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The invention relates to a process for converting a pro­

tein from a conformation in which it is biologically in­

active into a biologically active form. In the case of 
I a denatured natural protein it would also be possible to

j call this process renaturation.

Claim'
it| 1. A process for the preparation of a spatial form, which

has biological activity, of a protein from a biologically
, inactive spatial form, which comprises the protein being

dissolved with the addition of a denaturing agent and thus 
converted into the random coil form, and the solution being 
made to pass through a material which has molecular sieve 
properties by a force exceeding the force of gravity and 
contains a reactivation buffer in which the protein will 
assume a spatial form which has biological activity, and

' this material having molecular sieve properties being
selected so that the molecules of the denaturing agent can 
penetrate, but the protein molecules cannot.
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The following statement is a full description of this invention, including the best method of performing it known to :· us
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Dr. H a /Bn

A process for obtaining active proteins from a bio­

logically inactive form

5 Theinvention relates to a process for

tein from a conformation i n which it is

converting 

b i ο L og i c a

a pro­

Uy i n -

active into a biologically a c t i ve f orm . In the c a s e of

a denatured natural protei n i t would al s o be pos s i b I e t o

cal-l this process r en a t u r a t i on .

Background of the invention and prior art
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random coil, and any incorrect

are present t 0 be reduced . Th i
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o o out by incubation i n a t least 4 mo L / L
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is

addition ofthe

d
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appropriate with 

dithiothreitol

correct protein 

by 

log
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35

sulfide bridges 

s normally carr 

guanidine hydro­

urea solution, wh 

ing agent such

formation of the

i

i e d
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a reduc a s

, the 

to date,

Least 1:40) or dialysis 

solution.

Subsequently

structure has,

(DTT)

been brought about 

against a "physio-

It is hardly possible to use either method industrially.
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followed

some and

large

agent

by reconcentrati 

costly. This is
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volumes. Furthermore

considerably reduces
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ng, trouble­

dialysis of
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Detailed description of
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p r i

take pl

concent

ace prefer-

ra t i ons of

invention
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or art can
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tion to pass through

i c hproperties and wh

tein assumes i t s

a mater i a l wh i c h h a s mo I e c u I a r s i e v e

contains a med i urn i n which the p r o -

biologically

pore size of this molecular s 1

active form / the selected

eve mater i a I being such that

the denaturing agent can penetrate, but

not

Thus the

t i οn of a

a protein

a c t i

the
the

the protein can-

invention relates to

spatial form, 

from a spatial

which

form

which compr i ses

a denaturing

ve, 

addition of

random coil

a process

has

w h i c

the protei

for
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the prepara-
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form, and 

material wh
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s ο L u t

has
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assume its spatial form which

and this material having mo I e c

selected so that the molecules
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ng dissolved with
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being a
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i ng

can penetrate, but the protein mol ecu les cannot.

Examples of possible locations 

a column or a centrifuge basket

o f the molecular s i eve a r e

35
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the force of
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substantially
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chemically
^Sephadex G-25, DG 6P

The pore sizeglass

agent

not.

6,000

It is

c an

The

to

to the denaturing agent 
,R(Bio Rad, USA ) o r

z for example

controlled pore

i s selected so that the d e n a t u r i ng
penetrate into

exclusion Limit

10 / 000 (Mr

e q u i I i

assumes its

transferred

the ma t r i x , but the protein c an-

will

molecular

usually be 

weight).

a t a Mr of

brated with

active form z

z for exampl

ably be centrifuged, 

solution not located

o r

a

e /

solution in wh

p r e f e

i n t o

into a

i c h the p r o t e i n
r ably with

a column,

centr

i n the pores of

a bu f f e

which c

i f u g e

the

basket

matrix
the internal volume" ) i s

, 000 x g

r ,
a n

and

prefer-

The

(not "in

removed by centrifu-preferably

The protein solution con-

taining the 

than 30% of

denatur

the gel

i is then applied (volume less 

Whereas molecules of the

denaturing solution can repl ace the buffer in the internal

35 gation at about 300-1

ng agent

volume) .
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volume, proteins (molecular weight above 6,000) remain 

in the external volume. It is possible by renewed centri­

fugation (2 min, 300-1,OOOxg) to spin the proteins quan­

titatively into a collecting vessel. This can be car­

ried out by centrifugation in a basket centrifuge in 

accordance with known desalination processes. No de­

naturing agents are detectable thereafter. The volume of 

the resulting solution then corresponds to the volume of 

the solution applied.

10

The removaI of the equ iIi b r a t i on medium the external
volume, as well as the 

the equilibration medi

speeding 

urn in

up of the replacement of

the internal volume by the

15
β« t
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denaturing agent contained i 

also be brought about

n the protei on, can

ft ί

25

ft ί 4 ft I i « ft t 4

ft ft ft ft
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by gas pressure or vacuum

The process according tn the

to transfer, rapidly.

i nvent i on makes i t possible

quantitatively and without dilution,

a protein even from large volumes of a denaturing medium 

into a medium in which the protein assumes an active form, 

and to obtain high yields of active protein.

It is possible in the manner described for protein material 

which cannot otherwise be exploited to be rendered com­

mercially utilizable.

The process is distinguished by simplicity, rapidity and 

reproducibility. It is possible to carry it out using 

available and conventional equipment and materials. After 

use, the gel material can be regenerated and, for example, 

guanidine hydrochloride can be recovered. The protein 

concentration remains unchanged.

i n

n s ο I u t i

♦ 1

<

Denatured proteins are, specifically, proteins in an un-

35 natural state after a heat treatment, for example for in­

activation of infectious material, after acid treatment, 

for example acid cleavage of fusion proteins obtained by 

gene manipulation, after treatment with structure-damaging
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agents, for

extraction

during the course of purification,

lization steps and on inactivation of

or after preparation by gene manipu-

an incorrect conformation and/or in-
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example

or s ο Iub i

infectious material, 

lation resulting in 

correct formation of
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ing of the protein 
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appropriate in the
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disulfide bridges.

denaturing agents for complete unfold- 

are high-mo I arity solutions of 

or other chaotropic molecules,

guan i - 

whe r e

presence of a r e d u c i

(DTT).
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6-8 and for isothiocyanate 6-8 mol/l 

about 400 ml/l.

ne

ng agent,
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The development of the biologically 

cture is brought about by rapid transfer 

which favors the natural structure.

The rapidity

In the process described,

seconds to

active (natural) stru-

of the transfer is important

the time is in

minutes.

Examples of 

tris buffer

i n to

for

the

a

a

buffer

high yield, 

range of

suitable activating buffers are phosphate or 

or buffers known as "Good buffers" (Biochem.

467-477) which(1966) 15,

activity or stabilitymum

The

are

o f

a r e

adjusted to the pH of maxi- 

the protein.

rapidly anddenaturing molecules

by centrifugation.removed, preferably

The

a c t i

medium in which 

ve conformation

the protein 

is usually a

as sumes

buffer

quantitatively

i t s

and

biologically

has a compo-

on which is advantageous for 

protein (contains, for 

citrates). Examples of 

are sugars, peptides or

s i t i the s t a b i I

phosphaces,

i t

example,

other additives

i ty of th 

sulfates

a
/

c a n c ο n t a Ί Π

ze the naturalproteins to stabili
D

structure, or detergents, for example Tween 20 or NP40
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ion,
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to prevent adhesion or aggregation and/or for solvat 

and/or SH reagents or redox systems, for example DTT 

g I utathione/gIutathiο πe disulfide (GSH/GSSG) 

the redox potential which is

disulfide br

optimal for the

o r

of correct i d g e s .

Reproducible redox conditions

the buffers

10 Basket centr

i s

w i

( i

15

»4 ft

to set
formati

are ensured by degass

and saturating with nitrogen.

ifugation w i t h i n the mean i ng o f

up

on

ng

the invent i ο n

every centrifugation technique i n eve ry volume rang Q

t h

n

ge I

any equipment, in which

buffer A) is transferred

f i 11 r a t i on medium, which

buffer B and

The examples

Example 1

20

Denaturation

any des i red macromolecule

by

has
optionally precentr

which follow

cent r i fugation through a

been e qu

i f u g e d z i

i I i b r a t e d

nto buffe

with
r B .

illustrate the invention.

of active mouse GM colony stimulating factor

(Mu GM-CSF, recombinant from yeast)

activation.

in guanidine, and re­

to . t
ft < 4 ft ft tft Ifft ft ft co ft y * « o

0*
β

4» ft •9Θ

25

30

3

of
E )

samples, each comprisi

GM-CSF of 5 different

were taken up in 40 μΐ

ng 1 

degrees

of 6 mo I / I

pg, of

of

e a c h o f 5 s ο I u t i ο n s

ion (A

phosphate-buffered saline (.PBS ) ,

was kept at room temperature for

PH

60

glycosylat 

guanidine

7.2, and the sol 

minutes.

. HC I i n

u

t o

t ί ο n

p
Sephadex G-25 was

0.5 ml, and groups

i trogen-saturated

packed into 15

of 5 were equil

tubes w

i b r a t e d

i th a

with

volume
degas s

or con

o f

e d z

t a iPBS containing i v et n-non a d d i

i ng 1 mmol/l DTT or 0 .02 ml /100 ml R Tween 20. The I i quid

i n the external volume was spun out a t 700xg (5 m i nut e s ) .

In each case, one of the 5 s ο I u t ions o f GM-CSF (A t 0 E )

was applied to one of these 5 tubes e qu ilibrated w i th

PBS or with PBS + DTT 0 r Tween .

35
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Immediately after the 15 different solutions had been 

applied to the 15 tubes they were centrifuged at 700xg 

for two minutes and 15 samples of 40 μΐ of a guanidine- 

free GM-CSF preparation were obtained.

5

All 15 samples were stored overnight at room temperature 

urder :;itrogen, and then the activity was determined in 

the bone marrow test ur on a GM-CSF-dependent cell line.

10 The activity of the guanidine-treated samples depended 

on the reactivation buffer and ranged up to 100% of the 
initial activity (about 2 x 10? units (U)/mg). The yield 

of protein, determined by SDS electrophoresis and Western 

blot, was virtually quantitative.

♦ t
i

The results are shown in Figure 1. In this dia­

gram, in each case 1 designates the column for the activity 

of the solution of GM-CSF which has not been treated with 

denaturing agent and reactivated, and 2 designates that 

for the GM-CSF reactivated in PBS, 3 that in PBS and
p

Tween, and 4 that in PBS and DTT. A to E each designate 

one group of activities for one of five GM-CSF prepara­

tions with differing extents of glycosylation.

4
* 25 Example 2

ft ft *4 * *
Unfolding in 6 mol/l guanidine and activation of aggre­

gated recombinant human GM-CSF.

ft 4 ft ft
ft

30 2 preparations of aggregated, freeze-dried human GM-CSF

(A and B), which had been obtained by acid cleavage of a 

fusion protein from E. coli, were each dissolved in 6 mol/L 

guanidine.HCl in PBS and incubated at room temperature 

for 60 minutes. The CSF contribution to the total pro-

35 tein was about 20 micrograms/100 micrograms.

Subsequent treatment was carried out as in Example 1.

The results are shown in Fig. 2.
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The activity of the guanidine-treated samples reached an 

activity which was up to 130 times the initial activity.
The maximum specific activity was determined to be 2 x 10? 

units/mg. The reactivation buffers used were PBS (columns 
5 No. 1), PBS + 0.02°/ RTween 20 (columns No. 2) or PBS

+ 0.1 mmol/L dithiothreitο I (columns No. 3).

Example 3

10 Unfolding in 8 mol/l urea and activation of aggregated,

inactive recombinant human GM-CSF

( 3

* a
• n

o v ft ft

ο «ft t 
0 ft I

a

15

Aggregated, freeze-dried human GM-CSF from E. coli 

samples after acid cleavage designated A, B and 

not cleaved and was designaone sample which

CSF content about

was
20 pg / 1 00 pg of total protein)

C, and

ted

was
solved in 8 mol/l urea in tris.HCl, pH 8.0 concern-

O ft 
ί» « 
e

'■« 
α ί 
w

mg /m I , volume of each sample 0.5

(protein

ml) and incu-

bated at

20 treatment

room temperature 

carried out

for 6 0 min. The subsequent

was a s in Examp le The reactiva-

0
ft 1

ί t r a t i ο n 1

1.

D ;

d i s -

tion buffer used was PBS (columns No. 1) or PBS + 0.02% 
Tween (columns No. 2), PBS + "low"* GSH (columns No. 4)

* * * ★
,, or PBS + "high" GSH (columns No. 3) after acid cleavage.

Oft
° in all cases specific activity near to or the same as the

,· /·, 25 maximum specific activity was obtained from completely
8 Λ "ft a

inactive material (Fig. 3).

e 4 09 Fusion protein before cleavage also shows considerable 

biological activity (0). The specific activity after re­
activation was determined to be 1-2 x 10? units/mg.

★
"Low" GSH: 25 pM GSH/50 pM GSSG (corresponds to the

35

extracellular

"high" GSH:

redox potential)

5 mM GSH/O. 1 mM GSSG (corresponds to the

intracellular redox potential)

J
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Example 4

ί
!

Unfolding and complete reduction of all the disulfide

bridges in aggregated, inactive, recombinant human GM-CSF,

5 refolding and reoxidation to give the biologically active

material as in Example 3.

Denaturation and reduction in 8 mol/L urea in tris.HCl of 

pH 8.0 + 0.15 mol/l dithiothreito I ; folding to give the

10 biologically active product in PBS (columns No. 1) or

PBS + 0.1% human serum albumin (columns No. 2), PBS + 

high GSH (columns No. 3) or PBS + low GSH (columns No. 4 ) 

(Fig. 4 ) .

Ο β · D e o
Q» ¢0
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for the preparation of a spatial form, which 
has biological activity, of a protein from a biologically 
inactive spatial form, which comprises the protein being 
dissolved with the addition of a denaturing agent and thus 
converted into the random coil form, and the solution being 
made to pass through a material which has molecular sieve 
properties by a force exceeding the force of gravity and 
contains a reactivation buffer in which the protein will 
assume a spatial form which has biological activity, and 
this material having molecular sieve properties being 
selected so that the molecules of the denaturing agent can 
penetrate, but the protein molecules cannot.

2. The process as claimed in claim 1, wherein the portion 
of the reactivation buffer which is not located in the 
internal volume of the material having molecular sieve 
properties and in which the protein will assume a 
biologically active spatial form is removed by 
centrifugation, blowing or sucking out before ti.e protein 
solution is contated with this material.

3. The process as claimed in claim 1, wherein the rate of 
passage of the protein containing solution is increased by 
centrifugation.

4. The process as claimed in claim 1, wherein the material 
having molecular sieve properties is a material which is 
known for gel filtration and is chemically resistant to the 
denaturing agent.

5. The process as claimed in claim 1, wherein the material 
having molecular sieve properties is RSephadex G-25, RBioRad 
DG 6P or controlled pore glass.

6. The process as claimed in claim 1, wherein the 
reactivation buffer in which the protein assumes a
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active form is an aqueous buffer which contains agents 

favorable to the activity and stability of the pro­

tein, SH reagents or wetting agents.

DATED this 2nd day of June 1987.

BEHRINGWERKE AKTIENGESELLSCHAFT

EDWD. WATERS & SONS 
PATENT ATTORNEYS 
50 QUEEN STREET 
MELBOURNE. VIC. 3000.
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