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COMMONWEALTH of AUSTRALIA
PATENTS ACT 1952

APPLICATION FOR A STANDARD PATENT
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We BOEHRINGER MANNHEIM GmbH
of Sandhofer Strasse 112-132
D-6800 Mannheim-Waldhof 27
Federal Republic of Germany APR 188
| Melbourne

LODGED AT SUB-OFFICE

hereby apply for the grant of a Standard Patent for an invention entitled:

"STABLE CREATINE AMIDINOHYDROLASE MUTANTS"
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Number Convention Country Date
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i APPLICATION ACCEPTED AND AMENDMENTS
ALLOWED ....22..\ 29

_ The address for service is care of DAVIES & COLLISON, Patent Attorneys, of 1 Little
Collins Street, Melbourne, in tu> State of Victoria, Commonwealth of Australia.

Dated this 27+h day of April 19 gg

To: THE COMMISSIONER OF PATENTS ‘7""/ ............ ' ; _
' (a member of the flrm f DAVIES &
COLLISON for and on behalf of the Applicant).

Lo Davies & Collison, Melbourne and Canberra.
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FORN 36

COMMONWEALTH OF AUSTRALIA

g | .~ DECLARATION CONCERNING THE DEPOSIT, IN RELATION TO A PATENT
1 APELICATION, OF A MICRO-ORGANISM WITH AN
1 : INTRRNATIONAL DEPOSITORY AUTHORITY
In the matter of the application made by
BOEHRINGER_MANNBEIM'GmbH
for a patent for an inVentibnventicled '
"Stable Creatine Amidinohydrolase Mutants"
I, JOHN MICHAEL SLATTERY, '
o [ X) ) . . .
‘eane®
. oo of 1 Little Collins Street, Melbourne 3000, V;LctorJ.a,
e’ee Australia :
ettt . declare:as follows:
o e . :
e o o . .
o000 o ) ) . .
....,: _ ﬂ*iT———I—1nn—ehe—cpp}ieene—fot—ehe—pae6at«fef—ehe—&nyené&on—re@eéfed—{xr
. . .al v . ) : - .
#1. I am authorised by Boehringer Mannheim GmbH
. oe the applicant for the patent for the invention referred to above,
%0 to make this declaration on its behalt.
o oo ’ ’ < .
*e%est : * See attached sheet.
| 2. : Py : .
é o :
{ ¢ Ceee on ) -and—aceorded—the
- £31 fon— istrati )
: :: 3. The deposit referred to in patagraph 2 was an original deposit
o . within the meaning of Rule 7.3 of the ‘Budapest Treaty Regulations.
- 900000 )
[ ] L) : .
. : S 4. Sdﬁples of that miétorotganism are obtainable from that
international deposit.ry authority as provided by:
(a) such provxaiona of the Budapest Treaty on the Internatxonal
Recoqnxtxon o{ the’ Deposxt of Micro- Organxsms for the
.. .,° °purposes of" Patent Ptocedwres, ‘and the Regulatxons annexed
T to that Treaty as' affecteq ‘by any amendmeuts made under
wo T Artxcle 12 of that Treaty,\as are applicable; and
N - (Db) such provisions of the Patents Regulations as are applxcable. -
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N . (contxnued overleaf) .
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*5.

*6.

*6

“I-om/#the applicant for the patent for the invention referred to
above is/the depcsitcr. within the meaning of Article 2 of the
Budapest Treaty, of the deposit referred to in paragraph 2.

Treaty, of the deposit refe

red to in paragraph 2 is

The depositor, within the mj'aning of Article 2 of the Budapest

*I rely/*I have the consent
rely/on that deposit for the
Act 1952 in relation to the
invention referred to above

f tho depositor referred to above to
purposes of section 40 of the Patents
pplication for the patent for the

*The applicant for the patent for the invention referred to above

that deposxt for the purposes of sectzon 40 of the Patents Act 1952
in relation to the aprlication for the patent for the invention
referred to above.

Declared at Melbourne

this

5th

" (»Omit whichever is inapplicable)

To:

¢ Lodged by::

The Commissioner of Patents

day of July, 19 88.

DAVIES & COLLISON, 1 Little Collins Street, Melbourne, 3000,

Victoria; for and on behalf of the Applicant.
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The micro-organisms were deposited with Deutsche
Sammluny von Mikroorganismen, Grisebachstrasse

8, Gottingen, West Germany on Octcber 1, 1981;
October 1, 1981; December 13, 1984; April 29, 1987
and April 29, 1987 and accorded the file, accession
or registration numbers DSM 2102; DSM2106;

DSM 3143; DSM 4105 and DSM 4106, respectively.
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(67) The present invention is concerried with mutants
of creatine amidinohydrelase which are more stable than
the wild type enzyme and are, therefore, more suitable
for the enzymati¢ determination of the creatinine
~content of serum, plasm¢ and urine.

Craim

1. Creatiny smldirnchydrolase synthesized in Escherichia

- goli or Pseudomonas.putida, which catalyses the reaction:

“¢reatine + H20 + sacarosine + urea
wherein; in position 109 of an am’noc acid sequence of the
wi‘id type¢ enzyme, alanine is replaced by valine.
2, Creatine amidinohydrolasa according to claim 1,

- wherein at least one further amino acid of the wild type

enzyme is additionally mutated.

8. Process for the production of the enzyme according

to claim 1, wherein, according to knoln gene-technological
mekh~s, into an appropriate expression system there is ’
{rnitroduced & recorbinant DNA for expression wr‘x_uich contains

R
A

! 3 _
T o e I Q\\ A N S i )L/-‘.\\\‘;_, o i
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a creatine amidinohydrolase gene which,
the natural gene, contains the
desoxyribonucleotida T instead of C.
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The present invention is concerned with mutants
of creatine amidinohydrolase which are more stable than
R the‘wild type enzyme and are, therefore, more suitable
for the enzymatic determination of the creatinine
"5, content of serum, plasma and urine.
The enzyme creatine amidinohydrolase (EC 3.5.3.3)
is used industrially for the determination of creatinine.
It is used, inter alia, in clinical analysis for the
K:IP diagnosis of kidney diseases in which creatinine contents
n.'i 10 occur in the serum and urine which differ from those of
:?::: the healthy organism. Micro-organisms are known, for
::L:: ‘ example types of Pseudomonas, which, with inductibn by
. creatine, are able to produce creatine amidinohydrolase
. oo, in an amount making worlking up worthwhile but the
;.:a 15 achievable yields and the costs of isolation of the

enzyme are still limiting factors for the industrial use
of the enzyme.
As is described in Federal Republic of Germany

Patent Specification No. 35 00 184, it has been possible

20 to isolate from Pseudomonas putida the gene coding

creatine amidohydrolase and to introduce it, for example,

into the plasmi& pB§'3221‘ After transformation of a

‘fiicro-organism of the genus Escherichia coli or
Pseudomonas putida, it is possible to obtain creatine
: )

25 ‘aﬁidinGHydrolaEeuconstitutively from these. This gene-

wJ

technoldgical production of creatine amidinohydrolase
-3 ~'. - \ re t

is more effective End easier to carxy out than the
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iéolation from an induced micro-organism which does not
contain a plasmid. However, this giocess has the dis-
advantage that the wild type enzyme obtained therefrom
haé only a limited detergent and thermal stability and
thus is not optimally suitable for use in clinical test
processes. 7

It is an object of the present invention to provide
creatine amidinohydrolase mutants which do not display
the described disadvantages of the prior art or only to
a slight extent. | |

 7_According.to the preéent invention, this_object is

achiéng by Creatine amidinohydrolgse mutanﬁs which 
catalyéé the réactioﬁ: |

creaﬁine +;H20 '——é éar;osine + urea
éorreépondihg to'thé wild.type enzyme, wherein, in
.comparison}with‘the’wild type enzyme; at least one amino
_acid-ex¢hahée.has taken plaée in positibn 109. This

exchange concerns the amino acid alanine which has been

' répléced by valine. The so mutated enzyme has a consid-

erably better stability than the wild type enzyme.
Apart from this amino acid exchange, without
impairment of the enzymatic activity, other mutations on

lane can also be present and a still

the amino acid f

higher stability can then be achieved. Apart from the
amino acid exchange in position 109, a preferred enzyme
‘contains a further)amino acid exchange.

The® present {nvention alsc provides the plasmids

I A T TN L C e e
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pBT 109 and pBT 119. These contain the c¢reatine
amidinohydrolase genes of the wild type but, in
both plasmids, on the DNA plané there is not

only the amino acid exchange at position 109

and in the case of pBT 119 also in a further

position, namely, position 355 in the form of an

exchange of Val by Meth by corresponding exchange of the
triplet coding these amino acids in the wild type gene.
By sequenciiig of pBT 119, we have ascertained that at
position 1063 of the sequence in the coding strand, a G
is replaced by A (G — A) so that the triplet GTG of the

wild type is changed *-* 7 ATG. A preferred micro-

organism of the genus i.cherichia coli according to the

present invention, Escherichia coli, DSM 4105, contains

the plasmid pBT 109 and a further preferred micro-

organism Escherichia coli, DSM 4106, contains, according

to the present invention, the plasmid »BT 119. According
to the present invention, firrther preferred micro-

organisms are those of the genus Escherichia coli or

Pseudomonas putida which constitutively express a

creatine amidinohydrolasa which contains the said
mutations.

The preparatlon of the mutated enzymes according
to the present invention takes place in that, according
to known gene-technological methods, a recombinant DNA
is brought to expressioﬁ?in an appropriate expres.lon
system wﬁiéh"hbntains a creatine qmi&inohydrolase gene

which essentially has the sequence of the wild type gene

\i .
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but contains, at least in position 326 of the natural
gene, a T instead of the desoxyribonucleotide C. A gene
is preferably expressed in whicli, furthermore, a base

is exchanged in a further position. Especially prefer-
ably, in position 1063, A is present instead of G.

» As recombinant DNA, there is preferably expressed
one of the plasmids pBT 109, DSM 4108P or p3T 119, DSM
4107P. However, as recombinant DNA, there can also be
used any recombinant DNA which contains the DNA
sequence for the wild type enzyme described in Federal
Republic of Germany Patent Specification No. 35 00 184
or an equivalent thereof coding according to the genetic
code for the same amino acid sequence in which, however,
at position 326 of the natural gene, the desoxyribo-
nucleotide T is present instead of C. In such a
teconibinant DNA,rin addition there can be contained a
further base exchange which leads to a further amino
acid mutation in the enzyme. In position 1063, G is
thereby preferably exchanged for A.

As sxpression system, there is preferred a micro-

organism of the genus Escherichia coli or Psuedomonas

putida. Especially preferably, there is used the micro-

organism Escherichia coli ED 8654, DSM 2102, or

Pseudomonas putida, DSM 2106. Further processes of

production according to the present invention involve

culturing the preferred micro-organisms Escherichia coli,

DSM 4105 and Escherichia coli, DSM 4106.
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The present invention is also concerned with the
use of the mutated creatine amidinohydrolases according
to the present invention, which are more stable than ‘
the wild type enzyme, for the determination of the
creatinine content in serum, plasma and urine.

Investigations of the cloned creatine amidino-
hydrolase described in Federal Republic of Germany Patent
Specification No. 35 00 184 have shown that the enzyme
catalyses the rate-determining step in the reaction
sequence:

creatine amidinohydrolase
creatine + H20 N

sarcosine + urea

An increase of the rate of the subgtrate reaction cannot
be achieved under the optimum working conditjons by
increasing the amount of enzyme. Under test conditions
for the determination of the creatinine content of serum,
plasma oxr urine at 37°C., the enzyme displays a limited
stability, which leads to a reduction of the substrate
readtion at the above-mentioned temperature. The
creatine amidinohydrolase according to the present
invention, which contains a mutation of the amino acid
109 of the wild type eazymsa from alanine into valine,
has, in comparison,'uhdc; vétious test cond{tions
(addition ol detergent), in the case of approximately

the same initiﬁl enzyme activity, already a strongly




increased detergent stability, as is shown by the

comparative experimental results set out in the follow-

ing Table I. The temperature behaviour under optimum

conditions is shown in the following Table II.
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TABLE I
- Enzyme determination at 37°C.
time creatinine amidinohydrolase wild type | creatine amidinohydrolase mutant test conditions
(mimtes) (DE 35 00 184 Al) (amino acid 109 = Val)
- (DSM 3143) comparison (DSM 4105) according to the
invention
0 3,3 Ulul. (activity = 100%) | 3.0 U/ml. (activity = 100%)| Testmix 1 from test
15 ll? J/ml. (residual activity = 59%) 3.0 U/ml. (residual activity = 100%)| combination
1T 30 0.6 U/nl. (residual activity = 18%) 2.7 U/ml. (residual activity = 91%)| ''Creatinin-PAP"
60 0.2 U/ml. \residual activity = 6%) 2.5 U/ml. (residual activity = 83%)| (BM No.839 434)
0 3.3 U/ml. (activity = 100%) { 3.0 U/ml. (activity = 100%) in 125 mmole/litre
15 0.7 U/ml. fresidual activity = 21%) 2.7 U/ml. (residual activity = 917%)| phosphate buffer
I 30 - 0.0 U/ml, (residual activity = 0%) 2.7 U/ml. (residual activity = 917%)|+ detexgent
60 i 0.0 U/ml. (xesidual activity = 0%) 2.1 U/ml. (residual activity = 71%)

The enzymes were incubated under the conditions given in the Table and subsequently an

enzyme determination was carried out with the use of the test combination 'urea'
(BM Grder No. 124770).
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able IT

Enzyme determination under optimum conditions at

different temperatures

: Test'conditiqns; 20 mMolé/litre phosphate buffer

I

N
]

(pH

8.0).

prdtein/ml.'(SeO'U/mg.)

= creatine amidinohydrolase mutant: 1.10 mg.

- creatine amidinohydrolase wild type: 1.05 mg.

protein/ml. (8.7 U/mg.) (amino acid 109 = Val)

10

temp.

creatinase r

esidual activity in % (incubation
~in minutes

lo

(DSM 3

14"

2. (DSM 4105)

-~ 30 m.

. 60 m.

120 m.

30 m.

60 m.

120 m.

37°C.
42°C.
47°C.
52°C.

100
57
1

0

86

36
0.4

-

80
13
0

-

100
84
42

3

96
73
2

-

90
63
0

-

The enzymes were incubated under the given test

conditions and subsequently an enzyme determination was

carried out with the use of the test combination "urea'

the r ‘esent dnvention

(BM Order No. 124 770),

The creatine amidinohydrolase enzyme according to
which, in addition to this mutation,

: carries a further amino acid mutation, also possesses, in

the case of almost the same initial enzyme activity, a

M
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still greater stability in comparison with the wild
type enzyme (see Example 1, Table III).
With the creatine amidinohydrolase mutants
according to the present invention, it is, therefore,
5 possible to avoid an enzyme activity loss in the case
of the creatinine determination due to the detergent
and thermal lability of the wild type enzyme and also

to carry out such determinations dependably over longer

totns’ periods of time than was hitherto possible. Because of
» s

[} . .

Al 10 the improved properties, a reduction of the amount of
6e0a0e

3, *

enzyme in the creatinine test is also possible.

. The following Examples are given for the purpose
of illustrating the present invention:
Example 1.

15 Cells of Escherichia coli DSM 4105, Escherichia

coli DSM 4106 and, for comparison, Escherichia coli

e DSM 3143 (Federal Republic of Getmany Patent Specific-
ation No. 35 00 184), were cultured overnight in 11

E‘M fermenters.

20 Medium

complete medium (yeast/peptonc extract)

0.4% glucuse

100 mMole/litre phosphate buffer.
After centrifuging for 15 minutes at 800 r.p.ti.,
25  the cells were broken down in a French press and the
creatine amidinohydrolase purified by fractionation

over a molecular sileve (Sephacryl S 200).

~ o
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The enzymes obtained were incubated under the
conditions given in the following Table III and subse-
quently an enzyme determination was carried out with
the use of the test combination '"urea' (BM Order No.

124 770).

The following Table III gives the stability
behaviour of the creatine amidinohydrolase mutants
according to the preéent invention in comparison with
the wild type enzyme (Federal Republic of Germany Patent

Specification No. 35 00 184 - Escherichia coli DSM 3143).

Table III
Stability at 37°C.
Test conditions: Testmix 1 from the test combination
"ereatinine~PAP'" (BM Order No. 839 434)
Taletial activity: 12 U/ml. (= 100%)

iéreatine'amidinohydrolase residual aCtiVity‘as'%,Qf
from Edoherichia coli the initial activity after
(coding plasmid) el fter

- DSM 3143 (pBT 2a~1,DSM 3148P) 39 51 39 27
DSM 4105 (pBT 109, DSM 4108P) 96 90 84 84
DSM 4106 (pBT 119, DSM 4107p)¥102 |102  |102 (102

_.;.mm...wi‘.y/..n\\v OIS

“®
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Comparison of the Michaelis constants (Km) at 37°C
test conditions: 0.1 mole/litre Tris-HCl (pH 8.0)
(optimum test conditions)

creatine amidinohydrolase Km, mMole/Litre

from Escherichia coli

(coding plasmiq)

DSM 3143 (pBT 2a-1, DSM 3148P) 21 2.5

DSM 4105 (pBT 109, DSM 4108P) 20

DSM 4106 (pBT 119, ['SM 4107P) 16
Example 2.

The stable creatine amidinohydrolase mutant from the

micro~organism Escherichia coli. DSM 4105, which contains

 the plasmid pBT 109, was isolated from a 100 litre
 fermentation in the manner described in Federal Republic

of‘Germany Patent Specification No. 35 00 184. 121 g, of
protein were obtained with a specific activity of 10 4
U/mg. This corresponds to a yield of 63%.

Example 3, \

- Plasmid pBT 119 carries a mutation at positiOns 109
and 355 of the gene encoding creatine amidinohydrolase and
the erizyme thus encoded has improved stability as shown in
the Table bhelow:

resfdual activity after
- o 13 0 dnd

me t.ypn onxyme . 100’ 41 o 40

pBY 109 ahsyme. : 106 ’ \so .30 _

PAT 119 éntyme .106 \ 101 106

mutant -n:ym?'f’é ‘ T N T R T3 -

without mutation:
ot plnnnkd 109

The results of the above Table show that the
ad&antaqe achieved through the mutation at position 135 is
maintained even if additional mutations take place at
other positions. ‘
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"o ~ oOctober 1, 1981  DSM 2106
" ) December 13, 1984 DSM 3143
oo | April 29, 1987 - DSM 4105

" © April 29, 1987  DSM 4106

, ‘ \ * Address - Grisebachstrasse 8,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1, Creatine amidinohydrnlase synthesized in Escherichia
coli or Pseudomonas.putidi, which catalyses the reaction:

Sa¢ COS\(\Q
creatine + H20 - =+ Lsaea&os+ae + urea

- wherein, in position 109 of an amino acid sequence of the
- wild type ernzyme, alanine is replaced by valine.

2. Creatine amidinohydrolase according to claim 1,

ond bEING O fuachiona) edlivolent neceeg,
\?hereln at feast one further amino acid of the wild type -
enzyme is additionally mutated. _ _
3. Plasmid pB% 109, DSM 4108P, as herelnbefore
described wherein it contains a gene encoding creatlne
amidinohydrolase according %o claim 1. '
4. Plasmid pBT 119, DSM 4107P, as hereinbefore
described wherein it contains a gene encoding a creatine
amidinohydrolase according to claim 2,

5. Mlcro~organlsm Eﬁgggglgh_ﬁ_ggl; DSM 4105, as

hereinbefore described whereln it contains the plasmid pBT

109, _ :
6.  Micro-organism Escherichia coli, DSM 4106, as
hereinbefore described wherein it contains the plasmid pBT
119. '
7. Mlcro-organlsm of the genus Escherichia_coli or

T30 s ida, wherein it constitutively forms a
Creatine amidinohydrolase,accordlng to claim 1 or 2.
8. Prxocess for the production of the enzyme acqording
to claim 1, wherein,; according to known gene-technological
methods, into an appropriate expression system there is
introduced a recombinant DNA for expression which contaius

- a creatlne amidinohydrolase gene which, in position 326 of

the natural gene, contains the

“‘ —

N
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desoxyribonucleotide T instead of C.
9. Process according to claim &, wherein as
recoﬁbinant DNA there is expressed the plasmid pBT 109,
a® herelnberore desariwed
DSM 4108%Q
5 10. Process azcording to claim 8, wherein a recombin-
ant DNA is used which contxins the sequenze illustrated
in Fig. 1 of the accompanying drawings or an equivalent
thereof «oding according to the genetic code for the
viee! same amir,o acid sequence.
et 10 11. Process for the production of the enzyme according
to claim 2, wherein, according to known gene
technological methods, in an appropriate expression
system, a recombinant DNA ia brought to expression which

contains a credtine amidinohydrolase gene which, in

LI 8

TS 15 addition to the mutation of the base C into T on

n position 326 of the natural gene, contains a further

JEH mutation which brings about a further amino acid
exchange in the enzyme.

Ny 12,  Process according to claim 11, wherein a recombin~

N 20  ant creatine amidinohydrolase gene is expﬁeséed which

contalns a mutation of the base G into A in pbsitiOn 1063.
13. Process according to claim 12, wherein the plasmid
L &8 herdnberore descdiloed N
~pBT 119, DSM 4107P/is expressed as recombinant DNA.
,, L ‘ ina
14. Process according to any of claims ¢ to 13,

25 wherein, as expression system, there is used a micro-

5rganism of the genus Escherichia coli ox Pseudomonas
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15. Process accordlng to claim 14, whereln there is used
Escherichia coli ED 8654, DSM 2102 as hereinbefore

descrlbed. ‘ ‘
16. Process according to claim 14, whereln there is used

Eieudgmgnﬁi_ﬂntldﬁ

'17. Process according to claim 8 or 9, wherein
Escherichia coli, DSM 4105, as hereinbefore described is
‘cultured. )

18, Process according to any of claims 11 to 13, wherein
Escherichia coli, DSM 4106, as hereinbefore described is
cultured.

”rlnf; 19. Process according to any of claims 8 to 18,

"*,F substantially as hereinbefore described and exemplified,
(lumf 20. Enzymes, whenever produced by the process according
to any of claims 8 to 19.

. ‘ 21. Use of an enzyme according to claim 1 or 2 for the
e crearinine
: determanatlon of the cnuyibinoL?ontent in serum, Plasmu or

urine.
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““*  DATED this 14th day of June, 1989

DAVIES & COLLISON AP .
oo Patent Attorneys for - -
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70 30 110
GCCCAGGAATACGCCAATCGCCAAGCCAGGCTGCGCGCCCACCTGGCGGCGGAGAACATC
AlaGlnGluTyrAlaAsnArgGlnAlaArgleuArgAlaHislLeuAlaAlaGluAsnlle

130 150 170
GACGCCGCGATCTTCACCTCGTACCACAACATCAACTACTACTCCGACTTCCTCTACTGE
AspAlaAlallePheThrSerTyrHisAsnIleAsnTyrTyrSerAspPheteuTyrCys

180 210 230
TCCTTCGGCCGCCCCTACGCGTTGGTGGTGACCCAGGACGACGTCATCAGCATCAGCGEL
SerPheGlyArgProTyrAlalLeuValValThrGlnAspAsplallleSerlleSerAla

250 270 290
AACATCGACE6C66GCCAGCCGTGGCGCCGCACCGTCGGCACCGACAACATCGTCTACACC
AsnlleAspGlyGlyG1lnProTrpArgArgThrValGlyThrAspAsnlleValTyrThr

310 330 350
GACTGGCAGCGCGATAACTACTTCGTCGCCATCCAGCABGCGTTGCCG.\AGGCCCGCCGL
AspTrp6lnArgAspAsnTyrPheValAlalleGlnGlnAlaleuProlysAlaArgArg

370 390 410
ATCGGCATCGAACATGACCACCTGAACCTGCAGAACCECGACAAGCTGGCCACGCGCTAT
IleGlyIleGiuHisAspHisLeuvAsnLeuGlnAsnArgAsplysteuAlaAlaArgTyr

430 450 _ 470
CCGGACGCCGAGCTGGTGGACGTGGCCGCCGCCTGCATGCGTATGCGCATGATCAAATCC
ProAspAilaGluLeuValfAspValAlaAlafplaCysMetArgMetArgMetIlelysSer

490 510 530
GRCGAAGAGCACGTGATGATCCGCCACGGCGCGCGCATCE6CCGACATCEGTGGTGCGRCE
AlaGluGluHisValMetIleArgHisGlyAlaArgIlleAlafAsplleGlyGlyAlaAla

550 570 i 590
GTGGTCGANGCCCTGGECGACCAGETACCGEAATACGAAGTGGC6CTGCATGCCACCCAG
VallalGluAlateuGlyAspGlnValPro6luTyrGluValAlaleuHisAlaThr6ln

619 630 650
GCCATGBTCCGCGCUATTGCCGATACCTTCGAGGACGTGEAGCTGATGGATACCTGGACC
AlaMetValArgAlalleAlaAspThrPheGluAspValGluLleuMetAspTheTrpThr

670 690 710
TGBTTCCAGTCCGGCATCAACACCGACGGCGCGCACAACCCGGTGACCACCCGCAAGGTG
TrpPheGlnSerGlylleAsnThrAsp6lyAlaHi sAsnProVal ThrThrArglysVal

730 750 770
AACAAGGGLGACATCCTCAGCCTCAACTGCTTCCCGATGATCGCCEAATACTACACCGEG
AsnlLysGlyAsplleLeuSerLeuAsnCysPheProMetlleAlaGlyTyrTyrThrala

790 810 830
TT66AGCGCACCCTGTTCCTCGACCACTGCTCGGACGACCACCTGLGTCTGTGGCAGGTC
LeuGluArgThrleuPheleuAspHisCysSerAspAspHisleuArgleuTrpGlnVal
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FIG. 1 CONT'D.

850 870 890
AACGTCGAGGTGCATGAAGCCGGCCTGAAGCTGATCAAGCCCGGTGCGCGTTGCAGCBAT
AsnVaiGluValHisGluAlaGlvLeulysleullelLysProGlyAlaArgCysSerAsp

910 9720 950
ATCGCCCGCGAGCTGAACGAGATCTTCCTCARGCACGACGTECTGCAGTACCGCACCTTC
IleAlafrgbluleuAsnGlullePhelLeulysHisAspVallLeuGlnTyrArgThrPhe

970 390 1016
GGCTACGGCCACTCCTTCGGCACGCTCAGCCACTACTACGGCCGBCGAGGLCGGITTGGAA
GlyTyrGiyHisSerPheGlyThrLeuSerHisTyrTyrGlyArgGluAlad! sl auGlu

1030 1050 1070
CTGCGCGAGGACATCGACACCGTGCTGGAGCCGGGCATGGTGGTGTCGATGGAGCCGATSR
LeuArg6luAspIleAspThrValleuGluPraoGlyMetValValSerMetGluProMet

1090 11 1159
ATCATGCTGCCGGAAGGCCTRCCG6GCECCEGTE6CTATCGCGAGCACGHCATCCTGATE
IleMetLeuProGluGlyLeuProGlyAlaGlyGlyTyrAry6luHisAsplleleulle

1150 1170 1190
6TCAACGAGAACGGTGCCGAGAACATCACCAAGTTGCCCTACGGCCCGGAGAAAAACATC
ValAsnGluAsnGlyAlaGluAsnIleThrLysPheProTyrGlyProGlulysAsnlle

1210
ATCCGCAAATGA
IleArglLysEnd
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