to att@uBthd:S obJEEECIE the predehorifbicnefofntb yebvidé@ BRmplei N t he
solubility of folding . . .

highly efficient method for the production of purified

10 complexes of native IGF and IGFBP-3.
The patents, patent applications and publications
cited throughout the disclosure are incorporated herein by

reference in their entirety.

15 Brief Summary of the Invention

In one aspect the invention provides a rapid, highly
efficient method for refolding IGF-1 and IGFBP-3, and further
provides an efficient method for obtaining native
IGF-I1/IGFBP-3 complexes. The invention further provides for

20 the purification of native IGF-I and native IGFBP~3 from the
native IGF-I/IGFBP-3 complexes.

In another aspect the invention provides a rapid,
highly efficient method for refolding IGF-I, resulting in very
high yields of native IGF-I.

25 In yet another aspect, the invention provides a
rapid, highly efficient method for refolding IGFBP-3,

resulting in increased yields of native IGFBP-3.

* Brief Description of the Drawings
30 Figure 1 shows the amino acid sequence of human

IGE-I.



5 intermedi ates. This approach is nost effective when the protein to
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represent the results from cofolding.

Disclosure of the Invention

15 Proteins expressed at high levels in recombinant
expression systems frequently exhibit low or undetectable
biological activity, due to improper folding and incorrect
disulfide bond formation. The present invention provides a
novel method for rapidly refolding recombinantly produced

20 IGF-I and IGFBP-3 at extremely high efficiency, yielding
native IGF-I and IGFBP-3. In a surprising result, the
inventors found that oxidation of a mixture of denatured and
reduced IGF-I and IGFBP-3, i.e., cofolding, [combination of
unfolded or improperly folded IGF-I with unfolded or

25 improperly folded IGFBP-3 under denaturing and reducing
conditions, followed by oxidation,] resulted in a synergistic
increase in the refolding efficiency for both proteins,
yielding nearly 100% native IGF-I and a very high percentage
of native IGFBP-3. The inventors also unexpectedly found that

30 the kinetics of refolding were substantialiy altered,
especially with respect to the folding of IGFBP-3, resulting

in a considerable reduction in the time required for
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8 refolding, such that yields of approximately 50% correctly

folded protein are achieved. This approach requires the extra st eps of
cl.eavage of the am no-term nal fusion peptide and purification to
yield native I\&Eoksor3e WD 93/ 11240 discl oses a nptirosbsioses
refolding | G- protein in a single solution containing a chaotropic
agent, an organi c solvent, and a redugj ng agent at al kaline pH, such

that as nuch as 85% of correctly folded protein is achieved.

WO 93/19084 di s¢leR$atndt MehEad oh1 £ iwaldi Pkt 1L81aF BF QERHbAMNHGY bEEAGMC ed

| G--1 utilizing a three step refol ding . _ protocol..lqproagfly f ol ded
met-1 GF-1, i.e.it Lierknowy thatthe disylfids- iwomeraae FRSNLBN (this

met hi oni ne resi ‘i V. ey itgled I -deforhdn
soluhbilized in egﬁgré‘%g?%ra?%vuy Whgg?ujiqﬁg%.e%nﬂgx}og%#ﬁg gé%(;nt i°s thgen added
to forma "red®mf digslfigisl bondm and whighdcan crasistetudirogetyarafoldinaided t o

Thi 5 et hod r ot 87T h 5t AP B SepeL8? HeC a8 HissBe CrlibRDR ARuRYEIJE AN
protein. This [ueree+d (HesdaibeardLeébevarpdeneBsade} osupra).renove the
?Enlgg;f; e.r. rIPOInS: nrgTEE)PI oni n%hé eisnlvgzggion 2aq.so provides forR%%ng.]éiéﬁt |1;1|8 e<;dset al .
for the production of purified native IGF, native IGFBP-3 and
native IGF/IGFBP-3 complex from recombinant expression '
10 systems. Cofolding of IGF-I and IGFBP-3 according to the
instant invention results in the formation of native
IGF-I/IGFBP-3 complexes. These complexes can be easily
isolated from any improperly folded protein in the folding
reaction using simple methods well known to those in the art.
15 If desired, IGF-I and IGFBP-3 can each be easily further
isolated and purified by methods well known to those in the

art

Definitions

20 "Insulin-like growth factor™ or "IGF" comprises a
family of factors, including, but not limited to, IGF-I and
IGF-II. IGF is a polypeptide with a molecular weight of about
7.5 Kd. IGF includes naturally occurring IGF-I or IGF-1I,
analogs or variants thereof, and fusions between IGF-I or

25 IGF-II and other amino acid sequences. iGF may be obtained
from natural sources or prepared by recombinant means.

"Insulin-like growth factor binding protein-3" or
"IGFBP-3" as used herein is a member of the family of
- insulin-like growth factor binding proteins which comprises,

300 but is not limited to, IGFBP-1, IGFBP-2, IGFBP-3, IGFBP-4,

IGFBP-5, and IGFBP-6. IGFBP-3 may be obtained from natural



Insulin-Like Gomh Factor is Thernodynam cally Controll ed by

I nsulin-Li ke Gowmh Factor Binding Protein" Biochemstry 33: 6758-6761)
described a nethod for refolding 1G-1 utilizing the addition of
native | GFBP-1. Addition of native IGFBP-1 to 25 reduced |G- 1 pol ypeptide
under redox cogdeepng resulted in yi el ds of native | GpolrnRbegspiat O
89% Use of | -3 was not di scl osed, nor was the use of unfol ded

| G-BPs. The refol ding methqgds known to the art all result
in yields of correctly folded protein significantly less than 30

100%  The het efn],QQQUsy "BreiphirBd MGS YebontinhhORdp8Se f@EESsorms a MUSE
then be further purified, a process that can be tine consum ng and/ or
costly. complexvm;ghylﬁg7ggd a third molecule known as ALS.

PCT/ US96/ 08113 " fhere
; . Native IGF-I," d h d -
is a need in the art for aasf"r'r?) l'e, ra ag nse ereuﬁ'i deF]é?eentasrr%? d for

refol ding | GF alntluGEBp-1Batiuradly m;currlrlmrIGEcL mﬂggﬂatandnvmtitalmtsor rect
di sul fide bqul an o ct_of t

oresent 5. I maRERgH iR, o pfeRER croliediand sbbrfhalhflloriuebty

r ef ol di ng I G- IdﬁuifﬁGEBFbrﬂisby cmfnelcdldﬁgsdllﬁ&dé Vm)n[fle| ypeforfied between

resulting in high Vi €08 ssBhOP%Ud-¥ab 0l ch3sB" % B3s-dd1,' 82 %ne
homologs of those amino acid residues in analogs and variants
of IGF-I. Native IGF-I is biologically active.

10 "Insoluble IGF-~I" refers to precipitated or
aggregated IGF-I that is contained within host cells, or is
otherwise host cell associated, and assumes a biologically
inactive conformation with incorrect or unformed disulfide
bonds. Insoluble IGF-I may be containéd in inclusion bodies

15 or refractile bodies, i.e., may or may not be visible under a
phase contrast microscope. _

"Improperly folded IGF-I" refers to IGF-I which is
in a biologically inactive conformation with incorrect or
unformed disulfide bonds. Improperly folded IGF-I may be, but

20 need not be, insoluble. - '

*"Insoluble IGFBP-3" refers to precipitated or
aggregated IGFBP-3 that is contained within host cells, or is
otherwise host cell associated, and assumes a biologically
inactive conformation with incorrect or unformed disulfide

25 bonds. The insoluble IGFBP-3 may be contained in inclusion
bodies or refractile bodies, i.e., may or may not be visible
under a phase contrast microscope.

"Improperly folded IGFBP-3" refers to IGFBP~3 which
is in a biologically inactive conformation with incorrect or

30 unformed disulfide bonds. Improperly folded IGFBP-3 may be,

but need not be, insoluble.



further object of the present invention to provide a sinple, hi ghly
efficient nmethod for the production of purified 10 conplexes of native

| GF and | GFBP- 3. The patents, patent applications and

publ i cati ons cited throughout the disclosure are incorporated herein
by referegeeysddpakneir entirety. 15 Brief Summary of tpperksbeilsi ON
In one aspect the 1nvention provides a rapid, highly efficient method
for refolding 1G-1 and | GFBP- 3, and_furthss provi des an efficient

met hod for obtaining native | G=-1/1GFBP-3 conpl exes. The invention

further provides for 204 LhLCcaty nap | | GE- naLive

| GFBPr-3 fromthe natyégg?%ggré%ggBng‘%%ﬁ%?%%%@p 8 5ef¥5%d & I n
anot her aspect IGEBPrAyeiridlodipg matdesliy rogpuziring IGFBPtHh| wnaldégsgi end net hod
for refolding 1 G, . resulting in ver hi i.el.lds of native L.GF-1. 25
In yet anot her ‘é%rd‘«?@{;,sef[ T eloﬁ(/ew 1 nl%rpor\?PaﬁggﬁdEdr% ‘f&fmﬁ?lgﬂﬁ ﬁng’:f i ci ent
nmet hod for ref otskregt| &FBR£3de bondsesulldtinvg ICFBPRGr £adriblphetailyof nati ve

| GFBP- 3. Bri.ef Description of the Drawings 30 Figure 1
shows- t he am ndPHdiVE- sequence of human | GF-1.

"Native IGF-I/IGFBP-3 complex," as used herein, is
defined as a non-covalently bound complex of native IGF-I and
native IGFBP-3.

"Reducing agent," as used herein, is defined as any

10 compound or material which maintains sulfhydryl groups in the
reduced state and reduces intra- or intermolecular disulfide
bonds. Acceptable reducing agents include, but are not
limited to, dithiothreitol (DTT), 2-mercaptoethanol,
dithiocerythritol, cysteine, cysteamine (2-aminocethanethiol),

15 and reduced glutathione.

"Oxidizing agent," as used herein, is defined as any
compound or material which is capable of removing an electron
from a compound being oxidized. Acceptable oxidizing agents
include, but are not limited to, oxidized glutathione,

20 cystine, cystamine, oxidized dithiothreitol, oxidized
erythreitol, and oxygen.

"Denaturing agent™ or “denaturant," as used herein,
is defined as any compound or material which will cause a
reversible unfolding of a protein. The strength of a

25 denaturing agent or denaturant will be determined both by the
properties and the concentration of the particular denaturing
agent or denaturant. Acceptable denaturing agents or
denaturants may be chaotropes, detergents, organic, water
miscible solvents, phospholipids, or a combination of two or

30 wmore such agents. Acceptable chaotropes include, but are not
limited to, urea, guanidine, and sodium thiocyanate. Useful

detergents may include, but are not limited to, strong
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10 Figure 2 shows a nucl eoti de sequence coding for

human |1 G--1. Figure 3 and Figure 4 show two alternate am no
acid sequences for I1GFBP-3. 5 Figures 5, 6, and 7 show
three al ternatiyg geag73s NUC! €0t i de sequences coding for human pé&f7Bissiis
Figure 8 shows a nu?:q eoti de sequence coding for yeast ubiquitin

hydr ol ase (YUH). Figure 9 anij4 Figure 10 show the results of

cofolding 10 IG~1 and IG-BP-3. Filled dianonds repr esent refolding of
I G--| or |G-BP- %e@é?&'&tsr §§9§C§§ B4 Yum %hggyPMng@,n%Qd o]i%oxyre‘éﬂffféféqt the

results from cof ol ding. sclosure of"the Inventio

Prot ei ns expresssbens {(g.gh.| Tieens ok Mrikoontetrngents) ,” ;ipdanwi-donigst ens
frequently exhiby nget - Di L cal VI LY, 19(0)

| nproper foldi nlgg e%ﬁ%&%\tgor(%ég’t' %bprl §‘d|’f'}‘h€d ?ggg&f%r rc%gf'%%#ntc'yfhgg%ﬁeassent
i nventi on provi deg2a3-(Didleyexy)rprbpoyll -t Ny 8t xi ing thiyifamndh ingm 5 end@dbiowsind | y

produced 20, IGF-|_and | GEBP-3 at,.extre hi gh.efficiency,. yieldng
native | G-I Sangéf:?ﬁ%?ﬁ . gl‘:*nga' SQHHPT sqhﬁgg*;%scfﬁ g?dflﬁ‘é de°xy'(i¥ﬂ}€¥?gr%r f ound
that oxi dation efvigtetidricedeferdents lirzduaity, butlsstigesit&dto,and | GFBP- 3,

I .e., cofolding, %conbi nati on of unfol ded or inproperly folded | G-I
with unfol ded orSu35°PYAINgHef#¥rHEEFRRF)FGFBP- 3 under denat uring and

reduci ng condi{5i-aiifo1 an@bberepe1 Pyinethgabmihib-1 §sdphd ddLatsynergistic
increase in the refolding efficiency for both proteins,
(CHAPS), and
10 3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy-l-propane
sulfonate (CHAPSO). Organic, water miscible solvents such as
acetonitrile, lower ‘alkanols (especially C,-C, alkanols such as
ethanol or isopropanol), or lower alkandiols (especially C,~C,
alkandiols such as ethylene-glycol) may be used as
15 denaturants. Phospholipids useful in the present invention
may be naturally occurring phospholipids such as
phosphatidylethanolamine, phosphatidylcholine,
phosphatidylserine, and phosphatidylinositol or synthetic
phospholipid derivatives or wvariants such as
20 dihexanoylphosphatidylcholine or
diheptanoylphosphatidylcholine.

"Refolding," as used herein describes any process or
method which is designed to transform polypeptide from its
improperly folded or unfolded state to its native, properly

25 folded conformation.

"Cofolding, " as used herein, refers specifically to
refolding processes, reactions, or methods which employ at
least two polypeptides which interact with each other and
result in the transformation of unfolded of improperly folded

30 polypeptides to native, properly folded polypeptides.



yielding nearly 100% native IGF-1 and a very high percentage of native
| GFBP- 3. The inventors al so unexpectedly found that 30 the kinetics of

refol ding were substantially altered, especially with respect to the
folding of 1GFBP-3, resulting in a considerable reduction in the tine
required for o oes0736 WO 96/ 40736 PCT/US96/08113
PCT/ US96/ 08113 refolding. These results were particularly surprising
because it is known that the disulfide lgsomer ase activity (an
enzymatic activity which involves the breaking and reformng of

di sul fi de bonds Wi SSJ ' ' folding) 5 of IG-1 is
i nhi bited by t he LER R RnEoPleterkls Hufblldldi | GFBP- 3 ( Koedam and
Leo van den Brande, suprdhe instant invention f¢wmidenvémttihencafslalipgoef des for
efficient methods, f ng product i of _puri fi. tdve.l GF, native

| GFBP- 3 and géEﬁaIt F\r}g %%4]&5&?&%%%%{}&&?%@‘1 rhégglr‘rg?enéafrlf l%%r ession 10
systens. Cof ol efuldihgl &F-tdheahdo |gHeBPiBs ,agydoldimy nkbitdIGF-I andist ant

%E\e/:‘gt Icggplrg gls&éﬁé?n_gtéhg% ?{%‘%Lé?“in% ucri]é’j‘st Is\é.?nplifie rcn-]e:{:llxclaAsG%%rp- 3 conpl exes.
purification of native IGF-I, IGFBP-3, and IGF-I/IGFBP-3
complex. The invention may be carried out as follows:

a) IGF-I and IGFBP-~3 are combined in a molar ratio
of about 1:3 to 3:1, then denatured and reduced with

10 .denaturing and reducing agents, or alternatively, IGF-I and
IGFBP-3 are denatured and reduced individually, then combined
in a molar ratio of about 1:3 to 3:1 to form IGF-I/IGFBP-3
complex; _

b) An oxidizing agent is then added to the

15 IGF-I/IGFBP-3 mixture of step (a);

c) Optionally, IGF-I/IGFBP-3 ccmpléx may be purified
from the IGF-I/IGEFBP-3 cofolding mixture; and

d) Optionally, IGF-I and IGFBP-3 may be individually
purified from the complex.

20 IGF-I and IGFBP-3 for cofolding in accordance with
the present invention may be produced in a variety of high
expression systems, utilizing a variety of host cells,
including, but not limited to, bacteria, yeast, insect and
mammalian ceil lines. Preferably, IGF-I and IGFBP-3 are

25 produced in bacterial host cells. More preferably, IGF-I and
IGFBP-3 are produced in E. coli host cells, including, but not
limited to E. coli strain W3110DE3.

Host cells are transformed with expression wvectors
containing DNA coding for IGF-I or IGFBP-3. Host cells may be

30 transformed by a variety of techniques well known to the art,
such as, but not limited to, CaCl, for bacterial or yeast host

cells, CaPO, for insect or mammalian host cells, or



i solated fromany inproperly folded protein in the fol ding reaction

using sinple nethods well known to those in the art. 15 I f desired,

| GF-1 and |1 GFBP-3 can each be easily further i sol ated and purified by
met hods wel | known to those in the art Definitions 20
“Insulin-like gi@¥ddordsactor” or "I G- conprises a fam | yperfusoaesiny s,

I ncl udi ng, but not limted to, I1G~-1 and IGF-11. IGF is a polypeptide
with a nol ecul ar wei ght of about 7.5 Kdg |G includes naturally
occurring G-I or I1G-1I1, anal ogs or variants thereof, and fusions
bet ween | G-I OEleé’tﬁcopbg;tidn aad E@'iﬁ@d%%f‘%n?chékts%uﬁnﬁﬁ% hétndmy be
obt ai ned from natural sources or prepared by reconbli nant neans.

"I'nsul i n-1ike gEetttrepsérpratirRdPhdrastotetyp aydpe found in §agpraok £& ysed
herein is a menper @98@5"%&.@6&.&’ ciinine: a LasdRStékd ﬂaﬂuhﬁe(cﬂie"‘éﬁlfng:ﬁﬂbor

bi ndi ng proteins which conprises, 30 but is not limted t
| GFBP- 2, | GFBP- BaboGitppy JPress, Colwlsg Rarpor G dusniggIBH-198 ¥k yCURRENT

obtai ned fromn 9 7
Pc-l-/ USQG/ 081 3 @a%s IN MOLECULAR BIOLW, &'fo%gl ﬁ?ley & Eans,_ New York) .

Expression vectors containing DNA coding for IGF-I
or IGFBP-3 may be constructed by standard methods well known
to the art. DNA coding for IGF-I or IGFBP-3 may be obtained
from natural sources, such as genomic or cDNA libraries, 6r

10 may be chemically synthesized. Further, variants of IGF-I orx
IGFBP-3 may be produced by a variety of methods well known to
the art, including site-directed mutagenesis. Methods for the
production of variants may be found in Sambrook, supra and
Ausubel, supra.

15 ' Transformed microbial host strains are cultured in
liquid medium containing assimilatable sources of carbon,
nitrogen, and inorganic salts, using methods that are well
known to the art. Transformed insect or mammalian cells are
cultured in ligquid medium containing assimilatable sources of

20 carbon, nitrogen, and inoxrganic salts and, opfionally,
containing vitamins, amino acids, growth factors, and other
proteinaceous culture supplements known to the art. Liquid
media for culture of host cells may optionally contain
antibiotics or antifungals to prevent the growth of

25 undesirable microorganisms-and/or compounds including, but not
limited to, antibiotics to select for host cells containing
the expression vector.

IGF-I and IGFBP-3 may be purified from host cells by
a variety of methods known to the art. Normally, IGF-I or

30 IGFBP-3 produced in bacterial host cells is poorly soluble or
insoluble (in the form of inclusion bodies). In the case of

insoluble protein, the protein may be collected from host cell



sources or prepared by reconbi nant neans. |1 GFBP-3 forns a conplex with
|GF and a third, nolecule known as ALS. "Native IGF-1," as
used herein, is defined as I G-I, i ncluding naturally occurring 1G--1,
anal ogs, and variants 5 thereof, which is properly fol ded and cont ai ns
only correct woogeddnp! fide bonds. Correct disulfide bonds aper, L@fh

or t

bet ween am no acid residues C6-C48, C47-52, and C18-061,
honol ogs of those amino acid residues in appl ogs and variants
| G--1. Native IG-1 is biologically active. 10 "Insoluble

IGF-1" refers tl@srart@slwt&tn%gl ation. 289l MRt Rde! GFdookhgt sditipgant ai ned
within host cells, or qhervm se host cell associated, and assunmes a

bi ol ogi cal l'y PrOtPHact‘FW%iBﬂ# dingdnding weeh natcdiniksd e, wpdlyetbilene
di sul f.i de hiands épﬂ;ﬂsmaybi,@ 'a@Ea tmdbee B BEOSGcBeLdif s’ on bodi es

15 or refractive bodies, 1 e not be" vi sible under
phase contr ast pﬁr@pg@,bmmzpluble Proteln- The prenipdpaved) protetiod nia@Fthénref ers

to I GF-1 whisch & ' td formation with
I ncor+ ect or g an ?)Irﬁfréls31 8]'{]%%5 lﬁ%&éﬂ%éuﬁgtg&% folded 1G-—-1 may be,
but 20 need not be [ nsdhablwhle or precipitated IGH+TSokubtEBE-GFREY Xharef ers

L0 PP S R o R L o

biologically art. Preferably, IGF-I or IGFBP-3 is solubilized with urea or
guanidine hydrochloride. .

10 When IGF-I or IGFBP-3 is produced as a fusion
protein, the fusion sequence may optionally be removed.
Removal of a fusion sequence may be accomplished by enzymatic
or chemical cleavage, preferably by enzymatic cleavage.
Enzymatic removal of fusion sequences may be accomplished

15 using methods well known to those in the art. The choice of
enzyme for removal of the fusion seqguence will be determined
by the identity of the fusion, and the reaction conditions
will be specified by the choice of enzyme as will be apparent
to one skilled in the art. The cleaved IGF-I or IGFBP-3 may

20 further be purified from the cleaved fusion sequence by well
known methods. Such methods will be determined by the
identity and properties of the fusion sequence as will be
apparent to one skilled in the art. Methods for purification
may include, but are not limited to, size-exclusion

25 chromatography, hydrophobic interaction chromatography,
ion-exchange chromatography, or dialysis. '

IGF-I or IGFBP-3 is preferably further purified to
remove DNA from the protein solution. DNA may be removed by
any of several methods known to the art, such as precipitation

30 or ion exchange chromatography, but is preferably removed by

precipitation with protamine sulfate. IGF-I or IGFBP-3 may be



i nactive conformation with incorrect or unforned disulfide 25 bonds. The

i nsol ubl e |1 G-BP-3 may be contained in inclusion bodies or refractile
bodies, i.e., nmay or may not be visible under a phase contrast
m.croscope. "I nproperly folded | GFBP-3" refers to | G-BP-3
whi ch i's i Lgl ogi cally inactive conformation w th i ngeriseberes 30
unfornmed disul f |(ae onds. Inproperly folded | G-BP-3 nay be, but need
not be, insol uble. WO 96/ 40736;¢
PCT/ US96/ 08113 13

Native | GFBP- 3,501,858, € ¢ BT &ild) prbifhtfalt B8 idS using rleehBls 3indibalagli ng
natural |y occurri ﬁg | GFBP- 3, anal ogs, and variants thereof, which is

Ipagggr I3y_ foLdefj w&ndri'leillma&ﬁﬁé ohifpltratianerrect disul fide bonds. Native
-3 is biologically Gt i€ - i Ay P-3
]lf_’(lstzclt of“IGFBP r:?eaor cofoldlncgl\lqha%(g%c%ﬁgénl:é witR

conpl ex," as used herein, as a non-cov bound conpl ex
of native | GF-| taedpresentnanverscioGhB#y 2e used directly follpeihgithg agent, "

e s gemofs] I RS Shay'fe ARG Yho08: L /8L JHERCFRI &1 N5
using methods well known to the art. Cofolding of relatively
impure (crude) IGF-I and IGFBP-3 has the advantage of
increasing yields and simplifying purification of native
1GF-1/IGFBP-3 complex. Purification of cofolded complex

10 requires only one purification protocol (as opposed to two,
when the.two polypeptides are purified separately before
cofolding), and allows the purification protocol to exploit
the properties of native IGF-I/IGFBP-3 complex.

If desired, IGF-I and IGFBP-3 may be further

15 purified. Purification of IGF-I and IGFBP-3 may be
accomplished using a variety of techniques well known to the
art, including hydrophobic interaction chromatography, size
exclusion chromatography, ion exchange chromatography,
reverse-phase high performance liquid chromatography, affinity

20 chromatography, and the like. Additional purification may
also include a step of drying or precipitation of the purified
protein. When IGF-I and IGFBP-3 are dried or precipitated,
the proteins may be combined before redissolving in
denaturant, or may be redissolved individually and combined

25 for cofolding.

Denaturation of IGF-I and IGFBP-3 may be
accomplished using a variety of denaturing agents, including,
but not limited to, urea or guanidine. Preferably, the
denaturant is urea. Denaturation may be accomplished in a one

30 step process, wherein IGF-I and IGFBP-3 are denaturéd with a
solution of denaturant which is the concentration used for

cofolding, or in a two step process in which IGF-I and IGFBP-3



reduced state and reduces intra- or internolecular disulfide bonds.

Accept abl e reduci ng agents include, but are not limted to,
dithiothreitol (DTT), 2-nmercaptaethanol, dithioerythritol, cysteine,
cyst eam ne (2-am noethanethiol), 15 and reduced gl utat hi one.

" Oxi di zi ng ageQly o gﬁsused herein, is defined as any co%q.mgg‘,&gn

mat eri al which'i's capable of renoving an el ectron froma conmpound bei ng
oxi di zed. Acceptabl e oxi di zing agents Lhcl ude, but are not limted to,
oxi di zed gl utathione, 20 cystine, cystam né, oxidized dithiothreitol,

oxi di zed eéf’é Weggﬁm:ed Qﬁgh Og(mgﬂ'd%?ncen ration of dé'na r\‘:%taggl ng agent” or

"denaturant," as use erein, [ I ned as any conpoun t material
which wi || causgoldowed be\dilgtidre wesvlilinygiofa sqintien rconthéniig @ength of a

25 denaturing agen r.denaturant will be _determined bath by the
properties and ¥ ecet(t:%%%gln?nr é’%i %%a(tﬂ’r?#é WEEPE arplhed‘é?lgﬁﬁflﬁgpmcesggent or
denat urant. Acchptthial enélestapudent;uageds priocess, dhdatoticHtTatibon BF
chaotropes, detergents, organic ter m, sci bl e sol vent s,

phosphol i picf‘g, SeES T3y r’rg‘FFSn“%ﬁm%F%t‘bﬁa'%olSrfb“reé'sb%ri’ﬂf&éﬁﬁe-?y aROBEDL abl e
chaotropes includg 2bmblare matthe twol s¥dg @dnkOurdtien, pxerssdi fie and

sodi um t hi ocyanat e. Usef ul detergents may include, but are not limted
to, strong concentratﬁqﬁ g@lggﬁg§gra t, where the denaturant is urea, is

PCT/ US96/ 08113 preferably about 5 to 7 molar, which is prédferably deifHegeRbS such
as sodi um dodecyl sulfate, or pol yoxyethyl ene ethers (e.g., Tween or

Triton detergerRRIEt & @ H1@RIRBrEAE the cfoldip@meocessy. , digitonin), nild
cationic defgergents such gaduction of IGF-I and IGFBP-3 may be accomplished
N-[2, 3-(Di ol eyoxy)-propyl ]-N, N, N-trimet hyl ammonium m’ld ionic
at the same time as denaturation or, optionally, may be
accomplished following denaturation. Reduction of IGF-I and
IGFBP-3 may be accomplished with a variety of agents,
including, but not limited to, dithiothreitol (DTT),
15 .2-mercaptoethanol, cysteine, cysteamine (2-aminoethanethiol),
or reduced glutathione. Preferably the reduéing agent is DTT.
As discussed for denaturation, reduction of IGF-I and IGFBP-3
can be a one or two step process wherein the polypeptides are
reduced using a concentration of reductant useful in the
20 cofolding process or wherein the polypeptides are reduced with
a high concentration of reductant, followed by dilution to a
concentration useful in the cofolding process. Where the
reductant is DTT, the high concentration of reductant is
preferably about 30 to 50 millimolar (mM), and the
25 concentration useful for cofolding is preferably about 5 to 15
mM.
The solution of denatured and reduced IGF-I and
IGFBP-3 is then oxidized to form disulfide bonds. Acceptable
oxidizing agents include, but are not limited to, glutathione,
30 cystine, and cystamine. Preferably the oxidizing agent is

cystamine.



5 detergents (e.g., sodiumcholate or sodi um deoxychol ate) or _
zwitterionic detergents including, but not [imted to, sul f obet ai nes

(Zw ttergent), 3- (3-chl ol am dopr opyl ) di met hyl ammoni o- 1- propane sul fate
(CHAPS), and 10 3-(3-chl ol am dopr opyl ) di et hyl ammoni o- 2- hydr oxy- 1- pr opane

sul fonat e (CHQF’(EQ,M ganic, water m scible solvents such aspcrnsesosiis
acetonitrile, wer “al kanols (especially (JQerr]-Cerr] al kanols such as

et-hanol or isopropanol), or |ower alkandiobg (especially Clerr]-Clerr]
al kandi ol s such as et hyl ene-glycol) nmay be used as 15 denaturants.

Phosphol i pi ds useful in the QRIAMg IdAYERibP hay be EMoWEd &Y WbAtinue
occurring phospholipids such as phosphati dyl et hanol am ne,

phosEhaft i dyl chdindaéinitely.phbeysveri dihe dnvertoxs hape okgymdt FRAR i nosi tol or
synt hetic p | pd 4 \vaty 2 |

di hexanoyl phosp%%??g%%%ﬁillﬁg iorea.1td ¥%%3p¥%%%%§%§%%€?g§%%ﬁlgl I ne.
"Refol di ng," askimeeilchesfeirefdbdiond.besceurgipglesbeoreactionpndodbenwhi ch i s

desi d f | : Y :
oo 00 Lo 4T L BRI L Oy, AP L i

s
"Cof ol di ng, " asasugetol®En@iuts.r cfxeferappeithecabfolding reactédwlidi ng

W oh 1 nter act GEFEASEERIED HBr o ki oure. BRI RS TRYY (RSB BRFon of
unfol'ded or inpraReLby {9ldadisted Fokyaepti teso tonvatsve, properly fol ded
pol ypept i des. Following the completion of the cofolding reaction,

10 native IGF-I/IGFBP-3 complex may be purified. Native
IGF-I/IGFBP-3 complex may be purified by a variety of methods,
including, but not limited to, size exclusion, ion exchange
chromatography, and hydrophobic interaction chromatography.
Preferably, native IGF-I/IGFBP-3 complex is purified by cation

15 exchange chromatography using a sulfopropyl-derivatized column
chromatography matrix, (e.g., SP-Sephadex, Pharmacia, Uppsala,
Sweden). Optionally, native IGF-I and IGFBP-3 may be further
purified from the complex using a variety of methods known to
the art. Preferably IGF-I and IGFBP-3 are purified from the

20 complex by dissociation of the complex, prefefably under
acidic conditions, followed by size exclusion chromatography.

Purified complex or IGF-I or IGFBP-3 may be exchanged into
different buffers and/or concentrated by any of a variety of
methods known to the art.

25 The following examples are intended to illustrate
the present invention. The examples are not intended to limit

the scope of the present invention in any way.

Examples
30

Example 1. Expression vectors containing IGF-I and IGFBP-3

sequences for use in the production of IGF-I and IGFBP-3.
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15 Description of the Preferred Enbodi nents The i nstant
i nvention resides in the cofol ding of | GF-1 and 1 GFBP-3, resulting in
rapid, highly efficient refolding of the two proteins, yielding native
| GF-1 and 5 |¢boRuenss and further includes sinplified nethodpct@kesestiz
purification of native IG--1, 1GBP-3, and | G~ 1/1 G-BP-3 conpl ex. The
invention may be carried out as follows: 91 a) 1G--1 and

| G-BP-3 are conbined in a nolar ratio of about 1:3 to 3:1, then
denatured and reduced w #he dx égﬁdﬂ LBAs @Rkt E et RY ag&mc% I@f‘-I and
alternatively, 1G-1 and GFBP-3 are denatured and reduced

i ndi vi dual |y, tWﬁPC%rﬁﬁeneﬁimnar to RYUOPArandapPBLYA3 ASguirds 2t al3: 1 to
formIGF-1/1 G':Eﬁu% a) 7 GF P! %?:hem 263: 16297-16309) é%ﬂ:e?%' Shai NGe2g&Ms 1 S

t hen .added to BP-3 m xture of ste c)
Optional |y, | GRnsererBrogngergarerinthe warapskdtiioasl coupleroare he

| G--1/1 GFBP-3 - ti . | GF

and |-G-BP- 35rra gh?%{&?-\/l?g ﬁ;ﬁooﬁﬁ')d antjirlI FBePd 3f r(g?ﬁﬂfz‘f?g:;%rrp ex. %1&“'

| G- 1 and | G:BFpEIRmGBB ca@lﬁopwm%ndmr dam:eaamomﬁ in thht thesentnot

I nventi on may be ed rigt f expr.es S e
oo e MulelE 1600 Buaptel seouesfiL S BT TR

ut|I|2|ngavar|ety of Hilag
bacteria, yeastthe meeogenanﬂn thatnpmndanbuelﬁheyl daeconachepnbl y, |1 G- 1 and

| GEBP-3 are 25 prod ged i n hacteria Q&i# giel | 5. %re&ég%gcﬁ]abilvya | GF-1 and -
| GFBP-3 are prodii€&a* TH & ?l"ﬁsg? Cert s i S PutiR g orve linmted
to E. coli Kt r&ba%:k%ﬂé.ﬂlﬁ&lOOS_B contains a liddest scel JccTacacer apsf aened with
g)élplr gs%snb\éemt at locatL%n?t&Sﬂ2g.g3 Dc%lt%?.rqls nag 3f88rb1|3 falgmgrrltlcgzr%?(}.gg Host
- the par locus of pSCl01 (Meacock and Cohen (1280) Cell 20:
529-542).
PER10088 contains an open reading frame (ORF)
15 comprising (in order, 5' to 3') an ATG triplet (initiation),
the 76 codons of yeast ubiquitin, 70 synthetic codons of
mature human insulin growth factor I, and a termination codon.
PDJ12B33 contains an ORF comprising an ATG triplet
followed by the 264 codons of mature human IGFBP-3. The
20 amino-terminal 95 codons are synthetic; the remainder were
derived from the natural CDNA for this gene.
In each case, the ORF is positioned relative to the
translational coupler exactly as described by Sguires et al.

{1988) for fibroblast growth factor.

Example 2. Recombinant production of IGF-I.

. IGF-1I may be produced using expression vector
constructs such as those described in Example 1. An
expression construct for production of an IGF~I fusion protein

30 (PER10088) was introduced into E. coli strain W311l0DE3 using

calcium chloride transfection (Sambrook, supra).



30 transfornmed by a variety of techniques well known to the art, such

as, but not limted to, Cal 2 for bacterial or yeast host cells, CaPO4
for insect or mammal i an host cells, or WD 96/ 40736

PCT/ US96/ 08113 16 el ectroporati on may
be used for anw@%@;‘nﬁell type. Methods for transformat igrrsdosbsiss
cells may be found In Sanbrook et al . (1989) MOLECULAR CLONI NG A
LABORATORY MANUAL (Col d Spring Harbor dsaboratory Press, Cold Spring

Har bor) and Ausubel (1987) CURRENT 5 PROTOCCLS IN MOLECULAR BI OLOGY, (John

Wley & Sons, New York). w3110DE3/PER10088 il @aStiedV €8t HrDOCONES NG FNA
coding for |GF1 or 1 GFBP-3 may be constructed by standard net hods

wel | known cpbtutee agr B7°CDMAt doihe culdure Greached 21GRBRiGaedensd tybati ned

fromnatural so ch noJg lp% i prari ol _ be
chem cal ly synt Eégﬁ%@%‘ﬁgbfﬁ%ﬁfégf% giﬁ?‘g of "I Géﬂeggion °f1 égEPfg’yar?ay be
produced by a vandwted by nké¢ lmiddtiewl lofk hsuprdpylthiogalhetegide i{DETEditeg

site-directed nmutagenesi s, . Met hods, f the . roquction of variants nmay
e found i Sanbr SREBIRFION A 0-4 miha BB incuBfd PacraPla Yers hulthe:
Transformed nmi ce@btwted)Othes idcllBétadl ByCobhtdiflghtion. Thd Peldepsddi um
contai ning assim| atabl e sources of carbaon, nit r%ggg, and i norx_ﬁgni C

T d

sal ts, using mefAbHS W& TaFeeRRBAsd in sogiigyicebatsd (RO m¥s o
i nsect or manmaki &N i@ 8tRYFene diamine tetraacetate (EDTA). Bacteria were

lysed with a Microfluidizer® (model M-210-EH, Microfluidics

10 Corp.). Because not all of the IGF-I fusion protein.produced
in these host cells is insoluble, polyethyleneimine (PEI) was
added to a concentration of 0.1% to precipitate soluble and
partially soluble IGF-I fusion protein.

Insoluble and precipitated IGF-I fusion protein was

15 collected by centrifugation, then washed once with 2 M urea,
50 mM potassium phosphate, 2 mM DTT, pH 5.8-5.9, and
recollected by centrifugation. The IGF-I pellet was then
solubilized with 6 M urea, 20 mM Tris, 30 mM DTT, 1 mM EDTA,
PH B.0. DNAR was precipitated from the solution by the

20 addition of protamine sulfate to a final concentration of
0.14%. Precipitated DNA was removed by centrifugation and the
IGF~I fusion protein-containing supernatant was further
purified by ion exchange chromatography on Q-Sepharose. IGF-I
fusion protein was digested with ubigquitin hydrolase (which

25 was obtained from E. coli by expression of pER1011, an
expression vector encoding yeast ubiquitin hydrolase (the
segquence encoding yeast ubiquitin hydrolase is shown in Figure
8), followed by purification according to Liu et al. ((1989)
J. Biol. Chem. 264:20331-20338) (PER1011 is analogous to

30 PJU1002 except for the presence of the 5'...CCTCGAGG...3"'
linker at the Pvull site), vielding mature IGF-I.



cultured in liquid nmediumcontaining assim | atable sources of 20 carbon,

nitrogen, and inorganic salts and, optionally, contai ning vitam ns,
am no acids, growh factors, and ot her pr ot ei naceous cul ture

suppl ements known to the art. Liquid media for culture of host cells.
may optionally | antibiotics or antifungals to pr .
grow h of 25 méevéﬁsgbl e m croorgani sns and/ or conpounds i nmgf“?}%’m 3ut
not limted to, antibiotics to select Jor host cells containing

t he expression vector. | GF-1""and |1 GFBP-3 may be purified

from host cells by AL | f t hods kno t e art rmal ly, .
|GF-1 or 30 |GFBP-3 pr?cﬁﬁiéd‘?%ynt qet eernlagll'mﬁ%sefnv(\'f(:é'fefggialﬁ|e BBF I UEERuUbl e or
i nsoluble (in the Midldmolar MITuSKDR0BOELIEm)0l in tHie prasenwf of 10i nsol ubl e
8%?28'726 the prot & HoT8Y O5caQiheCt §8pl] Owngsh%tsl;[:'tﬁq%lc!?}xagéi@dogxl%atio\é@

17 | ysat esekyhdi@t ehfcigbybsphyl Noh NeP-GRpRapisd@BE| Yevedkbbbise
protein, conmpounds including, Eut hot limted to, POl Xet hyl ene i m ne
(PEIl) . may be’ adBtef (PETERTATES ftIHce Ehprratiaosapy (RP-HPLGE onaR| Gassol ubl e

protein. The prgsidid aygdadr.otein may then 5 be conveniently collected by
centrifugation. I nsol uble or precipitated |G- or |GBP-3
may- t hen

Example 3. Recombinant production of IGFBP-3.
IGFBP~3 may be produced using expression vector

10 constructs such as those shown in Example 1. An expression
construct for production of an IGFBP-3 PDJ12833 was introduced
into E. coli strain W3110DE3 and clones were isolated, using
methods well known to those in the art (such as those
described in Sambrook, supra and Ausubel, supra). .

15 Clone W3110DE3/PDJ12833 was cultured in a 100 L
liguid culture at 37°C until the culture reached an optical
density at 600 nm (ODgy) of 25. Expression of IGFBP-3 was
induced by the addition of isopropylthiogalactoside (IPTG) to
a concentration of 0.4 mM. The induced bacteria were further

20 cultured, then collected by centrifugation. The pelleted
cells were resuspended in sodium acetate buffer (50 mM, pH
5.5) with ethylene diamine tetraacetate (EDTA). Bacteria were
lysed with a Microfluidizer® (model M-210-EH, Microfluidics
Corp.).

25 Insoluble IGFBP-3 was collected by centrifugation,
then washed once with 2 M urea, 50 mM potassium phosphate, 2
mM DTT, pH 5.8-5.9, and recollected by centrifugation. The
IGFBP-3 pellet was then solubilized with 6 M guanidinium Hcl,
100 mM Tris, 25 mM DTT, 5 mM EDTA, pH 8.0, then the

30 IGFBP-3-containing solution was diluted with 1 volume of 100
mM Tris, 5 mM EDTA, pH 8. DNA was precipitated from the

solution by the addition of protamine sulfate to a final



be solubilized using any of a nunber of agents known to the art.

Preferably, G-Il or IGBP-3 is solubilized with urea or guani di ne
hydrochl ori de. 10 When 1G--1 or I1GFBP-3 is produced as a
fusion protein, the fusion sequence nay optionally be renoved.
Renmoval of a fuyghghsesduence may be acconplished by enzymati Cpormsogisis
chem cal cleavage, preferably by enzymatic cl eavage. Enzymatic renova
of - fusi on sequences may be acconplished 15 ? |ng nmet hods wel |l known to
those in the art. The choice of enzynme Tor renoval of the fusion

sequence w | | b%oﬁ@&ﬁéfgt%ﬁ of 0 AYsl hepf g?cg étﬁgoié%i s H%h&%d gpd the

reaction conditions e specif oi ce of enzy as w |
be apparent cepbrbﬁmaﬂ’rkpnlw |thet1f’d‘ﬁi’r€3 cqﬂt@loi-w\ﬁewelr@tantowaﬁ GFBP- 3

wn et hods. . SUEhRaE HafEeq il 36 8 GRE A A00F, STMEREE R 1Y ane
properti es of t refblided wveenlaic foditowird the addltﬂqnpa:fenystmmetsldl led in

the art. odsfo urlf j on y include, but are not limted to,
Si ze- excl usi g *65’3% °fh§/d%phobi C interaction chromatography,

i on- exchange chromat ograpi‘tye mFBdi-algtﬂ.htion was concentrated@i,—l or |1G-BP-3
is preferably further om.the protein

sol ution. DNA ni}that ’rJS:rFB\‘?gﬁn'ofH‘en sol; toFx%P@FﬁlbWﬁsaétW&ﬂﬂ to the
art, such as pregaRhé@td snudéa,0r20 aM TEHapger Chrers-00wan Buridybyi
preferably renoved by recipitation wth protamne _sulfate. 1G--1 or
| GFBP-3 may be ion exchange chromatography on Q-Sepharose followed by

10 sp-Sepharose. The IGFBP~3 was further purified by RP-HPLC

using a C,3 column (Vydac).

Example 4. Cofolding of IGF-I and IGFBP-3.

15 Recombinantly produced IGF-I and IGFBP-3 were mixed
in an equimolar ratio, then dried by lyophilization. The
dried protein mixture was dissolved in denaturing/reducing
buffer (80 mM Tris, pH 8.3, 1.5 M urea, 1 mM EDTA, 10 mM DTT)
to a final protein:concentration of 1 mg/ml. Cystamine

20 hydrochloride was added to a final concentration of 10 mM
cystamine. Controls were IGF-I refolded alone and IGFBP-3
refolded alone. Cofolding and refolding reactions wexe
incubated at 5°C. Samples were taken immediately before (0
hour), and at 1, 2, 3, and 4 hours after the addition of

25 cystamine and analyzed RP-HPLC. RP-HPLC analysis of 0 'hour
time points indicated that both the IGF-I and the IGFBP-3 were
fully reduced. RP-HPLC was performed with a Waters 626-1 HPLC
instrument on a Poros R2/H column (4.6 mm diameter, 100 mm
length) using a linear gradient of acetonitrile (with 0.1.%

30 trifluoracetic acid) running from 13.5% to 54% acetbnitrile.

IGP-I and IGFBP-3 refolded alone gave poor yields of-
native protein. IGF-I refolded alone gave a yield of only 13%
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18 separated fromthe precipitated DNA using nethods incl uding
centrifugation or filtration. | GF-1 or I GFBP-3 for
cofolding in accordance with the present invention may be used
directly fol | oWjbupRg S removal of DNA, or may be further ppyjysbdshs

and/ or concentrate usi ng nmethods well known to the art. Cofolding of
relatively i mpure (crude) 1G-1_and | GgBP-3 has the advant age of

i ncreasing yields and sinplifying purificafion of native | G--1/1GFBP-3

conmpl ex. Purifi [ I f I uj 0
purification pr%?%gg;PB a%c%ggggée% aﬁgﬂ?\ﬁgldég 45\Aﬁgnh%ﬁi§’et %XB%%peg?i des
are purified separaiasky Wenocefolded, cuoitivailiy)aliari@%aétlows the I|/A-Ifi cation

protocol te exploit t AN of, tive | G-1/1 P- 3,.conpl ex.
| f desired, | G2 d AR08 ‘Gf—'gg%gérgé}ege( %%r)t H‘S?g ‘i%rereﬁgﬁ féloéggg' Pﬁrrhleﬁecat I on

of 1GF-1 and | G&Riismigydimate thaaccecofildishedf URSRHJ and/ AGFBPY3 afest@elni ques
wel I known t

t he art, .including hydr.ophobi¢c inter i on
chr onat ogr aphy, 1% §Ynergistic) b’é‘?rc?ﬁsg h’r%r?ﬁf’gg? a?ifrc]?,agf%en%%'éﬁa?fbde
chr omat ogr aphy, 1grFep-3t.ever se- phase hi gh performance |iquid chromatography,
affinity 20 chromatogra h¥l and the like. Additional purification nmay
al so include a step of drig’i‘ Benanpletisiofatrd FUPLEHRY FeRFEiQR indicated

protein. Wen |Gd, 3RdadddtBBn3ta1fcdel SthaOliOl@S ok AR/ proteidds Proteins
ey be conbi nedcgiggl%riggra?l(.jslosigl:gxlrsn%hlenkinetics of refolding. Figures 9 '
10 and 10 show the time courses of refqlding of IGF-I1 and IGFBP-3
either alone or in a cofolding reaction. The cofolding
process increases the initial rate of refolding and the
maximum rate of refolding as well as the total yield of
refolding.
15
Example 5. Assay for biocactivity of cofolded IGF-I and
IGFBP-3
This example shows that IGF-I, IGFBP-3, and
IGF-I/IGFBP-3 complex refolded according to the present
20 invention have biological activity. '
Human osteosarcoma MG63 cells (5x10° cells) are
plated in a T-175 flask and cultured in cell culture medium
(RPMI media supplemented with 10% fetal bovine serum, 50
units/ml penicillin, 50 pg/ml streptomycin, non-essential

25 amino acids and 2 mM L-glutamine). The flask is incubated at

37°C in a humidified 5% CO0,/95% air atmosphere for a 2-3 days.
Before the culture of cells become confluent, the cells are
detached from the flask by incubating the cells in
trypsin/EDTA solution. Cell culture medium (6 ml) is added to
30 stop the trypsin and the cells are transferred into a
centrifuge tube. The cells are centrifuged at 800xg for 5-10

minutes and resuspended in 10 ml of an assay medium (RPMI



denaturant, or may be redissolved individually and conbined 25 for

cof ol di ng. Denaturation of I1G~1 and | G-BP-3 may be
acconpl i shed using a variety of denaturing agents, including, but not
limted to, urea or guanidine. Preferably, the denaturant is urea.
Denat ur ati on Myg bipgessConpl i shed in a one 30 step process, VWRemgsotos193 |
and | GFBP-3 are denatured with a solution of denaturant which is the
concentration used for cofol ding, or img two step process in which

| GF-1 and | GFBP-3 WD 96/ 40736

PCT/ US96/ 08113 peqium supplemented with 50 units/m)l penikiliin, 5 fighgiatured
with a high concentration of denaturant, fo?l owed by dil u?l on,

resulting in a SbrertIWcipntrAnTRAgeRtial aminmacidsatd o bfolytaming.a®-5

useful in the cofglding.proggss. . n t ne step denat,uratiLon pr,ocess,
t he concentratiB‘ﬁ}D '%1? b%lggna TFPRRE n rﬁg}t}ﬁ'e%%ﬁ%ttlﬁgﬁ?eﬁi%zg,“q'g"l
preferably aboubyalbumih,! 8nd IpMAsexdndthlSordd)Q St ep denaturation process, :
t he concentration of denaturant, where the denaturant is urea, is

preferably about 5 to 7 nBFEnI reffxsRcRpsstandpzdaand cefplded) IGE-I and

IGFBP-~3 samples are diluted serially with the assay medium in
96-well plates. IGF-I/IGFBP-~3 complex, IGF-I, and IGFBP-3
refolded by the cofolding method are each tested. Each well
contains 50 Ml of the standard or test sample. The

10 concentration range of the IGF-I reference standard is 0.244 -
500 ng/ml.

The MG63 human osteosarcoma cells that have been
prepared in the assay medium are plated at 5000 cells/well, in
volumes of 50 pl/well. The tbtal volume in each well is 100

I5 nl. The plates are incubated in a humidified 5% CO0,/95% air
atmosphere for 4 days at 37°C.

At the end of the incubation perioed, cell growth is
assayed by measuring acid phosphatase activity, which is
proportiohal to the number of osteosarcoma cells. The plates

20 are removed from the incubator and the culture medium is
aspirated out of the wells. Each well is rinsed with 200 ul
of phosphate-buffered saline. One hundred pl of 10 mM
p-nitrophenyl phosphate, 100 mM sodium acetate, 1% Triton
X-100, pH 5.5 is added to each well and the plate is incubated

25 at 37°C for 2 hours. The hydrolysis of p-nitrophenyl phosphate
by acid phosphatases is stopped by adding to each well 10 pl
of 1.0 N sodium hydroxide. The plates are incubated at room
temperature for a minimum of 10 minutes. Absorbance at 405 nm
is measured, while referencing the absorbance at 490 nm.

30 Background absorbance is subtracted from the -

absorbance of each well. The averaged absorbance is plotted



about 1 to 2 nolar for the cofolding process. 10 Reducti on of

| G~-1 and | GFBP-3 nmay be acconpli shed at the same tine as denaturation.
or, optionally, nmay be acconpl i shed foll owi ng denaturation. Reduction
of .IG~-1 and | GFBP-3 nmay be acconplished with a . variety of agents,

i ncl udi ng, but edor3gi ted to, dithiothreitol (DIT), 15 PCT/US96/08113

2- mer capt oet hanol,” cystei ne, cysteam ne (2-am noethanethiol), or
reduced gl utathione. Preferably the reduci agent is DTT. As

di scussed for denaturation, reduction of IG-1 and | G-BP-3 can be a
one or two step,prd S eTe Pd BnBOLeRRALACSS 18Fer. Epygediged using a
concentration o uct ant usef in the cof ol di ng process or wherein

t he pol ypepti de@ormeatremwfvwﬂ’rl wherey ﬂhleghbmh@Gﬁ@r‘mlﬂ@nl%fhaﬂédeét ant,
foll oned by A Itiid 9xifuf 2 bsorbmceggrgfcwaﬁéfwr ket Nenb Pl A Bl

process. \Were FUCCant the h concentrati on
reductant is refqmeef:eratt:dnyiaabohtmnsahe Gid's@-maﬂmml Riots¥\) ,Acarld.tWhef 25

ful f f f )
e sol uti ors of SAithspiple iF SkPhifbeltal (FALER g WRAEn2d OePer.y T

oxi di zed to forfeﬂ;mbélﬂmdmamdSand%nemaiﬁle oxi di zi ng agents incl ude,
but are not limted to, ut at hi one ystine, G m. ne
Preferably the oxidizi ngq'lﬁ‘ﬁeﬁfeﬁe?t tnve? gf‘a}?ﬁ‘%@een EEE TR by

direct description and by example. Equivalents and
modifications of the present invention will be apparent to
10 those skilled in the art, and are encompassed within the scope

of the invention.
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- 20 The cofol ding reaction nay be allowed to continue
i ndefinitely. However, the inventors have found that cof ol di ng of

| GF-1 and |1 GFBP-3 substantially speeds the ki netics of refolding.
Accordi ngly, tt‘gorgg don may be 5 allowed to continue for penpssdesnad! v
shorter periods, as short as 1 to 2 hours. Preferably the cofol ding
reaction is continued for up to 4 hourgg nore preferably the cofolding
reaction is continued for about 1 to 3 hours. Fol | ow ng the
conpl etion of the cofolding reaction, 1§ pative IG--1/1GBP-3 conplex nmay
be purified. Native | GF-1/1 GFBP-3 Tomnmprex may be purified by a

vari ety of methd@gselaim: jncluding, but not limted to, size exclusion, ion

exchange - chr omat ogr aphy . gdhfy HaPhORiGAbs! £IAGELOR SANH Q%cH0RY
Pordpts Pt o g

Preferably, native 1G--1/ conplex™1s pur y catlon
exchange chr onatamgr 2gFBP-3si agmpxrisdahgopr opyl - deri vati zed col umm

chromat ography matrix, (e.q.. .SP-Sephadex. Ph i, Up A, Sweden) .
Optional |y, Hat ive | G- gﬁ%ﬁu@’—'ﬁ?’-% mr%ﬁ’uﬁee ?aftrjr??ﬁef ang te ué?isfi ed fromthe
conpl ex using a variety ofediiingdsaidh@imtire of IGE-Ic andtIGFRPeBerably | G-
and | GFBP-3 are purifiedfromth% . , ,
thereby forming a solution of reduced, denatured
IGF-I and IGFBP-3;
.adding an oxidizing agent to said mixture of
10 I6F~I and IGFBP-3; and

forming a complex of native IGF~I and IGFBP-3.

2. A method for producing a complex of native IGF-I
and IGFBP-3 comprising:
15 denaturing IGF-I;
reducing said IGF-I, thereby producing denatured,
reduced IGF-I;
denaturing IGFBP-3;
reducing said IGFBP-3, thereby producing denatﬁred,
20 reduced IGFBP-3;
mixing said denatured, reduced IGF-I with said
denatured, reduced IGFBP-3, thereby forming a mixture of
denatured, reduced IGF-I and IGFBP-3;
adding an oxidizing agent to said mixture of
25 denatured, reduced IGF-I and IGFBP-3; and
forming a complex of native IGF-I and IGFBP-3.

3. A method for producing a complex of native IGF-I
and IGFBP-3 comprising:
30 denaturing IGF-I, thereby forming denatured
IGF-I;

* c L M N *



20 conplex by dissociation of the conplex, preferably under acidic
conditions, followed by size exclusion chromatography. Purified

conplex or 1G-1 or |1GBP-3 may be exchanged into different buffers
~andfor concentrated by any of a variety of nmet hods known to the art.

25 woRelselss oW ng exanpl es are intended to illustr atemusssmsiizhe
present invention. The exanples are not intended to |limt t he scope of

the  present invention in any way. . Exapples 30 Exanpl e 1.
Expressi on vectors containing 1G-1 and | G-BP-3 sequences for use in

the production of |G| agénd€dBRy3rGFBP-3 , therebWFSHHi4 *hatured
- PCT/ US96/ 08113 21 The

- expressi on const¥&¥8F53used to produce | GF-1 and | GFBP-3 are sinmilar to

- pJU1002 and: pJUL003 (Squi meRiky s@hd denatutedPied-1Jwit QEqum:ug§§
16297-.16302) except that the genes I nserted downstream of the

‘transl ati onal c@FBEr3arthersby faraing |%W@Fu{?:)m19@889ur@#dl$ﬁ%lan§
(pDJ12833) . 5l n RGgpLEoN, pER10088 and pDJ12833 differ from pJULOO03 in

t hat t-hey do not tontain the synthetic 16 bp adaptor sequence at the
5 end of : reducing said mixture of denatured IGF-I and

IGFBP-3, thereby forming a denatured, reduced
mixture of IGF-I and IGFBP-3;
adding an oxidizing agent to said denatured,
10 reduced mixture of IGF-I and IGFBP-3; and’
forming a complex of native IGF-I and IGFBP-3.

4. The method of claim 1, further comprising
isolating said complex of native IGF-I and IGFBP-3 from said

15 mixture of IGF-I and IGFBP-3.

5. The method of claim 1, further comprising

isolating native IGF-I from said complex of native IGF-1 and

IGFBP~3.
20
6. The method of claim 1, further comprising
isolating native IGFBP~3 from said complex of native IGF-I and
IGFBP-3,
25 7. The method of claim 1, further comprising the

step of diluting said mixture of denatured, reduced IGF-I and

IGFBP-3 before adding said oxidizing agent.

8. The method of claim 1, wherein said mixture of

30 IGF-I and IGFBP-3 is at a molar ratio of about 1:3 to 3:1.

* c L L4 S *



the tet gene in that plasm d; but they do contain DNA I nsertions at the
uni que Pvull site in the pBR322-derived 10 backbone: pERL0O088 contains a

linker 5" .... CCTCGAGG .. 3' at that | ocation; pDJ12833 contains a 385
bp .fragnent carrying the par | ocus of pSCl01 (Meacock and Cohen (1980)
Cel | 20: S0 60736 pER10088 cont ai ns an OPpeT/USa¢esl113gy
frame (ORF) 15 conprising (in order, 5 to 3') an ATGtriplet
(initiation), the 76 codons of yeast ubiguitin, 70 synthetic codons of
mat ure human insulin growh factor I, and a term nati on codon.

PDJ12833 contains an ORF cga.rrprrhsimhaa # Glhatiipl ptwhereid @akavwkikturet b2 264
codons of mature_hunan | GEBP-3 no- termg%ﬁ% codons are

he 20
synthetic: the rSFEThdd FERP-3 1-s(@:aé"r iav’égf%’? FRAFERL ph - 59 o e fr s

gene. In each case, the ORF is p03|tioned relative to the
~ translational coupler exactly as described by Squires et al. . (1988)
~for fibroblast growth fact¥t. ZBe methegipgipicdaim Reubareiasaid matereort of

|G- 1. IGF- Jn@zéémﬁﬂé e &@n‘%@&f@&‘ v!i%h“@reea?( R:e5S4AA1HEC 1 q

' constructs such as those described In expressi on
. construct for prodwicureoiolCET BGR- IGFIBBS3O¥$ medtleqéCh wdch dPREROERB8BItodas

- introduced into E. mer{apté%ﬁﬂ%blm&%%y&ﬁ% g%fsj:lg_c}b%mé‘ﬂkgwe' or

transfection (Sanbroo
PCT/ US96/ 08113 reduced glutathione, and said oxidizing 2@ent is cystine,

cystamine, oxygen, oxidized dithiothreitol, oxidized

10 dithiocerythritol, or oxidized glutathione.

11. The method of claim 1, wherein said mixture of
IGF-I and IGEBP-3 is denatured with urea at a concentration of
about 1 to 2 molar, said mixture of IGF-I and IGFBP-3 is
15 reduced with dithiothreitol at a concentration of about 5 to
15 millimolar, and said oxidizing agent is cystamine at a

concentration of about 5 to 15 millimolar.

12. A method for producing a cqmplex of native
20 IGF-I and IGFBP-3, comprising:
denaturing IGF-I;
reducing said IGF-1;
adding native IGFBP-3, thereby forming a solution
of IGFBP-3 and reduced, denatured IGF-I;
25 adding an oxidizing agent to said mixture of
IGF-I and IGFBP-3; and
forming a complex of native IGF-I and IGFBP-3.

13. A method for producing a complex of native
30 IGF-I and IGFBP-3, ccmprising:.

denaturing IGFBP-3;

reducing said IGFBP-3;

-
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WB110DE3/ PER10088 was cultured in a 100 liter liquid culture at
37[err]Cuntil the culture reached an optical density at 600 nm

(O err]) of at |east about 25. Expression of 1G-1 was i nduced by the
addi tion of isopropylthiogal actoside (IPTG to 5 a concentration of 0.4
M The induceqv#gmo%d' a were further cultured, then colgcanisesiosiys
centrifugation. e pelleted cells were resuspended in sodium acetate
buffer (50 mM pH 5.5) with ethyl.ene digm ne tetraacetate (EDTA).
Bacteria were lysed with a Mcrofluidizer[err] (nodel M 210-EH,
Mcrofluidics 10 Corp.).add3agan8ve0tcRll, ehetdty E&Fming WSkOTuAIRL 8EN

pr oduced in these host cells is insoluble, polyethyl eneimne (PEI) was
added to a conc@fErhtdngnredueed: odenatywred FFEBErd: sol ubl e and partially

soluble 1 G-I fusion pr 0t§d1ciSlng an onmi(zjirbgyageﬁp%l ggig_nar;‘qi_upﬁe&f pitated

| G=-1_fusion protein was collecte entrifugation, then washed once
with 2 Murea, 50 nm\GRyTased (F@FBRospleade, 2 nM DIT, pH 5.8-5.9, and

recol l ected By centrifugag] T. < t 0] ubi i zed
with 6 Mur eg, 20 MM Tri 2“1%@nﬂ1\§1%f’%nﬁii rﬁébﬁke"‘@% %% 6@&%'\/\@3
precipitated fromthe solution by the 20 addition of protamne sulfate to
a final concentration of 0.14% Precipitated DNA was renoved by
centrifugation and the | GF-1 fusion protein-containing supernatant was
further purified by ion exchange chromat ography on Q Sepharose. |G-
fusion protein was digested with ubiquitin hydrolase (which 25 was
obtained fromE. coli by expression of pER1011, an expr essi on vector
encodi ng yeast ubiquitin hydrol ase (the sequence encodi ng yeast

ubi quitin hydrolase is shown in Figure 8), followed by purification
according to Liu et al. ((1989) J. Biol. Chem 264:20331-20338)
(PER1011 i s anal ogous to

-

N



30 PJUL002 except for the presence of the 5 ...CCTCGAGG ... 3 l'i nker

at the Pvull site), yielding mature |G--1. WO 96/ 40736
-PCT/ US96/ 08113 _ 23 | G-
iwas then denatured and refolded in 2 Murea, 10 miIlinmolar DTT and 20%
.ethanol in the prosesmass of 10 mllinolar cystam ne. |G- lpass %glwer
purified by cation ~exchange chromat ogr aphy on SP- Sephar ose ané’
reverse-phase 5 high performance |iquid chromatography (RP-HPLC) on a
derr] colum (Vydac). Exanpl e 3. Reconbi nant production of
| GFBP- 3. | GFBP- 3 may be produced using expression vector
10 constructs such as those shown in Exarr?lé 1. An expression
construct for production of an | G-BP-3 PDJ 3 was introduced into E
‘coli strain WB110DE3 and cl ones were isol ated, using met hods wel |
known to those in the art (such as those descri bed in Sanbrook, supra -
and Ausubel, supr@prTLte: n P. cylfured -
and_Ausube AEL VDALQFVCES "Re¥HAHESES PRebasRhABs cYd

) TGIVDECCFR SCDLRRLEMY CAPLKPAKSA 70

Figure 1
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liquid culture at 37C until the culture reached an opti cal density at
600 nm (ODjerr]) of 25. Expression of |G-BP-3 was i nduced by the
addi tion of isopropylthiogal actoside (IPTG to a concentration of 0.4
mM - The i nduced bacteria were further 20 cultured, then collected by
centrifugation. weoldiReseg! | et ed cell s were resuspended in peflussgosast at e
buffer (50 MM pH 5.5 with ethylene diam ne tetraacetate (EDTA).
Bacteria were |l ysed with a Mcrof]uidizer[err] (nodel M 210-EH,
M crofl ui dics Corp.). 25 " Insoluble I GFBP-3 was col |l ected
by centrifugation, t hen washed once with 2 Murea, 50 mM potassi um
phosphate, 2 mv DTT, pH 5.8-5.9, and i@ﬁol | ected by centrifugation.
The | GFBP- 3 pellet was then solubiliZed with 6 M guanidini um Hel,
100 MM Tris, 25 mM DTT, 5 nM EDTA, pH 8.0, then the 30 |IGFBP-3-containing
solution was diluted with 1 volune of 100 mM Tris, 5 mM EDTA, pH 8.
DNA was precipit h ti { b r ot gyl ne -
sulfate to a fi ngtrl@éiéﬂ@ﬁl WC%%%%&PﬁbAWWLM%@ &'
PCT/ US96/ 08113 GCCLTCALSE GQPCGIYTER CGSGLRCQPS24DEARPLOAZENt rgion of
0.14% Precipitated DNA was renoved by

LDGRGLCVNA SAVSRLRAYL LPAPPAPGNA SESEEDRSAG 120

SVESPSVSST HRVSDPKFHP LHSKIIIIKK GHAKDSQRYK 160
VDYESQSTDT QNFSSESKRE TEYGPCRREM EDTLNHLKFL 200
NVLSPRGVHI PNCDKKGFYK KKQCRPSKGR KRGFCWCVDK 240
YGQPLPGYTT KGKEDVHCYS MQSK 264

Figure 2
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centrifugation and the | GFBP-3-contai ni ng supernatant was further
diluted with 50 M Tris, pH 10.6. | G-BP-3 was r ef ol ded over ni ght
following the addition of cystamne to a 5 final concentration of 6 nM

" The ‘1 GFBP- 3 sol ution was concentrated by ultrafiltration, then solvent
exchanged by diafiltration against 2 Murea, 20 nM Tri s, p‘ﬁ{ﬁ? %?P
was purified by WO 964736 exchange chromat ogr aphy on QSepharose

10 SP-Sepharose. The IGFBP-3 was further purified by RP-HPLC using a
Cerr] colum (VWydac). Exanpl e 4. Cofolding of IG~1 and | G-BP-3.
15 Reconbi nantly produced 1G-1 and | GFBP-3 were m xed in
an equi nolar ratio, then dried by |yophil ié ion. The dried protein

m xture was di ssolved in denaturing/reduci zi buffer (80 mM Tris, pH
8.3, 1.5 Murea, 1 mM EDTA, 10 nmM DITT) to a final protein
concentration of 1 ng/m Cystam ne 20 hydrochl oride was added to a final
.concentration of 10 cystam ne..  Contraols were |G| refol ded aI one

and | GFBP- 3 @&;mn@mmg%m RPAVi FRELOREPGH

eyt = SC. e gk R S#:@%?ﬂ%@@#éﬁﬁ?ﬁm%%%’;)z%ﬁ”d *

RP-HPLC.  RP- HPLG BapetfovAf S@@MIRAYL LPEPIOPENA SREEERgaghat it h

the IG--1 and the 1 G-BP-3 were |y reduced. RP-HPLC was perforned
wth a Waters 6263VEBRBISVSST HRNSD‘BKH[P DHSXITXT DRKREHAKDSQRYK( 4 .16 0m
~dianmeter, 100 mm th u5| allnear radi ent of acetonitrile (with
0.1.% 30 trifl mm%& ARERERE | TBCRCRREM, BOAREKBY { 20Q

|G- refol ded alSHBSHRAVHE, ?W%Wﬁ’%ﬁ KRGIAEVK! B0 ™

YGQPLPGYTT KGKEDVHCYS MQSK 264

Figure 3
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WD 96/ 40736 PCT/ US96/ 08113

25 and | GFBP- 3 refol ded al one ylelded 45. 1% native protein. In
contrast, when cofolded, virtually all (99.6% of the |G| and nost
of the | GFBP-3 (83% were correctly fol ded. These results indicate
that cofol di ng Roosiras and | GFBP-3 results 5 in a synergi st periuSssigfaze i n
yields of native IG-1 and | GFBP- 3. Furt her anal ysis of
t he” cof ol di ng reaction indicated _that, in addition to increasing
yi el ds of native proteins, cofolding also alters the kinetics of
refolding. Figures 9 10 and 10 show the tinme courses of refolding of |IG--I
and | GFBP- 3 either alone or in a coqugong reaction. The cofol di ng
process increases the initial rate of refolding and the maxi mum r at e
-of refolding as well as the total yield of refolding. 15 Exanpl e
5. Assay for bioactivity of cofolded |G- and | GFBP- 3

Thi's exanpl e shoyecichgiatfr- rodiddibAc #ide ACCEGT b%uﬂ:&'?z; prp
e present 20 ?nventlon ave biologica act|V|ty

refol ded according to t
Human -ost eosar COOATVGEAAGT | TCAATIECC] GRaiAGCATCE ACAACGTTAA 80

GTCGARAAATT
CAAAGATTGA
GAACGCTGTC
ACATCTTGTG
CTGTGCGGTG
GCGETGACCG
CGGTTCCTCC
GACGAATGCT
AAATGTACTG

CAAGACAAGG
TCTTTGCCGG
TGATTACAAC
CTAAGGCTCC
CTGAACTGGT
TGGTTTCTAC
TCCCGTCGTG
GCTTCCGGTC
CGCTCCGCTG

AAGGTATCCC
TAAGCAGCTA
ATTCAGAAGG
GCGGTGETGG
TGACGCTCTG
TTCAACAAAC
CTCCGCAGAC
CTGCGACCTG
AAACCGGCTA

TCCAGATCAA

GAAGACGGTA
AGTCCACCTT
TCCGGAAACC
CAGTTCGTTT
CGACCGGTTA
CGGTATCGTT
CGTCGTCTGG
AATCCGCTTA

120
160
200
240
280
320
360
400
440

A 441

Figure 4

SUBSTITUTE SHEET (RULE 26)



(RPM nedi a

plated in a T-175 flask and cultured in cell culture nedium
50

suppl enented with 10% fetal bovine serum 50 - units/m penicillin,
[err]g/m streptonmycin, non-essential 25 amno acids and 2 mM
L-glrutamne). The flask is incubated at 37[err]Cin a humdified 5%
'C02/ 95% ai r at nwpbe4o23ef or a 2-3 days. Before the cul ture gy s8kbsis
becone confluent, the cells are detached fromthe flask by incubating
the cells in trypsi n/ EDTA solutiqon. Cell culture nedium (6 m) is
added to 30 stop the trypsin and the cells are transferred into a

centrifuge tube. The cells are centrifuged at 800xg for 5-10 m nut es
and resuspended in 10 m of an assay nedi ugh(d?PM WO 96/ 40736
PCT/ US96/ 08113 26 medi um

suppl enented with 50 units/m penicillin, 50 [err]g/m streptomycin,

non-essential amno acids, 2 mML-glutamne, 2.5 [err]g/m bovine
fibronectin, 5 [QITGeGTECAIMRRrTERaeRRId iPrrABaRdD/ | bugign, - and
3 [err] M dexamnet hasone). 5 Iig- I ref erdign%Tgan a ’g ang‘cp

cof ol ded | GF-| a@TGAACCATRBIIGATACTIOST TETATTacIt SsATaraoMedh t g assay
medi umin 96-wel |l plates. IG--1/1GBP-3 conplex, 1G-1, and | G-BP-3

refol ded by the HFERE

50 [err]1 of the AASGRdY dfctei¥ME rdlferrror

CATGTGGTAT
TTGTCAACCA
CTGCTGGACG
TTTCCCGTCT
TCCAGGAAAT
GGCAGTGTGG
TGTCTGATCC
CATCATCAAG
AAAGTTGACT
TCTCCTCCGA
CCGTAGAGAA
CTCAATGTGC
GTGACAAGAA
TTCCAAAGGC
AAGTATGGGC
AGGAGGACGT

TTATACTGAA
TCTCCAGAIG
GTCGTGGTCT
GCGCGCCTAC
GCTAGTGAGT
AGAGCCCGTC

'CAAGTTCCAC

AAAGGGCATG
ACGAGTCTCA
GTCCAAGCGG
ATGGAAGACA
TGAGTCCCAG
GGGATTTTAT
AGGAAGGGGEG
AGCCTCTCCC
GCACTGCTAC

CGTTGTGGTT
AAGCTCGTCC
GTGCGTTAAC
CTGCTGCCAG
CGGAGGAAGA
CGTCTCCAGC
CCCCTCCATT
CTAAAGACAG
GAGCACAGAT
GAGACAGAAT
CACTGAATCA
GGGTGTACAC
AAGAAAAAGC
GCTTCTGCTG
AGGCTACACC
AGCATGCAGA

Figure 5

G (BETETeCi FAACTTeT TAGh CTCAALICGGEET

GAAGGTCAAC
CTGGTCTGCE
TCTGCAGGCT
GCTTCCGCTG
CGCCGCCAGC
CCGCAGCGCC
ACGCACCGGG
CAAAGATAAT
CCAGCGCTAC
ACCCAGAACT
ATGGTCCCTG
CCTGAAGTTIC
ATTCCCAACT
AGTGTCGCCC
GTGTGTGGAT
ACCAAGGGGA
GCAAGTAG
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10 concentration range of the 1G-1 reference standard is 0.244 - 500
ng/ m . The M363 hunan osteosarcoma cells that have been

' prepared in the assay nediumare plated at 5000 cells/well, in vol unes
rof 50 [err]1l/well. The total volune in each well is 100 15 [err]l. The
pl ates are i ncubgbegserss a hum-dified 5% CO[err]/95% air a{,@ggmlgs for
"4 days at 37[err]C. At the end of the incubation period,
cell growth is assayed by measuring acid phosphatase activity, which is
proportional to the nunber of osteosarcona cells. The plates 20 are
renmoved fromthe incubator and the culture mediumis aspirated out of
the well's. Each well is rinsed with 200 [erdgid of phosphat e- buf fered
saline. One hundred [err]] of 10 nM p-nitrophenyl phosphate, 100 niV
sodi um acetate, 1% Triton X-100, pH 5.5 is added to each well and the

plate is incubated 25 at 37[err]C for 2 hours. The hydrolysis of

. p-ni trophenyl phos@pabeTCTT GYceTEd }F&‘PS %%9;3; 2&3@?‘5 addipng to
~each well 10 [err]l -of 1.0 N so |um'lgy ?;om e'i."fTﬁ (g*g're ¥

-incubated at roorAACCATGTEA eTGCACCAGCT MTTATETCAT OetetuicsacAbsogiance
cat 405 nm I's measured, while referencing the absorbance at 490 nm 30

- Background absor FHEAGLCTCIHt FATEETCAAT TAGTTCGAR cARTAGSTIGTach2g! | .

The averaged absqi dARGS P! PhLEIraTac

GTGGTATTTA
TCAACCAAGC
TTAGATGGTC
CTCGATTGCG
GGGTAACGCC
TCCGTTGAAT
GCGACCCGAA
TATTAAAAAG
GTGGATTATG
GTAGTGAAAG
ACGTGAGATG
AACGTTTTAT
ATAAAAADGG
TAAGGGTCAT
TACGGTCAAC
AAGATGTTCA
CTCGAGAATT

TACTGAACGT
CCAGATGAAG
GAGGTCTGTG
CGCTTATTTA
TCCGAAAGCG
CTCCAAGTGT
ATTTCATCCG
GGTCACGCAaA
AAAGCCAATC
TAAACGTGAA
GAGGATACCT
CCCCGCGTGG
CTTCTACAAA
AAACGAGGTT
CGTTGCCGGG
TTGTTATTCT
C

TTTATCTGAA
TGCGGTAGTG
CTAGGCCTTT
TGTTAATGCG
TTACCTGCCC
AAGAGGATCG
GAGTTCTACC
TTGCACTCTA
AGGATTCTCA
TACCGACACT
ACCGAGTACG
TAAACCATTT
CGTTCATATC
AAGAAACAAT
TTTGTTGGTG
TTATACTACT
ATGCAATCTA

Figure 6

GGTCAACCAT
GTTTGCGTTG
ACAAGCATTA
TCCGCTGTTT
CACCGGCACC
TTCTGCGGGT
CATCGAGTTA
AAATCATTAT
ACGTTATAAG
CAAAATTTTA
GCCCGTGTCG
AAAATTTTTG
CCGAATTGCG
GCCGTCCGAG
CGTTGACAAA
AAAGGCAAAG
AATAATGCAT
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27 as a function of the concentration of IG~1. EQerr], the
concentration of I G-I where the absorbance value is half of t he
maxi'mum absor bance, is calculated for each sanple and the reference

~standard from t Reo dguegse esponse plots. Activity of 5 each sangh@udesnsiis
expressed as a ratio of the EDerr]'s of |G1 ref erence standard and

t he sanpl e. The present invention has been detailed both by
di rect description and by exanple. Equival ents and nodi fications of the
present invention will be apparent to 10 those skilled in the art, and are
enconpassed within the scope of the inyﬂﬂfion. WO 96/ 40736

PCT/ US96/ 03113 28
Cl ai nms W claim 1. A nethod for producing a conplex of
native. | G- | and | GFBP-3, conprising: 5 denaturing a

‘mxture of |GF-| pascAGEBR® cac T@@q@ re gfy | GF-|
and | G-BP- 3, cﬁle?}ekgccfhorn? %gca o) u(??%ﬁ'f‘%?! Té%%ed 4o
denat ur ed | GTcT@cmmmmc'rccc—c GGGCCGCCBlli Tegescraat: 2i ngagent

to said m xture of
TGGCGCGAGC

GAGCCGTGCG
CGCCCGCCGT
CGGCTGCTGC
TGCGGCATCT
GCCAGCCGTC
GCTGGACGGC
AGCCGCCTGC
CAGGAAATGC
CAGTGTGGAG
TCTGATCCCA
TCATCAAGAA
AGTTGACTAC
TCCTCCGAGT
GTAGAGAAAT
CAATGTGCTG
GACAAGAAGG
CCAAAGGCAG
GTATGGGCAG
GAGGACGTGC

TCGGCAGGCT
ACGCGCGTGC
GTGCGCGGAG
CTGACGTGCG
ACACCGAGCG
GCCCGACGAG
CGCGGGCTCT
GCGCCTACCT
TAGTGAGTCG
AGCCCGTCCG
AGTTCCACCC
AGGGCATECT
GAGTCTCAGA
CCAAGCGGGA
GGARAGACACA
AGTCCCAGGG
GATTTTATAA
GAAGCGGGGC
CCTCTCCCAG
ACTGCTACAG

TGGGTCCCGT
ACTGGCCCAG
CTGGTGCGCG
CACTGAGCGA
CTGTGGCTCC
GCGCGACCGC
GCGTCAACGC
GCTGCCAGCG
GAGGAAGACC
TCTCCAGCAC
CCTCCATTCA
AAAGACAGCC
GCACAGATAC
GACAGAATAT
CTGAATCACC
GTGTACACAT
GAAAAAGCAG
TTCTGCTGGT
GCTACACCAC
CATGCAGAGC

Figure 7

GGTGCGCTGC
TGCGCGCCTC
AGCCGGGCTG
GGGCCAGCCG
GGCCTTCGCT
TGCAGGCGCT
TAGTGCCGTC
CCGCCAGCTC
GCAGCGCCGG
GCACCGGGTG
AAGATAATCA
AGCGCTACAA
CCAGAACTTC
GGTCCCTRCC
TGAAGTTCCT
TCCCAACTGT
TGTCGCCCTT
GTGTGGATAA
CAAGGGGAAG
AAGTAG
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10
native | G~ 1

| G- |
and | GFBP- 3.

conpl ex of native | G-I
denaturing | G-I

denat ur ed,

reducing said |
m Xi ng sai d denat ur ed,

| GFBP- 3,
| GFBP- 3;
denat ur ed,

~of native | G-I

reduced | G-I

¢ | G- |
BP-3,

and | GFBP-3; and

2. A nethod for

form ng a conpl ex of

and | G-BP- 3 conprising: 15

reducing said I G-1,

t her eby produci ng
reduced | G-I
thereby formng a m xture of

produci ng a

t her eby produci ng

denat uri ng | GFBPpgr/usos/osiis

denat ur ed,

denat ur ed,

with said denat ur ed,

20

r educed

addi ng an oxi di zing agent to said m xture of

and | GFBP- 3.

conpl ex of native | G-I

denaturing | G-I

WD 96/40736
29
| GFBP-.3:

ATGAGCGGAG

and | GFBP- 3; and

8/10

and | GFBP-3 conpri si ng:

enat uri nwggsj

ACCCTGAAGT
AAAAAATGAA
GAGCCAGAGT
CCATTGTGCT
GAGTACCAGT
TGGTTTAAGC
CAATTCTTCA
GCCCGGCTCC
GATACTTCAA
CCGACCAATT
AACATTTTCT
GCAGATACTA
ACGGAGGGAT
ACCCCTCTAT
TTGATTGAAC
ATATGGAAAA
TATGCTAGGA

TTTTACAAAT
TGGGCGTATT
TACTAGCATT
GCTATTTCCG
CAACAAATTA
AATCAGTCAA
TTCTTTGAGC
GACTTGGACA
GCTCGAAGAA
CGTCTTGAAT
ACTGGCCAGT
ATCTACACTA
ATTTGAACTG
TTGGGAAAGA
AGGAATTAGT
TGCAAATGAA
TTGGGCCCTA

t hereby form ng denatured

TTTGCACATA
TCGATATCTA
CTTACCAAGG
ATAAACGAGG
CAAGTTCTTA
AAATGCGTGC
AATAACCAGT
ATTTTTTAAA
TAGGTTTGAT
GTAATAARAG
CAGAAGCACC
TATCACATAT
GATGGAAGGA
GTGACCCAAC
TAGAGTGAGA
GAAGATGTAT
ATTGGGAATA

Figure 8

formng a conpl ex
3. A nethod for producing a

30

| G--

TRTCRTeCCE ATTEARREAL

AATTAGGTTT
TAGCTTAACA
CCAGTGAAGG
ATAGAAAATC
TGATGTTATA
GGATTGTATG
CATTGTTGGA
ATCTCAAAGT
GATGTTACTA
AGAATGTACA
AGAAGCAACT
GTGGAAGAGA

ATTTGAGCGG

TGCCACCGAT
GTCGCCTCAT
TAAACTTTGC
A
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reduced | GFBP- 3;
r educed
| GF- 1|

and
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m xi ng said denatured | G~

wi th said denatured | GFBP- 3, thereby

formng a mxture of denatured 1G--1 and 5 | G-BP-3;
. reducing said mxture of denatured |G- and | GFBP- 3,
"thereby form ng a denatured, reduced m xture of IG~-1 and | G-BP- 3;

~addi ng an oxi di sygepdent to said denatured, 10 I
m xture of 1G--1 and | GFBP-3; and formng a cgﬁg#§5ﬁ513

native | G~-1 and | GFBP- 3.

4. The nmethod of claiml1,

further conprising isolating said conplex of native I1G~1 and | GFBP-3

fromsaid 15 nmixture of 1G--1 and | G-B®/30 5. The net hod
of claim1, further conprising isolating native I GF-1 from said conpl ex
of native IG-1 and | GF-BP- 3. 20 6. The nethod of claim

-1, further conprising

isolating native | GFBP-3 from said conpl ex of

"native, | G-—-1 and | GFBP- 3. 25 7. The nethod of claim1

- further conprising the-

step of diluting said m xture of denatured,

reduced 1 G- 1 and | GFBP- 3 before addi ng said oxidizing agent.
8. The' nethod of claim1, wherein said m xture of 30 |1G--1 and IGFBP-3 is
at a nolar ratio of about 1:3 to 3:1.
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30 9. The nethod of claim1, wherein said m xture of

| G--1 and IGFBP-3 is at a nolar ratio of about 1.5:1 to 1:1.5.

10. -The method of claim1l, wherein said mxture of 5 I1G-1 and IGFBP-3 is
denatured w th woesMerssguani di ne, said m xture of |G| gukbdfRiE3 1S
reduced with dithiothreitol, 2- mer capt oet hanol, dithioerythritol
cysfeine, cysteam ne, or reduced gl utat hione, and said oxidizing agent
i's cystine, cystam ne, oxygen, oxidLTﬁ&fhthiothreitol, oxi di zed 10
dithioerythritol, or oxidized gl utathione. 11. The nmet hod
~of claiml, wherein said m xture of |G~ 1 and I GFBP-3 is denatured
‘With urea at a concentration of about 1 to 2 nolar, said m xture of
'1G--1 and I1GFBP-3 is 15 reduced with dithiothreitol at a concentration of
~about 5 to 15 mllinolar, and said oxidizing agent is cystamne at a
‘concentration of about 5 to 15 nillinolar. 12. A nethod
for producing a conplex of native 20 1G-1 and | GFBP-3, conpri sing:
denatwring 1 G--1; reduci ng said | G- 1

“addi ng native | GFBP-3, thereby formng a solution
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of | GFBP-3 and reduced, denatured | GF-1; 25 adli7oss 98 - ¢
oxi di zing agent to said m xture of | G~-1 and IGF%g; and
formng a conplex of native IG--1 and | G-BP- 3. 13. A
met-hod for producing a conplex of native 30 G-I and | GFBP- 3, &fpri si ng:
denaturing | GFBP- 3; reduci ng sai d | GFBP- 3; Koo
96/ 40736 ) PCT WORLD INTELLECTUAL PROPERTY ORGAMEZEIIOIGO 6/ 081 1NES
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(57) Abstract

‘The present invention provides a novel method for refolding insulin-like growth factor I (IGF-I) and insulin-like growth factor binding
pratein 3 (IGFBP-3). The method involves mixing of IGF-1 and IGFBP-3 together in 2 cofolding reaction. The inventive cofolding method
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the production of correctly folded IGF-1, IGFBP-3, and/or IGF-I/IGFBP-3 complex.




