
Pharmaceutical!composition comprising pimobendan 1.
BACKGROUNDOF THE INVENTION TECHNICAL FIELD The
invention relates to the field of animal health. In
particular, the invention relates to novel oral
pharmaceutical compositions comprising as
pharmaceutical^ active compounds pimobendan.
BACKGROUNDINFORMATION Pimobendan
(4,5-dihydro-6-[2-(4-methoxyphenyI)-1
H-benzimidazoI-5-yl]-5-methyl- 3(2H)-pyridazone) is
disclosed in EP 008 391 B1, herein incorporated by
reference in its entirety. Pimobendan is a
cardiotonic, hypotensive and antithrombotic. Said
substance is the standard in the indication congestive
heart failure. Pimobendan only hardly dissolves in
water. The resorption of pimobendan when administered
orally is prone to considerable inter- and
intra-individual fluctuations if the active substance
is incorporated in known or conventional
pharmaceutical forms for oral administration. The
reason for this is that pimobendan is characterized by
a low solubility in aqueous media and a very highly
pHdependent solubility. To overcome this, hard
gelatine capsules were used containing pimobendan
formulated with citric acid, in particular at a weight
ratio of pimobendan to citric acid of between 1:10 and
1:20 (EP 439 030 B1, herein incorporated by reference
in its entirety). However, the high quantity of citric
acid and the acidic taste of citric acid is not
voluntarily accepted by most animals - thus, such
capsules have to be force-fed to the animals or mixed
with food prior to application. The problem underlying
the present invention was to provide a pimobendan
solid formulation voluntarily acceptable by mammalian
subjects, especially small animals.2. BRIEF SUMMARYOF
THE INVENTION The invention relates to novel solid
formulations comprising as pharmaceutically active
compound pimobendan or a pharmaceutically acceptable
salt thereof which is homogenously dispersed in a
polyvalent acid and a flavor acceptable to small
animals. Preferably, such solid formulations are
granules or tablets. Most preferred is a tablet
characterized in that the tablet comprises, preferably
consists of 1.25 mg, 2.5 mg, 5 mg or 10 mg pimobendan,
and further consists of lactose, corn starch,
croscarmeilose-sodium, citric acid, preferably at an
amount of 50 mg / g of the solid formulation,
artificial beef flavor, polyvidone, colloidal
anhydrous silica and magnesium stearate. The invention
further relates to fluid-bed granulation processes for
production of the solid formulations comprising or
consisting of the steps: a) an aqueous solution of
pimobendan and a binder as defined above is sprayed
onto a solid carrier bed comprising one or several
carriers and/or excipients, flavor and citric acid
anhydride and b) the mixture of a) is dried and c) the
mixture of b) is sieved and de-agglomerated and d) a
flow regulator is added to the mixture of c) and e) a
lubricant is added to the mixture of d) and f) the
mixture of e) is blended for uniformity of granules to
obtain final granules and/or g) the final granules of
f) are compressed to solid formulations. Step g) is
omitted if the solid formulation is a granule. If the
solid formulation is a tablet, step g) is carried out.
Furthermore, the invention relates to a method of
prevention and/or treatment of diseases wherein
cardiotonic, hypotensive and anti-thrombotic
substances have a therapeutic benefit, comprising
administering to a mammal in need of suchtreatment a
therapeutically effective amount of a solid
formulation according to the invention as disclosed
above. Preferred is a method of prevention and/or
treatment of congestive heart failure, comprising
administering to a mammal in need of such treatment a
therapeutically effective amount of a solid
formulation according to the invention as disclosed
above. Most preferably, the method comprises
administering a tablet according to the invention , as
defined above. Furthermore, the invention relates to a
method for manufacturing a medicament for the
prevention and/or treatment of congestive heart
failure, characterised in that a solid formulation
according to the invention is used. Preferably, the
invention relates to a method for manufacturing a
medicament for the prevention and/or treatment of
congestive heart failure, characterised in that a
tablet comprising, preferably consisting of 1.25 mg,
2.5 mg, 5 mg or 10 mg pimobendan and further
consisting of lactose, corn starch,
croscarmellose-sodium, 50 mg / g citric acid,
artificial beef flavor, polyvidone, colloidal
anhydrous silica and magnesium stearate is used. 3.
BRIEF DESCRIPTION OF THE DRAWINGS Figure 1:
Illustration of the basic top spray fluid bed process
Reference signs: 1 Exhaust air ventilator; 2 Filter; 3
Pump; 4 Stirrer; 5 Aqueous Suspension of micronised
pimobendan and binder solution (PVP, HPMC, starch,
gelatine); 6 Heating device for inlet air; 7 Sieve; 8
Nozzle, aqueous suspension is sprayed onto powder bed
(citric acid, lactose, starch, flavour); 9 Powder bed
Figure 2: Flow Chart of Manufacturing Process Figure
3: Dissolution Profiles, Pimobendan 1.25 mg tablets,
showing 95% confidence intervals of the mean; USP
apparatus 2 (Paddle), Rotation Speed 75rpm, Buffer pH
4.0. Comparison of dissolution profiles of tablets
which were stored 1 and 6 months at 40C/75 % in HDPE
bottles; batch no. PB020049 Figure 4: Dissolution
Profiles, Pimobendan 1.25 mg tablets, showing 95%
confidence intervals of the mean; USP apparatus 2
(Paddle), Rotation Speed 75 rpm, Buffer pH 4.0.
Comparison of dissolution profiles of tablets which
were stored 12 days at 25C/60 % in open glass bottles;
batch no. PB010080 Figure 5: Dissolution Profiles,
Pimobendan 2.5 mg tablets, showing 95% confidence
intervals of the mean; USP apparatus 2 (Paddle),
Rotation Speed 75 rpm, Buffer pH 4.0. Comparison of
dissolution profiles of tablets which were stored 3
and 6 months at 40C/75 % in AIu-AIu Blister; batch no.
PB010076 Figure 6: Dissolution Profiles, Pimobendan
5.0 mg tablets, showing 95% confidence intervals of
the mean; USP apparatus 2 (Paddle), Rotation Speed 75
rpm, Buffer pH 4.0. Comparison of dissolution profiles
of tablets which were stored 6 months at 40C/75 % in
HDPE bottles; batch no. PB020059 Figure 7: Dissolution
Profiles, Pimobendan 5.0 mg tablets, showing 95%
confidence intervals of the mean; USP apparatus 2
(Paddle), Rotation Speed 75 rpm, Buffer pH 4.0.
Manufacturing variable: Different compression forces;
batch no. PB020205 4. DETAILED DESCRIPTION OF THE
INVENTION Before the embodiments of the present
invention it must be noted that as used herein and in
the appended claims, the singular forms "a", "an", and
"the" include plural reference unless the context
clearly dictates otherwise. Thus, for example,
reference to "a tablet" includes a plurality of such
tablets, reference to the "carrier" 



is a reference to one or more carriers and equivalents
thereof known to those skilled in the art, and so
forth. Unless defined otherwise, all technical and
scientific terms used herein have the same meanings as
commonly understood by one ofordinary skill in the art
to which this invention belongs. All given ranges and
values may vary by 1 to 5% unless indicated otherwise
or known otherwise by the person skilled in the art,
therefore, the term "about" was omitted from the
description. Although any methods and materials
similar or equivalent to those described herein can be
used in the practice or testing of the present
invention, the preferred methods, devices, and
materials are now described. All publications
mentioned herein are incorporated herein by reference
for the purpose of describing and disclosing the
substances, excipients, carriers, and methodologies as
reported in the publications which might be used in
connection with the invention. Nothing herein is to be
construed as an admission that the invention is not
entitled to antedate such disclosure by virtue of
prior invention. The solution to the above technical
problem is achieved by the description and the
embodiments characterized in the claims. To overcome
the difficulties in the art, a process was invented.
Only the invention of this novel fluid-bed granulation
process allowed the formulation of voluntarily
acceptable solid formulations according to the
invention. With the process according to the
invention, it was possible to formulate a voluntarily
accepted, long-term stable, large scale producable,
homogenously dispersed, fast-releasing solid
formulation. Despite the large size, pimobendan was
homogenously dispersed. Such solid formulations
comprising a flavor suitable for small animals, which
surprisingly still allows a formulation comprising a
polyvalent acid and yet have a palatibility rate of
more than 70%- in many cases more than 90%. Thus, the
solid formulations according to the invention are a
major step forward in therapeutic application as they
do not have to be force-fed to the animal. In a first
important embodiment, the invention relates to a solid
formulation, comprising pimobendan or a
pharmaceutical^/ acceptable salt thereof, see e.g. EP
008 391 B1 or EP 439 030 B1 (both herein incorporated
by reference in its entirety), which is homogenously
dispersed in a polyvalent acid selected from thegroup
of citric acid, acetic acid, maleic acid, tartaric
acid or the anhydride of any of said polyvalent acids,
and a flavor acceptable to small animals. Such flavors
according to the invention preferably are selected
from artificial beef flavours, artificical chicken
flavours, pork liver extract, artificial meat flavour,
honey flavour and the like. Said flavors not only
disguise the taste of the polyvalent acid, but also of
pimobendan. Preferably, the solid formulation
according to the invention is a tablet or granule
formulation. The granule formulation according to the
invention is explained in more detail below. More
preferably, the solid formulation is chewable. The
invention preferably also relates to a solid
formulation according to the invention, further
comprising one or several pharmaceutically acceptable
excipients. Excipients according to the invention are
preferably selected from the group consisting of
diluents, disintegrants, carriers, binders, flow
regulators, lubricants and solvents. Any other
excipients known to the skilled person and found
suitable for the solid formulation according to the
invention may also be comprised in the solid
formulation according to the invention. See also
Remington, J.P. The science and Practice of Pharmacy
(2000). 20th ed. Lippincott Williams & Wilkins
Publishers, Philiadelphia, US. More preferably, said
excipients are carriers / disintegrants selected from
the group lactose, starch, cellulose, microcrystalline
cellulose and cellulose derivatives, e.g.
methylcellulose, and the like. Any other carrier known
to the skilled person and found suitable for the solid
formulation according to the invention may also be
comprised in the solid formulation according to the
invention. See also Remington, J.P. The science and
Practice of Pharmacy (2000). 20th ed. Lippincott
Williams & Wilkins Publishers, Philiadelphia, US. One
or several binders according to the invention are
preferably selected from the group consisting of
polyvidone (used synonymously for povidone),
methylcellulose, hydroxypropylmethylcellulose (HPMC),
hydroxymethylceliulose,starch, gelatine, and the like.
Any other binder known to the skilled person and found
suitable for the solid formulation according to the
invention may also be comprised in the solid
formulation according to the invention. See also
Remington, J.P. The science and Practice of Pharmacy
(loc. cit). The solid formulation according to the
invention may also comprise one or several flow
regulators selected from the group consisting of
silica, preferably colloidal anhydrous silica, calcium
silicate, magnesium silicate, talc, and the like. Any
other flow regulator known to the skilled person and
found suitable for the solid formulation according to
the invention may also be comprised in the solid
formulation according to the invention. See also
Remington, J.P. The science and Practice of Pharmacy
(loc. cit). The solid formulation according to the
invention may also comprise one or several
disintegrants selected from the group consisting of
croscarmellose sodium, sodium starch glycolate,
pregelatinised starch, cross-linked
polyvinylpyrrolidone and the like. Any other
disintegrant known to the skilled person and found
suitable for the solid formulation according to the
invention may also be comprised in the solid
formulation according to the invention. See also
Remington, J.P. The science and Practice of Pharmacy
(loc. cit). The solid formulation according to the
invention may also comprise one or several lubricants
selected from the group consisting of magnesium
stearate, calcium stearate, glyceryl behenate,
polyethylene glycol, stearic acid, talc and the like.
Any other lubricant known to the skilled person and
found suitable for the solid formulation according to
the invention may also be comprised in the solid
formulation according to the invention. See also
Remington, J.P. The science and Practice of Pharmacy
(loc. cit). The invention preferably also relates to a
solid formulation according to the invention,
characterized in that the carriers are starch and
lactose. The invention preferably also relates to a
solid formulation according to the
invention,characterized in that the lactose consists
of coarse particles greater than 200 mm in size. The
person skilled in the art knows other types of lactose
which are suitable as well as carrier according to the
invention , e.g. fine lactose equal or smaller than
200 mm in size or spray-dried lactose. Preferred is
lactose consisting of coarse particles greater than
200 mm in size. The invention preferably also relates
to a solid formulation according to the invention,
characterized in that the starch or various starches
are selected from the group consisting of native
starch, gelatinized starch, partly gelatinized starch,
starch powder, starch granules, chemically modified
starch and swellable physically modified starch. The
invention preferably also relates to a solid
formulation according to the invention, characterized
in that the starch is corn starch. The invention
preferably also relates to a solid formulation
according to the invention, comprising 0,5 to 20 mg of
pimobendan. The more preferred solid formulation
contains 1 to 10 mg of pimobendan. The even more
preferred solid 



formulation contains 1.25 to 5 mg of pimobendan. Most
preferred solid formulations contain 1.25 mg, 2.5 mg,
5 mg or 10 mg of pimobendan. The invention preferably
also relates to a solid formulation according to the
invention, comprising a content of 1:10 - 1:40 of
pimobendan in relation to citric acid anhydride,
preferably 1:20. The invention preferably also relates
to a solid formulation according to the invention,
characterized in that the weight of the whole solid
formulation is in the range of 250 to 3000 mg, with a
more preferred weight range of 500 mg to 2000 mg, and
most preferred weight of 500 mg, 1000 mg or 2000
mg.The invention preferably also relates to a solid
formulation according to the invention, characterized
in that the solid formulation is produced by a
fluid-bed granulation process comprising or consisting
of the steps: a) an aqueous solution of pimobendan and
a binder as defined above is sprayed onto a solid
carrier bed comprising one or several carriers and/o i
excipients as defined above, flavor and citric acid
anhydride and b) the mixture of a) is dried and c) the
mixture of b) is sieved and de-agglomerated and d) a
flow regulator is added to the mixture of c) and e) a
lubricant is added to the mixture of d) and f) the
mixture of e) is blended for uniformity of granules to
obtain fina granules and/or g) the final granules of
f) are compressed to solid formulations. Step g) is
omitted if the solid formulation is a granule. If the
solid formulation is tablet, step g) is carried out.
The invention preferably also relates to a solid
formulation according to th invention, characterized
in that the solid formulation is produced by a
fluid-bee granulation process comprising or consisting
of the steps: a) an aqueous solution of pimobendan and
povidone is sprayed onto a solic carrier bed
comprising lactose, starch, flavor and citric acid
anhydride and b) the mixture of a) is dried and . c)
the mixture of b) is sieved and de-agglomerated and d)
a flow regulator is added to the mixture of c) and e)
a lubricant is added to the mixture of d) and f) the
mixture of e) is blended for uniformity of granules to
obtain fina granules and/or g) the final granules of
f) are compressed to solid formulations.Step g) is
omitted if the solid formulation is a granule. If the
solid formulation is a tablet, step g) is carried out.
The invention preferably relates to a granule
formulation as obtained by the process above that can
either be administered in the granular form or as
tablets after compressing the final granules to
tablets. Therefore, the solid formulation according to
the invention preferably is a granule (or a plurality
of such granules) or a tablet. The administration of
the granules can take place by mixing with food or by
offering the granules directly to the animal, e.g. in
a bowl. The application of the granular form will
allow an individual dosing of pimobendan according to
the body weight of the animal. The tablets according
to the invention have surprising advantages. The
dissolution profile is ensuring immediate release of
pimobendan. Surprisingly, it could be demonstrated
that while compressing the final granules as mentioned
above, a decrease in the dissolution characteristics
is not observed. By ensuring an immediate release
profile of pimobendan, the amount of drug to be
administered can be kept as low as possible, thereby
improving the safety profile especially for long-term
treatment. Furthermore, the dosing accuracy of the
tablet is excellent. This is due to the fact that in
accordance with the manufacturing process according to
this invention, an excellent uniformity of pimobendan
content is achieved. Furthermore, the tablets can be
broken into two halves so that half the dose per
tablet can be administered. Compared with the existing
gelatine capsule, the dosing accuracy and compliance
of both the animal and the animal owner are assured.
This is even more important since the drug is
administered for a life-long treatment. Also, the
palatability of the tablet is excellent. More than 90
% of the dogs to whom the tablet according to this
invention is given, accept the tablet voluntarily with
only the tablet offered in a bowl. Compared with the
existing gelatine capsule, thecompliance of both the
animal and the animal owner are significantly
improved. This is even more important since the drug
is administered for a life-long treatment. The
invention preferably also relates to a tablet
according to the invention, characterized in that the
tablet is stable for at least 18 months at 25C and 60%
relative humidity. In the examples, testing parameter
assays are disclosed for degradation of pimobendan,
dissolution, loss on drying, hardness and
disintegration of the tablet. The tablets according to
the invention are within the specification limits
regarding degradation of pimobendan, dissolution, loss
on drying, hardness and disintegration. Suitable
packaging materials for tablets according to the
invention are selected from, but not limited to:
aluminum/aluminum blisters, PVC/PVDC blisters, and
HDPE (high density polyethylene bottles). The
invention preferably also relates to a tablet
according to the invention, characterized in that the
tablet is oblong in shape. For such a tablet,
characteristics like crushing strength,
disintegration, uniformity of weight and content
uniformity fulfill the requirements of the European
Pharmacopoeia (ISBN/ISSN 92-871-5106-7 of 4th Edition
2004, Vol. 4.8, European Directorate for the Quality
of Medicines (EDQM), European Pharmacopoeia, 226
avenue de Colmar, F-67029 Strasbourg, France,
http://www.pheur.org) and the United States
Pharmacopoeia (http://www.usp .org: in print: USP-NF,
catalog No. 2270001). The invention preferably relates
to a solid formulation, and most preferred a tablet
according to the invention, characterized in that the
solid formulation or tablet comprising 0,5 - 20 mg
pimobendan, preferably of 1.25 mg, 2.5 mg, 5 mg or 10
mg pimobendan, and further comprises, preferably
consists of lactose (35 - 50 % by weight relative to
the dry mass of the solid formulation/tablet = (w/w)),
corn starch (25 - 50 % w/w), croscarmellose-sodiurn (1
- 5 %), citric acid (2,5 - 10 %w/w), artificial beef
flavor (5 - 30 % w/w), polyvidone (1 - 5 % w/w),
colloidal anhydrous silica (0.1 - 1, preferably 0.1 -
0.5 % w/w) and magnesium stearate (0,25 - 1,5 % w/w),
wherein the percentage by weight of pimobendan
contains preferably about 0,25% (w/w) and the sum of
the percentages by weight of all ingredients of the
solid formulation including pimobendan is 100% (w/w).
A skilled man is in a position to prepare such solid
formulations, preferably a tablet. Thus, the skilled
man knows that he can add to 0,25 % (w/w) pimobendan
at most 32,625 % (w/w) corn starch, 4 % (w/w)
croscarmellose-sodium 5 % (w/w) citric acid, 20 %
(w/w) artificial beef flavor, 4% (w/w) polyvidone,
colloidal, 0,5 % (w/w) anhydrous silica, 1 % (w/w)
magnesium stearate if the amount of lactose to be
32,625 % (w/w). Moreover, the skilled man also knows,
that if he decided to reduce the amount of the
artificial beef flavor, for example, to the minimum of
5 % 



(w/w), he can increase the amount of lactose, for
example, to 47,625 % (w/w). The invention also relates
to a solid formulation, preferably a tablet,
comprising about 0,25% (w/w) pimobendan and any of the
above other ingredients of the solid formulation,
preferably the tablet, in the range given above so
that the sum of the amounts by weight of the
individual formulation ingredients is 100%. The
present invention is also directed to a solid
formulation, preferably to a tablet, which comprises,
preferably consists of 1 mg pimobendan, 100 - 200 mg
lactose, 100 - 200 mg corn starch, 4 - 20 mg
croscarmellose-sodium, 10 - 40 mg citric acid
anhydrous, 20 - 120 mg artificial beef flavor, 4 - 20
mg polyvidone, 0.4 - 4 mg colloidal anhydrous silica,
and 1 - 6 mg magnesium stearate for each 400 mg of
total weight of the solid formulation, preferably a
tablet. According to a further embodiment of the
present invention, the solid formulation, preferably
the tablet, comprises, preferably consists of 1 mg
pimobendan, 120 - 180 mg lactose, 120 - 180 mg corn
starch, 8 - 18 mg croscarmellose-sodium, 15 - 30 mg
citric acid anhydrous, 40 - 100 mg artificial beef
flavor, 8 - 18 mg polyvidone, 0.5 - 2 mg colloidal
anhydrous silica, and 2 - 5 mg magnesium stearate for
each 400 mg of total weight of the solid formulation /
tablet. For example, the present invention relates to
a solid formulation comprising for each 400 mg of
total weight: 1 mgpimobendan, 20 mg citric acid
anhydrous, 130,5 mg lactose, 130,5 mg corn starch, 16
mg polyvidone, 16 mg croscarmellose-sodium, 80 mg
artificial beef flavor, 4 mg magnesium stearate, and 2
mg colloidal anhydrous silica. A skilled man is in a
position to prepare such solid formulation/tablet. The
skilled man also knows that he can varied the amount
of each ingredient of the solid formulation / tablet
within the ranges given above in that the total weight
of the solid formulation / tablet for each 1 mg
pimobendan is 400 mg. For example, the amount of
lactose may be 100, 101, 102, ... 108, 109, 110 etc.;
111, 112, ... 118, 119, 120 etc; 121 , 122, ... 128,
129, 120 etc; 131, 132, ... 138, 139, 140 etc; 141,
142, ... 148, 149, 150 etc; 151, 152, ... 158, 159,
160 etc; 161, 162, ... 168, 169, 170 etc; 171, 172,
... 178, 179, 180 etc; 108, 182, ... 188, 189, 190
etc; 191, 192, ... 198, 199, 200 mg for each 400 mg of
total weight of the solid formulation, preferably a
tablet, comprising about 1 mg pimobendan. In the same
manner the amount of com starch may be 100, 101, 102,
... 108, 109, 110 etc.; 111, 112, ... 118, 119, 120
etc; 121, 122, ... 128, 129, 120 etc; 131, 132, ...
138, 139, 140 etc; 141, 142, . .. 148, 149, 150 etc;
151, 152, ... 158, 159, 160 etc; 161, 162, ... 168,
169, 170 etc; 171, 172, ... 178, 179, 180 etc; 108,
182, ... 188, 189, 190 etc; 191, 192, ... 198, 199,
200 mg for each 400 mg of total weight of the solid
formulation, preferably a tablet, comprising about 1
mg pimobendan. Furthermore, the amount of citric acid
anhydrous may be 10, 11, 12, ... 18, 19, 20 etc.; 21,
22, ... 28, 29, 30 etc; 31, 32, ... 38, 39, 40 mg for
each 400 mg of total weight of the solid formulation,
preferably a tablet comprising about 1 mg pimobendan.
Furthermore, the amount of artificial beef flavor may
be 20, 21, 22, ... 28, 29, 30 etc.; 31, 32, ... 38,
39, 40 etc; 4 1, 42, . .. 48, 49, 50 etc; 50, 51, 52,
... 58, 59, 60 etc.; 61, 62, ... 68, 69, 70 etc; 71,
72, . .. 78, 79, 80 etc, 81, 82, 83,. .. 88, 89, 90
etc.; 91, 92, ... 98, 99, 100 etc; 101, 102, ... 108,
109, 110 etc; 111, 112, ... 118, 119, 120 mg for each
400 mg of total weight of the solid formulation,
preferably a tablet, comprising about 1 mg pimobendan.
Furthermore, the amount of polyvidone may be 4, 5, 6,
... 8, 9, 10 etc.; 11, 12, ... 18, 19, 20 mg for each
400 mg of total weight of the solid formulation,
preferably a tablet, comprising about 1 mg pimobendan.
Furthermore, the amount of croscarmellose-sodium may
be 4, 5, 6, ... 8, 9, 10 etc.; 11, 12, ...18, 19, 20
mg for each 400 mg of total weight of the solid
formulation, preferably a tablet, comprising 1 mg
pimobendan. Furthermore, the amount of magnesium
stearate may be 1.0, 1.1, 1.2, ... 1.8, 1.9, 2.0 etc.;
2.1 , 2.2, . .. 2.8, 2.9, 3.0 etc; 3.1 , 3.2, ... 3.8,
3.9, 40 etc; 4.0, 4.1, 4.2, ... 4.8, 4.9, 5.0 etc.;
5.1 , 5.2, ,.. 5.8, 5.9, 6.0 mg for each 400 mg of
total weight of the solid formulation, preferably a
tablet, comprising about 1 mg pimobendan. Furthermore,
the amount of colloidal anhydrous silica may be 0.4,
0.5, 0.6, 0,7,0.8, 0.9 1.0, 1.1, 1.2, ... 1.8, 1.9,
2.0 etc.; 2.1, 2.2, ... 2.8, 2.9, 3.0 etc; 3.1, 3.2,
... 3.8, 3.9, 4.0 mg for each 400 mg of total weight
of the solid formulation, preferably a tablet,
comprising about 1 mg pimobendan. A skilled man is in
a position to prepare any of such inventive solid
formulation, preferably as a tablet. In another
important embodiment, the invention relates to a
fluid-bed granulation process comprising, preferably
consisting of the steps: a) an aqueous solution of
pimobendan and a binder as defined above is sprayed
onto a solid carrier bed comprising one or several
carriers and/or excipients as defined above, flavor
and citric acid anhydride and b) the mixture of a) is
dried and c) the mixture of b) is sieved and
de-agglomerated and d) a flow regulator is added to
the mixture of c) and e) a lubricant is added to the
mixture of d) and f) the mixture of e) is blended for
uniformity of granules to obtain final granules and/or
g) the final granules of f) are compressed to solid
formulations. Step g) is omitted if the solid
formulation is a granule. If the solid formulation is
a tablet, step g) is carried out. The invention
preferably relates to a fluid-bed granulation process
comprising, preferably consisting of the steps:a) an
aqueous solution of pimobendan and polyvidone is
sprayed onto a solid support comprising lactose,
starch, flavor and citric acid anhydride and b) the
mixture of a) is dried and c) the mixture of b) is
sieved and de-agglomerated and d) a flow regulator is
added to the mixture of c) and e) a lubricant is added
to the mixture of d) and f) the mixture of e) is
blended for uniformity of granules to obtain final
granules and/or g) the final granules of f) are
tabletted. Step g) is omitted if the solid formulation
is a granule. If the solid formulation is a tablet,
step g) is carried out. Another embodiment is a method
of prevention and/or treatment of diseases wherein
cardiotonic, hypotensive and anti-thrombotic
substances have a therapeutic benefit, comprising
administering to a mammal in need of such treatment a
therapeutically effective amount of a solid
formulation according to the invention as disclosed
above. Preferred is a method of prevention and/or
treatment of congestive heart failure, comprising
administering to a mammal in need of such treatment a
therapeutically effective amount of a solid
formulation according to the invention as disclosed
above. Most preferably, the method comprises
administering a tablet according to the invention,
characterized in that the tablet comprises, preferably
consists of 1.25 mg, 2.5 mg, 5 mg or 10 mg pimobendan,
and further comprises, preferably consists of lactose,
corn starch, croscarmellose-sodium, citric acid
preferably at an amount of 50 mg / g, artificial beef
flavor, polyvidone, colloidal anhydrous silica and
magnesium stearate. Preferably also, such treatment is
by orally applying the solid formulation 



according to the invention. The mammal according to
the invention is preferably a mammal selected from the
group consisting of dogs, cats and rodents such as
rabbits.Furthermore, the invention relates to a method
for manufacturing a medicament for the prevention
and/or treatment of congestive heart failure,
characterised in that a solid formulation according to
the invention is used. Preferably, the invention
relates to a method for manufacturing a medicament for
the prevention and/or treatment of congestive heart
failure, characterised in that a tablet consisting of
1.25 mg, 2.5 mg, 5 mg or 10 mg pimobendan and further
consisting of lactose, corn starch,
croscarmellose-sodium, 50 mg / g citric acid,
artificial beef flavor, polyvidone, colloidal
anhydrous silica and magnesium stearate is used. The
present invention furthermore relates to a kit,
comprises a solid formulation, preferably a tablet
according to the present invention described herein,
and a package leaflet or user instruction including
the information that the solid formulation, preferably
the tablet is to used, preferably via the oral route
for the prevention and/or treatment of congestive
heart failure in a mammal in need of such prevention
or treatment, preferably in a dog, cat or rodent.
5.EXAMPLES The following examples serve to further
illustrate the present invention; but the same should
not be construed as limiting the scope of the
invention disclosed herein. EXAMPLE l : Compositions
Composition AComposition BPLE 2: Raw Materials
Pimobendan Function: Active ingredient Citric acid
anhydrous < 200 mm Function: Diluent ,Disintegrant
Starch Function: Carrier.Disintegrant Lactose coarse
Function: Carrier, Disintegrant Povidone Function:
Binder Croscarmeilose Sodium Function: Disintegrant
Artificial Powdered Beef Flavour Function: Flavour
Silica, colloidal anhydrous Function: Flow regulator,
Disintegrant Magnesium stearate Function: Lubricant
Purified water Function: Solvent PLE3: Product
description arance: brownish, oblong tablets, with
breakline.EXAMPLE4: Manufacturing Process 1 batch =
140000 tablets (1.25 mg Dosage) 1 batch = 70000
tablets (2.50 mg Dosage) 1 batch = 35000 tablets (5.00
mg Dosage) 1. Granulating Transfer in a suitable
Granulator after prescreening: (01) Starch (e.g. 18
mesh sieve) 22.8375 k (02) Lactose (e.g. 18 mesh
sieve) 22.8375 k (03) Citric acid anhydrous (e.g. 18
mesh sieve) 3.500 k (04) Croscarmellose sodium (e.g.
18 mesh sieve) 2.800 k (05) Artificial Beef Flavour
(e.g. 45 mesh sieve) 14.000 k (05) Povidone (Spray
solution) 2.800 k (06) UDCG 115 BS (Spray liquid)
0.175 k Premix in the granulator and granulate 68.950
k, Purified water (e.g. 16.8 kg, range: 12.0 - 18.0
kg) is used as a solvent for the spray solution of
povidone and dispersion of pimobendan. 2. Screening
Screen the prernixture 1. 68.950 k 68.950 k 3. Final
mixing Add (07) Sillica, colloidal anhydrous (e.g. 25
mesh sieve) 0.350 k (08) Magnesium stearate (e.g. 25
mesh sieve) . 0.700 k In a tumbling mixer, mix the
screened premixture (2.) and the two ingredients
70.000 k 70.000 k 4. Compression Using a rotary press,
compress the final mixture (3.) 70.000 kg into tablets
of 500 mg, lOOOmg,2000 mg. 70.000 kg 5.
PackagingTransfer the tablets in a suitable container.
The tablets can be packed e.g. by blistering of the
tablets in a suitable machine. PLE5: In process
controls 1. Granules 1.1 Appearance: Brownish,
white-speckled granules 1.2 Loss on Drying: Determine
the loss on drying e.g.: HR73; 3 g /105 0C / 5 min
Target: approx. 3.0 % Tolerance limits: below 5.0 % 2.
Tablets 2.1 Appearance: Brownish, white-speckled,
oblong tablets with breakline 2.2 Weight uniformity:
1) 1.25 mg chewable Average weight: 475 - 525 mg 2)
2.5 mg chewable Average weight: 950 - 1050 mg 3) 5 mg
chewable Average weight: 1900 - 2100 mg 2.3 Hardness:
Determine the hardness l ) 1.25mg Target: 140N
Tolerance: 60 - 250 N 2) 2.5 mg Target: 160 N
Tolerance: 60 - 250 N 3) 5.0 mg Target 190N 



Tolerance: 60 - 300 N 2.4 Disintegration time:
Determine the disintegration time according to USP/EP
Tolerance limits: < 15 minutes with water at 370C,
with disksEXAMPLE 6: Palatability study A study to
investigate the palatability of pimobendan-containing
tablets was carried out. For a period of four days,
two products were given to twenty or ten dogs,
respectively, for voluntary uptake. For example, the
following formulations with a content of 5 mg / 500 mg
active ingredient were examined: In case of Ch. 010123
in competition with the identical formulation in
granulated format, a voluntary uptake was observed in
36 out of 40 possible opportunities (i.e. when offered
to 10 dogs for 10 days),. This compares to an
acceptance rate of 90,0 %. In case of Ch. 010222 in
competition with a formulation in granulated format of
equal quantity with 30% flavor, a voluntary uptake was
observed in 31 out of 40 possible opportunities. This
compares to an acceptance rate of 77,5%.XAMPLE 7:
Dissolution profiles Examples for representative
dissolution profiles of the tablet according to this
invention are as disclosed in Fig. 3. DISSOLUTION
PROFILES,PIMOBENDAN 1.25MG TABLETS SHOWING 95
%CONFIDENCE INTERVALS OFTHEMEAN USP APPARATUS 2
(PADDLE), ROTATION SPEED 75 RPM, BUFFER pH4.0
COMPARISON OF DISSOLUTION PROFILES OF TABLETS WHICH
WERE STORED 1AND 6 MONTHS AT 40C/75 %INHDPE BOTTLES
BATCH NO. PB020049 Examples for representative
dissolution profiles of the tablet according to this
invention are as disclosed in Fig. 4. DISSOLUTION
PROFILES, PIMOBENDAN 1.25MG TABLETS SHOWING 95
%CONFIDENCE INTERVALS OFTHEMEAN USP APPARATUS 2
(PADDLE), ROTATION SPEED 75 RPM, BUFFER pH4.0
COMPARISON OF DISSOLUTION PROFILES OF TABLETS WHICH
WERE STORED 12 DAYS AT 25C/60% IN OPEN GLASS BOTTLES
BATCHNO. PB010080 DISSOLUTION PROFILES, PIMOBENDAN
1.25MG TABLETS MANUFACTURING VARIABLE:DIFFERENT
COMPRESSION FORCESmples for representative dissolution
profiles of the tablet according to this ntion are as
disclosed in Fig. 5. DISSOLUTION PROFILES,PIMOBENDAN
2.5MG TABLETS SHOWING 95 % CONFIDENCEINTERVALS OF
THEMEAN USP APPARATUS 2 (PADDLE), ROTATION SPEED 75
RPM, BUFFER pH4.0 COMPARISONOF DISSOLUTION PROFILES OF
TABLETS WHICH WERE STORED 3 AND 6 MONTHS AT40C/75 % IN
ALU-ALU BLISTER BATCH NO. PB010076 mples for
representative dissolution profiles of the tablet
according to this ntion are as disclosed in Fig. 6.
DISSOLUTION PROFILES,PIMOBENDAN 5.0MG TABLETS SHOWING
95 % CONFIDENCE INTERVALS OF THE MEAN USP APPARATUS2
(PADDLE),ROTATION SPEED 75 RPM, BUFFER pH 4.0
COMPARISONOF DISSOLUTION PROFILES OF TABLETS WHICH
WERE STORED 6 MONTHS AT 40C/75 %IN HDPE BOTTLES BATCH
NO. PB020059 mples for representative dissolution
profiles of the tablet according to this ntion are as
disclosed in Fig. 7. DISSOLUTIONPROFILES5PIMOBENDAN
5.0MG TABLETS SHOWING95 % CONFIDENCEINTERVALS OF
THEMEAN USP APPARATUS2 (PADDLE),ROTATION SPEED 75 RPM,
BUFFER pH4.0 MANUFACTURINGVARIABLE: DIFFERENT
COMPRESSIONFORCES BATCH NO. 020205Analytical Results
for Pimobendan Chewable Tablet Batches Used in
Stability Study d. = not determinedEXAMPLE8: Content
uniformity Samples were taken from both the final
blend before tabletting and from the tabletting
process. The following results demonstrate the
uniformity of pimobendan content. Blend
UniformityEXAMPLE9: Accuracy of broken tablets The
tablets according to this invention were part of an
content uniformity test for the broken tablets. 10
tablets were taken from the beginning, middle and end
of the tabletting process and broken into two halves.
The pimobendan content was determined.EXAMPLE 10:
Stabilitydata after 24 months (dissolution/ assay of
pimobendan/ degradation of pimobendan)Method for the
recombinant expression of an N-terminal fragment of
hepatocyte growth factor The invention relates to a
method for the recombinant expression of a N-terminal
four kringle-containing fragment of hepatocyte growth
factor. Background of the Invention Hepatocyte growth
factor (HGF/SF) is a polypeptide identified and
purified by Nakamura, T., et al., Biochem. Biophys.
Res. Commun. 22 (1984) 1450-1459. It was further found
that hepatocyte growth factor is identical to scatter
factor (SF), Weidner, K.M., et al., Proc. Natl. Acad.
Sci. USA 88 (1991) 7001-7005. HGF is a glycoprotein
involved in the development of a number of cellular
phenotypes including proliferation, mitogenesis,
formation of branching tubules and, in the case of
tumor cells, invasion and metastasis. For a status
review, see Stuart, K.A., et al., Int. J. Exp. Pathol.
8 1 (2000) 17-30. Both rat HGF and human HGF have been
sequenced and cloned (Miyazawa, K. et al., Biochem.
Biophys. Res. Comm. 163 (1989) 967-973; Nakamura, T.,
et al., Nature 342 (1989) 440-443; Seki, T., et al.,
Biochem. and Biophys. Res. Comm. 172 (1990) 321-327;
Tashiro, K., et al., Proc. Natl. Acad. Sci. USA 87
(1990) 3200-3204; Okajima, A., et al., Eur. J.
Biochem. 193 (1990) 375-381). HGF is a protein with
high similarity to human plasminogen (38% amino acid
sequence identity). HGF and plasminogen are both
synthesized as a single chain polypeptide which is
proteolytically processed to a disulfide-linked
heterodimer. HGF contains an N-terminal domain four
consecutive kringle domains and a carboxyterminal
,protease-like domain. Different truncated HGF
variants have been described. NKl is the shortest HGF
variant described. NKl contains amino acids 32-210 and
is truncated after the first kringle domain (Lokker,
N.A., and Godowski, PJ., J. Biol. Chem. 268 (1993)
17145-17150). NK2 consists of the N-terminal amino
acid terminus and kringle 1 and kringle 2 and is the
naturally occurring product of an alternatively
spliced HGF mRNA (Chan, A.M., et al., Science 254
(1991) 1382- 1385). Further HGF variants containing
parts of the heavy chain of HGF (amino acids 1-494,
containing the alpha-subunit of HGF from amino acids
1-463) are describedby Lokker, N.A., EMBO J. 11 (1992)
2503-2510).It was further found that an HGF/SF
fragment, termed NK4, consisting of the N-terminal
hairpin domain and the four kringle domains of HGF/SF
has pharmacological properties that are completely
different from those of HGF/SF, and is an antagonist
to the influence of HGF/SF on the motility and the
invasion of 



colon cancer cells, and is, in addition, an
angiogenesis inhibitor that suppresses tumor growth
and metastasis (Parr, C , et al., Int. J. Cancer 85
(2000) 563-570; Kuba, K., et al., Cancer Res. 60
(2000) 6737-6743; Date, K., et al., FEBS Lett. 420
(1997) 1-6; Date, K., et al., Oncogene 17 (1989)
3045-3054). NK4 is prepared according to the state of
the art (Date, K., et al., FEBS Lett. 420 (1997) 1-6)
by recombinant expression of HGF cDNA in CHO cells and
subsequent digestion with pancreatic elastase. Two
other isoforms of HGF (NKl and NK2) encoding the
N-terminal domain and kringle 1, and the N-terminal
domain and kringles 1 and 2, respectively, were
produced in E.coli (Stahl, S.J., Biochem. J. 326
(1997) 763-772). However, this method results only in
about an amount of HGFderived proteins which is about
10-20% of the total protein. Summary of the Invention
The invention provides a method for the production of
the alpha-chain of HGF or a fragment thereof (NK
polypeptide) by expression of a nucleic acid encoding
said NK polypeptide in a microbial host cell,
isolation of inclusion bodies containing said NK
polypeptide in denatured form, solubilization of the
inclusion bodies and naturation of the denatured NK
polypeptide, characterized in that in said nucleic
acid at least one of the codons of amino acids
selected from the group consisting of codons at
positions 33, 35 and 36 is CGT. Amino acid (aa) and
codon numbering is according to the sequence shown in
Swiss-Prot P14210, wherein aa (amino acid) 1-31
denotes signal sequence, aa 32- 494 denotes alpha
chain, aa 128-206 kringle 1, aa 211-288 kringle 2, aa
305-383 krinlge 3 and aa39 1-469 kringle 4.
Surprisingly it was found, that modification of at
least one of the codons of the DNA sequence of
positions 33, 35 and 36 (codon 33, 35 and 36 encode
arginine, numbering according to M73239) results in an
increase of the expression yield of about 100% or
more. It is further preferred that the codon for amino
acid 32 ischanged from encoding GIn to encoding Ser in
order to improve splitting off Nterminal methionine.
NK polypeptides according to the invention consist of
aa 32-494 or a N-terminal fragment thereof (always
beginning with aa32), preferably fragment aa 32-478,
the smallest fragment being aa 32-207. All NK
polypeptides according to the invention show activity
in a scatter assay according to Example 4. The
invention further provides a nucleic acid encoding an
NK polypeptide consisting of aa 32-494 or an
N-terminal fragment thereof, beginning with aa 32,
preferably fragments aa 32-x, wherein x is a number
between 207 and 478, and x is preferably 207 or 478,
characterized in that at least one of the codons of
amino acids selected from the group consisting of
codons at positions 33, 35 and 36 is CGT. Preferably,
all codons at positions 33, 35 and 36 are CGT. In a
preferred embodiment of the invention aa 32 is changed
from glutamine to serine to improve homogeneity of the
protein ( cleavage of N-terminal methionine). It is
further preferred to introduce two translational stop
codons (TAA, TAG and/or and TGA) at the end of the
nucleic acid encoding the NK polypeptide in order to
stop the translation at a position equivalent to the
end of desired polypeptide. Detailed Description of
the Invention Human HGF is a disulfide-linked
heterodimer, which can be cleaved in an a- subunit of
463 amino acids and a b-subunit of 234 amino acids, by
cleavage between amino acids R494 and V495. The
N-terminus of the a-chain is preceded by 31 amino
acids started with a methionine group. This segment
includes a signal sequence of 31 amino acids. The
a-chain starts at amino acid 32 and contains four
kringle domains. The so-called "hairpin domain"
consists of amino acids 70-96. The kringle 1 domain
consists of amino acids 128-206. The kringle 2 domain
consists of amino acids 211-288, the kringle 3 domain
consists of amino acids 305-383, and the kringle 4
domain consists of amino acids 391-469 of the a-chain,
approximately. There exist variations of these
sequences, essentially not affecting the
biologicalproperties of NK polypeptides (especially
not affecting its activities antagonistic to HGF and
its antiangiogenic activities), which variations are
described, for example, in WO 93/23541. Also the
length of NK polypeptides can vary within a few amino
acids as long as its biological properties are not
affected. NKl consists of aa 32 to 206-210 of the
HGF/SFa-chain, NK2 consists of aa32 to 288-305 and NK4
is composed of aa 32 to 447 (resp.469-494). Further NK
polypeptides encoded by the nucleic acids according to
the invention and which can be produced recombinantly
according to the invention are described in WO
93/23541 and are e.g. 32-207, 32-303, or 32-384. NK
polypeptides have the in vivo biological activity of
causing inhibition of tumor growth, angiogenesis
and/or metastasis. The NK polypeptides can be produced
by recombinant means in prokaryotes. For expression in
prokaryotic host cells, the nucleic acid is integrated
into a suitable expression vector, according to
methods familiar to a person skilled in the art. Such
an expression vector preferably contains a
regulatable/inducible promoter. The recombinant vector
is then introduced for the expression into a suitable
host cell such as, e.g., E. coli and the transformed
cell is cultured under conditions which allow
expression of the heterologous gene. After
fermentation inclusion bodies containing denatured NK
polypeptide are isolated. Escherichia, Salmonella,
Streptomyces or Bacillus are for example suitable as
prokaryotic host organisms. For the production of NK
polypeptides prokaryotes are transformed in the usual
manner with the vector which contains the DNA
according to the invention and encoding a NK
polypeptide and subsequently fermented in the usual
manner. However expression yield in E. coli using the
original DNA sequence of a NK polypeptide (GenBank
M73239) is verylow. Inclusion bodies are found in the
cytoplasm as the gene to be expressed does not contain
a signal sequence. These inclusion bodies are
separated from other cell components, for example by
centrifugation after cell lysis. The inclusion bodies
were solubilized by adding a denaturing agent like 6 M
guanidinium hydrochloride or 8 M urea at pH 7-9 in
phosphate buffer (preferably in a concentration of 0.1
- 1.0 M, e.g.0.4 M) preferably in the presence of
DTT(Dithio-l,4-threitol). The solubilisate is diluted
in phosphate buffer pH 7-9 in the presence of GSH/GSSG
(preferably 2-20 mM, glutahtion) and a denaturing
agent in a non denaturing concentration (e.g. 2M
guanidinium hydrochloride or 4 M urea) or preferably
instead of guanidinium hydrochloride or urea, arginine
in a concentration of about 0.3 to 1.0 M, preferably
in a concentration of about 0.7M. Renaturation is
performed preferably at a temperature of about 4 C and
for about 48 to160 hours. According to the state of
the art the use of Tris buffer during solubilization
and naturation leads to a considerable amount (of
about 50%) of side-products which are identified by
the inventors as consisting mainly of GSH-modified NK
polypeptides. To the contrary, it was surprisingly
found that the use of potassium phosphate buffer in a
pH range between 7 and 9, preferably between pH 8 and
9, leads to a considerable improvement in yield and
purity of NKpolypeptides. 



After naturation is terminated the solution was
dialyzed preferably against phosphate buffer pH 7-9
(preferably in a concentration of 0.1 - 1.0 M, e.g.
0.3 M) for at least 24 hours, preferably for 24 - 120
hours. NK polypeptides can be purified after
recombinant production and naturation of the water
insoluble denatured polypeptide (inclusion bodies)
according to the method of the invention preferably by
chromatographic methods, e.g. by affinity
chromatography, hydrophobic interaction
chromatography, immunoprecipitation, gel filtration,
ion exchange chromatography, chromatofocussing,
isoelectric focussing, selective precipitation,
electrophoresis, or the like. It is preferred to
purify NK polypeptides by hydrophobic interaction
chromatography, preferably at pH 7-9, in the presence
of phosphate buffer and/or by the use of butyl- or
phenyl sepharose. The following examples, references,
figure and sequence listing are provided to aid the
understanding of the present invention, the true scope
of which is set forth in the appended claims. It is
understood that modifications can be made in the
procedures set forth without departing from the spirit
of the invention.Description of the Figure: Figure 1:
SDS-GeI (10% NuPAGE-SDS, 5ml per lane, numbering from
left to right) of NK4 protein in biomass and isolated
inclusion bodies (IB). lane 1: standard lane 2:
biomass lane 3: supernant after centrifugation lane 4:
supernant after further centrifugation lane 5: IB
preparation lane 6: IB preparation after wash
Description of the Sequences: SEQ ID NO:1 Amino acid
sequence and DNA sequence encoding the a-chain of HGF,
original sequence according to GenBank M73239 (without
signal sequence) SEQ ID NO:2 Protein sequence of the
a-chain of HGF SEQID NO:3 Amino acid sequence and DNA
sequence encoding NK4 according to the invention
(amino acid sequence including Nterminal methionine,
DNA sequence including two stop codons) SEQ ID NO:4
Protein sequence of NK4 Example 1 Recombinant
expression ofNKpolypeptides The NK4 polypeptide
consisting of amino acid position 32 to 478 of HGF was
used for cloning and recombinant expression in
Escherichia coli. The original DNA sequence used as
source of DNA was described (database identifier
"gb:M73239"). PCR was performed in order to amplify
and concurrently modify the DNA coding for NK4 (SEQ ID
NO: 1). All methods were performed under standard
conditions.In comparison to the original DNA sequence
of NK4, the following modifications were introduced:
Elimination of the eukaryotic signal peptide sequence
and fusion of the ATG start codon next to amino acid
position 32 of NK4 - exchange of amino acid position
32 (position 2 in SEQ ID NO:2) from Gin to Ser in
order to improve homogeneity of the protein product
(Met-free) modification of the DNA sequence of the
codons of amino acids at position 33 (AGG to CGT), 35
(AGA to CGT), and 36 (AGA to CGT) in order to improve
gene expression in E.coli. - modification of the DNA
sequence of codons at position 477 (ATA to ATC) and
478 (GTC to GTT) in order to facilitate insertion of
PCR product into the vector - introduction of two
translational stop codons at positions 479 (TAA) and
480 (TAG), in order to stop the translation at a
position equivalent to the end of NK4 protein domain.
The PCR-amplified DNA fragment was treated with
restriction endonucleases Ndel and BanII and was
ligated to the modified pQE vector (Qiagen)
(elimination of His-tag as well as DHFR coding
region), which was appropriately treated with Ndel and
BanII. The elements of expression plasmid pQE-NK4-Ser
(plasmid size 4447 bp) are T5 promotor/lac operator
element, NK4 coding region, lambda to transcriptional
termination region, rrnB Tl transcriptional
termination region, CoIEl origin of replication and
b-lactamase coding sequence. The ligation reaction was
used to transform E.coli competent cells, e.g. E. coli
strain C600 harbouring expression helper plasmid
pUBS520 (EP 0 373 365). E.coli colonies were isolated
and were characterized with respect to restriction and
sequence analysis of their plamsids. The selection of
clones was done by analysis of the NK4 protein content
after cultivation of recombinant cells in LB medium in
the presence of appropriate antibiotics and after
induction of the gene expression by addition of IPTG
(ImM). The protein pattern of cell lysates were
compared by PAGE. The recombinant E.coli clone showing
the highest proportion of NK4 protein was selected for
the production process. Fermentation was performed
under standard conditions and inclusion bodies were
isolated. Yield: 130 g/1 net weight of cells with
30%-40% NK4 of total protein.NKl and NK2 can be
produced recombinant^ in an analogous manner. Example
2 Solubilization and naturation Inclusion bodies were
dissolved over night in a buffer containing 6M
guanidinium hydrochloride, 0.1 M potassium phosphate
pH 8.5 (by titration with 10 M KOH), 1 mM EDTA, 0.01
mM DTT. The concentration of the dissolved protein was
determined by Biuret assay and finally adjusted to a
concentration of 25 mg total protein/ml at room
temperature. This NK-solubilisate was diluted to a
concentration of 0.4 mg/ml in a buffer containing 0.7
M arginine, 0.1 M potassium phosphate pH 8.5 (by
titration with cone. HCl), 10 mM GSH, 5 mM GSSG and 1
mM EDTA. This renaturation assay was incubated between
2 and 8 days at 4C. After obtaining the maximal
renaturation efficacy, the renaturation assay of 15
1volume was concentrated to 3 1 using a tangential
flow filtration unit (MW cut off: 10 kDa, Sartorius).
It was subsequently dialyzed against 3 times 50 1
buffer containing 0.3 M potassium phosphate at pH 8.0
for at least 3 x 24 hours, optimally for 5 days in
total. Example 3 Purification Purification was
performed by Heparin-Sepharose chromatography. Buffer
conditions: Buffer A: 50 mM Tris pH 8.0 Buffer B: 50
mM Tris pH 8.0, 2M NaCl Gradient: 5-25% buffer B, 2
column volumes 25-55% buffer B, 16 column volumes
55-100% buffer B, 0.7 column volumes 100% buffer B, 2
column volumes 



To the eluted material 1 M ammonium sulfate in 0.1 M
potassium phosphate pH 8.0 was added and incubated at
40C overnight. The sample was centrifuged and
thesupernatant was loaded on a Phenyl Sepharose column
(150 ml). The column was washed with 1 column volume 1
M ammonium sulfate, 50 mM potassium phosphate pH 8.0.
Elution conditions: Buffer A: 1M ammonium sulfate, 50
mM potassium phosphate pH 8.0 Buffer B: 50 mM
potassium phosphate pH 8.0, 40 % ethylene glycol 0-100
% buffer B, 20 column volumes Example 4 Determination
of activity a) Scatter assay MDCK cells were
subconfluently grown in tissue culture plates. Cells
were treated with HGF (10 ng/ml) or with combinations
of HGF and NK4. In these experiments the HGF-induced
cell scattering was inhibited by the addition of a 10
to 1000-fold molar excess of NK4 at least for 90% and
more, showing the functional activity. b )
Proliferation assay Inhibition of the mitogenic
activity of HGF by NK4 was determined by measuring DNA
synthesis of adult rat hepatocytes in primary culture
as described in Nakamura et al. (1989). In these
experiments the HGF-induced cell proliferation was
inhibited by the addition of a 10 to 1000-fold molar
excess of NK4 at least for 90% and more, showing the
functional activity. c) Invasion assay In this assay
the invasive potential of tumor cells is analyzed. The
assay was done essentially as decribed in Albini, A.,
et al., Cancer Res. 47 (1987) 3239-3245, using HTl15
cells. Again, HGF-induced (10 ng/ml) cell invasion
could be inhibited by a 10 tolOOO-fold molar excess of
NK4 at least for 90% and more, showing the functional
activity.Example 5 Activity in vivo Model: Lewis Lung
Carcinoma nude mouse tumor model 1 x 106 Lewis Lung
Carcinoma cells were s.c. implanted into male nude
mice (BALB/c nu/nu). Treatment: After 4 days, one
application daily ofpegylated NK4 over a period of 2-4
weeks Dose: 1000 mg/mouse/day 300 mg/mouse/day 100
mg/mouse/day placebo Result: Treatment with NK4 shows
a dose dependent suppression of primary tumor growth
and metastasis, whereas no effect is seen in placebo
treated groups.List of References Albini, A., et al.,
Cancer Res. 47 (1987) 3239-3245 Chan, A.M., et al.,
Science 254 (1991) 1382-1385 Date, K., et al., FEBS
Lett. 420 (1997) 1-6 Date, K., et al., Oncogene 17
(1989) 3045-3054 EP 0 373 365 Kuba, K., et al., Cancer
Res. 60 (2000) 6737-6743 Lokker, N.A., and Godowski,
PJ., J. Biol. Chem. 268 (1993) 17145-17150 Lokker,
N.A., EMBO J. 11 (1992) 2503-2510 Miyazawa, K. et al.,
Biochem. Biophys. Res. Comm. 163 (1989) 967-973
Nakamura, T., et al., Biochem. Biophys. Res. Commun.
22 (1984) 1450-1459 Nakamura, T., et al., Nature 342
(1989) 440-443 Okajima, A., et al., Eur. J. Biochem.
193 (1990) 375-381 Parr, C , et al., Int. J. Cancer 85
(2000) 563-570 SeId, T., et al., Biochem. and Biophys.
Res. Comm. 172 (1990) 321-327 Stahl, S.J., Biochem. J.
326 (1997) 763-772 Stuart, K.A., et al., Int. J. Exp.
Pathol. 81 (2000) 17-30 Tashiro, K., et al., Proc.
Natl. Acad. Sci. USA 87 (1990) 3200-3204 Weidner,
K.M., et al., Proc. Natl. Acad. Sci. USA 88 (1991)
7001-7005 WO 93/23541Patent Claims 1. A nucleic acid
encoding the a-chain of hepatocyte growth factor or an
Nterminal fragment thereof, characterized in that in
said nucleic acid at least one of the codons of amino
acids selected from the group consisting of codons at
positions 33, 35 and 36 is CGT. 2. A nucleic acid
according to claim 1, characterized in that the codons
of amino acids at positions 33, 35 and 36 are CGT. 3.
Method for the production of a-chain of hepatocyte
growth factor or an Nterminal fragment thereof (NK
polypeptide) by expression of a nucleic acid encoding
said NK polypeptide in a microbial host cell,
isolating of inclusion bodies containing said NK
polypeptide in denatured form, solubilization of the
inclusion bodies and naturation of the denatured NK
polypeptide, characterized in that in said nucleic
acid at least one of the codons of amino acids
selected from the group consisting of codons at
positions 33, 35 and 36 is CGT. 4. Method according to
claim 3, characterized in that the codons of amino
acids at positions 33, 35 and 36 are CGT.SEQUENCE
LISTING <110> F . Hoffmann -La Roche AG <120> Method
for the recombinant expression of an N- terminal
fragment of hepatocyte growth factor <130> 22388 WO
<150> EP 04004951.2 <151> 2004-03-03 <160> 4 <170>
Patentln version 3.2 <210> 1 <211> 1389 <212> DNA
<213> Homo sapiens <220> <221> CDS <222> (1)..(1389)
<223> DNA sequence encoding the alpha - chain of
hepatocyte growth factor (HGF) <400> 1 caa agg aaa aga
aga aat aca att cat gaa ttc aaa aaa tea gca aag 48 Gin
Arg Lys Arg Arg Asn Thr lie His GIu Phe Lys Lys Ser
Ala Lys 1 5 10 15 act ace eta ate aaa ata gat cca gca
ctg aag ata aaa ace aaa aaa 96 Thr Thr Leu lie Lys lie
Asp Pro Ala Leu Lys lie Lys Thr Lys Lys 



20 25 30 gtg aat act gca gac caa tgt get aat aga tgt
act agg aat aaa gga 144 VaI Asn Thr Ala Asp GIn Cys
Ala Asn Arg Cys Thr Arg Asn Lys GIy 35 40 45 ctt cca
ttc act tgc aag get ttt gtt ttt gat aaa gca aga aaa
caa 192 Leu Pro Phe Thr Cys Lys Ala Phe VaI Phe Asp
Lys Ala Arg Lys GIn 50 55 60 tgc etc tgg ttc ccc ttc
aat age atg tea agt gga gtg aaa aaa gaa 240 Cys Leu
Trp Phe Pro Phe Asn Ser Met Ser Ser GIy VaI Lys Lys
GIu 65 70 75 80 ttt ggc cat gaa ttt gac etc tat gaa
aac aaa gac tac att aga aac 288 Phe GIy His GIu Phe
Asp Leu Tyr GIu Asn Lys Asp Tyr lie Arg Asn 85 90
95tgc ate att ggt aaa gga cgc age tac aag gga aca gta
tct ate act 336 Cys lie lie GIy Lys GIy Arg Ser Tyr
Lys GIy Thr VaI Ser lie Thr 100 105 110 aag agt ggc
ate aaa tgt cag ccc tgg agt tec atg ata cca cac gaa
384 Lys Ser GIy lie Lys Cys GIn Pro Trp Ser Ser Met
lie Pro His GIu 115 120 125 cac age ttt ttg cct teg
age tat egg ggt aaa gac eta cag gaa aac 432 His Ser
Phe Leu Pro Ser Ser Tyr Arg GIy Lys Asp Leu GIn GIu
Asn 130 135 140 tac tgt cga aat cct cga ggg gaa gaa
ggg gga ccc tgg tgt ttc aca 480 Tyr Cys Arg Asn Pro
Arg GIy GIu GIu GIy GIy Pro Trp Cys Phe Thr 145 150
155 160 age aat cca gag gta cgc tac gaa gtc tgt gac
att cct cag tgt tea 528 Ser Asn Pro GIu VaI Arg Tyr
GIu VaI Cys Asp lie Pro GIn Cys Ser 165 170 175 gaa
gtt gaa tgc atg ace tgc aat ggg gag agt tat cga ggt
etc atg 576 GIu VaI GIu Cys Met Thr Cys Asn GIy GIu
Ser Tyr Arg GIy Leu Met 180 185 190 gat cat aca gaa
tea ggc aag att tgt cag cgc tgg gat cat cag aca 624
Asp His Thr GIu Ser GIy Lys lie Cys GIn Arg Trp Asp
His GIn Thr 195 200 205 cca cac egg cac aaa ttc ttg
cct gaa aga tat ccc gac aag ggc ttt 672 Pro His Arg
His Lys Phe Leu Pro GIu Arg Tyr Pro Asp Lys GIy Phe
210 215 220 gat gat aat tat tgc cgc aat ccc gat ggc
cag ccg agg cca tgg tgc 720 Asp Asp Asn Tyr Cys Arg
Asn Pro Asp GIy GIn Pro Arg Pro Trp Cys 225 230 235
240 tat act ctt gac cct cac ace cgc tgg gag tac tgt
gca att aaa aca 768 Tyr Thr Leu Asp Pro His Thr Arg
Trp GIu Tyr Cys Ala H e Lys Thr 245 250 255 tgc get
gac aat act atg aat gac act gat gtt cct ttg gaa aca
act 816 Cys Ala Asp Asn Thr Met Asn Asp Thr Asp VaI
Pro Leu GIu Thr Thr 260 265 270 gaa tgc ate caa ggt
caa gga gaa ggc tac agg ggc act gtc aat ace 864 GIu
Cys lie Gin GIy GIn GIy GIu GIy Tyr Arg GIy Thr VaI
Asn Thr 275 280 285 att tgg aat gga att cca tgt cag
cgt tgg gat tct cag tat cct cac 912 H e Trp Asn Gly H
e Pro Cys GIn Arg Trp Asp Ser GIn Tyr Pro His 290 295
300 gag cat gac atg act cct gaa aat ttc aag tgc aag
gac eta cga gaa 960 GIu His Asp Met Thr Pro GIu Asn
Phe Lys Cys Lys Asp Leu Arg GIu 305 310 315 320aat tac
tgc cga aat cca gat ggg tct gaa tea ccc tgg tgt ttt
ace 1008 Asn Tyr Cys Arg Asn Pro Asp GIy Ser GIu Ser
Pro Trp Cys Phe Thr 325 330 335 act gat cca aac ate
cga gtt ggc tac tgc tec caa att cca aac tgt 1056 Thr
Asp Pro Asn lie Arg VaI GIy Tyr Cys Ser GIn lie Pro
Asn Cys 340 345 350 gat atg tea cat gga caa gat tgt
tat cgt ggg aat ggc aaa aat tat 1104 Asp Met Ser His
GIy GIn Asp Cys Tyr Arg GIy Asn GIy Lys Asn Tyr 355
360 365 atg ggc aac tta tec caa aca aga tct gga eta
aca tgt tea atg tgg 1152 Met GIy Asn Leu Ser GIn Thr
Arg Ser GIy Leu Thr Cys Ser Met Trp 370 375 380 gac
aag aac atg gaa gac tta cat cgt cat ate ttc tgg gaa
cca gat 1200 Asp Lys Asn Met GIu Asp Leu His Arg His
lie Phe Trp GIu Pro Asp 385 390 395 400 gca agt aag
ctg aat gag aat tac tgc cga aat cca gat gat gat get
1248 Ala Ser Lys Leu Asn GIu Asn Tyr Cys Arg Asn Pro
Asp Asp Asp Ala 405 410 415 cat gga ccc tgg tgc tac
acg gga aat cca etc att cct tgg gat tat 129 6 His GIy
Pro Trp Cys Tyr Thr GIy Asn Pro Leu lie Pro Trp Asp
Tyr 420 425 430 tgc cct att tct cgt tgt gaa ggt gat
ace aca cct aca ata gtc aat 1344 Cys Pro lie Ser Arg
Cys GIu GIy Asp Thr Thr Pro Thr lie VaI Asn 435 440
445 tta gac cat ccc gta ata tct tgt gcc aaa acg aaa
caa ttg cga 13 89 Leu Asp His Pro VaI lie Ser Cys Ala
Lys Thr Lys GIn Leu Arg 450 455 460 <210> 2 <211> 463
<212> PRT <213> Homo sapiens <400> 2 GIn Arg Lys Arg
Arg Asn Thr lie His GIu Phe Lys Lys Ser Ala Lys 1 5 10
15 Thr Thr Leu lie Lys lie Asp Pro Ala Leu Lys lie Lys
Thr Lys Lys 20 25 30 VaI Asn Thr Ala Asp GIn Cys Ala
Asn Arg Cys Thr Arg Asn Lys GIy 35 40 45 Leu Pro Phe
Thr Cys Lys Ala Phe VaI Phe Asp Lys Ala Arg Lys GIn 50
55 60Cys Leu Trp Phe Pro Phe Asn Ser Met Ser Ser GIy
VaI Lys Lys GIu 65 70 75 80 Phe GIy His GIu Phe Asp
Leu Tyr GIu Asn Lys Asp Tyr lie Arg Asn 85 90 95 Cys
lie lie GIy Lys GIy Arg Ser Tyr Lys GIy Thr VaI Ser
lie Thr 100 105 110 



Lys Ser GIy lie Lys Cys GIn Pro Trp Ser Ser Met lie
Pro His GIu 115 120 125 His Ser Phe Leu Pro Ser Ser
Tyr Arg GIy Lys Asp Leu GIn GIu Asn 130 135 140 Tyr
Cys Arg Asn Pro Arg GIy GIu GIu GIy GIy Pro Trp Cys
Phe Thr 145 150 155 160 Ser Asn Pro GIu VaI Arg Tyr
GIu VaI Cys Asp lie Pro GIn Cys Ser 165 170 175 GIu
VaI GIu Cys Met Thr Cys Asn GIy GIu Ser Tyr Arg GIy
Leu Met 180 185 190 Asp His Thr GIu Ser GIy Lys lie
Cys Gin Arg Trp Asp His Gin Thr 195 200 205 Pro His
Arg His Lys Phe Leu Pro GIu Arg Tyr Pro Asp Lys GIy
Phe 210 215 220 Asp Asp Asn Tyr Cys Arg Asn Pro Asp
GIy Gin Pro Arg Pro Trp Cys 225 230 235 240 Tyr Thr
Leu Asp Pro His Thr Arg Trp GIu Tyr Cys Ala lie Lys
Thr 245 250 255 Cys Ala Asp Asn Thr Met Asn Asp Thr
Asp VaI Pro Leu GIu Thr Thr 260 265 270 GIu Cys lie
GIn GIy GIn GIy GIu GIy Tyr Arg GIy Thr VaI Asn Thr
275 280 285Ile Trp Asn GIy H e Pro Cys GIn Arg Trp Asp
Ser Gin Tyr Pro His 290 295 300 GIu His Asp Met Thr
Pro GIu Asn Phe Lys Cys Lys Asp Leu Arg GIu 305 310
315 320 Asn Tyr Cys Arg Asn Pro Asp GIy Ser GIu Ser
Pro Trp Cys Phe Thr 325 330 335 Thr Asp Pro Asn H e
Arg VaI GIy Tyr Cys Ser GIn H e Pro Asn Cys 340 345
350 Asp Met Ser His GIy GIn Asp Cys Tyr Arg GIy Asn
GIy Lys Asn Tyr 355 360 365 Met GIy Asn Leu Ser GIn
Thr Arg Ser GIy Leu Thr Cys Ser Met Trp 370 375 380
Asp Lys Asn Met GIu Asp Leu His Arg His H e Phe Trp
GIu Pro Asp 385 390 395 400 Ala Ser Lys Leu Asn GIu
Asn Tyr Cys Arg Asn Pro Asp Asp Asp Ala 405 410 415
His GIy Pro Trp Cys Tyr Thr GIy Asn Pro Leu H e Pro
Trp Asp Tyr 420 . 425 430 Cys Pro H e Ser Arg Cys GIu
GIy Asp Thr Thr Pro Thr H e VaI Asn 435 440 445 Leu
Asp His Pro VaI H e Ser Cys Ala Lys Thr Lys GIn Leu
Arg 450 455 460 <210> 3 <211> 1350 <212> DNA <213>
Artificial <220> <223> dna coding for NK4 <220> <221>
CDS <222> (l)..(1350) <400> 3atg tct cgt aaa cgt cgt
aat act att cat gaa ttc aaa aaa tea gca 48 Met Ser Arg
Lys Arg Arg Asn Thr lie His GIu Phe Lys Lys Ser Ala 1
5 10 15 aag act ace eta ate aaa ata gat cca gca ctg
aag ata aaa ace aaa 96 Lys Thr Thr Leu lie Lys lie Asp
Pro Ala Leu Lys lie Lys Thr Lys 20 25 30 aaa gtg aat
act gca gac caa tgt get aat aga tgt act agg aat aaa
144 Lys VaI Asn Thr Ala Asp GIn Cys Ala Asn Arg Cys
Thr Arg Asn Lys 35 40 45 gga ctt cca ttc act tgc aag
get ttt gtt ttt gat aaa gca aga aaa 192 GIy Leu Pro
Phe Thr Cys Lys Ala Phe VaI Phe Asp Lys Ala Arg Lys 50
55 60 caa tgc etc tgg ttc ccc ttc aat age atg tea agt
gga gtg aaa aaa 240 Gin Cys Leu Trp Phe Pro Phe Asn
Ser Met Ser Ser GIy VaI Lys Lys 65 70 75 80 gaa ttt
ggc cat gaa ttt gac etc tat gaa aac aaa gac tac att
aga 288 GIu Phe GIy His GIu Phe Asp Leu Tyr GIu Asn
Lys Asp Tyr lie Arg 85 90 95 aac tgc ate att ggt aaa
gga cgc age tac aag gga aca gta tct ate 336 Asn Cys H
e H e GIy Lys GIy Arg Ser Tyr Lys GIy Thr VaI Ser H e
100 105 H O act aag agt ggc ate aaa tgt cag ccc tgg
agt tec atg ata cca cac 384 Thr Lys Ser GIy H e Lys
Cys GIn Pro Trp Ser Ser Met H e Pro His 115 120 125
gaa cac age ttt ttg cct teg age tat egg ggt aaa gac
eta cag gaa 432 GIu His Ser Phe Leu Pro Ser Ser Tyr
Arg GIy Lys Asp Leu GIn GIu 130 135 140 aac tac tgt
cga aat cct cga ggg gaa gaa ggg gga ccc tgg tgt ttc
480 Asn Tyr Cys Arg Asn Pro Arg GIy GIu GIu GIy GIy
Pro Trp Cys Phe 145 150 155 160 aca age aat cca gag
gta cgc tac gaa gtc tgt gac att cct cag tgt 528 Thr
Ser Asn Pro GIu VaI Arg Tyr GIu VaI Cys Asp H e Pro
GIn Cys 165 170 175 tea gaa gtt gaa tgc atg ace tgc
aat ggg gag agt tat cga ggt etc 576 Ser GIu VaI GIu
Cys Met Thr Cys Asn GIy GIu Ser Tyr Arg GIy Leu 180
185 190 atg gat cat aca gaa tea ggc aag att tgt cag
cgc tgg gat cat cag 624 Met Asp His Thr GIu Ser GIy
Lys H e Cys GIn Arg Trp Asp His GIn 195 200 205aca cca
cac egg cac aaa ttc ttg cct gaa aga tat ccc gac aag
ggc 672 Thr Pro His Arg His Lys Phe Leu Pro Glu Arg
Tyr Pro Asp Lys GIy 210 215 220 ttt gat gat aat tat
tgc cgc aat ccc gat ggc cag ccg agg cca tgg 720 Phe
Asp Asp Asn Tyr Cys Arg Asn Pro Asp GIy Gin Pro Arg
Pro Trp 225 230 235 240 tgc tat act ctt gac cct cac
ace cgc tgg gag tac tgt gca att aaa 768 Cys Tyr Thr
Leu Asp Pro His Thr Arg Trp GIu Tyr Cys Ala lie Lys 



245 250 255 aca tgc get gac aat act atg aat gac act
gat gtt cct ttg gaa aca 816 Thr Cys Ala Asp Asn Thr
Met Asn Asp Thr Asp VaI Pro Leu GIu Thr 260 265 270
act gaa tgc ate caa ggt caa gga gaa ggc tac agg ggc
act gtc aat 864 Thr GIu Cys lie GIn Gly GIn GIy GIu
GIy Tyr Arg GIy Thr VaI Asn 275 280 285 ace att tgg
aat gga att cca tgt cag cgt tgg gat tct cag tat cct
912 Thr lie Trp Asn GIy lie Pro Cys GIn Arg Trp Asp
Ser GIn Tyr Pro 290 295 300 cac gag cat gac atg act
cct gaa aat ttc aag tgc aag gac eta cga 960 His GIu
His Asp Met Thr Pro Glu Asn Phe Lys Cys Lys Asp Leu
Arg 305 310 315 320 gaa aat tac tgc cga aat cca gat
ggg tct gaa tea ccc tgg tgt ttt 1008 Glu Asn Tyr Cys
Arg Asn Pro Asp GIy Ser Glu Ser Pro Trp Cys Phe 325
330 335 ace act gat cca aac ate cga gtt ggc tac tgc
tec caa att cca aac 1056 Thr Thr Asp Pro Asn lie Arg
VaI GIy Tyr Cys Ser GIn lie Pro Asn 340 345 350 tgt
gat atg tea cat gga caa gat tgt tat cgt ggg aat ggc
aaa aat 1104 Cys Asp Met Ser His Gly GIn Asp Cys Tyr
Arg Gly Asn GIy Lys Asn 355 360 365 tat atg ggc aac
tta tec caa aca aga tct gga eta aca tgt tea atg 1152
Tyr Met Gly Asn Leu Ser GIn Thr Arg Ser Gly Leu Thr
Cys Ser Met 370 375 380 tgg gac aag aac atg gaa gac
tta cat cgt cat ate ttc tgg gaa cca 1200 Trp Asp Lys
Asn Met Glu Asp Leu His Arg His lie Phe Trp Glu Pro
385 390 395 400 gat gca agt aag ctg aat gag aat tac
tgc cga aat cca gat gat gat 1248 Asp Ala Ser Lys Leu
Asn Glu Asn Tyr Cys Arg Asn Pro Asp Asp Asp 405 410
415 get cat gga ccc tgg tgc tac acg gga aat cca etc
att cct tgg gat 1296 Ala His Gly Pro Trp Cys Tyr Thr
Gly Asn Pro Leu lie Pro Trp Asp 420 425 430tat tgc cct
att tct cgt tgt gaa ggt gat ace aca cct aca ate gtt
1344 Tyr Cys Pro lie Ser Arg Cys GIu GIy Asp Thr Thr
Pro Thr lie VaI 435 440 445 taa tag 1350 <210> 4 <211>
448 <212> PRT <213> Artificial <220> <223> protein
sequence of NK4 <400> 4 Met Ser Arg Lys Arg Arg Asn
Thr lie His GIu Phe Lys Lys Ser Ala 1 5 10 15 Lys Thr
Thr Leu lie Lys lie Asp Pro Ala Leu Lys lie Lys Thr
Lys 20 25 3.0 Lys VaI Asn Thr Ala Asp GIn Cys Ala Asn
Arg Cys Thr Arg Asn Lys 35 40 45 GIy Leu Pro Phe Thr
Cys Lys Ala Phe VaI Phe Asp Lys Ala Arg Lys 50 55 60
GIn Cys Leu Trp Phe Pro Phe Asn Ser Met Ser Ser GIy
VaI Lys Lys 65 70 75 80 GIu Phe GIy His GIu Phe Asp
Leu Tyr GIu Asn Lys Asp Tyr lie Arg 85 90 95 Asn Cys
lie lie GIy Lys GIy Arg Ser Tyr Lys GIy Thr VaI Ser
lie 100 105 110 Thr LyS Ser GIy lie Lys Cys Gin Pro
Trp Ser Ser Met lie Pro His 115 120 125 GIu His Ser
Phe Leu Pro Ser Ser Tyr Arg GIy Lys Asp Leu GIn GIu
130 135 140Asn Tyr Cys Arg Asn Pro Arg GIy Glu GIu GIy
GIy Pro Trp Cys Phe 145 150 155 160 Thr Ser Asn Pro
GIu VaI Arg Tyr Glu VaI Cys Asp lie Pro GIn Cys 165
170 175 Ser Glu VaI Glu Cys Met Thr Cys Asn GIy Glu
Ser Tyr Arg GIy Leu 180 185 190 Met Asp His Thr Glu
Ser GIy Lys lie Cys GIn Arg Trp Asp His GIn 195 200
205 Thr Pro His Arg His Lys Phe Leu Pro Glu Arg Tyr
Pro Asp Lys GIy 210 215 220 Phe Asp Asp Asn Tyr Cys
Arg Asn Pro Asp GIy GIn Pro Arg Pro Trp 225 230 235
240 Cys Tyr Thr Leu Asp Pro His Thr Arg Trp Glu Tyr
Cys Ala lie Lys 245 250 255 Thr Cys Ala Asp Asn Thr
Met Asn Asp Thr Asp VaI Pro Leu Glu Thr 260 265 270
Thr Glu Cys H e GIn GIy GIn GIy Glu GIy Tyr Arg GIy
Thr VaI Asn 275 280 285 Thr H e Trp Asn GIy H e Pro
Cys GIn Arg Trp Asp Ser GIn Tyr Pro 290 295 300 His
Glu His Asp Met Thr Pro Glu Asn Phe Lys Cys Lys Asp
Leu Arg 305 310 315 320 Glu Asn Tyr Cys Arg Asn Pro
Asp GIy Ser Glu Ser Pro Trp Cys Phe 325 330 335 Thr
Thr Asp Pro Asn H e Arg VaI GIy Tyr Cys Ser GIn H e
Pro Asn 340 345 350 Cys Asp Met Ser His GIy GIn Asp
Cys Tyr Arg GIy Asn GIy Lys Asn 355 360 365 Tyr Met
GIy Asn Leu Ser GIn Thr Arg Ser GIy Leu Thr Cys Ser
Met 370 375 380Trp Asp Lys Asn Met GIu Asp Leu His Arg
His lie Phe Trp GIu Pro 385 390 395 400 Asp Ala Ser
Lys Leu Asn GIu Asn Tyr Cys Arg Asn Pro Asp Asp Asp
405 410 415 Ala His GIy Pro Trp Cys Tyr Thr GIy Asn
Pro Leu lie Pro Trp Asp 420 425 430 Tyr Cys Pro lie
Ser Arg Cys GIu GIy Asp Thr Thr Pro Thr lie VaI 435
440 445 


