
• 
. / ---· .... 

-r -­
. -... 
'.._....; 

~()"/~ :- d 3~~;4~. 
The Patent Off ice 
Cardiff Road 
Newport 
Gwent 
NP9 lRH 

I, the undersigned, being an officer duly authorised in 
accordance with Section 62(3) of the Patents and Designs 
Act 1907, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that the attached 
document is a printed Off ice copy of the specification as 
at acceptance and that no amendments were made to the 
specification between acceptance and sealing. 

I also certify that subject to the payment of the 
prescribed renewal fees, the patent will remain in force 
for a period of twenty years from the date of the filing 
of the complete specification as shown therein. 

I further certify that attached hereto is a true copy of 
the entries made to date in the Register of Patents in 
respect of the patent which is in force. 

In accordance with the Patents (Companies Re-registration) 
Rules 1982, if a company named in this certificate and any 
accompanying documents has re-registered under the 
Companies Act 1980 with the same name as that with which 
it was registered immediately before· re-registration save 
for the substitution as, or the inclusion as, the last 
part of the name of the words "public limited company" or 
their equivalents in Welsh, references to the name of the 
company in this certificate and any accompanying documents 
shall be treated as references to the name with which it 
is so re-registered. 

In accordance with the rules, the words "public limited 
company" may be replaced by p.l.c., plc, P.L.C. or PLC. 

Re-registration under the Companies Act does not 
constitute a new legal ·entity but merely suuj cts the 
company to certain additional company l~~jru s. 

Signed ~11J . 

An Executive Agency of the Department of'Ii'ade and Industry 
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PATENT SPECIFICATION (11) 1 590 457 
l"'-- (21) Application No. 4500ln7 (22) Filed 28 Oct. 19n (19) 
~ (31) Convention Application No's 736638 (32) Filed 28 Oct. 1976 

766638 8 Feb. 1977 in i" (33) United States of America (US) 
.·· ll) ( 44) Complete Specification Published 3 Jun.' 1981 
y-1. ,_. (51) INT. CL.3 C07C 103/52 
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(52) Index at Acceptance 
C3H 326 AS 

(71) We, F. HOFFMANN-LA ROCHE & CO. AKTIENGESELLSCHAFr a Swiss 
Company of 124-184, Grenzacherstrasse, Basie, Switzerland and BOARD OF REGENTS 
OF THE UNIVERSITY OF TEXAS SYSTEM, Austin, Texas, The United States of 
America, do hereby declare the invention, for which we pray that a patent may be granted 
to us, and the method by which it is to be performed, to be particularly described in and by· 
the following statement:- . · · 

The importance of the thymus gland in the development and senescence of immunologic-
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al competence in animals, including man is now generally accepted. Although there is little 
knowledge of the molecular events by which the thymus gland exerts control over T cell 
development, it appears that a vital part of the process occurs via a horinonal· mechanism. 
The thymus gland produces a family of polypeptides termed thymosin and perhaps several 
other thymic hormones and/or factors which play an important role in the maturation, 
differentiation and function of T cells~ Thymosin has, been· found to induce T · cell· 
differentiation and to enhance immunological functions in ~enetically athymic mice, in 
adult thymectomized mice, in NZB mice with· severe autounmune reactions, in tumor 15 
bearing mice and in mice . with casein-induced amyloidosis~ . 

It is known that thymosin fraction 5 is a potent immunopotentiating preparation and can 
act in lieu of the thymus gland to reconstitute immune functions in thymic deprived ·and/or 
immunodeprived individuals1 Thymosin fraction· 5 is described in the article by Mesper et al, 
Annals New York Acad; Sci.· 249, 125 (1975). Ongoing clinical trials with fraction 5 suggest 
that thymosin is effective in increasing T cell numbers and normaliziilgimmune functioq:.in. 
children with.thymic dependent primary immunodeficiency diseases and can increase T cell 
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numbers in immunodepressed cancer patients. · · 
Analytical polyacrylamide gel electrophoresis and iso-electric focusing have demons­

trated that fraction 5 consists of 10-15 niaJ~r components and 20 or more minor components 25 
with molecular weights ranging from 1,000 to· 15,ooo; · ·. 

The present invention relates to the isolation and fust complete structural determination 
of an acidic polypeptide isolated from thymosin fraction 5. This peptide· has been termed· 
thymosin a1• Thymosin a1 has been found to be 10 to 1,000 times more active than fraction· 
5 in several in vitro and in vivo assay systems designed to measure T cell differentiation and 
function. 

Thymosin a 1 has a molecular weight of 3,108 a11d a fl in the range of 4.0-4.3 as 
determined by gel isoelectric focusing at a pH range o 3-5. The compound has the 
following amino acid sequence: 

(N-acetyl)-Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Ile'." Thr-Thr-Lys-Asp-Leu­
Lys-Glu-Lys-Lys-Glu-Val-Val-Glu-Glu-Ala-Glu-Asn-OH. 

According to one aspect of this invention we provide a method of preparing thymosin a 1 having the amino acid sequence: · · 
(N-acetyl)-Ser-Asp-Ala-Ala-V al-Asp-Thr-Ser'."Ser-Glu-Ile-Thr-Thr-Lys-Asp-Leu­
lys-Glu-Lys-Lys-Glu-Val-VaI;.Glu-Glu-Ala-Glu-Asn-OH; 

from thy.D!osin fiaction 5, s.aid ·method· comp~sing 
(a) chromatographing lyophilized thymosin fraction 5 on a column of carboxymethyl­

cellulose in a sodium acetatef2.:.mercaptoethanol buffer ·of pH 5.0, wa8hing the column, 
afterthe fraction 5 has been introduced, first with this buffer and then eluting with a linear 
gradient. of said. buffer and said buffer plus l.O M Naa; 
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(b) fractionating the first protein peak of (a) on a column of a dextran gel (diameter of 
dry particle = 10 to 300 µm; volume of dry gel ::: 4 to .6 ml/g; water regain value = 2.5 ml/g 
dry gel); · · 

(c) chromatographing the second protein peak from (b) on a 2-diethylaminoethyl­
cellulose column equilibrated with tris/2-mercaptoethanol buffer of \)H 8.0, eluting with 
said buffer alone followed by a linear gradient of said buffer and said buffer plus 0.8 M 
NaCl; . 

(d) passing the first sixth of the eluted protein peak from (c) through a column of a 
dextran gel (diameter of dry particle == 40 to 120 µm; volume of dry gel = 12 to 15 ml/g; 
water regain value = 7 .5 ml/g dry gel) in guanidine-hydrochloride/tris buffer of pH 7 .5 and 

( e) taking a single narrow cut from the protein peak of ( d) and desalting on a column of 
a dextran gel (diameter of dry particle = 40 to 120 µm; volume of dry gel = 2 to 3 ml/g; 
water regain value = 1 ml/g dry gel). 

According to a further aspect of this invention we provide thymosin a 1 having the amino 
acid sequence . · 

{N-acetyl)-Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Ile-Thr-Thr-Lys-Asp-Leu­
Lys-Glu-Lys-Lys-Glu-Val-Val-Glu-Glu-Ala-Glu-Asn-OH 

and.pharmaceutically acceptable acid addition salts and base salts thereof, essentially free 
of other thymic polypeptides. . 

Thymosin a 1 was isolated from fraction 5 by a combination of ion-exchange chromatogra~ 
phy and gel filtration. in the following way. It will be appreciated that the following 
experimental conditions·could be varied by a skilled peptide chemist within the scope of the 
invention as defined in the appended claims. · · 

Lyophilized thymosin fraction 5 was chromatographed on a column of carboxymethylcel­
lulose _in 10 mJyl Sodium acetate buffer, pH 5.0, containing 1.0 mM 2:merc.aptoethanol. 
After mtroduction of the sample of the column, the column was washed first with the buffer 
followed by a linear gradient of 2 liters each of starting buffer and the same buffer 
containing 1.0 MNaa. The first protein fraction was filtered on a cohimn of a dextran gel 
{Sephadex G-25) using sterile water. The second protein _eeak from the dextran ~el column 
w~s applied on a 2-d~e~hylaminoethyl-cellulose column (DE-32) equilibrated with 50 mM 
tns-HCI buffer containmg LO mM 2-mercapthoethanol (pH 8.0). The column was eluted 
with the starting buffer followed by a gradient of 1.3 liters each of starting buffer and the 
same buffer containing. q.s M Naq. The first sixth of the protein peak from the DE-32 
column was further punfied by bemg. passed through a column of a dextran gel (Sephadex 
G-75) in a buffer containing6.0 M guanidine hydrochloride and 10 mM tris (pH7.5). A 
single narrow cut was made from the protein peak and desalted on a column of a dextran gel 
{Sephadex G-10) using sterile water. The purified sample so obtained was identified as 
thymosin a1• The.yieldofthymosin a 1 from fraction 5 was about 0.6%. The preparation was 
free of carbohydrate and nucleotide. "Sephadex" is a '.registered Trade Mark. 

The stnicture and coinplete amino acid sequence ofthylnosin a1 was determined using 
conventional methods such as enzymatic digestion by trypsin, chymotrypsin, thermolysin or 
subtilisin, separation of the digests by paper electrophoresis and/or chromatography and 
Edman degradation of the separated peptide fragments. 
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The following table demonstrates that thymosin a 1 is from 10 to 1,000 times more active 
than thymosin fraction 5 in an in vivo mouse mitogen assay, an in vitro lymphokine assay 45 
measunng MIF production, and an in vitro human E-rosette assay. 

Thymosin Activity (µg), in Various Bioassays 

Thymosin Fraction 5 
Thymosin a 1 

MIF 

1-5 
0.01-0.1 

E-Rosette 

1-10 
0.001-0.01 

Mitogen* 

1-10 
0.01-0.1 

50~ 

55 * In vivo 14 daily injections 55 

60 

65 

Thymosin a1 may be administered to warm blooded mainmals by parenteral application 
either intravenously, subcutaneously · or intramuscularly. The . compound is a potent 
immunopotentiating agent with a daily dosage in the range of 1 to 100 µglk~ of body weight 
per day for intravenous administration. Obviously the required dosage wdl vary with the 60 
particular condition· being treated,. the severity of the condition. and the duration of the 
treatment. A suitable dosage form for pharmaceutical use is 1 mg. of lxophilized thymosin 
a 1 per vial to be reconstituted prior to use by the addition of stenle water or saline. 

The invention therefore also includes a method for reconstituting immune functions in 
thymic deprived or immuno deprived warm blooded non-human mammals which method 65 
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comprises administering to said mammals an immunopotentiating effective amount of. 
thymosin a 1• 

Also included within the scope of the present invention are the pharmaceutically 
acceptable acid addition salts and base salts of thymosin a1 such as the sodmm or potassium 
salt or salts with strong organic bases such as guanidine. Examples of acid addition salts are 
the hydrochloride, hydrobromide, sulfate, phosphate, maleate, acetate, citrate, benzoate, 
succinate, malate and ascorbate . 

. WHAT WE CLAIM IS:-
1. A method of preparing thymosin a 1 having the amino acid sequence (N-acetyl)-Ser­

Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Ile-Thr-Thr-Lys-Asp-Leu-Lys-Glu-Lys-Lys-Glu­
Val-Val-Glu-Glu-Ala-Glu:-Asn-OH from thymosin fraction 5, said method comprising: 

(a) chromatographing lyophilized thymosin fraction 5 on a column ofcarboxymethyl 
cellulose in a sodium acetate/2-mercaotoethanol buffer of pH 5.0, washing the column, 
after the fraction 5 has been introduced, first with this buffer and then eluting with a linear 
gradient of said buffer and said buffer plus J.O M NaCl; 

(b) fractionating the first protein _peak of (a) on a· column of a dextran gel (diameter of 
particle = 100 to 300 µm; volume of dry gel = 4 to 6 ml/g; water regain value = 2.5 ml/g dry 
gel); 

(c) chromatographing the second protein peak from (b) on a 2-diethylaminoethyl­
cellulose column equilibrated with tris/2-mercaptoethanol buffer of :pH 8.0, eluting with 
said buffer alone followed by a linear gradient of said buffer and said buffer plus 0.8 M 
NaCl; 

( d) passing the first sixth of the eluted protein peak from ( c) through a column of a 
dextran gel (diameter of dry particle = 40 to 120 µm; volume of dry gel = 12 to 15 ml/g; 
water regain value = 7 .5 ml/g dry gel) in guanidine hydrochloride/tris buffer of pH 7 .5 and 

( e) takin2 a single narrow cut from the protein peak of ( d) and desalting on a column of 
a dextran gef (diameter of dry particle = <lO to 120 µm; volume of dry gel= 2 to 3 ml/g; 
water regain value = 1 ml/g dry gel). 

2. The method of claim 1 wherein the buffer in (a) is 10 mM sodium acetate and 1.0 mM 
2-mercaptoethanol. 

3. The method of claim 1or2 wherein the buffer in (c) is 50 mM tris-HCl and 1.0 mM 
2-mercaptoethanol. · . 

4. The method of claim 1, 2 or 3 wherein the buffer in (d) is 6.0 M guanidine 
hydrochloride and 10 mM tris. 

5. The method of any one of claims 1 to 4 wherein (b) and (e) are carried out using 
sterile water. 

6. A method of preparing thymosin a 1 having the amino acid sequence defined in claim 
1 as hereinbefore described. 

7. A method for reconstituting immune functions in thymic deprived or immunode­
prived warm blooded non-human mammals which method comprises administering to said 
mammals an immunopotentiating effective amount of thymosin a 1 having the amino acid 
sequence defined in claim 1. 

8. The metl:od of claim 7 wherein a daily dosage in the range of from 1 to 100 µg/kg of 
body weight per day is administered intravenously. 

9. Thymosin a 1 whenever Pi:epared according to a method claimed in any one of claims 
1 to 6. 

10. Thymosin a 1 having the amino acid sequence 
(N-acetyl)-Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Ile-Thr-Thr-Lys-Asp-Leu­
Lys-Glu-Lys-Lys-Glu-Val-Val-Glu-Glu-Ala-Glu-Asn-OH 

and pharmaceutically acceptable acid addition salts and base salts thereof, essentially free 
of other thymic polypeptides. . 

. For the Applicants, 
CARPMAELS & RANSFORD, 

· Chartered Patent Agents, 
43, Bloomsbury Square, 
London, WClA 2RA. 

Printed for Her Majesty's Stationery Office. by CToydon Printlq Company Limited, Croydon. Surrey. 1981. 
Publilhed by The Pa~t Office, 2S Southampton Buildings, London, WC2A IA Y. from 

which copies may be obtained. 
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