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American Cyanamid Company, incorporated in Maine, of One Cyanamid Plaza,
Wayne, New Jersey, 07470, UNITED STATES OF . MERICA, hereby apply for the grant 
of a standard patent for an invention entitled:

Method for Solubilization and Naturation of Somatotropin 

which is described in the accompanying complete specification.
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Basic Applic. No: Country: 
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Patent Attorneys
Level 33 St Martins Tower
31 Market Street
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COMMONWEALTH OF AUSTRALIA 
DECLARATION IN SUPPORT OF A 

CONVENTION APPLICATION FOR A PATENT
In support of the Convention Application made for a patent 
for an invention entitled:

METHOD FOR SOLUBILIZATION AND NATURATION OF SOMATOTROPIN

I Alphonse R. Noe,

of 470 Haviland Road, Stamford, State of Connecticut,
United States of America,

do solemnly and sincerely declare as follows :-

1. I AM authorised by

AMERICAN CYANAMID COMPANY

the applicant for the patent to make this declaration on 
its behalf.

2. The basic application(&) as defined by Section 141 of 
the Act was/'were made
in the United States of America 
on December 16, 1988
by KEVIN MICHAEL McCOY and ROBERT A. FROST, citizens 

of the United States of America

3. KEVIN MICHAEL McCOY and ROBERT A. FROST, of 921 Garden Street, 
Hoboken, State of New Jersey 07030; 10 Bedford Place, Yonkers, 
State of New York 10710; United States of America respectively

* o
i-s/are the actual inventor (s) of the invention and the facts 
upon which the applicant(&) is/are entitled to make the

·· application are as follows:
* ft
* 1 Assignment(s) dated January 23, 1989 assigning said invention 

from the said inventors to the said company.
•
4. The basic application(sj referred to in paragraph 2 of 

this Declaration was/we-re the first application(s) made 
in a Convention country in respect of the invention(s) 
the subject of the application.

·, · Signed at Stamford, Connecticut, U.S.A. this „

* . · day of ________ 1989.

ft Γ '
Alphonse R. Noe, Manager 

r.. * Patent Law Department

To: Commissioner of Patents
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(57) Claim

1. A method for solubilization and naturatlon, as herein defined, 

of somatotropin which comprises:
(a) dispers'ng somatotropin retractile bodies into water In a 

suitable concentration;
(b) adjusting the pH to a range from pH 11.5 to pH 12.5;
(c) maintaining the pH range for sufficient time to solubilize the 

retractile bodies;
(d) readjusting the pH of the solution to a range from 11 to 12; 

and
(e) maintaining 'the solution at the readjusted pH range for a time 

sufficient to result in the somatotropin content 1n solution to be 
composed of properly natured monomeric somatotropin in good yield.

10. A method for solubilization and natur&tion, as herein defined, 
of somatotropin which comprises:

(a) dispersing somatotropin retractile bodies Into water in a 
suitable concentration.;

(b) adjusting the pH to a range from pH 11.5 to pH 12.5; and

(c) maintaining the pH range for sufficient time to result In the 
somatotropin content in solution to be composed of properly natured 

monomeric somatotropin in good yield.
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14. A method for solubilization and naturation, as herein defined 

of somatotropin which comprises:
(a) dispersing somatotropin retractile bodies Into water in a 

suitable concentration;
(b) adjusting the pH of the retractile bodies in water to a level 

to effect solubilization;
(c) maintaining the pH for sufficient time to solubilize the 

retractile bodies;
(d) readjusting the pH of the solution to a level to effect said 

naturation; and

(e) maintaining the solution at the readjusted pH for a time 
sufficient to result in the somatotropin content in solution to be 
composed of properly natured monomeric somatotropin in good yield.
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METHOD FOR SOLUBILIZATION AND

NATDRATION OF SOMATOTROPIN

ABSTRACT OF THE DISCLOSURE

A method for solubilization and naturation of 

somatotropin using a.n aquegus alkaline solution results 

in lotfer dimer formation and eliminates denaturants and 

sepai-.ate renaturation steps and agents.
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METHOD FOR SOLUBILIZATION AND

MATURATION OF SOMATOTROPIN

BACKGROUND OF THE INVENTION
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In recent years recombinant DNA technology 

has made possible the large scale production of 

proteins. Several methods for the solubilization and 

naturation of somatotropin protein have been the 

subject of U.S. Patents. For example U.S. Patent No. 

4,511,503 .discloses a typical scheme for recovering 

proteins ffom refractile bodies. Refractile bodies are 

insoluble granules of aggregated denatured somatotropin 

located in. the cytoplasm of the Escherichia coli (E. 

coli) cell which are visible as bright spots under a 

phase contrast microscope. The refractile bodies are 

caused by the over production of somatotropin as a 

result of genetic manipulation of the 2. coli plasmid 

DNA. The refractile bodies are often treated with a 

strong denaturant or chaotropic agent which causes the 

improperly folded molecules to unfold and become 

soluble. The protein must then be "renatured."

Properly natured monomeric somatotropin is the goal. 

The refractile bodies cannot be used without this 

unfolding and refolding because they are biologically 

inactive in the refractile state. The most commonly 

employed strong denaturant in schemes of this type has 

been guanidine hydrochloride.
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Other methods have involved other 

chaotropic agents such as sodium dodecyl sulphate (SDS) 

(e.g. U.S. Patent No. 4,677,-196), or weak denaturants 

such as urea (e.g. U.S. Patent No. 4,731,440).

Each of the methods of solubilization and 

naturation of somatotropin have had problems. 

Guanidine hydrochloride is very expensive and must be 

replaced for the naturation process to occur. SDS is a 

highly effective denaturant and much less expensive 

than guanidine hydrochloride, but SDS binds to the 

denatured protein much more tightly making its complete 

removal from the protein problematic and concurrently 

increasing processing costs. Urea is usually used as a 

weaker denaturant or chaotropic agent. But even 

methods using urea have had problems such as 

contamination of the final product and handling, 

storage and waste treatment problems..

r ·
In addition to the bther problems of 

conventional methods, properly natured monomer is not 

the only product. Somatotropin monomer is the smallest 

unit of protein that still retains all of the 

properties and biological activity of somatotropin. 

Typically somatotropin monomer consists of approximate­

ly 191 amino acid residues and has a molecular weight 

of roughly 22,000 daltons. The monomeric molecule is 

neither covalently linked to nor non-covalently 

associated with other similar molecules.

Somatotropin dimer consists of two monomer 

molecules which are either covalently linked, e.g. 

through intermolecular , disulfide bonds, or 

non-covalently associated with one another. The dimer 

molecule consists of double the number of amino acid 

residues and double the molecular weight of a monomeric 

molecule.

35
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Unfortunately employing conventional methods, some dimer Is formed, 

as well as higher molecular weight protein molecules. Only the monomer 

and not the dimer is biologically useful.
Therefore what 1s needed 1n the art Is a commercially feasible 

5 method for the solubilization and naturatlon of somatotropin which
produces good yield of monomer, without excess dimer and without the use 

of chaotroplc agents.
SUMMARY OF THE INVENTION

According to a first embodiment of the present Invention there Is 

10 provided a method for solubilization and naturatlon, as herein defined,

of somatotropin which comprises:
(a) dispersing somatotropin retractile bodies Into water In a 

suitable concentration;
(b) adjusting the pH to a range from pH 11.5 to pH 12.5;

15 (c) maintaining the pH range for sufficient time to solubilize the

retractile bodies;

(d) readjusting the pH of the solution to a range from 11 to 12; 
and

(e) maintaining the solution at the readjusted pH range for a time 

20 sufficient to result 1n the somatotropin, content In solution to be
composed of properly natured monomeric somatotropin in good yield.

According to a second embodiment of the present Invention there is 

provided a method for solubilization and naturatlon, as herein defined, 
of somatotropin which comprises:

25 (a) dispersing somatotropin refractl1e bodies Into water in a
suitable concentration;

(b) adjusting the pH to a range from pH 11.5 to pH 12.5; and

(c) maintaining the pH range for sufficient time to result In the 

somatotropin content In solution to be composed of properly natured
30 monomeric somatotropin In good yield. ·.

According to a third embodiment of the present Invention there is 

provided a method for solubilization and naturatlon, as herein defined, 
of somatotropin which comprises:

(a) dispersing somatotropin retractile bodies into water 1n a 
35 suitable concentration;

(b) adjusting the pH of the retractile bodies 1n water to a level

to effect solubilization; 1

/ί'·'7'·'/'
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(c) maintai ni ng the

refractile bodies;

(d) readjust!ng the
naturation ; and

(e) mai ntai ni ng the

readjusting the pH of the solution to a level to effect said
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sufficient to result in the somatotropin content in solution to be 

composed of properly natured monomeric somatotropin in good yield.

Throughout the specification and claims the term "naturation" is to 
be taken as meaning "A process whereby somatotropin assumes a native

10 configuration.

A method for solubilization and naturation of somatotropin without 
the use of chaotropic agents and the monomeric somatotropin produced by 

the method are disclosed. The method comprises dispersing somatotropin 

refractile bodies into water to form a suitable concentration, adjusting
15 the pH to a range from about pH 11.5 to about pH 12.5, maintaining the pH 

range for sufficient time to completely solubilize the refractile bodies, 
optionally readjusting the pH of the solution to a range from about pH 11 
to about pH 12, maintaining the solution at the readjusted pH range, 

resulting in somatotropin content composed of properly natured monomeric
20 somatotropin in good yield.

Surprisingly, the present Invention results in lower dimer
formation and eliminates the need for any separate "renaturation" step(s) 
or agents.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Figure 1 diagramatically represents yield of monomer as dependent

upon aging pH and concentration of protein.
Figure 2 diagramatical ly represents the amount of dimer formed as 

dependent upon aging pH and concentration of protein.

■> /Vffc Z/,KEH/383f 
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somatotropin 

a suitable

Figures 3-7 show the gel permeation 

chromotography results of the novel method over time (5 

minutes, 1 hour, 2 hours, 5 hours and 10 hours, 

respectively) .

5‘ DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to a 

method for solubilization and naturation of somatotro­

pin which comprises: dispersing

refractile bodies into water in

10 concentration; adjusting the pH of the refractile

bodies in water to a level to effect solubilization; 

maintaining the pH for sufficient time to solubilize 

the refractile bodies; optionally readjusting 

the pH of the solution to a level to effect naturation; 

15 and maintaining the solution at the readjusted pH for a 

time sufficient to result in the somatotropin content 

in solution to be composed of properly natured 

monomeric somatotropin in good yield.

••Somatotropin" as used herein denotes (1)

2 0 animal growth hormone, derivatives, analogs and

fragments thereof of whatever species, for example, 

human, bovine, or porcine; (2) precursors to growth 

insulin, such as reduced (-SH) growth hormone and 

S-protected growth hormone, for example, growth hormone 

2 5 S-sulfonate; (3) variants of growth hormone or its 

precursors, for example, structures .which have been 

modified to lengthen and/or shorten the growth hormone 

amino acid sequence, for example the 20K variant of 

human growth hormone, methionyl human growth hormone, 

30 Δ7 and Δ9 porcine growth hormone and the like; and (4) 

analogs of growth hormone or its precursors, for 

example structures in which the growth hormone amino 

acid sequence has been modified by replacement of one 

or more amino acid residues. Both recombinantly

35
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derived somatotropin and naturally occurring 

somatotropin as well as any other type of somatotropin 

may be utilized in accordance with the present 

invention.

5 The first step in the novel method is the

dispersal of the somatotropin refractile bodies into 

water (preferably deionized water) at a suitable 

concentration. Concentration of total protein is an 

important factor of the present invention. As Figure l

10 shows the yield of monomer depends upon the total 

concentration of the protein. A suitable concentration 

is less than about 5.0 g/1 and preferably in the range 

of 0.5 g/1 to about 5.0 g/1. Especially preferred is a 

concentration of about 2.5 g/1. As concentration

15 increases beyond about 5.0 g/1 range the process 

results tend to suffer. Even though solutions at 

concentrations below about 0.5 g/1 appear to have

better results in terms of percent yield,- of monomer,

; commercial factors such as storage, capital cost and

2Q size of equipment as well as the additional steps

further in the process to remove the excess liquid, do 

not favor usiwf such a dilute solution.

The pH of the concentrated somatotropin is 

adjusted to a range from about pH 11.5 to about pH

25 12.5, preferably about pH 12.0 to about pH 12.,2 to

solubilize the somatotropin in the water. Any strong 

base may be used to adjust the pH of the solution (e.g 

the addition of sodium hydroxide or potassium 

hydroxide). This solubilization generally takes place

39 in a relatively short period of time, about two to 

twenty minutes is typical. With the pH at this range 

the refractile bodies visibly are dissolved and the 

solution clears. After the somatotropin refractile 

bodies are dissolved, the pH may be maintained or

35 lowered. If maintained the somatotropin gradually
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folds and yields properly natured monomer. No 

"renaturing” steps are required because no denaturant 

is used. instead the alkaline environment provides 

solubilization in a naturing type of environment. A

5 naturing environment refers to the set of physical and 

solvent conditions which allow somatotropin to assume a 

native conformation. Somatotropin must be in a 

naturing environment to achieve the proper state of 

oxidation and conformation necessary for bioactivity.

10 Because of the naturing-type of environment the 

solubilized refractile bodies gradually fold and form 

the desired end-product of properly natured monomer. 

This is in stark contrast to prior art methods using 

denaturants, which then require renaturation steps.

15 After the somatotropin refractile bodies

are dissolved, the pH may be readjusted to a range from 

about pH 11 to about pH 12. Lowering the pH increases 

the rate of naturation. ;The;pH can be lowered by any 

method, for example the addition of phosphoric acid.

20 The readjusted range is preferably about pH 11.3 to pH 

11.7 for minimization of dimer. Especially preferred 

is a pH of 11.5. Surprisingly, it is found that when 

the pH is lowered to the preferred range, less dimer 

and a greater amount of monomer is formed. The

25 formation of less dimer and greater monomer by 

readjusting the pH is surprising because the

percentage of dimer or monomer formed would be expected 

to remain the same. Figure 2 shows the unexpected 

result that dimer formation is lessened using the

30 preferred pH range of the present invention.

A pH lower than about pH 11 can be used,

however, the yield is generally adversely affected and 

greater dimer formed. Additionally if the pH is 

lowered too far there is a risk that the somatotropin

35 will precipitate from solution. Conversely, if the pH
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is not readjusted, the naturation process takes longer 

and degradation reactions such as deamidation are 

possible. However, different types of somatotropin 

(e.g. different analogs, derivatives, precursors or

5 variants of growth hormone) may suggest varying the pH 

range and such variations are considered to be within 

the scope of the present invention.

The solution is maintained at the

readjusted pH range for about 5 to about 12 hours

1q (preferably about 10) at about 20°C-30°C until the 

monomer has reached its maximum. This is determined by 

gel permeation chromatography. Figures 3-7 show the 

evolution over ti\te of the protein using the method of 

the present invention. Notice that Figures 3-7 show

2.5 that the path is from higher molecular weight, protein 

aggregates toward monomer instead of the conventionally 

proposed model using denaturants which would show 

monomer immediately formed and no change (or an 

increase) in molecular weight as the monomer correctly

2q folded or joined with other protein molecules.

Figure 3 shows the results of gel

permeation chromatography (gpc) after S minutes. Three 

peaks can be identified: the "A" peak at about 0.45 

volume units on the abscissa the "BI" peak at about

25 0.65 units; and the "B2" peak at about 0.77 units. The

"A" peak is comprised of proteinaceous impurities with 

molecular weights of over 1,000,000 daltons. The "Bl" 

peak is aggregated somatotropin along with some

proteinaceous impurities, e.g. E. coli host

30 contaminants. The "B2" peak is the monomeric 

somatotropin (the "B2" peak may also have some 

remaining impurities as well as monomer) .

Figure 4 shows the results of gpc after 1 
hour. Both the "A" peak and the "Bl" peak have

35
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diminished in size and the ”B2"‘ peak is markedly more 

pronounced.

Figure 5 shows the results of gp~ after 2 

hours. The "A" peak and the "BI” peak have further 

diminished in size and the "B2" peak has again 

increased.

Figure 6 shows the results of gpc after 5 

hours. Notice that a small fourth peak or shoulder at 

about 0.7 volume units has appeared. This shoulder 

represents dimer formed. The shoulder in Figure 6 

shows the low dimer formation of the present novel 

method. In methods wherein high amounts of dimer are 

formed,, an actual distinct peak is quite evident.

Figure 7 shows the results of gpc after 10 

hours. There is little change from Figure 6, but the 

”B2" peak representing monomer has increased slightly.

Figures 3-7 show that the present 

invention creates a naturing environment. The protein 

molecules in the refractile bodies disentangle and are 

allowed to correctly fold to form the biologically 

active monomeric somatotropin without the use of any 

denaturants and without any separate renaturation steps 

or agents.

The resulting solution is comprised of 

properly .natured monomeric somatotropin i·* a good 

yield. A good yield is about 30% to about 45% or 

higher of the total protein dissolved. Total protein 

includes all forms of somatotropin as well as all other 

non-somatotropin protein impurities such as E. coli 

host contaminants. Yields calculated on a somatotropic 

only basis would be much higher. Yields for methods 

employing cha.otropic agents are about the same. 

Because the present invention uses no chaotropic 

agents, however, the resulting monomeric somatotropin 

has no traces of undesirable contaminating agents such
35
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as SDS, guanidine hydrochlQiiie, or urea. The invention 

is further illustrated in the following non-limiting 

examples.
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EXAMPLE 1
Bovine Somatotropin

Fermentation mash containing E. coli cells 

which have been genetically modified to produce bovine 

somatotropin inclusion bodies is centrifuged to 

separata the cells from the broth. The cells are 

reslurried and disrupted using two passes at 8000 psig 

through a Gaulin homogenizer. The suspension is 

centrifuged and the pellet reslurried and treated with 

lysozyme and Triton® X-100 detergent at 37°C. The 

suspension is centrifuged and the pellet is washed 

twice with water and is centrifuged after each wash. 

The resulting pellet, containing the insoluble 

denatured bovine somatotropin, is added v.o water and 

adjusted to pH 12.15 with NaOH to bring the total 

protein concentration to approximately 2.5 g/1. After 

20 minutes at pH 12.15 and 25°C, the clear solution is

r ·
adjusted to pH 11.5 and is held for 8 hours. The 

solution is ultrafiltered on an Amicon* H1P100-43 100K 

dalton cut-off . hollow-fiber cartridge. The permeate is 

collected and concentrated using an Amicon® H1P10-43 

10K dalton cut-off hollow-fiber cartridge to 

approximately 5 g/L. The concentrated solution is 

adjusted to pH 9 using IN HC1 and applied at 2; g bST 

per L resin to a DEAE-Sepharose Fast Flow® 

anion-exchanger which had been equilibrated with lOmM 

borate, pH 9. After washing with the equilibration 

buffer, tha bST is eluted using a lOOmM NaCl,, lOmM 

borate solution, at pH 9. The bST peak is concentrated 

and desalted with a dilute ammonia solution using an 

Amicon® H1P10-43 hollow-fiber cartridge until the 

conductivity of the permeate is 100 microsiemens/cm. 

The desalted solution at approximately 2 g/L is 

lyophilized to yield bovine somatotropin which passes 

established biological and chemical tests.
35

0
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EXAMPLE 2

Porcine Somatotropin

Fermentation mash containing E. coli cells 

which have been genetically modified to produce porcine 

somatotropin inclusion bodies χ» centrifuged to 

separate the cells from the broth. TI,.e cells are 

reslurried and disrupted using two >>ssses at 8000 psig 

through a Gaulin homogenizer. The suspension is 

centrifuged and the pellet reslurried and treated with 

lysozyme and Triton® X-100 detergent at 37°C. The 

suspension is centrifuged and the pellet is washed 

twice with water and is centrifuged after each wash. 

The resulting pellet, containing the insoluble porcine 

somatotropin is added to deionized water such that the 

total protein concentration is approximately 2.5 g/L. 

The resulting slurry is mixed well while adding 5N NaOH 

to raise the pH to 12.2. The solution clears slowly 

over five minutes. The solution is aged for 20 minutes 

at 20°C. The pH is then lowered to 11.5 using 1M H3PO4 

and is aged for ten hour:.'. The monomer concentration 

as measured by gel permeation chromatography is 1.05 

g/L at the end of the aging period.

It is understood that many changes can be 

made to the present invention by one of ordinary skill 

in the art without departing from the spirit and scope 

of the present invention as defined in the following 

claims.

• · ·
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The claims defining the invention are as follows:
1. A method for solubilization and naturation, as herein defined, 

of somatotropin which comprises:
(a) dispersing somatotropin retractile bodies into water in a

5 suitable concentration;
(b) adjusting the pH to a range from pH 11.5 to pH 12.5;
(c) maintaining the pH range for sufficient time to solubilize the 

retractile bodies;

(d) readjusting the pH of the solution to a range from 11 to 12;
10 and

(e) maintaining the solution at the readjusted pH range for a time 
sufficient to result in the somatotropin content 1n solution to be 
composed of properly natured monomeric somatotropin in good yield.

2. The method as in claim 1 wherein dimer formation is decreased.

15 3. The method as in claim 1 or claim 2 wherein the somatotropin
is bovine or porcine somatotropin.

4. The method as in claim 1 or claim 2 wherein the somatotropin 
is recombi nant'ly derived somatotropin.

5. The method as in claim 4 wherein the somatotropin is bovine or 
20 porcine somatotropin.

6. The method as claimed in any one of claims 1 to 5 wherein the 
pH in step (b) is adjusted to a range from pH 12.0 to pH 12.2 and the pH 
range 1s readjusted in step (d) to pH 11.3 to pH 11.7.

7. The method as claimed in any one of claims 1 to 6 wherein the 

25 concentration in step (a) Is less than 5 g/1, the time in step (c) is
from two minutes to twenty minutes,· and the time in step (e) 1s five 
hours to twelve hours at a temperature of 20°C to 30°C.

8. The method as 1n claim 7 wherein the concentration in step (a) 
is 0.5 g/1 to 5 g/1.

30 9. The method as In claim 8 wherein the concentration in step (a)
is 2.5 g/1, the pH is readjusted in step (d) to pH 11.5 and the time in 
step (e) is 10 hours.

10. A method for solubilization and naturation, as herein defined, 
of somatotropin which comprises:

35 (a) dispersing somatotropin retractile bodies Into water In a
suitable concentration;

(b) adjusting the pH to a range from pH 11.5 to pH 12.5; and
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(c) maintaining the pH range for sufficient time to result in the 

somatotropin content in solution to be composed of properly natured 
monomeric somatotropin in good yield.

11. The method as in claim 10 wherein the concentration is less 

than 5 g/1.
12. The method in claim 10 or claim 11 wherein the pH is pH 12.0 

to pH 12.2, the concentration is 0.5 g/1 to 5 g/1, and the time is 5 

hours to 12 hours at a temperature of 20°C to 30°C.
13. The method as in any one of claims 10 to 12 wherein the 

somatotropin is bovine or porcine somatotropin.
14. A method for solubilization and naturation, as herein defined, 

of somatotropin which comprises:
(a) dispersing somatotropin refractile bodies Into water in a 

suitable concentration;
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sufficient to result in the somatotropin content 1n solution to be 
composed of properly natured monomeric somatotropin in good yield.

15. Monomeric somatotropin produced by the method in any one of 
claims 1 to 9.

16. Monomeric somatotropin produced by the method in any one of
claims 10 to 13. 1

17. Monomeric somatotropin produced by the method in any one of 
claims 14 to 16.

18. A somatotropin solution whenever prepared by a method in any 
one of claims 1 to 17.

DATED this THIRTIETH day of MARCH 1992 

American Cyanamid Company

Patent Attorneys for the Applicant 
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