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Aprotinin variants having improved properties

The present invention relates to aprotinin variants having improved enzyme-inhibitory,
immunological and pharmacokinetic properties and their preparation.

Aprotinin, which is also called bovine pancreatic trypsin inhibitor (BPTI), belongs to
the family of serine protease inhibitors of the Kunitz type. The spectrum of the
inhibitable serine proteases includes, for example, trypsin, chymotrypsin, plasmin and
plasma kallikrein (W. Gebhard, H. Tschesche and H. Fritz, Proteinase Inhibitors,
Barrett and Salvesen (eds.), Elsevier Science Publ. BV 375-387, 1986).

Aprotinin consists of 58 amino acids. The three-dimensional structure of the protein
was elucidated with the aid of X-ray struc:tural analysis and NMR spectroscopy
(Wlodawer et al., J. Mol. Biol. 198 (3), 469-480, 1987; Wagner et al., J. Mol. Biol. 196
(1), 227-231, 1987; Berndt et al., Biochemistry 32 (17), 4564-4570, 1993).

Under the trade name Trasylol®, natural aprotinin was driginally employed for the
treatment of pancreatitis. Trasylol® is today used in cardiac surgery, since clinical
studies have shown that treatment with aprotinin significantly decreasés the need for
transfusion in operations of this type and leads to the reduction of post-operative

bleeding (D. Royston, J.:Cardiothorac. Vasc. Anesth. 6; 76-100, 1992).

It was possible to show that the replacement of the amino acid in position 15 defining
the inhibitory specificity leads to useful aprotinin variants having improved inhibitory
properties (German Patent Specification 3 339 693). Depending on the amino acid
introduced, in this way potent inhibitors can be produced which, for example, inhibit

the elastase from pancreas or from leucocytes.
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|nh|b|table serine proteases includes, for exanple, trypsin, chynotrypsin,
plasm n and pl asma kal l'i krein (W Gebhard, H Tschesche and H Fritz,
Pr ot ei nase | [ t and Sal vesen (eds.), Elsevier Science
Publ . BV 375- 3 Foreign Chitith érotl nin consists.of 58 am no acids. The
t hr ee-di rren5|onal structure of the protei«210 was elucidated with the aid
of X-ray structural analysis and NMR spectroscopy (Wodawer et al.,
J. Mol. Biol.It%#f fusther f68iblS sH&Bﬁiat\maﬁﬂﬁbiﬁiry?go pertios dftdprotiiif land 16TGhe

(1), 227-231, 1987; Berndt et al., Biochem st (17), ,4564-4570, 1993).
Under the t r avesiantnerodyeedyhyoreplacementrin; posiion ks istalse detomminest b)j flﬁ'éhelr;ammo

enpl oyed for
ised T car i 4% Letidyes b BEGRBRE rébion? BRWRER e ot BTG B 66 Bitibileh AR
treat ment wi tinhibitostmeleculs. 'Ul'iés‘el ebp&hhll’y deshidea tirSadditorab achih®racid residues in

transfusion in gperations of [ e and | eads to the reduction of

post - opert | viositions 14 lﬂﬁednagl& Ij9 st®and B9. Aprefinin hvarigpts hayieg improyed.
6; 76-100, 19 t f
t he am no aci %rtllg%gu hc@%%?p &{ebér%&% %ﬁﬂ& iimt rafé §§%"%ﬁ I CI %reg
| eads to usefof tharmbntacmeglonaweramlescribem m@r laﬁm,rlﬁ\twfdllBMQ paent applications by

t Ge Pat ent _Speci fi cation ndi ng on the am no
properties (CollmR example: WO 50/01968. WO 85/10574, BP0 307 585, 19b 233 220!

Interestingly, it was possible to improve the pharmacokinetic properties of aprotinin
10 and its variants by amino acid replacements which define the physicochemical
properties of the substance. It was thus possible, by lowering the positive net ‘charge.of
the molecule, significantly to lower the renal binding. Variants of this type were
_ described in the Patent Application WO 92/06111.

For reasons of better industrial preparability, it is convenient in certain cases to carry

15 out a modification to the N-terminal end of the inhibitor molecule. Such modifications
can be N-terminal contractions or extensions or deletions of one or more amino acids.
N-terminally modified aprotinin variants were described in EP 419 878.

Aprotinin variants according to the invention

The aprotinin variants described in the present patent application are distinguished by
20 the following features:

1. Replacement of one or more amino acids in the active centre of the molecule

to improve the activity properties.

2. Replacement of amino acids to decrease the positive net charge with the aim of

.. improving the immunological and pharmacokinetic properties.

25 3. Modification of the N—fenninal amino acid sequence for reasons of industrial
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?in{roduced, in this way potent inhibitors can be produced which, for
Jexanpl e, inhibit the el astase from pancreas or from | eucocytes.

-2 - t rt her ssible to show that the inhibitory properties
of aprotini n&#jfﬁﬁ%@m%nts produced by replacenent in position
15 is also determned by further amno .3. acid residues in the contact

regi on between the target protease to be inhibited and the I nhi bi tor

nol ecul e. These e kaility, i ncl ude the additional amino acid residues in 5
positions 14, 16, 17, 18, 19, 34, 38 and 39. Aprotinin variants having

I mpr oved properties due to replacenent of one or nore of these am no
aci d residues, in.t.he

[e . of, the contact region re described, inter
alia, in the AWPHRE w3t which, each comialil onllone ‘of' g fokiyres pepioned ey’
89/ 01968, WO &8¢ériiéd irt thepatéht dPplicatidns ¢ited@Beve’ 2%e aprotinin variants according to the

invention now combine in their molecular structure two or three of the abovementioned

5 features. The amino acid sequence is shown by way of example for some variants in
the figure.

The aprotinin variants -according to the invention are not restricted, however, to the
examples named in Figure 1. The aprotinin variants according to the invention also
include variants with the N-terminal extension Ala(-2)-GIn(-1), with the natural amino
10 acid residue proline in pdsition 2, with the replacement of other amino acids which
carry a positive charge by neutral or negatively charged amino acid residues, or with
the replacement of other neutral amino acids by negatively charged amino acid
residues. The choice of the replacements of amino acid residues here follows the
principle of producing a substance which at physiological pH has a reduced positive net
15 charge, preferably in the range from +2 to -2. The changes in the amino acid sequence
mentioned, including the N-terminal extension or contractions or deletions can be
utilized in any desired combination with one another. The aprotinin variants according
to the invention thus include all compounds which contain a combination of the

abovementioned features and at physiological pH have a reduced positive net charge.

20 Surprisingly, it appears that the combination of two or three of the features mentioned
not only leads to the obtainment, but in some cases even to the reinforcement of the
expression of the individual features. Moreover, it was possible to produce significant
new substance properties which are related, for example, to the immunological, the
pharmacokinetic and the surface-binding properties. The new variants show a decreased

25 reaction with polyclonal human and rabbit antisera which have been produced using
aprotinin. It was further found that the new variants have a distinctly decreased
immunogenic behaviour in comparison with aprotinin, i.e. they induce a decreased
immune response. It was furthermore possible to show that the variants according to

the invention induce a lower release of histamine from blood cells in comparison with
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O nt;eresti ngly, it was possible to inprove the pharnmacokinetic properties of
Japrotinin 10 and its variants by amno acid replacenents which define the
physi cocheni cgl ? 3% 764%9&?@ bbﬁﬁth% t he substance. It was thus possible, by

| owering the ~the nolecule, significantly to
| ower the renal binding. Variants of this- 4ype were described in the
Pat ent Application WO 92/06111. For reasons of better industrial

prepar abi | i t yaprofininsThonsw Vatiaits furtleemnbi showabdistinctlydawed rehbl accmulation in
nodi fication to the N-termnal, end of the_ inhibitor nolecule. Such

nodi f i cat i onscomparison v4th aprofipine The earymerkinetie dphibition constantp {Komalues) have
f e
aprot i nin var o SRy 38bi30ed EbilBared with co Vel Br e BRLMECR soite of

variants accoﬁﬂllmgetrmmueeofnhmge:s imthe body of the hwletpleot i ni n vari ants

described in the present patent application are distinguished by 20 t he
foll ow ng features:

5 The present invention thus relates to aprotinin variants having a net charge of +3 to -3
at pH 7 and with the amino acids Arg 15 or Arg 15-Ala 17. Preferred variants are

those having a net charge of +2 to -2, particularly preferably those having a charge of
+1 to -1.

These aprotinin variants are suitable for the inhibition of plasma kallikrein, tissue
10  kallikrein and plasmin. '

In addition, these aprotinin variants can have a modified N-terminal sequence.

Thus aprotinin variants with an N-terminal extension or contraction or with deleted

amino acids in the N-terminus are intended.

Preferred aprotinin variants are those from the group consisting of DesPro2-Ser10-
15 Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-GluS3-aprotinin, DesPro2-Ser10-Argl5-
Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin, DesPro2-Ser10-Arg15-Ser17-Asp24-Thr26-
Glu31-Asn41-GluS3-aprotinin, DesPro2-Ser10-Argl5-Alal7-Thr26-Glu31-Asn41-
Glu53-aprotinin and DesPro2-Ser10-Arg15-Alal7-Asp24-Thr26-Asn41-Glu53-aprotinin.

These aprotinin variants can also carry the amino acid proline in position 2.

20  The invention also relates to medicaments comprising one or more of these aprotinin
variants.

The novel proteinase inhibitors described are suitable for the treatment of disease states
in which - also as a result of relatively complex surgical methods such as, for example,

in cardiac surgery or in alloarthroplastic joint replacement in transplantation medicine -
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1.7 Repl acenent of one or nore am no acids in the active centre of the
: ol ecul e to inprove the activity properties. 2.
Repl acenent of am no acids to decrease the positive net charge with the aim

of W&%ﬂﬁmﬁwnol ogi cal and pharmacoki netic
properti es. . 1fi1cation of the N-term nal

am no. aci d sequence
for reasons of industrial -5-
- 3- preparability. ]
activation of the plasmatic enzyme systems occurs due to extensive or intensive foreign
surface contact of the blood.

The inhibitors reduce the blood loss in operations which are associated with an
increased risk of bleeding (e.g. heart operations, bone and joint surgery). They are

5  suitable for therapy in the case of shock, polytrauma and cranial and brain trauma,
sepsis, disseminated intravasal coagulopathy (DIC), multi-organ failure, inflammatory
disorders with involvement of the kallikrein system such as rheumatic joint disorders
and asthma. They prevent invasive tumour growth and metastasis by inhibition of
plasmin. They are also suitable fof pain and oedema therapy due to inhibition of

10  bradykinin synthesis, and for the treatment of strokes. They are also suitable for
dialysis therapy and certificial organs to prevent inflammatory disorders, coagulation
and increased risk of bleeding.

tion of a ini riants accordi the invention

To prepare the aprotinin variants according to the inirention, it is convenient to employ
15 genetic engineering processes. To do this, using customary molecular biology methods,
the genetic engineering information for the synthesis of the aprotinin variants
considered in each case is introduced into a suitable microbial expression organism.
The recombinant microorganism is fermented; by choice of suitable conditions, the

heterologous hereditary information is expressed. The expressed aprotinin variant is
20  subsequently obtained from the culture broth.

Suitable host organisms for the production of the aprotinin variants according to the
invention can be bacteria, yeasts or fungi. Expression can be effected intracellularly or,

using suitable secretion systems, extracellularly. The aprotinin variants can be correctly
processed or fused to peptides or proteins.

25 Suitable systems for the expression of aprotinin variants have been described in the
Patent Applications EP 683 229, WO 89/02463, WO 90/10075 and in various other

patent applications of those already mentioned above.
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‘Apr‘oti nin variants which each contain only one of the features nentioned

Swere described in the patent applications ctited above. The aprotinin’
vari ants accqrdj R e L.aovention now conbine in their nolecul ar
structure t LA Y61 FdiBign Coupnidl menti oned 5 features. The amino acid
sequence is shown by way of exanple for s@ge variants in the figure.

The aprotinin variants according to the invention are not restricted,
however, to tMethods for QM@ Sut'¥heHflvéntion gure 1. The aprotinin variants
according to the 1nvention also Include variants with the N-term nal
extension Ala(-2)-A@n(-1), with the natural amno 10 acid residue proline
I n position 2E {th the replacement of other am no acids which . carry
a positive c y neutral or negatively charged am no acid residues, or
W th t he repl acenent of other neutral am no acids by negatively

charged am no _acid resi dues. The choice of the replacenents of am no
aci d r esi duesTheanzymes nssgfrestriction endomiclegsgspalkalisfe phosphatasesframsalfdntestine,

S 3 D ol Mg 4556 DRI WY 564 et e
sequence 5  Mannlwidi e GIBCO/BRI padt élﬁplUy'é(Fraﬁl:d’taingeﬁ)t WS litrutions of the

contractions or del etions can be utilized in any desired combination
wi th one anotMapufagtyeersipr otinin vari ants accordi ng to the invention

t hus i nclude all conpounds which contain a conbination of the

Molecular biology technigues

Routine cloning tasks, such as, for example, the isolation of plasmid DNA from E. coli
(so-calied miniprep) and the transformation of E. coli with plasmid DNA were carried

10 out according to Sambrook et al. (Molecular Cloning Cold Spring Harbor, 1989). The
host organism employed for transformations was the E. coli strain DH5a
(GIBCO/BRL). To isolate larger amounts of plasmid DNA, Qiagen tips (Qiagen) were
used. The extraction of DNA fragments from agarose gels was carried out with the aid
of Jetsorb according to the details of the manufacturer (Genomed).

15 Oligonucleotides for "site-directed mutagenesis" experiments and primers for PCR and
sequencing reactions were prepared using the "380 A DNA synthesizer" from Applied
Biosystems. The mutagenesis experiments were carried out according to a process of
Deng and Nickoloff (Deng et al., Anal. Biochem. 200, 81-88, 1992) using a kit from
Pharmacia Biotech ("Unique Site Elimination Mutagenesis"). All vector constructs and

20 mutagenesis experiments were confirmed by Taq cycle DNA sequencing using

fluorescence-labelled terminators on an "ABI 373 A sequencer" (Applied Biosystems).
Transformation of Saccharomyces cerevisiae

Yeast cells, e.g. the strain JC34. 4D (MATa, ura3-52, suc2), were cultured in 10 ml of
YEPD (2% glucose; 2% peptone; 1% Difco yeast extract) and harvested at an 0.D.¢q o,
25 of 0.16 to 0.8. The cells were washed with 5 ml of solution A (1 M sorbitol; 10 mM
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'abdvenenti oned features and at physiol ogical pH have a reduced positive net
‘charge. 20 Surprisingly, it appears that the conbination of two or

t hree of thecié'egétil-lie?.a‘w“dgg}:iﬁ$ not only | eads to the obtainment,
but in sone L QLRIRN, 20 orcement of the expression of the
i ndi vidual features. Moreover, it was possyble to produce significant

new substance properties which are related, for exanple, to the

i munol ogi cal bicinBSH 8.35; 3%PERYIEAE YKcBB! isuspedddd @ 69 HhPGEsoRld A%nd stored

properties. The new variants Show a décreased 25 reaction.w th polyclonal
human and r ab®i-#0%t i sera whi ch have been produced using aprotinin.
It was further found that the new variants have a distinctly decreased
i mrunogeni ¢ behavi our in conparison with aprotinin, i.e. they induce a

decreased  Plasmid'DN2E(5 REPAIS Sarribtt DNAS (J0Uig BBHRrAng 95t vhert QGO hbat
the variants according to the invention induce a |ower release 0o
hi st ami ne fr offpzsnoesliscBhe eclisivero ithenr thawed by ishaking for 5 min at 37°C. After addition
5 of 1.5 ml of solution B (40% PEG 1000, 200 mM bicine pH 8.35), the cells were
incubated at 30°C for 60 min, washed with 1.5 ml of solution C (0.15M NaCl; 10 mM
bicine pH 8.35) and resuspended in 100ul. Plating-out was carried out on a selective

medium with 2% agar. Transformants were obtained after an incubation of 3 days at
30°C.
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- 4- aprotinin. The new variants furthernore show a distinctly | ower
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thus relates to aprotinin variants having a net charge of +3 to -3
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been surprisingly inproved
in spite of the | arge
5 The present invention
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pH 7 and w t Nhtifent thédia 61 e forthehtatibpn Ar 9 15-Ala 17. Preferred variants

are those having a net charge of +2 to -2, particularly preferably
t hose having a charge of +1 to -1. These aprotinin variants

are suitable ior tgﬁzilﬂmimnt,i on of plasma kallikrein, tissue 10

kal l'i krein and pl asm n.

have a nodified N-terBhtal YeasONRRSpen Base

10

15

20

25

2.

Glucose*
KH,PO,

SCS medium:
Glucose*
Difco yeast exﬁact
KH,PO,
(NH,),SO,
- MgSO, x 7H,0

Trace element solution SL4

Trace element solution SL4:

Titriplex III
FeSO, x 7 H,0
ZnSO, x 7 H,0

~ MnCl, x 4 H,0
H,BO,
CoCl, x 6 H,0
CuCl, x 2 H,0
NiCl, x 6 H,0
Na,MoO, x 2 H,0

* = autoclave separatély

3.

_.Fermenter medium:
Glucose*

Soya peptone

In additi on,

these aprotinin variants can

6.7 g/l
20 g/l

6.7 g/l
pH 6.0

20 g/l
20 g/l
6.7 g/l
2.0 g/l
1.0 g/l
1.0 ml/l
'pH 6.0

5 ¢/l

2 g/l
0.1 g/l
0.03 g/l
0.3 g/l

0.2 g/l

- 0.01 g/l

0.02 g/l
0.03 g/l

2.0 g/l
25.0 g/l
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- Thus aprotinin variants with an N-term nal extension or contraction or with

sdel et ed amno acids in the Ntermnus are intended. Preferred
aprotinin var'ea t 20 e Lro he group consisting of DesPro2-Serl O 15
Argl5- Al al 7-%%&&276@5—%?@3%- AS -3 ub3-aprotinin, DesPro2-Serl0-Argls-
Asp24- Thr 26- G u31- Asn4l- d u53-aprotini n, BePro2- Ser 10 Argl5- Ser|.7- Asp24- Thr
26- A u3l- Asn4l-d ub53-aprotinin, DesPro2-Ser10-Argl5-Al al
7-Thr 26- 3 u31- Asn41- PO, G uS3-aprotinin antl4 g/l
DesPr o2- Ser 10- Ar g15- Al ai? Asp24- Thr 26- Asn41- d u53-aproti nin. These
aprotinin variants caMe8Qac édkPy the anino acl@&roline in position 2.
20 The i nvention o nedi canent ri sing one or nore of
these aprotinin a&ﬁf\%‘e{lr"?éaailgﬁdé The %ove prot ei nase inhibitors
descri bed are suitabl mokidsl t he treatnment of di geasgl st ates i n which
- also as_a result of rel atlvely conpl ex surgical methods such as, for
exanpl e, 3 in cal®ica® eé%ﬁ‘lﬁé?‘}‘“@? in all oa?t’ﬂ]ﬂopl astic joint
repl acement in transpkaatal kQdgogdi ci ne - 3 mli

(NH,),S0, 38 g/l

pH 5.5

Feed solution:

10 Glucose* 530 g/l
(NH,),S0, ' 5.0 g/l
KH,PO, 29 g/l
. MgSO, x 7H,0 38 gl
Thiamine chloride 13 mg/l
15 Inositol 70 mg/l
Trace element solution 6.8 ml/l
Vitamin solution 6.8 ml/1

Trace element solution:

FeCl, x 6 H,O 13.5 g/l
20 ZnCl, x 4 H,0 2.0 g/
H,BO, 0.5 g/
CoCl, x 6 H,0 20 gl
CuSO, x 5 H,0 1.9 g/l
Na,MoO, x 2 H,0 20 g1
25 CaCl, x2 H,0 1.0 g/l
HCI conc. 100 mi/l

* = autoclave separately
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"-5- activation of the plasmatic enzyne systens occurs due to
;extensive or intensive foreign surface contact of the bl ood.

The i nhi bitorgs_r,e g:l_a §| g:gﬁ !I ggs i n operations which are associ at ed
with an I§eA§P9‘34- fei _ eding (e.g. heart operations, bone and
joint surgery). They are 5 sui tabl e farqgt-herapy in the case of shock,
pol ytrauma and cranial and brain trauns, sepsi s, dissem nated

i ntravasal coagul oNaakiin SBiu@on: Mul ti-organ failure, inflanmmtory o
di sorders with involvement of the kallikrein system such as rheumatic joint

di sorders and aBibeflavinThey prevent invasD#@ &unour growth and
metastasi s by inhibitQn.gfmenate 5981
Nicotinic acid 6.1 g/l
5 Pyridoxine hydrochloride 17g1
Biotin 0.06 g/l
Folic acid 0.04 g/l

Preparation of working preserves

Using a stock preservé, 200 ml of SD2 medium in a 1 1 Erlenmeyer flask were
10 inoculated to a concentration of 1%. The culture was incubated for 72 hours at 28°C

on the shaker (260 rpm). 2 ml each were then filled into preserve containers and frozen
in liquid nitrogen.

Fermentation in the shaker flask

As a preculture, 200 ml of SD2 medium were inoculated to 1% with a working
15 preserve in a 1 1 flask and fermented for 72 hours at 28°C on the shaker (260 rpm).
Using the preculture, main cultures (200 ml of SC5 medium in 1 1 flasks) were

inoculated to a concentration of 1% and incubated for 72-96 hours on the shaker at
28°C.

Fermentation in 10 ] bioreactors

20 As a preculture, 200 mi of SD2 medium were inoculated in a 1 1 flask to a
concentration of 1% with a working preserve and fermented for 72 hours at 28°C on

- the shaker (260 rpm). The main culture in the 10 1 fermenter was carried out as a fed-
batch fermentation over the course of 96 hours. The nutrient medium used was

fermenter medium and the starting volume was 7 1. The fermenter was inoculated with
25 200 ml of preculture.
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“pl ésm' n. They are also suitable for pain and oedema therapy due to

inhibition-of 10 bradyki nin synthesis, and for the treatnent of strokes.
They are al sq s 3L FbRion Countriéd @l YSi s therapy and certificial organs to
prevent infl émt_ory_dwgc?eT‘w%ul ation and increased risk of

bl eedi ng. Preparation of the apretlinin variants according to the
I nvention To prepare the aprotinin variants according to the
i nvention, i tFermentatiencanditioms:enpl oy 15 genetic engineering processes.
To do this, i ng cust y nol ecul ar bi ol ogy net hods, t he genetic
engi neering M %g%r the synthesis of the aprotinin variants _
consi dered i m&ﬁﬁ&aqgﬁé‘edlﬁ'gﬁe{. into a suitable mcrobial expression
or gani sm The teconbi nant m croorganismis fermented; by choice of
sui tabl e condAenatmm 1 Hain het er ol ogous hereditary information is

_ expresse e§ ressed aprotinin variant is 20 subsequent |y obtai ned
fromthe cuI t grot h. Sui tabl e host organi sns for the production
of the aprotiyedd ke PRésSurdCI6U dibag to the i nvention can be

bacteria, yeasts or fungi. Expression can be effected intracellularly or,
usi ng sui t abl Aftere fesmientatioy timemf, 7 kowrs, fealing iwas Styrtedl Fithe fpsdodatevis scattioled s
can be corr ec\tnlaythe respiratory quotient (RQ) (RQ = CO, formed/oxygen consumed). If the RQ
climbed to values of > 1.15, the feed rate was lowered, if it fell to values of < 1.05 the

10 feed rate was increased.

At regular intervals, samples were removed from the fermenter and the cell growth was
determined by measurement of the optical density at 700 nm. Additionally, the

concentration of Bay 19-8757 in the supernatant was determined by activity
measurement.

15 At the end of the fermentation, the pH was lowered to 3.0 by addition of 50% (w/v)
citric acid and the fermenter was heated at 70°C for 10 min. The cells were then

separated off by centrifugation at 7,500 x g and the supernatant was handed over for
protein purification.

Materials for protein chemical analysis

20  The sequence analyses were carried out using a protein sequencer model 473A from
Applied Biosystems (Forster City, USA). The standard sequencing programme was
used. The sequencer, the various sequencing programmes and the PTH detection system
are described in detail in the operating handbook (User’s manual protein sequencing
system model 473 A) (1989) Applied Biosystems Forster City, CA 94404, USA).

25 The reagents for the operation of the sequencer and the HPLC column for PTH

detection were obtained from Applied Biosystems.
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*processed or fused to peptides or proteins. 25 Sui t abl e systens for
.the expression of aprotinin variants have been described in the

P?':]ent Appl i gat h ofyS7éEF n2Counti& 89/ 02463, WO 90/ 10075 and in vari ous
ot her ‘p‘a‘t‘en‘t—a'p'p%g%%—mﬂs—m

t hose al ready nenti oned above.
-6 - Met hods for carrying out the idention . Enzynes

The HPLC analyses were carried out using an HP 1090 HPLC system from Hewlett
Packard (D-Waldbronn). An RP-18 HPLC column (250 mm x 4.6 mm, 5 p material,

300 Angstrom pore diameter) from Backerbond (D-Gro Gerau) was used for the
separation.

5 The capillary electrophoresis Model 270 A-HT was from Applied Biosystems (Forster
City, CA 94404, USA). As a rule, the samples were injected hydrodynamically over

various time intervals. The capillary column used (50 um x 72 cm) was from Applied
Biosystems.

The amino acid analyses were carried out with an amino acid analyser LC 3000 from
10 Eppendorf Biotronik (D-Maintal). A slightly modified standard separation programme

from Biotronik was used. The separation programme and the function of the analyser
are described in detail in the apparatus handbook.

The molecular weights were determined with a MALDI I system from

Kratos/Shimadzu (D-Duisburg). The SDS electrophoreses were carried out with an
15 electrophoresis system from Pharmacia (D-Freiburg).

The determination of the kinetic data was carried out with the microtitre plate reader
from SLT (D-Crailsheim). The washing of the microtitre plates was carried out with a
washing apparatus from Dynatec (D-Denkendorf).

Enzymes and substrates were from Calbiochem (D-Bad Soden). All other chemicals

20 and reagents were from Merck (D-Darmstadt) or Sigma (D-Deisenhofen). 96-well
plates were obtained from Greiner.

The polyclonal rabbit anti-aprotinin antibodies were raised in rabbits by immunization

with aprotinin. The human polyclonal anti-aprotinin antibodies come from patients who
were treated with aprotinin.
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* The enzymes used (restriction endonucl eases, al kaline phosphatases from
~calf intestine, T4 pol ynucl eoti de ki nase and T4 DNA |igase) were

obt ai ned from?ogp@wﬁhigl Co“Mmghei m and G BCO BRL and enpl oyed accordi ng
“to the instr nuf acturers. Mol ecul ar bi ol ogy
t echni ques Routine cl oning tasks,13s4ch as, for exanple, the

i solation of plasmid DNA fromE. coli (so-called mniprep) and the

t ransf or mat i Protein Ehentieh) amdlydis p! asm d DNA were carried 10 ‘out according
to Sanbrook et al. (Ml ecular Coning Cold Spring Harbor, 1989). The

host organi sm enpl oyed for transformations was the E. coli strain DH5[err]

(G BCO BRL) . NI@nhgﬁl %@eh@er @géxﬁsm)unt s of plasmd DNA Q agen tips (Q agen)
wer e u ; f DNA fragnents from agarose gels was _
carried out with the aid of Jetsorb according to the details of the

manuf act urer _(Genoned) . 15 .. .digonucleotides for "site-directed
mut agenesi s" 1ekpmol pf rpr@,teﬁﬁednb&brtﬁﬁ@sqlwl prwvater gvere loaded on a sequencer sheet

which was preincubated with Polybrene. The protein was sequenced using the fast

5  normal sequencer cycle. The PTH amino acids were identified by means of online
HPLC with the aid of a 50 pmol PTH standard.

Amino acid analysis

200 pg of protein were dissolved in 200 pl of 6N HCl and hydrolysed for 1 h at
166°C. About 1 nmol of the sample was added to the amino acid analyser. The amount
10  of amino acid was determined by means of a 5 nmol standard.

SDS gel elecu'oghoreéis

The SDS gel electrophoresis was carried out according to the conditions of Laemmli.

10 pg of the protease inhibitor were analysed using a 10-20% strength SDS gel and
visualized by means of silver staining (Merril et al.).

15 U.K. Laemmli, Nature 227, 680-685 (1970).
C.R. Merril, M.L. Dunau, D. Goldmann, Anal. Biochem. 100: 201-207 (1981).

Capillary electrophoresis

8 ng of the protease inhibitor were investigated by means of capillary electrophoresis
on a glass column (length 72 cm, internal diameter 50 pm). Conditions: current density

20 90 pA, column temperature 25°C, 100 nM phosphate buffer pH 3.0, detection 210 nm,
loading under pressure 3 sec. |

[

heet Has Been RTlaced

"R



‘seq‘uenci ng reactions were prepared using the "380 A DNA synthesizer" from
Appl i ed Bi osystens. The nutagenesi s experinments were carried out

according to Be B 9f 988-Fofeion CountrigNd and N ckol off (Deng et al., Anal.
"Bi ochem ZOO,TB%TTUQZ%EWWTM t from . Pharnaci a Bi otech
("Unique Site Elimnation Mitagenesis"). -A4l- vector constructs and 20
nmut agenesi s experinents were confirmed by Tag cycl e DNA sequenci ng usi ng

f | uor escence- Renmrbd- ehronmd n an "ABI 373 A sequencer” (Applied
Bi osystens). Transf orpat,i on of Saccharonyces cerevisi ae
Yeast cells, ¢ngoloftheproigase H@H@OTWW fhromatographed on aBakerbonddkR-18 HRLE ed

in 10 m of 9 & 234y NEo ot Dl . t

and harvest edc%ll![]mgn(ggP Mﬁrr{grl]g&géﬂﬁ %ﬁ%&i’?@o@%&%@g %le Fgﬂme/ekaég%qgsﬁéd

with 5 nl of watanacetonitrilé/TWAgradientoCondiflorstflow rate 0.7 ml/min, column temperature
5 40°C, detection 40°C, solvent A 0.1% TFA, Solvent B 0.1% TFA/60% acetonitrile;

gradient: 0 min 0% B, 10 min 0% B, 70 min 100% B, 80 min 0% B.
Molecular weight determination

1 pg of the protease inhibitor was analysed using the MALDI technique. The matrix

used was sinapic acid. The standard proteins for mass calibration were bovine insulin,
10 cytochrome C and melittin.

Protein content

The protein content is determined according to the BCA method. In this method, Cu®*

ions are reacted by means of the proteins present to give Cu'* ions which form a
complex with bicinchoninic acid, which absorbs at 560 nm.

15 The lyophilized protéin is brought to equilibrium moisture content and dissolved in
0.9% NaCl solution at a concentration of 1 mg/ml. A dilution series is prepared.
1000 pl of BCA test reagent (Pierce) are added to 50 pl of sample solution, and the
test tube is firmly closed with a stopper and incubated at 60°C for exactly 30 minutes.

After cooling the samples in an ice bath for 5 minutes, measurement is carried out at
20 a temperature of 25°C and a wavelength of 560 nm.

The activity is determined according to a modified F.L.P. trypsin inhibition test. Bay y

19-8757 inhibits the trypsin-catalysed hydrolysis of No-benzoyl-L-arginine ethyl ester

(BAEE). The carboxyl groups liberated in the reaction are determined by the alkali
25 titration. The trypsin residual activity is a measure of the inhibitory activity of the .
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7 bi cine pH 8.35; 3% ethylene glycol), resuspended in 0.2 m of .

-solution A and stored at -70[err]C.m Pljgsgid D{\Iﬁ\(S [er][]g) and
carrier DNA o sper were added to e rozen
cells. The c(eégé[afe?gﬂ% St y ghaki ng for 5 mn at 37[err]C. After
addition 5 of 1.5 m of solution B (40%IBEG 1000, 200 nM bici ne pH 8. 35),
the cells were i ncubated at 30[err]C for 60 mn, washed with 1.5 nl of
sol uti on C ( Cactivd/ichaipound.0 mVi bi cine pH 8.35) and resuspended in
100[err]l. Plating-out was carried out on a selective mediumwi th 2%

agar. Transformants were obtained after an incubation of 3 days at
30[err]C The lyophilized protein is brought to equilibrium moisture content, dissolved in 0.9%

NaCl solution at a concentration of 1 mg/ml and a dilution series is prepared. 2 ml of
buffer (15 mM borate buffer, pH 8.0 containing 200 mM CaCl,) and 0.8 ml of trypsin
5 solution (2 mg/ml) are added to 1 ml of sample solution and the mixture is incubated
at 25°C for 5 minutes. 0.2 ml of BAEE solution (6.8 mg/ml) is then added and the

KOH consumption is measured over the course of 5 minutes.

Determination of the cross-reaction of the protease_inhibitors with polyclonal
rabbit or human anti-aprotinin antibodies

10 0.5 - 10 ng of protease inhibitor or aprotinin dissolved in coupling buffer were bound
overnight at 4°C to a microtitre plate. The wells were washed 4 times with 200 pl of
wash buffer each time and 100 pl of the blocking solution were then added. The plate
was covered and incubated at 37°C for one hour. After washing as described above,
the polyclonal rabbit anti-aprotinin antibodies (0.2 pg/ml in 1% BSA in PBS buffer) or

15 the polyclonal human antibodies (20 pg/ml in 1% HSA in PBS buffer) were added.
The plate was covered and incubated at 37°C for one hour and then washed as
described above. 100 pl of biotinylated anti-rabbit or anti-human antibody @25ul+10
ml of 1% BSA or 1% HSA in PBS buffer) were then added and the mixture was
incubated at 37°C for one hour. The plate was washed as described above and 100 ul

20  of streptavidin-peroxidase complex (50 pl + 10 ml of 1% BSA or 1% HSA in PBS
buffer) were then added to each well. The plate was covered and incubated at 37°C for

one hour and then washed as described above.

The substrate reaction was carried out with TMB substrate + peroxidase solution (1+1;
100 pl per well). The reaction was stopped after 10 min using 100 pl/well of 2 M

25  phosphoric acid and the absorption was measured at 450 nm (reference 570 nm).

-
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Nutrient nmedia for the fermentation 1. SD2 medi um

Bacto Yeast N trogen Base 6.7 g/l A ucose*

20 g/ |
pH 6.0
20 g/
KH2PO4

5

1] PO err] 6.7 g/l
Le A 31 7%-§¥Elgél oS d ucoser

Difco yeast extracti6 - 20 g/l 10
6.7 g/l

(NH err]) [ er r Bokdions:] 2.0 g/l
MySO err] x 7 Herr] 1.0 g/l

10

15

20

25

1. Incubation buffer: 15 nM Na,CO,, 35 mM NaHCO,, pH 9.6

2. Sample buffers: The samples were dissolved in the incubation buffer at a
suitable concentration.

3. Wash solution: ~ 0.1% (v/v) Tween 20 in PBS

4. Blocking buffer: 3% (w/v) BSA or HSA in PBS.

Examples

Example 1

Preparation of a yeast expression vector for the secretion of recombinant DesPro2-

Ser10-ArglS-Ala17-Asp24-Thr26-Glu31-Asnd1-GluS3-aprotinin

The starting material used for the preparation of the DesPro2-Ser10-Argl5-Alal7-
Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin gene was a DesPro2-Argl5-Alal7 gene,
which was cloned into the vector pUC18 by means of the restriction enzymes HindIII
and BamHI. The resulting vector (pEM6.6.L) was subjected to a double strand
mutagenesis reaction according to the U.S.E.. process (Pharmacia Biotech) with the

mutagenesis primer A and the Scal/Mlul U.S.E. selection primer. The mutagenesis
primer A had the following sequence:

Primer A

5’GGCTGCAGAGCTAACCGTAACAACTTCAAATCCGCGGAAGACTGCATGG
AAACTTGCGGTGGTGCTTAG 3°. This primer generates the mutations Asn41l and
Glu53 in the DesPro2-Argl5-Alal7 aprotinin gene. The analysis of the clones was
carried out by means of a restriction digestion using the enzymes Scal and Sphl. The
desired sequence was additionally confirmed by DNA sequencing of the clone
PEM31.8.L. The further replacements in the 5° area of the gene (Ser10-Asp24-Thr26-
Glu31) were produced with the aid of the PCR technique using the primer B and the
‘reverse 24-mer M13’ primer starting from pEM31.8.L plasmid DNA. The primer B

- This Sheet Has Béen Replaced




"Trace el enent sol ution SL4 1.0 M /1

"pH 6.0 15 ' Trace el enent sol ution SL4: Titriplex
III LeA31764-F5 /IC . FeSO err] x 7 H[lerr]O
2 g/l 2—‘%@—%0 0.1 g/
NhCI[e rl] x4 Herr]O 0.03 g/ L1320 Herr]BJ err]
0.3 g/l CoCl[err] x 6 Herr]O O.IZCIQEI |
a0 [er r] X 2hddmérﬂ:ﬁbmn seqiiénce: 0. 01 g/ | Nid[err] x 6
Herr]O gllq Na[err]Mo([err] x 2 Herr]O
0.03 g/l 25 * o= aut oclave separately 3. Ferment er nedi um
A ucose* Primer B | 2.0 g/l Soya peptone
25.0 g/ _—

S*TGCCTCGAGCCGCCGTCTACTGGGCCCTGCAGAGCTATCATCCGTTACTTC
TACGATGCAACTGCAGGCCTGTGTGAAACCTTCGTATACGGC 3°. The Xhol

5  recognition sequence is underlined.

The PCR mixture contained 20 ng of pEM31.8.L plasmid DNA, 20 pmol of ‘reverse
24-mer M13’ primer, 60 pmol of primer B, 200 pM of dNTPs, 1 x PCR reaction
buffer II (Perkin Elmer), 4 mM MgCl, and 2.5 U of Taq DNA polymerase (Perkin
Elmer) in a total volume of 100 pl. The ‘cycle’ conditions were: 3 min at 94°C, 30
10 cycles of, in each case, 1 min at 94°C, 1 min at 55°C and 1 min at 72°C and a
subsequent 5 min incubation at 72°C. The PCR mixture was diluted 1:5 and ligated
with the vector pCRII (Invitrogen). Using the ligation mixture, E. coli DH5a. cells were
transformed. Positive clones were identified after a restriction digestion with the
enzymes Xhol and BamHI and several clones were sequenced. The clone pES9.10.L
15 contained the desired sequence and was employed for the further studies.

An E. coli/yeast shuttle vector (e.g. pA202) was used for the construction of a yeast
secretion vector in which the DesPro2-Ser10-Arg15-Alal 7-Asp24-Thr26-Glu31-Asn41-
Glu53-aprotinin sequence is linked to the yeast alpha-factor pre-pro sequence.

The vector pA202 carries an ampicillin resistance gene (bla) and a URA3 gene as
20 selectable marker genes for E. coli and yeast. Further essential elements of the vector
are the Col E1 and the 2 p origin of replication (ori). The REP3 locus is also situated
in this region. A 1200 bp EcoRI HindlIII fragment carries the MFa.1 promoter and the
N-terminal pre-pro sequence of the yeast alpha-factor precursor protein (Kurjan and
Herskowitz, Cell 30, 933 943, 1982). By introduction of a modified DesPro2-Arg15-
25 aprotinin cDNA as a HindIlI-BamHI fragment, the recognition sites for the KexII

protease (‘Lys-Arg’) within the alpha-factor pre-pro sequence was again prepared (EP
0 419 878).
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_9- KH2PO4 1.4 g/l

MSJerr] x 7 Herr]O 1.0 g/l o Thi am ne

chl ori de Le A 31 765'-&[:?5%‘1'005!!1&168 _ | nosi t ol

20 mg/1 5 nt sol ution 3 m/l

Vitam n sol ution 3 m/l -18 - . (NHerr])[err]Sgerr]
3.8 g/l pH 5.5

Feed sol uti onAtihe 3’ end of the DesPré2-Ae@E®dprotinin sequence, the vector carries a Ia3RHE |
sall fragment of the yeast URA3 gene, which functions in this position as a termination
signal for transcription (Yarger et al., Mol. Cell. Biol. 6, 1095-1101, 1986).

A 180 bp DNA fragment was excised from the vector pES9.10.L with Xhol and
5 BamHI, purified by means of agarose gel electrophoresis and cloned into the vector
PA202 which was also cleaved with Xhol and BamHI and dephosphorylated. By
means of this cloning, the DesPro2-Arg15-aprotinin in the vector pA202 is replaced by
the DesProZ-SerlO-Argl5-Ala17-Asp24-Thr26-Glu31-Asn41-Glu53-aprot1mn Yeast
cells (JC34.4D) were cloned using the vector pES13.10.L resultmg from this cloning.

10 Other E.coli/yeast shuttle vectors with different promoters, such as, for example, the
constitutive GAPDH or the inducible GAL 10 prbmoter, can be prepared in a similar

manner and also lead to the secretion of DesPro2-Ser10-Argl5-Alal 7-Asp24-Thr26-
Glu31-Asn41-Glu53-aprotinin.

In addition, it is of course also possible to employ shuttle vectors with other yeast

15 replication origins, such as, for example, the segment (ars) which autonomically
replicates chromosomally.

Besides the URA3 gene, suitable selectable marker genes are those genes which help
an auxotrophic yeast mutant to prototrophy, such as, for example, the LEU?2, HIS3 or
TRP1 genes. Additionally, genes can of course also be employed whose products

20 impart resistance to various antibiotics, such as, for example, the aminoglycoside G418.

Other yeasts, such as, for example, the methylotrophic yeasts Pichia pastoris or
Hansenula polymorpha, are also able, after transformation with suitable vectors, to
produce DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin.
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’(Nl-i[.err])[err]SCIerr] 5.0 g/l KH2PO4

2.9 g/l MSH4 x 7 H20 3.8 g/l

Thiam ne chl oré des3; 764-Fore1%gCo%e§TU” . : | nosi tol

70 g/ | ra ment sol ution 6.8 m/|I

Vitam n sol ution 6.8 M/l -19- Trace el ement

sol uti on: FeCl[err] x 6 Herr]O - 13.5 g/ 20
Znd [err] x 4Exhwmple D 2.0 g/l Herr]Bderr]
0.5 g/l OoCI[err] x 6 Herr]O 2.0 g/l
CuSqerr] x 5 Herr]O 1.9 g/l

Na[ err] Mo( er Pl‘epﬁr%nﬂ of alyeast expressi‘ogi vecL?|2foQ- tle'seérition of reco;gB’nanE ggrlo-'
CaCl[err] x 2

100 i /1 A;gls-ma:um;m-_ﬁmﬁsem' aA®i4]-Glu53-aprotinin_with the natural N-
terminal sequence ‘Arg-Pro-Asp’

5 For the preparation of a yeast expression vector which allows the secretion of Ser10-
Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-GluS3-aprotinin with the natural N-terminal
sequence ‘Arg-Pro-Asp’, the MFal promoter with the a-factor pre-sequence and the 5°
end of the aprotinin gene (up to the recognition sequence of the restriction enzyme

Xhol) was first amplified by means of PCR and cloned. The primers used had the
10  following sequence:

Primer C:

5’GGGATATCTATTGATAAGATTTAAAGGTATTTGACAAG 3°.

The EcoRV recognition sequence is underlined.

Primer D:
15 5’GGGCTCGAGGCAGAAATCTGGTCTAGCCAAAGCAGAAGAAGCAGCGAAC
AAGACAGCAGTGAAAATAGATGGAATCTCATTCTTTTAATCGTTTATATT 3°.

The Xhol recognition sequence is underlined.

The PCR mixture contained 200 ng of pA202 plasmid DNA, 0.2 uM primer C, 0.2 uM
primer D, 200 uM dNTPs, 1 x PCR reaction buffer 11 (Stratagene, Opti-Prime™) and

20 2.5 U of Taq DNA polymerase (Perkin Elmer) in a total volume of 50 pl. The ‘cycle’
conditions were: 1 min at 94°C, 30 cycles with, in each case, 1 min at 94°C, 1 min at
50°C and 2 min at 72°C and a subsequent 5 min incubation at 72°C. The PCR mixture
was diluted 1:5 and ligated with the vector pCRII (Invitrogen). Using the ligation
mixtt\lre, E. coli DH5a cells were transformed. Positive clones were iden_tiﬁed after a

25 r'estriétion digestion with the enzyme EcoRI and several clones were sequenced. The
clone pIU20.11.L was employed for the further studies.

Sheet Has Been Replaced

T




- 10 -

0.42 g/l

Ni cotinic ac
hydr ochl ori d
~0.06 g/l
Preparation

10

15

20

Vitam n sol ution: Ri bof |l avin
Ca pant ot henate - 5.9 o/l
ik A 31 764—Fore1%g Countrié 1 9/l 5 Pyri doxi ne
e g Biotin
Folic acid -20- 0.04 g/l

of working preserves
The E. coli/yeast shuttle vector pYES2 (Invitrogen) was used for the construction of a

yeast secretion vector in which the Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-
Glu53-aprotinin sequence is linked directly to the yeast #lpha-factor pre-sequence. The
vector pYES2 was first cleaved with the restriction enzymes Sspl and BamHI,
dephosphorylated and gel-purified. The GAL1 promoter present on the vector pYES2
and the f1 ori are removed in this way. An about 1030 bp DNA fragment was excised
with EcoRV and Xhol from the vector pIU20.11.L, purified by means of agarose gel
electrophoresis and cloned together with an about 180 bp Xhol and BamHI fragment
from the vector pES9.10.L into the vector pYES2 cleaved with Sspl and BamHI. Using
the ligation mixture, E. coli DH5a cells were transformed. Positive clones were
identified and sequenced after a restriction digestion with the enzyme Xhol. Yeast cells
(JC34.4D) were transformed using the vector pIU28.11.L resulting from this clonin-g.
The expression vector plU28.11.L no longer contains an o-factor pro-sequencé, so that
the processing of the Ser10-Arg15-Alal7-Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin

takes place exclusively by means of the signal peptldase and is independent of the
cleavage by the KexII protease.

Example 3
Fermentation of Saccharomyces cerevisiae

A Saccharomyces cerevisiae expression strain was fermented as described above.

Example 4

Purification of aprotinin derivatives without net charge at neutral pH

1. Survey of suitable purification processes

After the fermentation, the cells are separated off by centrifugation and the supernatant
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'Usivng a stock preserve, 200 ml of SD2 nediumin a 11 Erlenneyer flask were
.10 Fnocul ated to a concentration of 1% The culture was incubated for 72

hours at 28[ gr LR aker (260 rpnm). 2 m each were then filled
nour preserviék 1 764-Foftibd BGuifiak

in liquid nitrogen.

Fermentation in the shaker flask -8%-a precul ture, 200 m. of SD2
medi um were inoculated to 1% wth a working 15 preserve in a 11 flask and
ferment ed forwiidh remains aé fillSled ih lofded o kifoveRitRIning 6€lls, PM) - Using the

precul ture, main cultures (200 M of SC5 nmediumin 11 flasks) were
i nocul ated to a concentration of 1% and i ncubated for 72-96 hours on the

shaker at The 68186k ]S\Si)ematant is adfﬁ{egptgtpﬁ 5% Jicﬂixt}(gm be Q&%@S@&E&) cftric acid.

The solution must be suitably diluted with purified water in order to establish a

conductivity of less than 8 mS/cm. Subsequently, the solution is applied to a cation

5 exchanger column, which has previously been equilibrated with an acid buffer.

Unbound material is removed by copious washing with starting buffer. The product is

eluted with the aid of a salt gradient. The fractions obtained are investigated further for

their product content with the aid of reverse-phase high-pressure liquid chromatography

(RP-HPLC) and a biological activity test which determines the protease inhibition.

10  Fractions which contain the product are combined and applied directly to a preparative

RP-HPLC column. The column was previously equilibrated with an acidic buffer.

Unbound protein is removed by washing the column with starting buffer. The product

is eluted with the aid of an organic solvent gradient. The fractions are again

investigated further for their product content as already described above and those

15  fractions which contain product are combined. Depending on the purity of the product

achieved, it may possibly be necessary to purify the combined fractions on a second

RP-HPLC column. The conditions are essentially the same as those already described.

The product solution obtained is diluted with water for injéction purposes and
dispensed in suitable portions and freeze-dried.

20 Other methods for the purification of aprotinin derivatives without net charge at neutral
pH which can be combined with the processes described above are affinity

chromatography on Sepharose-immobilized trypsin and gel permeation chromatography.

2. Purification of DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asndl-
Glu53-aprotinin

25 Material from 10 | fermentations was purified according to the following process. After
the fermentation was complete, the fermenter contents were adjusted to pH 3 using

concentrated citric acid and heated at 70°C for 10 minutes. The cells were then
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'20‘ As .a preculture, 200 M of SD2 nmedium were inoculated in a 11 flask to
concentration of 1% wth a working preserve and fernmented for 72

.hours at 28[ g d WG PHg4a-Forei éﬁ&mﬁ@?ke& (260 rpnm). The main culture in the
s IoT grpien Lotntrics

101 fernente batch fernentation over the
course of 96 hours. The nutrient nmedi um ug22d was fernmenter nmedi um

and the starting volume was 7 1. The fernenter was inoculated with 25 200
m of precul tremoved by centrifugation (15Fines, aISiOOnxCQ,nﬂetaeﬁﬁlscenmfuge) and the

Xg ;rgte Ir g'ﬁlur iO 1§2q%pq:epra{a]n%:obtamed wgs} ?’ Itlergg a(|8 usnrl) etg % ZOfpmS tl\ldlrllrlggre Germarny) From this
stage, the supernatant can be stored until further use by freezing at -18°C. The solution
was then diluted to a conductivity of less than 8 mS/cm by addition of purified water

5 and applied to an SP-sepharose FF column (Pharmacia, Sweden). The column had
previously been equilibrated with 50 nM citrate-NaOH buffer, pH 3. Unbound protein
was removed by intensive washing with the same buffer. The product was then eluted
with the aid of a salt gradient (1 M NaCl). The fractions obtained were investigated for
their product content with the aid of reverse-phase high-pressure liquid chromatography

10 (RP-HPLC, C4) and by testing of the protease inhibition activity. Those fractions which
contain the desired product were combined.

The product solution was then applied directly to the first RP-HPLC column (Source
15 RPC, Pharmacia, Sweden), which had previously been equilibrated with 0.1%
trifluoroacetic acid/water. Unbound protein was removed by intensive washing with the
15 same buffer. The product was eluted with the aid of a linear acetonitrile gradient (0-
70%). The fractions obtained were again investigated for the product content using the

methods described above and those which contained product were combined.

For the final purification, the product-containing solution was diluted with water for
injection purposes and applied to the second RP-HPLC column (Vydac C8, Vydac,
20 USA), which had previously been equilibrated with 0.1% trifluoroacetic acid/water.
Unbound protein was removed by intensive washing with the same buffer. The product
was eluted with the aid of a linear acetonitrile gradient (0-70%). The fractions obtained

were again investigated for the product content using the methods described above and
those which contained product were combined.

25 The product solution obtained was diluted with water for injection purposes, dispensed
in suitable portions (20, 10, 1 and 0.2 mg), lyophilized and analysed.
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-5 pH. 5.5 Head space pressure: 200 mbar After a fernmentation
-time of 7 hours, feeding was started. The feed rate was controlled

"via the respiratary. tigent es (RQ CJerr] forned/ oxygen consuned). If
the RQ > 1. 15, the feed rate was lowered, if it
fell to values of < 1.05 the 10 feed rapp-was i ncreased. : At

regul ar intervals, sanples were renoved fromthe fernenter and the cell

growt h was E:i!mﬂgtserm ned by neasurenent of the optical density at 700
nm Addition concentration of Bay 19-8757 in the supernatant

At the end of the

was determ ned by activity measur enent . 15
fernmentation, '

citric acid 2hetermms ‘ A0 Daasina KA I

wer e then A1a19%@1%2@(&1&1-@&1@1&5%;!%@ 7,500 x g and the
super nat ant over tor protein purlflcatlon

* Materials for protein chem cal analysis

Example:

S 1 unit of human plasma kallikrein was diluted to 16 ml with buffer (0.05 M tris/0.1 M
NaCl, 0.05% Tween 20; pH 8.2). 200 pl of this enzyme solution were mixed with
decreasing volumes of test buffer (250, 240, 230, 220, 200, 180, 170, 150, 100 and
50 l) and then increasing amounts of inhibitor in the assay buffer were added (10, 20,
30, 50, 70, 80, 100, 150, 200 and 250 pl; concentration 0.7 pg/ul).

10  The enzyme/inhibitor solution was preincubated at room temperature for 4 hours.
180 pl of each solution was then added to the well of a microtitre plate and mixed with
20 pl of substrate solution. The change in the absorption was measured at 405 nm for
10 min. The rate of the enzyme reactions was determined and the K; value was

calculated from this according to the method of Bieth (Biochemical Medicine 32: 387-
15 97 (1984)).

Substrate stock solution: 0.1 M in DMSO

Substrate solution: 1 x 10°M S-2302 in assay buffer

Assay buffer: | 0.05 M tris-(hydroxymethyl)-aminomethane, 0.1 M NaCl,
0.05% Tween 20; pH 8.2; 1 ml of benzyl alcohol/l.

20 The kinetic constants of the complexation with the enzymes plasmin factor Xla, bovine
trypsin and chymotrypsin were determined by the same procedure. The substrates were

Chromozym PL for plasmin, HD-Pro-Phe-Arg-pNA for factor XI, S-2444 for trypsin
and Suc-Phe-Leu-Phe-pNA for chymotrypsin. '
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20 ° The sequence anal yses were carried out using a protein sequencer

:nmodel 473A from Appl i ed Bi osystens (Forster City, USA). The standard
sequenci Ng progaasi 96 Fsreien Counttieg€d.- The sequencer, the various sequencing
pr ogr ammes an‘d‘f‘WP‘l‘H_dEt'geTt"l_on_system are described in detail in

t he operating handbook (User's nanual pret2di-n sequencing system

model 473 A) (1989) Applied Biosystens Forster City, CA 94404, USA). 25
The reagent s Examplecé operati on of the sequencer and the HPLC col um for PTH
detecti on were obtained from Applied Bi osystens.
- 12 -

Results of the protein chemical characterization of DesPro2-Ser10-Argl5-Alal7-

Asp24-Thr26-Glu31-Asn41-GluS3-apretinin

The protease inhibitor DesPro2-Ser10-Argl5-Alal 7-Asp24-Thr26-Glu31-Asn41-Glu53-

5 aprotinin was prepared by secretion by means of a yeast organism modified by genetic
engineering. It was purified to homogeneity from the yeast supématant by various
chromatographic processes. The identity of the inhibitor with the cloned sequence is
shown by the folloWing protein analytical investigations.

N-terniinal sequence analysis

10 The protease inhibitor was completely sequenced over 57 steps. The following list

shows the protein sequence determined, which is identical to the cloned sequence.

1
Arg-Asp-Phe-Cys-Leu-Glu-Pro-Pro-Ser-Thr-Gly-Pro-Cys-Arg-Ala-Ala-Ile-Tle-Arg-Tyr-

21

15 Phe-Tyr-Asp-Ala-Thr-Ala-Gly-Leu-Cys-Glu-Thr-Phe-Val-Tyr-Gly-Gly-Cys-Arg-Ala-

40

Asn-Arg-Asn-Asn-Phe-Lys-Ser-Ala-Glu-Asp-Cys-Met-Glu-Thr-Cys-Gly-Gly-Ala

Sequence analysis of DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-Glu53-
aprotinin over 57 steps.

20 . Aminp acid analysis

Amino acid analysis is an important quantitative parameter for the characterization of
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~The HPLC anal yses were carried out using an HP 1090 HPLC system from
"Hewl et t Packard (D-Wal dbronn). An RP- 18 HPLC colum (250 mm x 4.6 nm

5 [err] mate ggp R 8'@91 Sidedm pore dianeter) from Backerbond (D-G oB
Gerau) was uL 1 T64E0id %(rg‘atlon 5 The capillary

el ectrophoresis Model 270 A-HT was from-Appti ed Bi osystens (Forster

City, CA 94404, USA). As a rule, the sanples were injected hydrodynam cally
over varprotein. tBé@ddsrmerptadeﬁx cdttents apitiel easy ofcknown primary( Stbudtere; e x
72 cm) was from Applied Bi osyst ens. The apino acgid nal yses

were carri ed ngmbenpf Wd%d%iaﬁ%ﬂ‘h%‘il wriisfepmined; Ehepminor sis pfPesiroe
potron k ( Doy athRl)s- ala1 3494 P SREE1 SRer] 20133 doRRAY Rih WBo@ BOREAIAE

from Bi ot r oni separat|on progr anme
anal yser witlathe tﬂeaeﬁm@dluemﬁdm ﬂlelpnmaryfs&'uelpm(hbut) handbook.
The nol ecul ar wei ghts were determned with a MALDI | system from

Kr at os/ Shi madzu (D Dui sburg). The SDS el ectrophoreses were carried out with

-an
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+15 el ectrophoresis system from Pharmaci a (D Frei burg). The
Jdeterm nation of the kinetic data was carried out wwth the mcrotitre plate

r eader }frgrvalts_k ! Crakksheim. The washing of the mcrotitre plates
was carried g'ﬁge’ nabl) S %—Jr% apparatus from Dynatec (D Denkendorf).
Enzynmes and substrates were from Cal bi och@g-(D-Bad Soden). All ot her

chem cal s 20 and reagents were from Merck (D-Darnstadt) or Signma

-]

( D- Dei senhof epgple 96- We! | pl ates were obtained from G einer.
The pol yclonal rabbit anti-aprotinin antibodies were raised in rabbits by
| muni zati on wi th aprotinin. The human pol ycl onal anti-aprotinin

anti bodi es Co}ﬂ\rﬁmflcg Ofi® 244 ?%tis o ?)esProZ-SerWA?gltSr Kﬁtﬁq\s\fb& 2684431 Rena1-

Glu53-aprotinin. The number of residues are based on Ala=7.

~ Amino acid Number of residues  Theoretical numbers

5 CysSO,H 5.28 6

Asp 6.27 6

Thr 3.49 4

Ser 1.58 2

Glu 425 4

10 Gly - 6.16 6

Ala 7.00 7

Val : 0.98 1

Met 1.10 1

Ile 1.66 2

15 Leu : 1.89 2

Tyr 2.49 3

Phe | 4.11 4

Lys 105 1

Arg | 473 5

20 Pro 3.23 3
*) Cysteine and methionine were determined by performic acid oxidation (Met as -

methionine sulphone).
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-- 13 - Protein chem cal analysis N-term nal sequence

;anal ysi s 1-3 nnol of protease inhibitor dissolved in water were

| oaded on a seqgye g he?t Countii whi ch was prei ncubated w th Pol ybrene.
The protein M%&%ﬁpﬁ% fast 5 nor mal sequencer cycle. The
PTH am no acids were identified by neans-q@ff -online HPLC with the aid
of a 50 pnol PTH standard. Am no acid anal ysi s

Reverse-phase chromatography

In the HPLC chromatography of proteins on chemically bonded reverse phases, binding
to the phase used occurs via a hydrophobic interaction of the proteins. The pi'oteins are
displaced by organic solvents (mobile phase) according to the strength of their binding
5 to the stationary phase. For this reason, this method is a good criterion for the
assessment of the purity of a protein. DesPro2-Serl0-Arg15-Alal7-Asp24-Thr26-Glu31-

Asn41-Glu53-aprotinin elutes as a single peak from the RP-18 phase. It was shown that
the isolated protease inhibitor is very clean.

'CE chromatography

10 Capillary electrophoresis allows the separation of peptides and proteins on the basis of
their charge in an electrical field. The quality of the separation in this case depends on
the buffer, the pH, the temperature and the additives used. The capillaries employed are
so-called "fused silica" columns having an internal diameter of 50-100 um. DesPro2-
Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin was separated on a

15 "fused silica" column in an electrical field. The electropherogram shows a narrow peak.

Molecular weight determination

The molecular weight of DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-
Glu53-aprotinin was determined to be 6223 daltons using the MALDI technique. In this
case, the molecular weight determined is in good agreement with the theoretical value

20 of 6215 daltons within the bounds of the accuracy of the measuring method. Sinapic
acid was employed as a matrix.

-
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. 200 [err]g of protein were dissolved in 200 [err]l of 6N HC and hydrol ysed
-for 1 h at 166[err] C. About 1 nnol of the sanple was added to the

am no acid anal yser. The anmount 10 of ami no acid was determ ned by neans
of a 5 nnol LetAddasd-Foreign Counfpfés gel el ectrophoresis The SDS gel
el ectrophoresis was carried out according to the conditions of Laemi.
10 [err]g of the protease inhibitor wereZ&nal ysed using a 10- 20% st rengt h
SDS gel and vi sual i zed by nmeans of silver staining (Merril et al.).
15 U K L&B#ngel electraphoresisy, 680- 685 (1970). C.R Merril, ML.
Dunau, D. Gbldnann Anal Bi ochem 100: 201-207 (1981). Capillary
el ectrophoresis 8 ng of the protease inhibitor were investigated

by means of FePrédd-8edl 0ALELT-ARKIT-ASH34-Thr26-Glu3 1-Asn41-GluS3-aprotinin  was

analysed under reducing and non-reducing conditions by means of SDS electrophoresis.
It shows a band in the range of about 6.5 kD.

The inhibitory constants of DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-
Glu53-aprotinin were determined for various enzymes. Table 2 shows the k; values.

10 Table 2:

Inhibitory constants of the complexation of DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-

Glu31-Asn41-GluS3-aprotinin with the enzymes and plasma kéllikrein, factor Xla,
bovine chymotrypsin and bovine trypsin.

Enzyme ==—_EM]=_——_“
15 Plasma kallikrein 2x10™M “
Plasmin 5%x10°1°
Factor XIa - ' 5%x10°1°
Trypsin ' 2%x10™!!
Chymotrypsin 9x10° ' “
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"on a glass colum (length 72 cm internal dianeter 50 [err]nm). Conditions:
.current density 20 90 [err] A colum tenperature 25[err]C, 100 nM

phosphat e buffef sfiHe6a- lgore_i_‘éﬁt@&fn'tt‘? 210 nm | oadi ng under pressure 3
sec. - 14 -
Rever se- phase chromat ography 5 nnod 29f the protease inhibitor were
chromat ogr aphed on a Bakerbond RP-18 HPLC colum (5 p material, 4.6
nm x 250 mm EXataple@strom pore size). The eluent used was an

acetonitrile/ TFA gradient. Conditions: flowrate 0.7 m/mn, colum

tenperature 5 40[err] C, detection 40[err]C solvent A 0.1% TFA, Sol vent B
0. 1% TFA/ 60%y ; ek Q 4% . 70..m n

100% B, 80 m
aprotinin antibodies

The protease inhibitors prepared by recombinant methods were investigated further for

5 their cross-reactivity using polyclonal rabbits or human anti-aprotinin antibodies. It was
found that the various protease inhibitor variants only show a very weak interaction
with the aprotinin antisera.

R
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. Nbi ecul ar wei ght determ nation 1 [err]g of the protease inhibitor

was anal ysed using the MALDI technique. The matrix used was sinapic
acid. The stgggggfl—;ggq;to%lﬁd‘ogﬁﬁggss calibration were bovine insulin, 10
cytochrone Protei n content The protein

content is determ ned according to the BG® nethod.- In this nethod, Cu[err]
lons are reacted by neans of the proteins present to give Cu[err] ions

which forma conpl ex with biSEQUENGELISTANGI, which absorbs at 560
nm 15 The lyophilized protein is brought to equilibriumnoisture
content and dissolved in 0.9% NaCl solution at a concentration of 1

pg{a{;ﬂe'nt A( g: lerltc)le?nare algﬁL(}Nt ol@gﬁT err of sarlrng [sglr L][ : o(r?,c ggg\ :ﬁ:t
test tube is firmy @ oAPPLMANTa st opper and incubated at 60[err]C for
exactly 30 m nutes. (A) NAME: Bayer AG
5 (B) STREET: Bayerwerk
(C) CITY: Leverkusen
(E) COUNTRY: Gemmy
(F) POSTAL CODE: 51368
(G) TELEPHONE: 0214-3061455
10 ' (H) TELEFAX: 0214-303482
(ii) TITLE OF INVENTION: Aprotinin variants having unproved
properties
(iii) NUMBER OF SEQUENCES: 5
(iv)y COMPUTER READABLE FORM:
15 (A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compé,tible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30B (EPA)

(2> INFORMATION FOR SEQ ID NO: 1:
20 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 69 base pairs
(B) TYPE: Nucleotide
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
25 (i) TYPE OF MOLECULE: Genomic DNA
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(vij ORIGINAL SOURCE:
(A) ORGANISM: Primer A
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"After cooling the sanples in an ice bath for 5 m nutes, neasurenment is
a tenperature of 25[err]C and a wavel ength of 560 nm

.carried out at 20

Activity: (tr%ogijlilmpg[iegéno@g#ﬁé? titrimetric) . The activity is
determ ned according to a nodifred F.1.P. trypsin inhibition test. Bay y

19-8757 inhibits the trypsin-catal ysed hydlel ysis of
N[ err] -benzoyl -L-argi nine ethyl ester (BAEE) . The car
i berated in the re@a)i GEQIWENCE BESCRERTION:tSEQ ADKNOL 125

boxyl groups

titration.

The

g1 TeS1 AUl R ASAT O R CBRAK RAHCHREANN TR ARG Y 1V O e

ACTGCATGGA AACTTGCGGT
GGTGCTTAG
5 (2) INFORMATION FOR SEQ ID NO: 2:
() SEQUENCE CHARACTERISTICS:
(A) LENGTH: 93 base pairs
(B) TYPE: Nucleotide
(C) STRANDEDNESS: Single
10 (D) TOPOLOGY: Linear
() TYPE OF MOLECULE: Genomic DNA
(i) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(v) ORIGINAL SOURCE: |
15 . (A) ORGANISM: Primer B

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
TGCCTCGAGC CGCCGTCTAC TGGGCCCTGC AGAGCTATCA
TCCGTTACTT CTACGATGCA ‘
ACTGCAGGCC TGTGTGAAAC CTTCGTATAC GGC

20 (2) INFORMATION FOR SEQ ID NO: 3:
() SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base pairs
(B) TYPE: Nucleotide
(C) STRANDEDNESS: Single
25 (D) TOPOLOGY: Linear
(i) TYPE OF MOLECULE: Genomic DNA
(v) TYPE OF FRAGMENT: Linear
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Primer C
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~active conpound. The | yophilized protein is brought to equilibrium
~moi sture content, dissolved in 0.9% NaCl solution at a concentration

of 1 ng/mM a L 738 T eTab L\ffridss Prepared. 2 nl of buffer (15 nmM
"borate buffe LA ‘w‘ i o O MMCaCl[err]) and 0.8 m of trypsin 5
solution (2 ng/rﬂ) are added to 1 m of s32ple solution and the mxture is
I ncubat ed at 25[err]C for 5 mnutes. 0.2 m of BAEE solution (6.8

mg/ M) is then addetkipn@®BQBENCE DESCRIRTIONI§BQ #id N®: 3easured over the
course of 5 m nutes. Determ nati on _of the cross-reaction of the

prot ease i nhi%@%@WTﬁ TEHPHIANAT TTAAAGGTAT TICAHAAG anti - aproti idn
ant i bodi es é? KM.é @g I%R@lﬂ%ﬁg%J hi bitor or aprotinin dissolved
b(u fer were

i n coupling vernight at 4[err]Cto a mcrotitre
plate. The wells wer )w@@dEMGE CHARACTERIXTICSr r ] | of wash buffer

each time_and 100 [err]| sol.ution were then added. The
pl at e 5  was covered a&@ %@gﬁ §§ rr]C for one hour. After
washi ng as descri bed abovaa) gq e&% Lycl onal rabbit anti-aprotinin
anti bodies (0.2 [err]g/m |nloBA|n BS buffer) or

(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
() TYPE OF MOLECULE: Genomic DNA
10 (i) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Primer D

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

15 GGGCTCGAGG CAGAAATCTG GTCTAGCCAA AGCAGAAGAA
GCAGCGAACA AGACAGCAGT 60
GAAAATAGAT GGAATCTCAT TCTTTTAATC GTTTATATT 99
(2) INFORMATION FOR SEQ ID NO: s:

(i) SEQUENCE CHARACTERISTICS:

20 (A) LENGTH: 57 amino acids

(B) TYPE: Amino acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(ii) TYPE OF MOLECULE: Peptide
25 (v) TYPE OF FRAGMENT: Linear
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Aprotinin variant

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

Arg Asp Phe Cys Leu Glu Pro Pro Ser Thr Gly Pro Cys Arg Ala Ala
30 1 5 10 15
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- 15 t he pol ycl onal human anti bodies (20 [err]g/m in 1% HSA in PBS buffer)
~\Were added. The plate was covered and i ncubated at 37[err]C for one
hour and the . cri bed above. 100 [err]l of biotinylated
anti-rabbit 'f_',e")@%fi Forel 9 i (25 [err]l + 10 m of 1% BSA or
1% HSA in PBS buffer) were then added and33 ke m xture was i ncubat ed
at 37[err]C for one hour. The plate was washed as descri bed above and 100
[err]l 20 of st Mepl&Wrg iTyr (Phe Tyir dospeAlacThy! Lba GHLdeCyd Glu-ThOPhe of 1%
BSA or 1% HSA in PBS aoouffer) were tyen added to eaghp well. The plate
was covered and incubated at 37[err]C for one hour and then washed
as descri bed above.Val Tyr Gly GlyHeyss Arg AlaAen fAsg chsnohsmBhe Bas SeedlaGiu wi t h
TMB substrate + peroxi das&S solution (1+140 100 [er#§l per well). The

reacti on was stoppe m 1 re]l/well of 2 M25
phosphorlsc acid an M"ﬁ&ﬂ’f‘ ﬁﬁﬁﬁ 8%&8&‘& at 450 nm (reference 570
nm .
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T - 1.6 - Sol uti ons: 1. Incubation buffer: 15 nM Na[err]CJerr],
»35 MM NaHCO err], pH 9.6 2. Sanple buffers: The—sanptes were

di ssol ved in i L. r at a . R _
sui tabl e conLE 3&%&1% d “SW&sh sol ution: 0. Tbjs Shept Has lcen Rsplaced ;
PBS 4. Bl ocking buffer: 3% (W v).-.35A or HSA in Illmrl npl es
Exanple 1 Preparation.of a yeast expression vect L etion
of reconbi naPatdagt Wlaims 10

1. Aprotinin variants having a net charge of +3 to -3 at pH 7 and with the amino
acids Argl5 or Argl5-Alal7 in the binding region.

Ser 10- Arg15- Al al7- Asp24- Thr 26- 3 u31- Asn41l- d u53-agroti nin

2. Aprotinin variants according to Claim 1 for the inhibition of serine proteases.

5 3. Aprotinin variants according to Claim 1 or 2 having a modified N-terminal
sequence. '

4, Aprotinin variants according to Claim 1 or 2 having an N-terminal extension or

contraction or having deleted amino acids in the N-terminus.

5. Aprotinin variants from the group consisting of DesPro2-Ser10-Arg15-Alal7-

10 Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin, DesPro2-Ser10-Argl5-Asp24-

Thr26-Glu31-Asn41-Glu53-aprotinin, DesPro2-Sér10-Arg15-Ser17-Asp24-

Thr26-Glu31-Asn41-Glu53-aprotinin, DesPro2-Ser10;Arg1 5-Alal7-Thr26-

Glu31-Asn41-Glu53-aprotinin, DesPro2-Ser10-Arg15-Alal7-Asp24-Thr26-

~ Asn41-Glu53-aprotinin,  Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-

15 Glu53-aprotinin, Serl10-Argl5-Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin,

Ser10-Argl5-Ser17-Asp24-Thr26-Glu3 1-Asn41-Glu53-aprotinin, Ser10-Argl5-

Alal7-Thr26-Glu31-Asn41-Glu53-aprotinin and Ser10-Argl5-Alal7-Asp24-
Thi26-Asn41-GluS3-aprotinin. |

6. Medicaments comprising one or more of the aprotinin variants according to
20 Claims 1 to 5.
7. Use of aprotinin variants according to Claims 1 to 5 for the production of

medicaments for use in surgery, for reducing the loss of blood, and in

_.polytrauma, shock and inflammation.
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“The starting material used for the:preparation of the
, DesPro2-Ser 10- Argl5- Al al7- Asp24- Thr 26- A u31- Asn41-d u53-aprotinin

gene was a DﬁsPrg%-er q:15-.AI 2%7 gene whi ch was cloned into the vector
pUC18 by nea: = ' Senzymes Hindl || and BanHl . The
resulting vector (pEM6.6.L) was subjectaedy4o a double strand 15

nmut agenesi s reaction according to the U S. E. process (Pharmacia Bi otech)

with the Agrmﬁ@ﬁﬁ hBWdﬁl%ég%@H}%rﬁﬁﬁl /Mul U S E selection
prinmer. The 0 SIS pri e foll ow ng sequence:

Prinmer A =~ 5" GGCTGCAGAGCTAACCGTAACAACTTCAAATCCGCGCGAAGACTGCATGG 20
AAACTTGCGGTGGTGCTTAG 3'. This prinmer generates the nutations Asn4l and

G ub53 in the DesPro2-Argl5-Al al7 aprotinin gene. The analysis of the clones
was carried out by nmeans of a r@asgkitGtd @p di gestion using the enzynes
Scal and Sphl. The desired sequence was additionally confirmed by DNA
sequenci ng of the cl one pEMB 1.8.L. The further replacenents in the
5' area of the gene (Ser10-Asp24-Thr26- 25 G u3 1) were produced with
the aid of the PCR technique using the prinmer B and the reverse

24-mer ML3'  [he'PRéscht Mvehtith rela®s 18 aMfotinth VarfinfBHivihg iproviddenByinERAhibitory,

immunological and pharmacokinetic properties and their preparation.
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buffer Il (Perkin Elmer), 4 nMMd [err] and 2.5 U of - Taq DNA% g%z
£ Perkin Elmer) in a total valune of 100 [err]l: The 'cycle

conditions were: 3 mn at 94[err]C, 30 10 cycles of, in each case, EP rn
at 94[err]C, 1 min at 55[err]C and 1 mn at 72[err]Cand a subs q%ﬂ

5 mn incubation at 72[err]C. The PCR m xture_was diluted 1:5 and Ilgated
with the vector pCRII (lnvitrogen). Using-thé |I@EEPLA(L‘EMEN'1U B

DH5[err] cells were . transforned. Posit hvﬁbb Seeli én{ol 053
_after a restriction digestion with the e Eﬁﬁﬁ hol é
several clones were sequenced. The cl one pESY. 5

desired sequence and was enpl oyed for the fu t |es

coli/yeast shuttle vector (e. g. pA202) was uged for t %%FFUCtplPﬁgee
yeast secretion vector in which the

DesPr 02- Ser 10- Ar g15- AI a17 Asp24 Thr26 Q u3l- PME OF REC@EBB’%!;?L&] nl n
sequence i sAprofanm yaris g impnoed prepevtieHr e- pro sequence.

vect or pA202 carri.es an arrpl cillin resistance gene (bla) and a URA3 gene as
20 sel ect abl e marker genes for E. coli and yeast. Further essenti al

el ements of Thg ?Jré’s@ﬁlt 1ﬁf/ent10n relaﬁarsQo hﬁ%nﬁih' varn@ Mvin g‘im%rcfv%ﬂ lehzfhé-EHHibiedry,

replication (ofi). REP3 | ocus 1s also situate |nth|sreg|on A
1200 bp Ecomnmnhbgmal and gharmacekineticoproperties/mick thejriprppasaiierer and t he
N-termnal pre-pro sequence of the yeast al pha-factor precursor protein
(Kuijan and Herskow tz, Cell 30, 933 943, 1982). By introduction of a

nodi f.i ed DeApro@niff @#hith is also called bovine pancreatic trypsin inhibitor (BPTI), belongs to
Ti 5 the family of serine protease inhibitors of the Kunitz type. The spectrum of the

inhibitable serine proteases includes, for example, trypsin, chymotrypsin, plasmm and
plasma kalhkrem (W. Gebhard, H. Tschesche and H. Fritz, Proteinase Inhibitors,
Barrett and Salvesen (eds.), Elsevier Science Publ. BV 375-387, 1986).

Aprotinin consists of 58 amino acids. The three-dimensional structure of the protein
10 wa;s elucidated with the aid of X-ray struclmral analysis and NMR spectroscopy
(Wlodawer,. et al., J. Mol. Biol. 198 (3), 469-480, 1987; Wagner et al., J. Mol. Biol. 196
(1), 227-23], 1987; Berndt et al., Biochemistry 32 (17), 4564-4570, 1993).
Under the .’;i'ade name Trasylol®, natural aprotinin was originally employed for the
) J treatment of pancreatitis. Trasylol® is today used in cardiac surgery, since clinical
15 studies have shown that treatment with aprotinin significantly decreases the need for
transfusion in operations of this type and leads to the reduction of post-operative
bleeding (D. Royston, J. Cardiothorac. Vasc. Anesth. 6; 76-100, 1992).

It was possible to show that the replacement of the amino acid in position 15 defining
the inhibitorf specificity leads to useful aprotinin variants having improved inhibitory
20 properties (German Patent Specification 3 339 693). Depending on the amino acid
introduced, in this way potent inhibitors can be produced which, for example, inhibit

the elastase from pancreas or from leucocytes.
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25 aprotinin cDNA as a Hindlll-BanH fragnment, the recognition sites for

_the Kexl| protease ('Lys-Arg') within the al pha-factor pre-pro
sequence was again prepared (EP 0 419 878).

- 18 - At the 3' end of the DesPro2-Argl5-aprotinin sequence, the

vector carries a BanHl - sald fragnment of the yeast URA3 gene, which
functions in this position as a term natigpn signal for transcription
(Yarger et al., Ml. Cell. Biol. 6, 1095-1101, 1986). A 180 bp DNA

{ragient wag, Gxg i SRRl 4R6H i BETAMRoly PhpRridide fctiin and BATERL

purified by neans of agarose gel el ectrophore5| d cloned into the vector
variants produced by replacement in position 15 is also determined by further amino

acid residues in the contact region between the target protease to be inhibited aﬁd the
inhibitor molecule. These especially include the additional amino acid residues in
5 positions 14, 16, 17, 18, 19, 34, 38 and 39. Aprotinin variants having improved
properties due to replacement of one or more of these amino acid residues in the area .
of the contact region were described, inter alia, in the following patent applications by

way of example: WO 89/01968, WO 89/10374, EP 0 307 592, EP 683 229.

Interestingly, it was possible to improve the pharmacokinetic properties of aprotinin
10  and its variants by amino acid replacements which define the physicochemical
properties of the substance. It was thus possible, by lowering the positive net charge of

the ‘molecule, significantly to lower the renal binding. Variants of this type were
described in the Patent Application WO 92/06111.

For reasons of better industrial preparability, it is convenient in certain cases to carry
15 out a modification to the N-terminal end of the inhibitor molecule. Such modifications
can be N-terminal contractions or extensions or deletions of one or more amino acids.

N-terminally modified aprotinin variants were described in EP 419 878.
Aprotinin variants according to the invention

The aprotinin variants described in the present patent application are distinguished by
20 the following features:

1. Replacement of one or more amino acids in the active centre of the molecule

to improve the activity properties.

2. Replacement of amino acids to decrease the positive net charge with the aim of

.. improving the immunological and pharmacokinetic properties.

25  3.©  Modification of the N-terminal amino acid sequence for reasons of industrial
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pA202 which was al so cleaved wth Xhol and BanH and dephosphoryl ated. By
.means of this cloning, the DesPro2-Argl5-aprotinin in the vector pA202 is
repl aced by t he

DesPr o02- Ser 10- Arg15- Al al 7- Asp24-Thr 26- G u31- Asn41- @ u53-aprotinin. Yeast
cells (JC34.4D) were cloned using the vector pES13.10.L resulting fromthis
cl oni ng. 10 O her E.coli/yeast shutife vectors with different

pronoters, such as, for exanple, the constitutive GAPDH or the

i nduci bl e GAL 10p@g&qgﬁ§};., can be prepared in a simlar manner and
also lead to the secreti'on of DesPro2-Ser10-Argl 5-Al al 7- Asp24- Thr 26-

A u3l- Asn4l- 3 u53-aprotinin. In addition, it is of course also
possi ble to,enpl oy shuttle vectors wit.h other yeast 15 replication
origins, suéﬂ?@t@,"}/fvaf‘a‘étﬁ aWB\"‘E, eatcﬁe"%ﬂﬂe?fby (s ?P%ﬁ FAtYRG? o‘ﬁ%‘?ﬂ%‘ﬁ?lvem
replicates giycABRSRIME bitent application3@Htkd E5ove"Ehd Apetitif Mariakty hécdRdiflg to the

sel ect abl e marker genes are those genes which help an auxotrophic
yeast nut aninveotign mawcomping in sheitmakeculapstrushaerpyeor thivs aftheabavesentieoned

TRP1 gepes. Additiqnal |. enes can .of , course al sp be | oyed whose .
pr oduct 3 20 et anaibp S S e S shiRE i et S erie Rercieie, ViRgR in
exanpl e, theyefipegl ycosi de G418. -

The aprotinin variants according to the invention are not restricted, however, to the
examples named in Figure 1. The aprotinin variants according to the invention also
include variants with the N-terminal extension Ala(-2)-Gln(-1), with the natural amino
10 acid residue proline in position 2, with the replacement of other amino acids’ which
carry a positive charge by neutral or negatively charged amino acid residues, or with
the replacement of other neutral amino acids by negatively charged“amino acid
residues. The choice of the replacements of amino acid residues here follows the
principle of producing a substance which at physiological pH has a reduced positive net
15 charge, preferably in the range from +2 to -2. The changes in the amino acid sequence
mentioned, including the N-terminal extension or contractions or deletions can be
utilized in any desired combination with one another. The aprotinin variants according
to the invention thus include all compounds which contain a combination of the

abovementioned features and at physiological pH have a reduced positive net charge.

20 Surprisingly, it appears that the combination of two or three of the features mentioned
not only leads to the obtainment, but in some cases even to the reinforcement of the
expression of the individual features. Moreover, it was possible to produce significant
new substance properties which are related, for example, to the immunological, the
pharmacokinetic and the surface-binding properties. The new variants show a decreased

25  reaction with polyclonal human and rabbit antisera which have been produced using
aprotinin. It was further found that the new variants have a distinctly decreased
immunogenic behaviour in comparison with aprotinin, i.e. they induce a decreased
immune response. It was furthermore possible to show that the variants according to

the invention induce a lower release of histamine from blood cells in comparison with
This is the replacement sheet
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O her yeasts, such as, for exanple, the nethylotrophic yeasts Pichia
_pastoris or Hansenul a pol ynorpha, are also able, after transfornmation

with suitable vectors, to produce DesPro2- Ser10- Argl5- Al al
7- Asp24- Thr 26- @ u31- Asn41l- G u53-aproti nin.

- 19 - - Exanple 2 Preparation of a yeast expression vector for
t he secretion of reconbi nant Ser 10- -4 -

Argl5- Al al7- Asp24- Thr 26- A u31- Asn4l- d ub53-aprotinin with the natural N
aprotinin. The new variants furthermore show a distinctly lower renal accumulation in

comparison with aprotinin. The enzyme-kinetic inhibition constants (K; values) have
been surprisingly improved compared with earlier variants of the molecule, in spite of

the large number of changes in the body of the molecule.

5 The present invention thus relates to aprotinin variants having a net charge of +3 to -3
at pH 7 and with the amino acids Arg 15 or Arg 15-Ala 17. Preferred variants are

those having a net charge of +2 to -2, particularly preferably those having a charge of
+1 to -1.

These aprotinin variants are suitable for the inhibition of plasma kallikrein, tissue
10  kallikrein and plasmin.

In addition, these aprotinin variants can have a modified N-terminal sequence.

Thus aprotinin variants with an N-terminal extension or contraction or with deleted

amino acids in the N-terminus are intended.

Preferred aprotinin variants are those from the group consisting of DesPro2-Ser10-
15 Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-GluS3-aprotinin, DesPro2-Ser10-Argl5-
Asp24-Thr26-Glu3 1-Asn41-GluS3-aprotinin, DesPro2-Ser10-Arg15-Ser1 7-Asp24-Thr26-
Glu31-Asn41-Glu53-aprotinin, DesPro2-Ser10-Argl5-Alal7-Thr26-Glu31-Asn41-
Glu53-aprotinin and DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26—Asn4l-GluS3-apf6ﬁnin.

These aprotinin variants can also carry the amino acid proline in position 2.

20  The invention also relates to medicaments comprising one or more of these aprotinin
variants.

The novel proteinase inhibitors described are suitable for the treatment of disease states
in which - also as a result of relatively complex surgical methods such as, for example,

in cardiac surgery or in alloarthroplastic joint replacement in transplantation medicine -
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term nal sequence ' Arg-Pro-Asp' 5 For the preparation of a yeast
expression vector which allows the secretion of Serl O
" Argl5- Al al7- Asp24- Thr 26- 3 u31- Asn4l-d u53-aprotinin with the natural

N-t er m nal sequence 'Arg-Pro-Asp', the MF[err]1 pronoter with the
a-factor pre-sequence. and the 5' end of the aprotinin gene (up to the
recogni ti on sequence of the restriction enzyne Xhol ) was first
anplified by nmeans of PCR and cl oned. <The priners used had the 10

fol |l ow ng sequence: Primer C

5' GCGATAT GlofiVatishl 6¢thé plabhAnCelZy el iateAn@cdurs due to extéstvdomiRiénsize doreighi on
sequence i s ynderlined, Primer D 15

5' GEGCT et IROSCAAAGCAGAAGAAGCAGCGAAC
AAGACAGCAGTGAAAATAGATGGAATCTCATTCTTTTAATCGITTATATT 3' . The Xhol

recogni ti on sequence is underlined.
The inhibitors reduce the blood loss in operations which are associated with an

increased risk of bleeding (e.g. heart operations, bone and joint surgery). They are
5 suitable for therapy in the case of shock, polytrauma and cranial and brain trauma,
sepsis, disseminated intravasal coagulc;pathy (DIC), multi-organ failure, inflammatory
disorders with involvement of the kallikrein system such as rheumatic joint disorders
and asthma. They prevent invasive tumour grthh and metastasis by inhibition of
plasmin. They are also suitable for pain and oedema therapy due to inhibition of
10  bradykinin synthesis, and for the treatment of strokes. They are also suitable for

dialysis therapy and certificial organs to prevent inflammatory disorders, coagulation

and increased risk of bleeding.
reparation of the aprotinin variants according to the inventio

To prepare the aprotinin variants according to the invention, it is convenient to employ
15 genetic engineering processes. To do this, using customary molecular biology methods,
the genetic engineering information for the synthesis of the aprotinin variants
considered in each case is introduced into a- suitable microbial expression organism.
The recombinant microorganism is fermented; by choicé of suitable conditions, the

heterologous hereditary information is expressed. The expressed aprotinin variant is
20 subsequently obtained from the culture broth.

Suitable host organisms for the production of the aprotinin variants according to the
invention can be bacteria, yeasts or fungi. Expression can be effected intracellularly or,
using suitable secretion systems, extracellularly. The aprotinin variants can be correctly

processed or fused to peptides or proteins.

25 Suitable systems for the expression of aprotinin variants have been described in the
Patent Applications EP 683 229, WO 89/02463, WO 90/10075 and in various other

patent applications of those already mentioned above. This is the replacement sheet
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The PCR m xture contained 200 ng of pA202 plasmd DNA, 0.2 [err]Mprimer C,

0.2 [err]M primer D, 200 [err] MdNTPs, 1 x PCR reaction buffer 11
(Stratagene, Opti-Prine[err]) and 20 2.5 U of Tag DNA pol ynerase (Perkin
Elmer) in a total volune of 50 [err]l. The 'cycle’ conditions were: 1

mn at 94[err]C, 30 cycles with, 'in each case, 1 min at 94[err]C, 1 mn at
50[err]C and 2 min at 72[err]C and a sub8equent 5 mn incubation at
72[err] C. The PCR m xture was diluted 1:5 and ligated with the vector
PCRI | (1 nvi Mk for \dar a6t thedinivention m xture, E. coli DH5[err]
cells were transfornmed. Positive clones were identified after a 25
restriction digestion with the enzyne EcoRl and several clones were
sequenced. Evmes cl one plU20.11.L was enpl oyed for the further studies.

- 20 -
The enzymes used (restriction endonucleases, alkaline phosphatases from calf intestine,

T4 polynucleotide kinase and T4 DNA ligase) were obtained from Boehringer

5 Mannheim and GIBCO/BRL and employed according to the instructions of the
manufacturers.

Molecular biology technigués

Routine cloning tasks, such as, for example, the isolation of plasmid DNA from E. coli
(so-calied miniprep) and the transformation of E. coli with plasmid DNA were carried
10 out according to Sambrook et al. (Molecular Cloning Cold Spring Harbor, 1989). The
host organism employed for transformations was the E. coli strain DHS5a
(GIBCO/BRL). To isolate larger amounts of plasmid DNA, Qiagen tips (Qiagen) were
used. The extraction of DNA fragments from agarose gels was carried out with the aid

of Jetsorb according to the details of the manufacturer (Genomed).

15 Oligonucleotides for "site-directed mutagenesis" experiments and primers for PCR and
sequencing reactions were prepared using the "380 A DNA synthesizer" from Applied
Biosystems. The mutagenesis experiments were carried out according to a process of
Deng and Nickoloff (Deng et al., Anal. Biochem. 200, 81-88, 1992) using a kit 'from
Pharmacia Biotech ("Unique Site Elimination Mutagenesis"). All vector constructs and

20 mutagenesis experiments were confirmed by Taq cycle DNA sequencing using

fluorescence-labelled terminators on an "ABI 373 A sequencer” (Applied Biosystems).
Transformation of Saccharomyces cerevisiae

Yeast cells, e.g. the strain JC34. 4D (MATa, ura3-52, suc2), were cultured in 10 ml of
YEPD (2% glucose; 2% peptone; 1% Difco yeast extract) and harvested at an O.D. 40 1
25 of 0.16 to 0.8, The cells were washed with 5 ml of solution A (1 M sorbitol; 10 mM
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The E. coli/yeast shuttle vector pYES2 (Invitrogen) was used for the

.construction of a yeast secretion vector in which the
Ser 10- Arg15- Al al 7- Asp24- Thr 26- 3 u31- Asn41l- G ub3-aprotinin sequence
is linked directly to the yeast al pha-factor pre-sequence. The vect or

PYES2 was first cleaved with the restriction enzynes Sspl and BanH, 5
dephosphoryl ated and gel -purified. The @ALd pronoter present on the vector
pYES2 and the f1 ori are renoved in this way. An about 1030 bp DNA
fragment wasidine pHegl3s; 3% ethylede Fvoaly, efwkpentied ihr(2nnilhe setftionr A Rhiatbréd - L,
purified by neans of agarose gel el ectrophoresi s and cl oned toget her
with an abo@ -1¥€.bp Xhol and BanH fragnent fromthe vector

pPES9. 10.L into the vector pYES2 cleaved with Sspl and BanH . Using 10 t he
l'igation mxture, E. coli DH5a cells were transfornmed. Positive clones were

i dentified &?lﬂkrﬁQQDNAC(Gq,tg’)fdrﬂrcamérGBNN GO fréindfEtih® Bpetin)) werd @dddzts e
Xhol . Yeast cells 4.4D) were transfornmed using the vector

pl U28. 11. L rfeazgnicely Tfhecswlls ese &earthﬁged by shakimghfor SxpirealsiTok. Hdter eddmon

plu28. 1% L

brocessing of LRarCRt SRR PEaPs PEGI0RG R HMHENE B A Bhssts st

15  takes pfhéetatedxdt/303C for §0 Biin,aRed Githt 1% nd iof 8eluties I (0CEEM NaiTl; 1 G mM

i ndependent of. the cl eavage by the Kexl| protease. . Exampl e

3 bicine pH 8.35) and resuspended in 100ul. Plating-out was carried out on a selective
medium with 2% agar. Transformants were obtained after an incubation of 3 days at

30°C.
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Ferment ati on of Saccharonyces cerevi si ae A Saccharomyces cerevisiae

.expression strain was fernented as descri bed above. 20 Exanpl e 4
Purification of aprotinin derivatives w thout net charge at neutral pH

1. Survey of suitable purification processes After the

fermentation, the cells are separated off by centrifugation and the
super nat ant -8-

Nutrient media for the fermentation

1. SD2 medium:

Bacto Yeast Nitrogen Base 6.7 g/l
Glucose* 20 g/l
5 KH,PO, 6.7 g/l
pH 6.0
2. SCS5 medium: '
Glucose* 20 g/l
Difco yeast extract 20 g/1
10 KH,PO, ' 6.7 g/l
(NH,).SO, - 2.0 g/l
. MgSO, x 7H,0 1.0 g/
Trace element solution SL4 1.0 mi/l
pH 6.0
15 Trace element solution SL4:
Titriplex 11 - 5S¢l
FeSO, x 7 H,0 2gl
ZnS0, x 7 H,0 0.1 g/l
MnCl], x 4 H,0 0.03 g/l
20 H,BO, ' 0.3 g/l
CoCl, x 6 H,0 0.2 g/l
CuCl, x 2 H,0 0.01 g/l
NiCl, x 6 H,0 0.02 g/l
Na,MoO, x 2 H,O0 - 0.03 g/l

25 * = autoclave separately

3.  Fermenter medium:
Glucose* 2.0 g/l
Soya peptone 25.0 g/l
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- 21 - which remains is filtered in order to renove renaining cells.
. The cell-free supernatant is adjusted to pH 3 by addition of concentrated
citric acid. The solution nmust be suitably diluted with purified
water in order to establish a - conductivity of less than 8 nS/cm
Subsequently, the solution is applied to a cation 5 exchanger col um,

whi ch has previously been equilibrated wt-h an acid buffer. Unbound
material is renmoved by copious washing with starting buffer. The product is
eluted with the ai dkpf,Pp@,salt gradient. The idagli ons obtained are

investigated further for their product content with the aid of
rever se- phase hi gh- MeS&sut @ Hofyui d chr onat ogd &pdl (RP-HPLC) and a
bi ol ogi cal acti vi tym%%né/msgdget er m nes thg_lplrnghease i nhi bition.

Inositol 20 mg/l

5 Trace element solution 3 mi1
Vitamin solution 3mi
(NH,),SO, 3.8 g/l
pH 5.5

Feed solution:

10 Glucose* : 530 g/l
(NH,),S0, 5.0¢1
KH,PO, 29 g/l
MgSO, x 7 H,0 3.8 gl
Thiamine chloride 13 mg/l

15 Inositol 70 mg/l
Trace element solution 6.8 mli/1
Vitamin solution 6.8 ml/l

Trace element solution:

FeCl, x 6 H,0O 13.5 g/l
20 ZnCl, x 4 H,0 20 g1
H,;BO, 0.5 g/l
CoCl, x 6 H,0 - 20¢gl
CuSO, x 5 H,0 1.9 g/l
Na,MoO, x 2 H,0O 2.0g/l
25 CaCl, x 2 H,0 1.0 g/l
HCI conc. ' 100 ml/1

* = autoclave separately
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10° Fractions which contain the product are conbined and applied directly

.to a preparative RP- HPLC col unmm. The col unm was previously
equilibrated with an acidic buffer. Unbound protein is renoved by
washing the colum with starting buffer. The product is eluted with

the aid of an organic solvent gradient. The fractions are again
I nvestigated further for their product cpntent as al ready descri bed above
and those 15 fracti ons which contain product are conbi ned. Dependi ng on

the purity of theyipimisUsdlution: achieved, it may possibly be necessary to
purify the conbined fractions on a second RP- HPLC col um. The
condi ti ons are essedtibeflaynthe same as those%ﬂ%&’édy descri bed. The

product sol ution obtaj ned i [luted with wa or injection purposes and
di spensed in sui tabl@a B%'&?tlh%hagé and freeze-dr itsg%_gfl 20 O her net hods for

the purification of Nigp@iitaci derivatives wi tghpgt net charge at neutral
pH whi ch can be conmbined with the processes described above are affinity

chromat dgr aphy on Sdpmidesine hydrasbloridged trypdih8dnd gel perneation
chr omat ogr aphy.

. 2. Purification
DesPr 02- Ser 10- Ar g15-MPHP7- Asp24- Thr 26- @ u31- A’s‘%ﬁ’-‘
G u53-aprotinin Folic acid 0.04 g/l

Preparation of working preserves

Using a stock preserve, 200 ml of SD2 medium in a 1 1 Erlenmeyer flask were
10 inoculated to a concentration of 1%. The culture was incubated for 72 hours at 28°C

on the shaker (260 rpm). 2 ml each were then filled into preserve containers and frozen

in liquid nitrogen.
Fermentation in the shaker flask

As a preculture, 200 ml of SD2 medium were inoculated to 1% with a working
15  preserve in a 1 | flask and fermented for 72 hours at 28°C on the shaker (260 rpm).
Using the preculture, main cultures (200 ml of SC5 medium in 1 1 flasks) were

inoculated to a concentration of 1% and incubated for 72-96 hours on the shaker at
28°C.

Fermentation in 10 1 bioreactors

20 As a preculture, 200 ml of SD2 medium were inoculated in a 1 | flask to a
concentration of 1% with a working preserve and fermented for 72 hours at 28°C on
the shaker (260 rpm). The main culture in the 10 | fermenter was carried out as a fed-
batch fermentation over the course of 96 hours. The nutrient medium used was

fermenter medium and the starting volume was 7 1. The fermenter was inoculated with
25 200 ml of preculture.
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25° Material from 101 fernentations was purified according to the
follow ng process. After the fernmentati on was conplete, the
fermenter contents were adjusted to pH 3 using concentrated citric
acid and heated at 70[err]C for 10 m nutes. The cells were then

- 22 - renoved by centrifugation (15 mnutes, 7500 x g, Heraeus
centrifuge) and the supernat ant obthikned was filtered (8 [err]mto
0.2 [err]m MIllipore, Germany). Fromthis stage, the supernatant can
be stored umermehtatiocdonditioddy freezing at -18[err] C. The sol ution

was then diluted to a_conductivity of less than 8 nS/cm by addition of
purified watT@mpsraturah%WéFppl ied to an SP-sepharose FF col um (Pharnaci a,

Sweden) . Th"g&ﬁioﬂgps&@&' of stirrer: 500 rpm
Aeration: 10 V/min
5 pH: 5.5
Head space pressure: 200 mbar
After a fermentation time of 7 hours, feeding was started. The feed rate was controlled
via the respiratory quotient (RQ) (RQ = CO, formed/oxygen consumed). If the RQ

climbed to values of > 1.15, ﬂle feed rate was lowered, if it fell to values of < 1.05 the

10 feed rate was increased.

At regular intervals, samples were removed from the fermenter and the cell growth was
determined by measurement of the optical density at 700 nm. Additionally, the

concentration of Bay 19-8757 in the supernatant was determined by activity
measurement. '

15 At the end of the fermentation, the pH was lowered to 3.0 by addition of 50% (w/v)
citric acid and the fermenter was heated at 70°C for 10 min. The cells were then

separated off by centrifugation at 7,500 x g and the supernatant was handed over for
protein purification.

M:iterials for protein chemical analysis

20  The sequence analyses were carried out using a protein sequencer model 473A from
Applied Biosystems (Forster City, USA). The standard sequencing programme was
used. The sequencer, the various sequencing programmes and the PTH detection system
are described in detail in the operating handbook (User’s manual pfotein sequencing

system model 473 A) (1989) Applied Biosystems Forster City, CA 94404, USA).

25 The reagents for the operation of the sequencer and the HPLC column for PTH
detection were obtained from Applied Biosystems.
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previously been equilibrated with 50 nMcitrate-NaCH buffer, pH 3. Unbound

.protein was renoved by intensive washing with the sanme buffer. The
product was then el uted with the aid of a salt gradient (1 M Nad).
The fractions obtai ned were investigated for their product content

with the aid of reverse-phase hi gh-pressure |iquid chromatography 10
(RP-HPLC, C4) and by testing of the pratgase inhibition activity. Those

fractions which contain the desired product were conbined.
The product 1! #PLO e WER cpidd 86t WirgSar HP 1090 HBLE! syStenRRoiPHEWRM UM
(Sour ce 15 RPC, Pharnacia, Sweden), which had previously been

equi | i br at edPagkarl (D-Wsddbronn). AniRR-4 HFEL columadi280 wm et 4.6Unib Jnidl msteriadi n
d int ensi hi ithghe 15 ffer. Th duct
ot ed wi ¢ DheABRTR B R, o Hefferbind, (O30 gt wal BB BEME 112

fractions olksirAgsh.were again investigated for the product content using

t he nmet hods descri bed above and those which contai ned product were
conbi ned. For the final purification, the product-containing

sol ution wasndi | ut.ed wt t et I L nj.ectio rpRses. and Lied
o the SeconmerAIBRe Seboresly el 270 Arp S Sk RpB BT AR GRe!
previously heigy] @4W44DL BEAY A& bliulk, ¥ daiplésunéRdaRiied B/dr y\ﬁ&hﬁfalw over
Unbound protein was renoved by intensive washing wth_the same buffer. The
pr oduct variopg time intesvalsyiThis capitlary eplumnn ysed ('5gaum & 62 om) was [feony Appliedht

Co00 : :
(0-70% . TheBifog s(%énllsqns obt ai ned.

The amino acid analyses were carried out with an amino acid analyser LC 3000 from
10  Eppendorf Biotronik (D-Maintal). A slightly modified standard separation programme
from Biotronik was used. The separation programme and the function of the analyser

are described in detail in the apparatus handbook.

The molecular weights were determined with a MALDI I system from
Kratos/Shimadzu (D-Duisburg). The SDS electrophoreses were carried out with an

15 electrophoresis system from Pharmacia (D-Freiburg).

The determination of the kinetic data was carried out with the microtitre plate reader

from SLT (D-Crailsheim). The washing of the microtitre plates was carried out with a
washing apparatus from Dynatec (D-Denkendorf).

Enzymes and substrates were from Calbiochem (D-Bad Soden). All other chemicals
20 and reagents were from Merck (D-Darmstadt) or Sigma (D-Deisenhofen). 96-well

plates were obtained from Greiner.

The polyclonal rabbit anti-aprotinin antibodies were raised in rabbits by immunization
with aprotinin. The human polyclonal anti-aprotinin antibodies come from patients who

were treated with aprotinin.
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weie again investigated for the product content using the nethods descri bed

.above and t hose whi ch contai ned product were conbi ned. 25 The
product solution obtained was diluted with water for injection purposes,
di spensed in suitable portions (20, 10, 1 and 0.2 ng), |yophilized
and anal ysed. -
Exanple 5 Determ nation of the-KBerr] of human plasma kallikrein

usi ng DesPro- Ser 10- Argl15-
Protein chemical analysis

N-terminal sequence analysis

1-3 nmol of protease inhibitor dissolved in water were loaded on a sequencer sheet
which was preincubated with Polybrene. The protein was sequenced using the fast

5 normal sequencer cycle. The PTH amino acids were identified by means of online
HPLC with the aid of a 50 pmol PTH standard.

Amino acid analysis

200 pg of protein were dissolved in 200 pl of 6N HCIl and hydrolysed for ‘1 h at
166°C. About 1 nmol of the sample was added to the amino acid analyser. The amount

10  of amino acid was determined by means of a 5 nmol standard.
SDS gel electrophoresis

The SDS gel electrophoresis was carried out according to the conditions of Laemmli.

10 pg of the protease inhibitor were analysed using a 10-20% strength SDS gel and -
visualized by means of silver staining (Merril et al.).

15 UK. Laemmli, Nature 227, 680-685 (1970).
C.R. Merril, M.L. Dunau, D. Goldmann, Anal. Biochem. 100: 201-207 (1981). "

Capillary electrophoresis

8 ng of the protease inhibitor were investigated by means of capillary electrophoresis
on a glass column (length 72 cm, internal diameter 50 um). Conditions: current density

20 90 pA, column temperature 25°C, 100 nM phosphate buffer pH 3.0, detection 210 nm,
loading under pressure 3 sec.

This is the replacement sheet

1 0 SEP g7

Date:



Al al7- AsR24- Thr 26- G u31- Asn41- @ u53-aprotinin Exanpl e: 5 1
.unit of human plasma kallikrein was diluted to 16 ml with buffer (0.05 M

tris/0.1 M NaCl, 0.05% Tween 20; pH 8.2). 200 [err]l of this enzyne
solution were mxed with decreasi ng volunes of test buffer (250, 240,
230, 220, 200, 180, 170, 150, 100 and 50 [err]l) and then increasing
amounts of inhibitor in the assay bufferl4were added (10, 20, 30, 50,

70, 80, 100, 150, 200 and 250 [err]l; concentration 0.7 [err]g/[err]l).
10  The enRgversd-plnisbichiymaiographyon was prei ncubated at room tenperature for

4 hours. 18Q [err]l of .each solution was then added to e |l of a
N erotitre Sinal ke pokes ihiinior were chioRHAEMReRony Bareranel BBTIBIBAC The
change in t r oL Q0. A sy 1 ] Thesrate
of t e enzy SuAE P diaton oTRR X 200 nith, AR pore size) e flent itk

cal cul at ed fvapan adetenitrile/AFA gradient. Comditiensh fldwahte B Zinbmiii cobinenicarperatiadi ci ne
: - 7,(1984)).
32 3875 1540°(§3, de(tection)20°C, solvent A 0.1% TFA, Solvent B 0.1% TFA/60% acetonitrile;

gradient: 0 min 0% B, 10 min 0% B, 70 min 100% B, 80 min 0% B.

Molecular weight determination
1 pg of the protease inhibitor was analysed using the MALDI technique. The matrix
used was sinapic acid. The standard proteins for mass calibration were bovine insulin,

10 cytochrome C and melittin.

Protein content

The protein content is determined according to the BCA method. In this method, Cu®*
ions are reacted by means of the proteins present to give Cu'* ions which form a

complex with bicinchoninic acid, which absorbs at 560 nm.

15 The lyophilized protein is brought to equilibrium moisture content and dissolved in
0.9% NaCl solution at a concentration of 1 mg/ml. A dilution series is prepared.
1000 pl of BCA test reagent (Pierce) are added to 50 pl of sample solution, and the
test tube is firmly closed with a stopper and incubated at 60°C for exactly 30 miﬁutes.
After cooling the samples in an ice bath for 5 minutes, measurement is carried out at.
20 a temperature of 25°C and a wavelength of 560 nm.

Activity: (trypsin inhibition test, titrimetric)

The activity is determined according to a modified F.I.P. trypsin inhibition test. Bay y
19-8757 inhibits the trypsin-catalysed hydrolysis of No-benzoyl-L-arginine ethyl ester
(BAEE). The carboxyl grbups liberated in the reaction are determined by the alkali
25 titration. The trypsin residual activity is a measure of the inhibitory activity of the
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Substrate stock solution: 0.1 Min DVSO Substrate sol ution: 1 x

.10[err]M S- 2302 in assay buffer Assay buffer: 0.05 M
tris-(hydroxynethyl)-am nonet hane, 0.1 M Nad ,
0. 05% Tween 20; pH 8.2; 1 m of benzyl alcohol/I. 20 The kinetic

constants of the conplexation with the enzynes plasmn factor Xl a, bovine
trypsin and chynotrypsin were determ nedl®y the sane procedure. The

substrates were Chromozym PL for plasm n, HD Pro-Phe-Arg-pNA for
factor X, Sctiveddorhpsundl ypsin and Suc- Phe- Leu- Phe-pNA for
chynot rypsi n. - 24 -

The lyophilized protein is brought to equilibrium moisture content, dissolved in 0.9%

NaCl solution at a concentration of 1 mg/m! and a dilution series is prepared. 2 ml of

" buffer (15 mM borate buffer, pH 8.0 containing 200 mM CaCl,) and 0.8 ml of trypsin

5 solution (2 mg/ml) are added to 1 m! of sample solution and the mixture is incubated
at 25°C for 5 minutes. 0.2 ml of BAEE solution (6.8 mg/ml) is then added and the

KOH consumption is measured over the course of 5 minutes.

Determination of the cross-reaction of the protease inhibitors with polyclonal

rabbit or human anti-aprotinin antibodies

10 . 0.5 - 10 ng of protease inhibitor or aprotinin dissolved in coupling buffer were bound
overnight at 4°C to a microtitre plate. The wells were washed 4 times with 200 ul of
wash buffer each time and 100 pl of the blocking solution were then added. The plate
was covered and incubated at 37°C for one hour. After washing as described above,
the polyclonal rabbit anti-aprotinin antibodies (0.2 pg/ml in 1% BSA in PBS buffer) or

15 the polyclonal human antibodies (20 pg/ml in 1% HSA in PBS buffer) were added.
The plate was covered and incubated at 37°C for one hour and then washed as
described above. 100 pl of biotinylated anti-rabbit or anti-human antibody (25 pl + 10
ml of 1% BSA or 1% HSA in PBS buffer) were then added and the mixture was
incubated at 37°C for one hour. The plate was washed as described above and 100 ul

20 - of streptavidin-peroxidase complex (50 pl + 10 ml of 1% BSA or 1% HSA ih. PBS
buffer) were then added to each well. The plate was covered and incubated at 37°C for

one hour and then washed as described above.

The substrate reaction was carried out with TMB substyate + peroxidase solution (1+1;
100 pl per well). The reaction was stopped after 10 min using 100 pl/well of 2 M

25 phosphoric acid and the absorption was measured at 450 nm (reference 570 nm).
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Exanpl e 6 Results of the protein chem cal characterization of

.DesPro2- Ser10- Arg15- Al al7- Asp24- Thr 26- A u31- Asn41l-d u53-aprotinin
The protease

i nhi bi t or DesPro2- Ser 10- Ar g15- Al al7- Asp24- Thr 26- d u31- Asn41-d u53- 5
aprotinin was prepared by secretion by neans of a yeast organismnodified

by genetic engi neering. It was purified to honbgeneity fromthe yeast
super nat ant by vari ous chr omat ogréﬁh'i c processes. The identity of the
i nhi bitor with the cloned sequence is shown by the follow ng protein
anal ytical $eludéens; gations. N-term nal sequence anal ysis 10
The protease inhibitor was conpl etely sequenced over 57 steps. The
followi ng |ist shows the protein sequence determ ned, which is
i dentical tp Inbsbatibabadegequent®nM Na,CO,, 35 mM NaHCO,, pH 9.6

2. Sample buffers: The samples were dissolved in the incubation buffer at a

suitable concentration.
5 3. Wash solution: 0.1% (v/v) Tween 20 in PBS
4, Blocking buffer: 3% (w/v) BSA or HSA in PBS.

Examples
Example 1

Preparation of a yeast expression vector for the secretion of recombinant DesPro2-

10 Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-GluS3-aprotinin

The starting material used for the preparation of the DesPro2-Ser10-Argl5-Alal7-
Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin gene was a DesPro2-Argl5-Alal7 gene,
which was cloned into the vector pUC18 by means of the restriction enzymes HindIII
and BamHI. The resulting vector (pEM6.6.L) was subjected to a double strand
15 mutagenesis reaction according to the U.S.E. process (Pharmacia Biotech) with the

mutagenesis primer A and the Scal/Mlul U.S.E. selection primer. The mutagenesis
primer A had the following sequence:

Primer A
5’GGCTGCAGAGCTAACCGTAACAACTTCAAATCCGCGGAAGACTGCATGG

20 AAACTTGCGGTGGTGCTTAG 3°. This primer generates the mutations Asn41 and
Glu53 in the DesPro2-Argl5-Alal7 aprotinin gene. The analysis of the clones was |
carried out by means of a restriction dig'eétion using the enzymes Scal and Sphl. The
desired sequence was additionally confirmed by DNA sequencing of the clone
pEM31.8.L. The further replacements in the 5’ area of the gene (Ser10-Asp24-Thr26-

25 Glu31) were produced with the aid of the PCR technique using the primer B and the
‘reverse 24-mer M13’ primer starting from pEM3l.8.L plasmid DNA. The primer B
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Ar g- Asp- Phe- Cys- Leu-d u- Pr b- Pro-Ser-Thr-Ad y-Pro-Cys-Arg-Ala-Ala-lle-lIle-Arg
- Tyr - 21 15

Phe- Tyr - Asp- Al a- Thr- Al a-d y- Leu- Cys-d u- Thr- Phe-Val - Tyr-d y-d y- Cys-Arg- Al a
- 40

Asn- Ar g- Asn- Asn- Phe- Lys- Ser- Al &- 3 u- Asp- Cys-Met-Ad u-Thr-Cys-G@y-A y-Al a
Sequence anal ysis of DesPro2-Ser10-Argl5; Al al '

7- Asp24- Thr 26- A u31l- Asn4l- d u53- ) ?iproti nin over 57 steps. 20

Am no aci d_ anal y?i S
had the following sequence:

Primer B

5‘TGCCTCGAGCCGCCGTCTACTGGGCCCTGCAGAGCTATCATCCGTTACTTC
TACGATGCAACTGCAGGCCTGTGTGAAACCTTCGTATACGGC 3'. The Xhol

5 - recognition sequence is underlined.

The PCR mixture contained 20 ng of pEM31.8.L. plasmid DNA, 20 pmol of ‘reverse
24-mer M13’ primer, 60 pmol of primer B, 200 pM of dNTPs, 1 x PCR reaction
buffer II (Perkin Elmer), 4 mM MgCl, and 2.5 U of Taq DNA polymerase (Perkin
Elmer) in a total volume of 100 pl. The ‘cycle’ conditions were: 3 min at 94°C, 30
10 cycles of, in each case, 1 min at 94°C, 1 min at 55°C and 1 min at 72°C-and a
subsequent 5 min incubation at 72°C. The PCR mixture was diluted 1:5 and ligated
with the vector pCRII (Invitrogen). Using the ligation mixture, E. coli DHS5a cells were
transformed. Positive clones were identified after a restriction digestion with the
enzymes Xhol and BamHI and several clones were sequenced. The clone pES9.10.L
15 contained the desired sequence and was employed for the further studies.

An E. colifyeast shuttle vector (e.g. pA202) was used for the construction of a: yeast
secretion vector in which the DesPro2-Ser10-Argl15-Alal7-Asp24-Thr26-Glu31-Asn41-
Glu53-aprotinin sequence is linked to the yeast alpha-factbr pre-pro sequence.

The vector pA202 carries an ampicillin resistance gene (bla) and a URA3 gene as
- 20 selectable marker genes for E. coli and yeast. Further essential elements of the vector
are the Col E1 and the 2 p origin of replication (ori). The REP3 locus is also situated
in this region. A 1200 bp EcoRI HindIII fragment carries the MFal promoter and the
N-terminal pre-pro sequence of the yeast alpha-factor precursor protein (Kurjan and
Herskowitz, Cell 30, 933 943, 1982). By introduction of a modified DesPro2-Argl$s-
25 aprotinin cDNA as a HindIlI-BamHI fragment, the recognition sites for the KexII
protease (‘Lys-Arg’) within the alpha-factor pre-pro sequence was again prepared (EP

0 419 878). '
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Anmino acid analysis is an inportant quantitative paraneter for the
_.Characterization of 25 -

a protein. Besides the protein content, in the case of known primary

structure, the nunber of individual amno acids is determ ned. The am no
acid anal ysis of DesPro2-

Ser 10- Argl15- Al al7- Asp24- Thr 26- 3 u31- Asn4l- 3 u53-aprotinin is in gobd
agreenent with the theoretical values fA8m t he primary structure (Tab. 1).

At the 3’ end of the DesPro2-Argl5-aprotinin sequence, the vector carries a BamHI-
sall fragment of the yeast URA3J gene, which functions in this position as a termination

signal for transcription (Yarger et al., Mol. Cell. Biol. 6, 1095-1101, 1986).

A 180 bp DNA fragment was excised from the vector pES9.10.L with Xhol and
5 BamHI, purified by means of agarose gel electrophoresis and cloned into the vector
pA202 which was also cleaved with Xhol and BamHI and dephosphorylated. By
means of this cloning, the DesPro2-Argl5-aprotinin in the vector pA202 is replaced by
the DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin. Yeast
cells (JC34.4D) were cloned using the vector pES13.10.L resulting from this cloning.

10 Other E.coli/yeast shuttle vectors with different promoters, such as, for example, the
constitutive GAPDH or the inducible GAL 10 promoter, can be prepared in a similar

manner and also lead to the secretion of DesPro2-Ser1(0-Argl5-Alal7-Asp24-Thr26-
Glu31-Asn41-Glu53-aprotinin.

In addition, it is of course also possible to employ shuttle vectors with other yeast

15  replication origins, such as, for example, the segment (ars) which autonomically

replicates chromosomally.

Besides the URA3 gene, suitable selectable marker genes are those genes which help
an auxotrophic yeast mutant to prototrophy, such as, for example, the LEU2, HIS3 or
TRP1 genes. Additionally, genes can of course also be employed whose products

20  impart resistance to various antibiotics, such as, for example, the aminoglycoside G418.

Other yeasts, such as, for example, the methylotrophic yeasts Pichia pastoris or
Hansenula polymorpha, are also able, after transformation with suitable vectors, to
produce DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-GluS3-aprotinin.
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- 26 - Table 1 Am no acid anal ysis of

_ DesPro2- Ser10- Arg15- Al al7- Asp24- Thr 26- 3 u31- Asn41- A u53-aprotinin.
The nunber of residues are based on Al a=7. Am no acid Nunber of
resi dues Theoretical nunbers 5 CysSgerr]H 5. 28
6 Asp 6. 27 6 Thr
3.49 4 Ser 19 : 1.58
2 Au 4.25 AT 4

Example 2

Preparation of a yeast expression vector for the secretion of recombinant Ser10-
Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin _with the natural N-

terminal sequence ‘Arg-Pro-Asp’

5 For the preparation of a yeast expression vector which allows the secretion of Ser10-
Argl5-Alal7-Asp24-Thr26-Glu3 1-Asn41-Glu53-aprotinin with the natural N-terminal
sequence ‘Arg-Pro-Asp’, the MFal promoter with the a-~factor pre-sequence and the 5’
end of the aprotinin gene (ﬁp to the recognition sequence of the restriction enzyme

Xhol) was first amplified by means of PCR and cloned. The primers used had the
10  following sequence:

Primer C:
S’GGGATATCTATTGATAAGATTITAAAGGTATTTGACAAG 3°.

The EcoRV recognition sequence is underlined.

Primer D.:
15 5’GGGCTCGAGGCAGAAATCTGGTCTAGCCAAAGCAGAAGAAGCAGCGAAC
AAGACAGCAGTGAAAATAGATGGAATCTCATTCTTTTAATCGTTTATATT 3°.

The Xhol recognition sequence is underlined.

The PCR mixture contained 200 ng of pA202 plasmid DNA, 0.2 uM primer C, 0:2 uM

primer D, 200 uM dNTPs, 1 x PCR reaction buffer 11 (Stratagene, Opti-Prime™) and

20 2.5 U of Taq DNA polymerase (Perkin Elmer) in a total volume of 50 pl. The ‘cycle’

conditions were: 1 min at 94°C, 30 cycles with, in each case, 1 min at 94°C, 1 min at

50°C and 2 min at 72°C and a subsequent 5 min incubation at 72°C. The PCR mixture

was diluted 1:5 and ligated with the vector pCRII (Invitrogen). Using the ligation

mixture, E. coli DHS5a cells were transformed. Positive clones were identified after a

25  restriction digestion with the enzyme EcoRI and several clones were sequenced. The
clone plU20.11.L was employed for the further studies.
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10 Ay 6. 16 6 Al a
_7.00 7 Val 0. 98

1 Met 1.10 1 Ile

1.66 2 15 Leu 1.89

2 Tyr - 2. 49 3 Phe

4.11 4 Lys =90 - 1.05

1 Arg 4. 73 5 20 Pro

3.23

det er mi ned DY %‘ewié‘?eﬁftcsﬁgied"e&gﬂr &Aﬁs&{“ﬁiﬁgeeﬁ S Wed o %g&l??gﬁﬁ%(}rﬁe?fea

sul phone) . yeast secretion vector in which the Serl0-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-

Glu53-aprotinin sequence is linked directly to the yeast alpha-factor pre-sequence. The

vector pYES2 was first cleaved with the restriction enzymes Sspl and BamHI,

5 dephosphorylated and gel-purified. The GAL1 promoter present on the vector pYES2

and the fl ori are removed in this way. An about 1030 bp DNA fragment was excised

with EcoRV and Xho! from the vector pIU20.11.L, purified by means of agarose gel

electrophoresis and cloned together with an about 180 bp Xhol and BamHI fragment

from the vector pES9.10.L into the vector pYES2 cleaved with Sspl and BamHI. Using

10 the ligation mixture, E. coli DH5a cells were transformed. Positive clones were

identified and sequenced after a restriction digestion with the enzyme Xhol. Yeast cells

(JC34.4D) were transformed using the vector plU28.11.L resulting from this cléniﬂg.

The expression vector pIU28.11.L no longer contains an a-factor pro-sequence, so that

the processing of the Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin

15 takes place exclusively by means of the signal peptidase and is independent of the
cleavage by the KexII protease. '

Example 3

Fermentation of Saccharomyces cerevisiae

A Saccharomyces cerevisiae expression strain was fermented as described above.

20 Example 4
Purification of aprotinin derivatives without net charge at neutral pH

1. Survey of suitable purification processes

After the fermentation, the cells are separated off by centrifugation and the supernatant
This is the replacement sheet
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- 27 - Rever se- phase chromat ography In the HPLC
.chromat ogr aphy of proteins on chem cally bonded reverse phases, binding
to the phase used occurs via a hydrophobic interaction of the proteins. The

proteins are di spl aced by organic sol vents (nobil e phase) according
to the strength of their binding 5 to the stationary phase. For this
reason, this nmethod is a good criterion,for the assessnent of the

purity of a protein. DesPro2-Ser10-Ar gig-lAI al7- Asp24- Thr 26- d u31-
et AN TR LR L
CE chr omat ogr aphy :
The cell-free supernatant is adjusted to pH 3 by addition of concentrated citric acid.
The solution must be suitably diluted with purified water in order to establish a
conductivity of less than 8 mS/cm. Subsequently, the solution is applied to a cation
5 exchanger column, which has previously been equilibrated with an acid buffer.
Unbound material is removed by copious washing with starting buffer. The product is
eluted with the aid of a salt gradient. The fractions obtained are investigated further for
their product content with the aid of reverse-phase high-pressure liquid chromatography
(RP-HPLC) and a biological activity test which determines the protease inhibition.
10 Fractions which contain the product are combined and applied directly to a preparative
RP-HPLC column. The column was previously equilibrated with an acidic buffer.
Unbound protein is removed by washing the column with starting buffer. The product
is eluted with the aid of an organic solvent gradient. The fractions are again
investigated further for their product content as already described above and those
15  fractions which contain product are combined. Depending on the purity of the product
achieved, it may possibly be necessary to purify the combined fractions on a second
RP-HPLC column. The conditions are essentially the same as those already described.
The product solution obtained is diluted with water for injection purposes and

dispensed in suitable portions and freeze-dried.

20  Other methods for the -puriﬁcation of aprotinin derivatives without net charge at neutral
pH which can be combined with the processes described above are affinity

chromatography on Sepharose-immobilized trypsin and gel permeation chromatography.

2. Purification of DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn4l-
GluS3-aprotinin '

25  Material from 10 | fermentations was purified according to the following process. After
the fermentation was complete, the fermenter contents were adjusted to pH 3 using

concentrated citric acid and heated at 70°C for 10 minutes. The cells were then
This is the replacement sheet
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10° Capillary el ectrophoresis allows the separation of peptides and
_proteins on the basis of their charge in an electrical field. The
gquality of the separation in this case depends on the buffer, the pH,
the tenperature and the additives used. The capillaries enployed are

so-called "fused silica” colums having an internal dianmeter of 50-100
[err]m DesPro2-

Ser 10- Arg15- Al al7- Asp24- Thr 26- 3 u31- Asﬁ}%-'G ub53-aprotinin was separated on
a 15 "fused siki,ca" colum in.an el ectrigal field. e opher.ogram
shows a narﬁgmvﬁéaty centrifugation (lslbfr%'ﬁ?sar*@i 6 he” &-ge[raeertlﬁi %egkltﬁ?%gé) ang " e The

nol ecul ar vgipgfifatadt obesddowasSaltdRd AB iR -t4! (a2 (mA\SMAfipdie] Benbthiid 1 FAmi 4His
G ub3-aproti r?ign was determ ned to geg%{gZS dal t ons ugi ng the MALDI

t echni que. $tage, Mhessupernatant eanss stoted wati] utheryseii fienzingeated $iCrddeiselutiangood
bounds of s BTG EH bRt Ab R tap AouSehy pE JuaRBR of il Waer
enpl oyesl asam EPpliddXto an SP-sepharose FF column (Pharmacia, Sweden). The column had
previously been equilibrated with 50 nM citrate-NaOH buffer, pH 3. Unbound protein
was removed by intensive washing with the same buffer. The product was then eluted
with the aid of a salt gradient (1 M NaCl). The fractions obtained were investigated for
their product content with the aid of reverse-phase high-pressure liquid chromatography
10 (RP-HPLC, C4) and by wstﬁg of the protease inhibition activity. Those fractions which

contain the desired product were combined.

The product solution was then applied directly to the first RP-HPLC column (Source
15 RPC, Pharmacia, Sweden), which had previously been equilibrated with 0.1%
trifluoroacetic acid/water. Unbound protein was removed by intensive washing with the
15 same buffer. The product was eluted with the aid of a linear acetonitrile gradient (0-
70%). The fractions obtained were again investigated for the product content using the

methods described above and those which contained product were combined.

For the final purification, the product-containing solution was diluted with water for
injection purposes and applied to the second RP-HPLC column (Vydac C8, Vydac,

20 USA), which had previously been equilibrated with 0.1% trifluoroacetic acid/water.
- Unbound protein was removed by intensive washing with the same buffer. The pr;)duct
was eluted with the aid of a linear acetonitrile gradient (0-70%). The fractions obtained

were again investigated for the product content using the methods described above and

those which contained product were combined.

‘25  The product solution obtained was diluted with water for injection purposes, dispensed
in suitable portions (20, 10, 1 and 0.2 mg), lyophilized and analysed.
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- 28 - SDS gel el ectrophoresis _
. DesPro2- Ser 10- Argl15- Al al7- Asp24- Thr 26- A u31- Asn41- d ub53-aprotinin was
anal ysed under reduci ng and non-reduci ng conditions by nmeans of SDS

el ect rophor esi s. It shows a band in the range of about 6.5 kD. 5
Exanmple 7
-23 -
Example 5§

Determination_of the K, of human plasma kallikrein using DesPro-Ser10-Argl5-

Alal7-Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin

Example:

5 1 unit of human plasma kallikrein was diluted to 16 ml with buffer (0.05 M tris/0.1 M
NaCl, 0.05% Tween 20; pH 8.2). 200 pl of this enzyme solution were mixed with
decreasing volumes of test buffer (250, 240, 230, 220, 200, 180, 170, 150, 100 and
50 ul) and then increasing amounts of inhibitor in the assay buffer were added (10, 20,
30, 50, 70, 80, 100, 150, 200 and 250 ul; concentration 0.7 pg/ul).

10 The enzyme/inhibitor solution was preincubated at room temperature for 4 hours.
180 pl of each solution was then added to the well of a microtitre plate and mixed with
20 p! of substrate solution. The change in the absorption was measured at 405 nm for
10 min. The rate of the enzyme reactions was determined and the K; value was

calculated from this according to the method of Bieth (Biochemical Medicine 32: 387-
15 97 (1984)).

Substrate stock solution: 0.1 M in DMSO

Substrate solution: 1 x 10°M 8-2302 in assay buffer

Assay buffer: 0.05 M tris-thydroxymethyl)-aminomethane, 0.1 M NaCl,
0.05% Tween 20; pH 8.2; 1 ml of benzyl alcohol/l.

20  The kinetic constants of the complexation with the enzymes plasmin factor XIa, bovine
trypsin and chymotrypsin were determined by the same procedure. The substrates were
Chromozym PL for plasmin, HD-Pro-Phe-Arg-pNA for factor XI, S-2444 for trypsin
and Suc-Phe-Leu-Phe-pNA for chymotrypsin. '
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Determ nation of the k[err] values for the conplexation of enzynes with

. DesPro2- Ser 10- Argl15- Al al7- Asp24- Thr 26- G u31- Asn4l-d u53-aprotinin
The inhibitory constants of
DesPr 02- Ser 10- Ar g15- Al al 7- Asp24- Thr 26- A u31- Asn41- G ub3-aprotinin
were determ ned for various enzynes. Table 2 shows the k[err] val ues. 10
Table 2: I nhi bitory constants _o£4'£he conpl exati on of
DesPr 02- Ser 10- Arg15- Al al7- Asp24- Thr 26- G u31l- Asn4l-d ub3-aprotinin
with the e me nd plasma kallikrein, factor Xla, bovi ne
chynot ryps@&#ﬁe—govi ne trypsin. Enzyme
k[err][M

Results of the protein chemical characterization of DesPro2-Serl10-Argl5-Alal7-
Asp24-Thr26-Glu31-Asn41-GluS3-aprotinin

The protease inhibitor DesPro2-Ser10-Arg15-Alal7-Asp24-Thr26-Glu3 1-Asn41-Glu53-

5 aprotinin was prepared by secretion by means of a yeast organism modified by genetic
engineering. It was purified to homogeneity from the yeast supernatant by various
chromatographic processes. The identity of the inhibitor with the cloned sequence is
shown by the following protein analytical investigations.

N-terminal sequence analysis

10  The protease inhibitor was completely sequenced over 57 steps. The following list

shows the protein sequence determined, which is identical to the cloned sequence.

1
Arg-Asp-Phe-Cys-Leu-Glu-Pro-Pro-Ser-Thr-Gly-Pro-Cys-Arg-Ala-Ala-Ile-Ile-Arg-Tyr-

21
15 Phe-Tyr-Asp-Ala-Thr-Ala-Gly-Leu-Cys-Glu-Thr-Phe-Val-Tyr-Gly-Gly-Cys-Arg-Ala-

40
Asn-Arg-Asn-Asn-Phe-Lys-Ser-Ala-Glu-Asp-Cys-Met-Glu-Thr-Cys-Gly-Gly-Ala

Sequence analysis of DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu3 1-Asn41-Giu53-
aprotinin over 57 steps.

20 . An’:inp acid analysis

Amino acid analysis is an important quantitative parameter for the characterization of

This is the replacement sheet
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15 Pl asma kal li krein 2x10[ err]

. Plasm n 5x10[ err]
Factor Xl a 5x10[ err]
Trypsin 2x10[ err]
Chynot rypsin 9X10[ err]
- 29 - Exanpl e 8 25

a protein. Besides the protein content, in the case of known primary structure, the
number of individual amino acids is determined. The amino acid analysis of DesPro2-
Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin is in good agreement
with the theoretical values from the primary structure (Tab. 1).
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Interaction of the protease inhibitors with pollyclonal rabbit or human

.anti - aprotinin antibodi es The protease inhibitors prepared by
reconbi nant met hods were investigated further for 5 their
cross-reactivity using polyclonal rabbits or human anti-aprotinin
antibodies. It was found that the various protease inhibitor variants
only show a very weak interaction \émﬁt h the aprotinin antisera.

- 30 - - &0 -

Table 1

Amino acid analysis of DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-

Glu53-aprotinin. The number of residues are based on Ala=7.

Amino acid Number of residues  Theoretical numbers
5 CysSO,H _ 5.28 6
Asp 6.27 6
Thr 3.49 4
Ser 1.58 2
Glu 425 4
10 Gly 6.16 6
Ala 7.00 7
Val 0.98 1
Met 1.10 1
Ile 1.66 2
15 Leu 1.89 2
Tyr 2.49 3
Phe ' 4.11 4
Lys | 1.05 1
Arg 473 5
20  Pro 3.23 3

*) Cysteine and methionine were determined by performic acid oxidation (Met as -
methionine sulphone).

This is the replacement sheet

Date: 1 0 SEP 199



SEQUENCE LI STI NG (1) GENERAL | NFORMATI ON: (i)

_APPLI CANT: - (A) NAME: Bayer AG 5 (B)
STREET: Bayerwerk (C© CITY: Leverkusen
(E) COUNTRY: GCer nany (F) POSTAL CODE: 51368
(G TELEPHONE: 0214-3061455 10 (H) TELEFAX: 0214-303482
(i1) TITLE OF | NVENTI ON: Aprotl nin variants having inproved
properties (i) NUMBER OF- @EQJENCES 5 (1v)
COVPUTER READABLE FO?I\/I 15 (A) MEDI UM TYPE: Fl oppy di sk

oV er SRR hromatasraph (C OPERATI NG SYSTEM
PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln Rel ease #1.0,

Ver si on #1. 30B ( EPA)
In the HPLC chromatography of proteins on chemically bonded reverse phases, binding

to the phase used occurs via a hydrophobic interaction of the proteins. The proteins are
displaced b.y organic solvents (mobile phase) according to the strength of their binding
5 to the stationary phase. For this reason, this method is a good criterion for the
assessment of the purity of a protein. DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-
Asn41-Glu53-aprotinin elutes as a single peak from the RP-18 phase. It was shown that

the isolated protease inhibitor is very clean.

CE chromatography

10 Capillary electrophoresis allows the separation of peptides and proteins on the basis of
their charge in an electrical field. The quality of the separation in this case depends on
the buffer, the pH, the temperature and the additives used. The capillaries employed are
so-called "fused silica" columns having an internal diameter of 50-100 pm. DesPro2-
Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin was separated on a

15 "fused silica" column in an electrical field. The electropherogram shows a narrow peak.

Molecular weight determination

The molecular weight of DesPro2-Serl0-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-
GluS3-aprotinin was determined to be 6223 daltons using the MALDI technique. In this
case, the molecular weight determined is in good agreement with the theoretical value
20  of 6215 daltons within the bounds of the accuracy of the measuring method. Sinapic

acid was employed as a matrix.

Thig is the repiacerhent sheet
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(2) 1 NFORMATION FOR SEQ ID NO 1: 20 (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH. 69 base pairs
" (B) TYPE: Nucl eotide (C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear 25 (ii) TYPE OF MOLECULE: Genom c DNA
(iii) HYPOTHETI CAL: NO (1v) ANTI-SENSE: NO (vi)
ORI G NAL SOURCE: ' (A) ORGANISM Primer A
-28 -
SDS gel electrophoresis

DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin ~ was
analysed under reducing and non-reducing conditions by means of SDS electrophoresis.

It shows a band in the range of about 6.5 kD.

The inhibitory constants of DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-

Glu53-aprotinin were determined for various enzymes. Table 2 shows the k; values.

10 able 2:

Inhibitory constants of the complexation of DesProZ-SerlO—Arng-Alal 7-Asp24-Thr26-

Glu31-Asn41-Glu53-aprotinin with the enzymes and plasma kallikrein, factor XIa,
bovine chymotrypsin and bovine trypsin.

Enzyme | ﬁ—alﬁ—[;/[] . 1]
15 Plasma kallikrein ax1ott
“ Plasmin 5x107° |
Factor XIa | 5x1071°
“ Trypsin %10 ll
“ Chymotrypsin 9x10” “

This is the replacénﬁen’t. sheet
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-31 - (xi) SEQUENCE DESCRI PTION: SEQ ID NO 1: GGCTGCAGAG

. CTAACCGTAA CAACTTCAAA TCCGCGGAAG ACTGCATGGA AACTTGCGGT

60 GGTCCTTAG ' 69 5
(2) | NFORMATION FOR SEQ I D NO 2: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH 93 base pairs

(B) TYPE: Nucl eoti de (-@o STRANDEDNESS: Single 10

(D) TOPOLOGY: Linear (ii) TYPE OF MOLECULE: Genonic DNA
(iii) HYPOYda NO (iv) ANTI-SENSE: NO (vi)
ORIG NAL S ; (A) ORGANISM Prinmer B

(xi) SEQUENCE DESCRI PTION: SEQ ID NO 2: TGCCTCGAGC CGCCGTCTAC
TGGGCCCTGC

n%n%’ﬁﬁ% the protease inhibitors with polyclonal rabbit or human anti-

aprotinin_antibodies

The protease inhibitors prepared by recombinant methods were investigated further for
5 their cross-reactivity using polyclonal rabbits or human anti-aprotinin antibodies. It was
found that the various protease inhibitor variants only show a very weak interaction

with the aprotinin antisera.

This is the replacement sheet



TCCGITACTT CTACGATGCA 60

. ACTGCAGECC TGTGTGAAAC CTTCGTATAC GGC 93 20 (2)
| NFORVATI ON FOR SEQ I D NO  3: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 38 base pairs (B) TYPE: Nucl eoti de
(C) STRANDEDNESS: Single 25 (D TOPOLOGY: Linear
(ii) TYPE OF MOLECULE: Genonic DNA - 30 - (v) TYPE OF FRAGVENT: Li near
(vi) ORI G NAL SOURCE: (A) ORGANISM Primer C

SEQUENCE LISTING

(1) GENERAL INFORMATION:
() APPLICANT:
(A) NAME: Bayer AG
5 (B) STREET: Bayerwerk
(C) CITY: Leverkusen
(E) COUNTRY: Germany
(F) POSTAL CODE: 51368
(G) TELEPHONE: 0214-3061455
10 (H) TELEFAX: 0214-303482 .
(ii) TITLE OF INVENTION: Aprotinin variants having improved
properties
(iii) NUMBER OF SEQUENCES: 5
(ivy COMPUTER READABLE FORM:
15 (A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS .
(D) SOFTWARE: Patentln Release #1.0, Version #1.30B (EPA)

(2> INFORMATION FOR SEQ ID NO: 1:
20 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 69 base pairs
(B) TYPE: Nucleotide
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
25 (ii) TYPE OF MOLECULE: Genomic DNA
(iti) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Primer A

This is the replacement, sheet
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- 32 - (xi) SEQUENCE DESCRI PTION: SEQ ID NO. 3: GGGATATCTA

.TTGATAAGAT TTAAAGGTAT TTGACAAG 38 (2) | NFORVATI ON

FOR SEQ I D NO 4: (i) SEQUENCE CHARACTERI STICS: 5

(A) LENGTH: 99 base pairs (B) TYPE: Nucl eoti de

(C) STRANDEDNESS: Single (D TOPOLOGY: Linear

(ii) TYPE OF MOLECULE: Genomic DNA 10 -31- (iii) HYPOTHETI CAL: NO

(iv) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A

ORGANI SM Priner Rxi) SEQUENCE DESG:RIPSE@NEIEQ msm PTION. SEQ ID NO 4:

15 GGGCTCGAGG CAGAAATCTG GICTAGCCAA A GCGAACA AGACAGCAGT

60 MﬁW@M@CWMWWimGCGGAAG 99
ACTGCATGGA AACTTGCGGT 60
GGTGCTTAG 69

5 (2) INFORMATION FOR SEQ ID NO: 2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 93 base pairs
(B) TYPE: Nucleotide
(C) STRANDEDNESS: Single
10 (D) TOPOLOGY: Linear
(ii) TYPE OF MOLECULE: Genomic DNA
(iii) HYPOTHETICAL: NO -
(iv) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
15 (A) ORGANISM: Primer B

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
TGCCTCGAGC CGCCGTCTAC TGGGCCCTGC AGAGCTATCA
TCCGTTACTT CTACGATGCA ‘ 60
ACTGCAGGCC TGTGTGAAAC CTTCGTATAC GGC 93
20 () INFORMATION FOR SEQ ID NO: 3:
() SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base pairs
(B) TYPE: Nucleotide
(C) STRANDEDNESS: Single
25 (D) TOPOLOGY: Linear
(ii) TYPE OF MOLECULE: Genomic DNA
(v) TYPE OF FRAGMENT: Linear
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Primer C

This is the replacement sheet
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(2) 1 NFORMATI ON FOR SEQ I D NO. 5: (i) SEQUENCE

. CHARACTERI STI CS: 20 (A) LENGTH. 57 ami no acids
(B) TYPE: Am no acid (C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear (ii) TYPE OF MOLECULE: Peptide 25
(v) TYPE OF FRAGVENT: ‘Li near (vi) ORI G NAL SOURCE:
(A) ORGANI SM Aprotinin variant -32- (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO . 5: Arg Asp Phe Cys Leu Qu Pro Pro Ser Thr Ay Pro
95/8 Arg Ala Ala 30(xij) SEQUENCE DESCRIPTION: SEQ ID NO:3: 10
GGGATATCTA TTGATAAGAT TTAAAGGTAT TTGACAAG 38

(2) INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS:
5 (A) LENGTH: 99 base pairs
(B) TYPE: Nucleotide
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(i) TYPE OF MOLECULE: Genomic DNA
10 (iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: -
(A) ORGANISM: Primer D

(xi)y SEQUENCE DESCRIPTION: SEQ ID NO: 4:

15 GGGCTCGAGG CAGAAATCTG GTCTAGCCAA AGCAGAAGAA
GCAGCGAACA AGACAGCAGT 60
GAAAATAGAT GGAATCTCAT TCTTTTAATC GTTTATATT 99
(2) INFORMATION FOR SEQ ID NO: 5: '

(i) SEQUENCE CHARACTERISTICS:

20 (A) LENGTH: 57 amino acids

(B) TYPE: Amino acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(ii) TYPE OF MOLECULE: Peptide
25 (v) TYPE OF FRAGMENT: Linear
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Aprotinin variant

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

Arg Asp Phe Cys Leu Glu Pro Pro Ser Thr Gly Pro Cys Arg Ala Ala
30 1 5 10 15

This is the replacement sheet

Date: 1 0 SEP 1997



- 33 - Ile Ile Arg Tyr Phe Tyr Asp Ala Thr Ala Qy Leu Cys
-@u Thr Phe 20 25

30 Val Tyr Ay Gy Cys Arg Ala Asn Arg Asn Asn Phe Lys Ser Al a
A u 35 : 40 45 5
Asp Cys Met Gu - Thr Cys Ay Ay A a -~ 50 55
- 34 - -33-

Ile Ile Arg Tyr Phe Tyr Asp Ala Thr Ala Gly Leu Cys Glu Thr Phe

20 25 30
Val Tyr Gly Gly Cys Arg Ala Asn Arg Asn Asn Phe Lys Ser Ala Glu
35 40 45
5 Asp Cys Met Glu Thr Cys Gly Gly Ala
50 55

This is the replacement sheet
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Patent O ai ns 1. Aprotinin variants having a net charge of +3 to

-3 at pH7 and with the am no acids Argl5 or Argl5-Alal7 in the
bi ndi ng region. 2. Aprotinin variants according to Claim1 for
the inhibition of serine proteases. 5 3. Aprotinin variants
according to Caim1 or 2 having a nodified N-term nal

sequence. 4. Aprotinin varianys according to Caim1l or 2 having
an N-term nal extension .or contraction or having del eted am no

aci ds inth%#_y-&g_%us. 5. Aprotinin variants fromthe group
consi sting -Serl O Argl 5-Alal 7- 10
Asp24- Thr 26- @ u31- Asn4l -3 ub53-aprotinin, DesPro2-Ser10-Argl5- Asp24-

1. Aprotinin variants having a net charge of +3 to -3 at pH 7 and with the amino
acids Argl5 or Argl5-Alal7 in the binding region.

2. Aprotinin variants according to Claim 1 for the inhibition of serine proteases.
5 3. Aprotinin variants according to Claim 1 or 2 having a modified N-terminal
sequence.

4, Aprotinin variants according to Claim 1 or 2 having an N-terminal extension or

contraction or having deleted amino acids in the N-terminus.

5. Aprotinin variants from the group consisting of DesPro2-Ser10-Argl5-Alal7-

10 Asp24-Thr26-Glu31-Asn41-GluS3-aprotinin, DesPro2-Ser10-Argl5-Asp24-

Thr26-Glu31-Asn41-GluS3-aprotinin, DesPro2-Ser10-Argl5-Serl17-Asp24-

Thr26-Glu31-Asn41-GluS3-aprotinin, DesPro2-Ser10-Arg15-Alal7-Thr26-

Glu31-Asn41-Glu53-aprotinin, DesPro2-Ser10-Argl5-Alal7-Asp24-Thr26-

Asn41-Glu53-aprotinin,  Ser10-Argl5-Alal7-Asp24-Thr26-Glu31-Asn41-

15 Glu53-aprotinin, Ser10-Argl5-Asp24-Thr26-Glu31-Asn41-Glu53-aprotinin,

Ser10-Argl5-Ser17-Asp24-Thr26-Glu31-Asn41-GluS3-aprotinin, Ser10-Argl5-

Alal7-Thr26-Glu31-Asn41-Glu53-aprotinin and Ser10-Argl5-Alal7-Asp24-
Thr26-Asn41-Glu53-aprotinin.

- 6. Medicaments comprising one or more of the aprotinin variants according to
20 Claims 1 to 5.
7. Use of aprotinin variants according to Claims 1 to 5 for the production of

medicaments for use in surgery, for reducing the loss of blood, and in

_.polytrauma, shock _and inflammation.

-
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Thr 26- G u31- Asn41-d u53-aprotinin, DesPro2-Ser10-Argl5-Ser17-Asp24-

. Thr 26- A u31- Asn41- d u53-aprotini-n, DesPro2- Ser10- Argl5-Al al 7-Thr 26-

G u31l- Asn4l-d ub3-aprotinin, DesPro2-Ser10-Argl5-Al al7-Asp24-Thr26-
Asn4l-d ub3-aprotinin, Serl10-Argl5-Al al7-Asp24-Thr26-d u3l- Asn4l- 15
G ub3-aprotinin, Serl10-Argl5-Asp24-Thr26-d u3l-Asn4l- 3 u53-aprotinin,
Ser 10- Arg15- Ser 17- Asp24- Thr 26- G u31- Asndk- G u53-aprotinin, Ser10-Argl5-
Al al 7-Thr26-d u3l- Asn4l-d u53-aprotinin and Ser10- Argl5- Al al7- Asp24-

Thr 26- Asn41a Q. ibdn Ardnitd hiving improve®prope i canents conprising one or
nore of the Clains 1 to 5.

7. Use of aprotinin variants according to Clains 1 to 5 for the

producti on of medi caments for use in surgery, for reducing the

| oss of blood, and in pol ytrauma, shock and inflamrati on.
Abstract

The present invention relates to aprotinin variants having improved enzyme-inhibitory,

immunological and pharmacokinetic properties and their preparation.

Figure 1
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This is the replacement sheet
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