The invention relates to nutants of the protease inhibitors eglin B and
eglin'C, to hybrid vectors suitable for the production of such nutants and
to host mcroorganisnms transformed with such hybrid vectors, as well as to
processes for the production of the said hybrid vectors, transforned host
m croorgani snms and eglin nutants. Two prptease inhibitors isolated from
| eeches (Hirudo nedicinalis), designated eglin B and eglin C, are described
in German O f enl egungsschrift No. 2 808 396. These pol ypepti des each
consi st of 70 am no acids, have a nol ecul ar wei ght of approxinmately 8100
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t he strongest, known i nhibjitors of hunman an% aglnal.granuloggte | ast ase and
of human These polypeptides each consist of 70 amino acids, have a
molecular weight of approximately 8100 and are strong
inhibitors of chymotrypsin, subtilisin, of the animal and

human granulocyte proteases elastase and cathepsin G and

also of the mast cell protease chymase. By contrast,
W, proteases similar to trypsin are not inhibited or are
inhibited only to an insignificant degree.

Eglin C has the following primary structure:

- H-ThrGluPheGlySerGluLeuLysSerPheProGluvalvalGlyLysThrval
AspG@nAlaArgGluTerheThrLeuHisTyrProGlnTyrAspValTYr

. PheLeuProGluGlySerProValThrLeuAspLeuArgTyrAsnArgValaArg
vValPheTyrAsnProGlyThrAsnValValAsnHisValProHisValGly-OH

Eglin C, unlike most of the known protease inhibitors,
does not contain any disulfide bridges. Taking into
consideration its relatively small molecular size it is
unusually stable in respect of denaturation by acid,
alkali hydroxide solution or heat and in respect of
proteolytic degradation. The primary structure of eglin
B differs from that of eglin C by the replacement of
amino acid 35, tyrosine, by histidine.



graanul ocyte cathepsin G Uncontroll ed or excessive rel ease of these
cellutar proteases in the organism.can intensify an inflamatory process
and cause tissue destruction by non-specific proteolysis. These enzynes,
whi ch are responsible for intracellular digestion, are optimally active in
a physiol ogi cal (neutral to weakly alkali ne)- medi um and enabl e native

ti ssue substances (for exanple elastin) and hunoral factors (for exanple
bl ood coagul ation factors and conpl enent factors) rapidly to be destroyed
and inactivated. Because of their hitherto known properties eglins are
therefore of considerable interest for use in nedicinal therapy
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mutants of Egggulation factors and complement factors) rapidly to be
destroyed and inactivated. Beéause.of their hitherto
known properties eglins are therefore of considerable
interest for use in medicinal therapy (anti-inflammatory,
antiphlogistic, septic shock, pulmonary emphysema, muco-
W, viscidosis etc.). ' '

It has_recently become possible to obtain eglins by
- recombinant genetic engineering processes (cf. European
Patent Application No. 146 785).

" The problem underlying the invention is to produce novel
protease inhibitors starting from eglin B or eglin C.

This problem has been solved in accordance with the
invention by the provision of eglin mutants that differ
from the natural eglins B and C by the replacement of
one, two or three amino acids in the'region of the active
centre (amino acids 45 and 46, Leu-Asp) by other amino
acids. The eglin mutants so obtained in accordance with
the invention exhibit surprising properties: compared
with eglin B and eglin C they are distinguished by an
increased specificity in the inhibition of certain
proteases, or by the inhibition of proteases that are not
inhibited or are scarcely inhibited by eglins B and C,
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Prod ud ySer ProVal - X- Y- Z- LeuAr gTyr AsnAr gVal Ar gVal PheTyr

AsnPr od yThr AsnVal Val AsnHi sVal ProHi sVal @ y- OH (1), inwhich Ris
hydrogen or acetyl, Wis Tyr or H's, Xst;Thr, Ser or Pro, Yis Leu, Met,
Arg, Lys, Phe, Tyr or Trp, and Zis Asp, Qu, A@n, Asn, Ala, Ser or Thr
with the proviso that X is other than Thr when Y is Leu and Z is Asp, and
salts thereof. The invention relates especially to conpounds of the fornula
| in which Rods eacsiple tiypssiyrorrthinibier. X is Thr, Y is Arg or Lys and Z
Is Asp, Gu, dn, Asn, Ala, Ser or Thr, or Xis Pro, Yis Met and Z is Asp,
or Xis Thr, Y is Phe, Tyr, Trp or Met and Z is Asp, and salts thereof. The
i nventi on r &he dnventdfdny relatepesphcidlyhedd egldm nutantéieh thes
acetyl, Wisobura< is Thr, Y is Arg and Zis Asp or Ser, and salts
thereof. The 1 nvention relates especially to a conpound of fornmula I in
which Ris acetyl, Wis Tyr, Xis Thr, Y is Arg and-Z is Asp, and salts
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.acid addition salts -are especralTl ysi ol ogl ca erabl e ‘W t h
customary therapeutically acceptable acids. Suitable inorganic acids are

hydrohal i c ag dmmiciah 85 KydFrSsdn Br adstyl), W is Tyr or His, X is

' Thr, Ser or Pro, Y is Leu, Met, Arg, Lys, Phe, Tyr or .
Trp, and Z is Asp, Glu, Gln, Asn, Ala, Ser or Thr, with
the proviso that X is other than Thr when Y is Leu and Z
is Asp, and salts thereof.

U The invention relates especially to compounds of the
formula I in which R is acetyl, W is Tyr and either X is
Thr, Y is Arg or Lys and Z is Asp, Glu, Gln, Asn, Ala,
Ser or Thr, or X is Pro, Y-iS.Met and Z is Asp, or X is
Thr, Y is Phe, Tyr, Trp or Met and Z is Asp, and salts
thereof. '

The invention relates chiefly to compouhds of the formula
I in which R is acetyl, W is Tyr, X is Thr, Y is Arg and
Z is Asp or Ser, and salts thereof.

The invention relates especially to a compound of formula
I in which R is acetyl, W is Tyr, X is Thr, Y is Arg and
Z is Asp, and salts thereof. '

The novel compounds of the formula I can be not only in
free form, but also in the form of their salts, espe-

- cially their pharmaceutically acceptablé salts. Since
they contain several amino acid residues having free
amino groups or guanidino groups, the compounds of the



but: al so, sul furic and phosphoric or pyrophosphoric acid; suitable organic
acids are especially sulfonic acids (such as benzene- or p-tol uene-sulfonic
acid or |ower al kanesul fonic acids, such as nethanesul fonic acid) and al so
carboxylic acids, such as acetic acid, lactic acid, palmtic and stearic
acid, malic acid, tartaric acid, ascorpbig acid and citric acid. Since the
eglin conpounds al so contain-am no acid residues having free carboxy

groups, they may also be in the formof netal salts, especially alkal

metal or alkaline earth nmetal salts, for exanple sodium potassium calcium

or ][ragnesi uhnlﬁ@éhaipﬁr xln'b?,: &lerf eklaingieann_anhnrrtaal'tarmdefi weddf rgm amoni a
or froma i ica ol er or gani,c _ni en-cont ai_ ni ng base.
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M croor gani spugoal abnsiud farBAahBaphesghsrier ognpyebphbepidricoaeddsgl i n
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produci ng a DsAchhas bedeenkeer orhe-tglueneusailfoniic acidsert Logexrhi s DNA
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m cr oor gani sm by “tranStormati on, -5-7d. cultarin he traristormed host
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andi../ palmitic and stearic acid, malic acid, tartaric acid,
ascorbic acid and citric acid. Since the.eglin'compounds
also contain amino acid residues héving free carboxy
groups, they may also be in the form of metal salts,
especiélly alkali metal'or-alkaline earth metal salts,
for example sodium, potaésium, calcium or - magnesium
i salts, or in the form of ammonium salts, derived from
- ammonia or from a physiologically tolerable organic
- nitrogen-containing base. Since they may, however,
contain free carboxy groups and free amino (and guanidi-
no) groups simultaneously, they may also be present in
: the'form of internal salts.

The eglin mutants of the invention and salts thereof can
be produced according to processes that are known per se,
for example by genetic engineering processes,‘for'example
by culturing a transformed host microorganism containing
a DNA that codes for one of the mentioned eglin mutants
and isolating the eglin mutant or a salt thereof. The
eglin mutants of the invention and salts thereof are
produced especially by'

a. producing a DNA that codes for the eglin mutant,

b. inserting this DNA into a vector,

c. introducing the resulting hybrid vector into a host
microorganism by transformation,



e. i solating the eglin nmutant or a salt thereof. DNAs coding for eglin
nmutants The inyention relates to DNAs contai ning a nucl eotide sequence that
codes for an eglin nmutant, especially for one of the eglin nutants

menti oned above as being especially preferred. The DNAs of the invention
preferably have at their ends flanking geguences that include suitable
restriction sites and that render possible the insertion of the DNAinto a
vector. The DNAs' of the invention can be produced according to processes
that are known per se. For exanple, the DNAs can be produced chem cally, or
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enzymatically in a predeferm ned manner, or a cading for, .eglin B or
eglin C can be nEP&PéHiPHsoﬁgagrPﬁﬁWé%sF§B§?s?Egﬁbﬁ%ﬂ¢§% egldthesi s of DNAS
is carried out bmugaatesandes that- are known per se. Suitable procedures
are described by,S..A, ra [ h 3 3 } n Eur opean

Pat ent Appl?éati%§°§8PN§56@355;8#%§ §§%§§§t?%h§b%éﬁﬁék%fﬁng' the i nvention
can al so be effected by nmutation of the DNA coding for eglin B or eglin C |
Preferably, phig EBqug?f5Q0g51§§ mbithatdi rected nutagenesis" is used [cf.
MJ. Zoller_et al., . ENZym 1983) 1. In thi ILOCESS .
singIe-straﬁ&@di@gFPFiBNArP§a¥F§n§8 PHAEaE%Q%P§Eh§§bqwﬂgéiﬁhﬁﬁ sed with a

conpl ement agpqalengenttlatoicodest far aaneailin mutanisl espddidd(s) filirecting
the mutation, the hybridisation_product -6 u CTpctan d to formthe
doubl e straﬁ&? P e£% s&ﬁ?i gmH33§F§-@%Pg%ggﬁ%bggiﬁéﬁg%%age 1% introduced by
trans- formespeciadily gpreferaieds Escherichia coli host and, after culturing
the transformed E. coli cells, those

. The DNAs of the. invention preferably have at their ends
flanking sequences that inClude suitable restriction
sites and that render possible the insertion of the DNA
into a vector. '

The DNAs of the invention can be produced according to

~ processes that are known per se. For example, the DNAs
can be produced chemically, or fragments thereof can be
produced by chemical synthesis and 1inked'gnzymatically _
in a predetermined manner,'or a DNA coding for eglin B or
eglin C can be mutated in one or more steps.

'&h‘.

The chemicél synthesis of DNAs is carried out by proces-
ses that are known per se. Suitable procedures are
described by S.A. Narang tTetrahedron 39, 3 (1983)] and
in Buropean Patent Application No. 146 785. '

The production of the DNAs of the invention can also be
effected by mutation of the DNA coding for eglin B or
eglin C. Preferably, the process known as "site directed
mutagenesis” is used [cf. M.J. Zoller et gl., Meth.
Enzym. 100, 468 (1983)]. In this process single-stranded
eglin DNA is cloned in bacteriophage M13, hybridised with
a complementary oligonucleotide that contains the nucleo-
tide(s) directing the mutation, the hybridisation product



"cells that contain the DNA coding for the eglin nmutant are identified by
hybri di sat,ion with the above-nenti oned ol i gonucl eoti de. Production of
expression vectors that contain a DNA coding for an eglin nutant The
invention relates furthernore to expression vectors that contain a DNA
sequence coding for an eglin mutant, which DNA sequence is regulated in
such a manner by an expression control sequence that the eglin nmutant is
expressed in a host cell transformed with those expres- sion vectors. The .
expression vectors of the present invention are produced, for exanple, by
sg i nserti ng.sA sliplepipntiage twcﬁdml feie tdeabsigd istfat?]@ﬁtthmtﬁesnmg)r DNAi
t hat contai: expr.es contr equence {hat res-_.sion contro
sequence r-e&sﬂu}g&"%ﬁa"?ﬁ% % gtﬁ?i’rébe? iﬁef%?éc%g%f% gﬁ?‘ﬁ%‘[ e vector

i s based on fidmmatdsin daitio @r suidablfeoEsdhenichid okt ikest ahdi abl e hosts
are, for ex 17 ’ TR, st ccharonvces
cerevi si ae, %;ﬁr?ﬁesgég{% gﬂt rai rfs of %%%%%?%?’n%lﬁ%ns of
Escheri chi a cedilis that sonbadaithe PNAIKQding far he %a;l{!bﬂmt@t hi gher
organi sns, egRedidntl Aid@ Ny Hiast fanpit Kon an th tike! dbdverstenttisied r ed
host cells are strains of. E- coli. In principle any vector is suitable that
replicates IOMAILAIGGs t he sel ected host the DNA sequences of the
invention coding for the eglin nutants. -7- Exanpl es of vectors that are
sultabl e oA RS WedodditPUddRY My | offaln SObia st a0 are
bac- teriop ) - | asm ds,
such as, esgmading . fomaneqlimmubanig its derivatives, for exanple pMB9,
pSk2424, pBRYe’ Hvd¥oi relates furthermore to expression vectors

that'éontain a DNA sequence coding for an eglin mutant,
'which DNA sequence is regulated in such a manner by an
expression control sequence that the eglin mutant is
expressed in a host cell transformed with those expres-
sion vectors. ' '

~ The expressibn vectors of the present invention are
‘produced, for example, by so inserting a DNA sequence
coding for the eglin mutant into a vector DNA that
contains an expression control'sequence that the expres-
sion control sequence regulates the said DNA sequence.
s

The choice of a suitable vector is based on the host cell '
‘provided for the transformation. Suitable hosts are, for
. example, microorgahisms, such as_yeasts, for example

Saccharomyces cerevisiae, and especially strains of

bacteria, especially strains of Escherichia gg;i, and

also Bacillus subtilis, as well as cells of higher

organisms, especially established human or animal cell

lines. Preferred host cells are strains of E. coli.

In principle any vector is suitable that replicates and
expresses in the selected host the DNA sequences of the
invention coding for the eglin mutants.



The preferred vectors of the present invention are derived from plasmd
pBR322. Syitable vectors contain a conplete replicon and a marker gene that
renders possible the selection and identification of the m croorgani sns
transforned with the expression plasm ds by neans of a phenotypic nmarker.
Sui tabl e marker genes inpart to the nicrogrganism for exanple, resistance
to heavy netals, antibiotics and the like. Furthernore, preferred vectors
of the present invention contain apart fromthe replicon and marker gene
regi ons recognition sequences for restriction endonucl eases, so that the
DNA seqUenchamglag ber vebtoes! thatubget saitablieeforatheopxprbssibhe
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t he ot her expression control sequences mnust i nserted into the pl asm d.
The expresstsangéprmed S’é&beﬁ@@ BrPressden ,plﬂwi&segmmeans &£ @nvention

i sithat of bhéﬁb@pb&ﬁ pagkeR . (t RitableVarirker Yeneablimgart teplimeat i on and
eXpreSSIOn-IECX'oorganism, for example, resistance to heavy metals,

' antibiotics and the 1like. Furthermore, preferred vectors

of the present invention contain apart from the replicon

and marker gene regions recognition sequences for

restriction endonucleases, so that the DNA sequence

coding for the eglin mutant and, where appropriate, the
expression control sequence, can be. inserted at those

sites. '

Several expression control sequences can be used to _
regulate the expression. The expression control sequen-
, ces used are espec1ally those of strongly expressed genes
k( of the host cell that is to be transformed. In the case
wherelpBR322 is used as the hybrid vector and E. coli is
used as the host microorganism, suitable expression
control sequences (which contain, inter alia, the

promoter and the ribosomal binding site) are, for
example, those of lactose operon, tryptophan operon,
arabinose operon and the like, of the p-lactamase gene,
and the corresponding sequences of the phage A N-gene or
of the phage fd-layer protein gene, and others. .Whereas
the promoter of the f-lactamase gene (f-lac-gene) is
already contained in plasmid pBR322, the other expression
control sequences must be inserted into the plasmid. The
expression control sequence preferred in the present



contain a yeast origin of replication and a selective genetic nmarker for
yeast, Hybrid vectors that contain a yeast origin of replication, for
exanpl e the chronpsomal autononously replicating segnent (ars), are
retai‘ned extrachronosonmally within the yeast cell after the transformation
and are replicated autononously during mtosis. Furthernore, hybrid vectors
that contai n sequences honol ogous to thesyeast 2-plasm d DNA nmay be used.
Such hybrid vectors are incorporated by reconbina- tion within the cel

with [err] plasm ds already present or are replicated autononously.
Sui t abl e marker genes for yeast are especially those that jnpart antibiotic
resi stance tinverthortigrthah efictr¥REoBRanQBEFIPHI BB RRY- nut ant's, genes
that conplenment host defects. Correspondi ng genes inpart, for exanple,

resistance to the antipjotjc cl ohexim de or_provide for pro in an
auxot r ophi ¢ Y%%E?rﬁvﬁﬁhY?b#%rEé&aﬁﬁ?il?ﬁ lEﬁw@gdLﬁfﬁfé?§%$ﬁk%ﬁq%%%%%?a:Iy,

-TRP1 gene. Psehtaibly, yyasstohjgindoferepilicatioheandra sekectiven origin
of replica- {i ker..g or ae kel S S, ' E.
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coli, so tha? constructton and cloni % vectors ang their
precursors c¥eagt enigindoburephigabiener £oF R¥3FPPLE(PhsShEAmR3APRY)

sequences SU&E@Qﬁ@m&Qéll_gxféﬁﬁéaﬁiha ¥eghbndr ¢arky; &xenpétaind@se of the
TRPL, ADHI, ADHI| or PHOS gene, a ﬁ,gl Jpromters, inyolyed jn gl ycol ytic
degradatlon,GFEFaEQEHBPéoF%E PX & a_tﬁg KPR pFSﬁ%t%?. ghe rnvention
rﬁlﬁgss fzpggrahhyoﬁm?EXaneaﬁaogre:tEplicgapabhatghome?$1ya@ﬂniZQdi . A
gegggnzg_codpﬁgg%gg’thgaggﬁgghﬁﬁgéngygéﬁg g%FSBE%Aeggeugﬁﬁgaﬁggether with a
transcripti oseguancesi hanpleggusekni the yeas§. 2u-plasmid DNA may be = .
used. Such hybrid vectors are incorporated by recombina-
fion within the cell with 2u plasmids already present or
are replicated autonomously. Suitable marker genes for
- yeast are especially those that impart antibiotic '
reSistancélto the host or, in the case of auxotrophic
Kj yeast mutants, genes that complenment host defects.
Corresponding genes impart, for example, resistance to
the antibiotic cycloheximide or provide for prototrophy
in an auxotrbphic yeast mutant, for example the URA3,
LEU2, HIS3 or, especially, TRP1l gene. Preferably, yeast
_ hybrid vectors furthermore contain an origin of replica-
i/“ tion -and a marker gene for a bacterial host, especially
. E. coli, so that the construction and cloning of the
hybrid véctors and their precursors can be carried out in
a bacterial host. Expression control sequences suitable
for expfession in yeast are, for example, those of the
TRP1, ADHI, ADHII or PHOS5 gene, and also promoters
involved in glycolytic degradation, for example the PGK
and the GAPDH promoter.

The invention relates especially to expression vectors
capable of replication and phenotypic selection that
contain an expression control sequence and a DNA sequence
coding for the eglin mutant, the said DNA sequence
together with a transcription start signal and termina-



stop signal being so arranged in said expression plasmd under the

regul ation -of the said expression control sequence that the eglin nutant

is expressed in a host cell transformed wi.th said expression plasmd. To
achieve an effective expression, the gene coding for the eglin nutant nust
be arranged correctly (in "phase") mAthth expression control sequence. It

I s advantageous to |link the expression ¢ontrol sequence, in the region '
between the main nMRNA start and the ATG of the gene codi ng sequence that is
naturally linked to the expres- sion control sequence (for exanple the
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ef fective tsegaencpt thatathe egldinmmubants ienaxpnessidadgl @ haston of

m cr oor gani The I ' I exmil@r the produc- tion
of transfor%gg‘lhg??n%\gﬁgﬁe%nm‘{ig]hatg%}pd?ie?&g%%rﬁ %fq'ormlrﬁg a host cell with
an expression vector containing a DNA sequence that codes for the eglin

Tt ant lalnd &Bakcpieb%g@natee&l é??]ti%b%%éﬁh,cgiﬁé Yerfee QoY ﬁn'rtﬁb' e
ost cells are, for exa , t bove- nent i pned i grooor gani,s . sHch as
strains of Q@cﬁgﬂ-&ﬁy«!@?a@g} gnu% g?%ar%#&%{ﬁﬁc‘i]m st ahd é%apse%i gl ly
Escheri chi awd¢h théhexpresfiomutonirod tdequenaxpr d&siish giveantageedsthe -~
i nvention ig _carried,qut SR i tgﬁ[@[ﬁ@r desHid heghion t he
literature, or’aLi xa?r%’l%e efx&;r% cerev‘ﬁis?féhée . H nhen et al.,” Proc. Natl.
Acad, Sci. between 1@ myiroTRNA startmand the ARGRE (R IYLet al ., J.
Bagteriol . T de AUhE 1§ Hdtufd1Mnpiste®itcll the Jexpbés-Bi ol .
53, 159 (1970 l;@%he ransf or ned hqgt cells fre adwgqfqgeoq;[xiisolated
from a sel e@ijope control sequence (for example the p-lac coding

sequence if using the g-lac promoter), to the eglin

‘mutant gene, which preferably brings with it its own

translation start signal (ATG) and translation stop

signal (for example TAG). By this means effective

transcription and translation is ensured.

Transformation of microorganisms :

The invention reléteé'also to a process for the produc-
tion of transformed host cells, which comprises trans-
forming a host cell with an expression vector containing
a DNA sequence that codes for the eglin'mutant-and that
is reqgulated by an expression control sequence.

Suitable host cells are, for example, the above-mentioned
microorganisms, such as strains of Saccharomyces cere-
visiae, Bacillus subtilis and especially Escherichia
coli. The transformation with the expression plasmids of
the invention is carried out, for example, in the manner
described in the literature, for example for S. cerevis-
;gg [(A. Hinnen et al., Proc. Natl. Acad. Sci. USA 75,
1929, (1978)], B. subtilis (Anagnostopoulos et al., J.
Bacteriol. 81, 741 (1961)] and E. coli. [M. Mandel et
‘al., J. Mol. Biol. 53, 159 (1970)]. The transformed host
cells are advantageously isolated from a selective



-.10 - ,nutrient mediumto which is added the biocide agai nst which the

mar ker gepe contained in the expression plasmd inparts resistance. Cells
that do not contain the expression plasmd are killed in such a nedium The
invention also relates to the transformed host cells obtainable by the said
method. Culturing the transforned host gglls and recovering the eglin

mut ants. The transforned host cells are used to produce the eglin nutants.
The process for the production of the eglin mutants conprises culturing the
above-nentioned trans- formed host cells and freeing and isolating the

product frofgutkgehesnedahs tol Rdriichy & iaaaerdeltaieemmeei algajrst a process
for producin

e Ii mutants of the f I f d
whi ch conpr?’gég uMRTE S 0% %L?ng:%eﬁ enar{?fled uﬁ: %asti%glg% %gr@&m >
assi m | abl eimpalnd:s xes Lsitansgen  Seldcedhatodo et sontads dheed with an
expres- si OEgB#:@%@i@nc gﬂ(ﬂ%ﬁe YA 1RO UG SR nfgdd@m.for an eglin

nmut.ant of t ornula I s regul ated by an expression contro
sequence, and freeing and i solating the product fromthe host cells and, if
desired, sepfealinviendidnlallsy ecemawnmwma dfr dnyfdraredu st asHisabl e

accordlng to,the prqcess i,nto t ual conponents and, if desired,
converting Qb @S‘Haﬁiﬁg%al‘{h? r‘Ftag1 qﬂ%‘ﬂ pol ypeptide or a resulting
pol ypeptide into a salt. The transformed host cells of the invention are
cul tur ed '”c% AV s §§%mé3”¥6§%ﬂ%#f&s‘ﬁﬁd‘3 Lo l'2:5 St C€s can
be used for ' rgani sns 0 € I nvention.
Exanpl es of egldhemud@nt§hHon sources are assimlabl e carbohydrates, such as
gl ygose, NBlph@s ¢rHHEId HodBEEEs e AlseT ddiprddinte the eglin

mutants. The process for the production of the eglin

mutants comprises culturing the above-mentioned trans-

formed host cells and freeing and isolating the product

from the host cells.

The invention relates especially to a process for
produCing-eglin mutants of the formula I and salts of
such compounds which comprises culturing in a liquid
-nutrient medium that contains assimilable carbon and
nitrogen sources, host cells transformed with an expres-
sion plasmid containing a DNA sequence that codes for an
eglin mutant of the formula I and that is regulated by an
expression control sequence, and freeing and isolatihg
the product from the host cells and, if desired, separat-
ing a mixture of compounds of the formula I obtainable
according to the process into the individual components
and, if desired, converting a resulting salt into the
free polypeptide or a resulting polypeptide into a salt.

‘The transformed host cells of the invention are cultured
in a manner known per se. For example, various carbon
sources can be used for culturing the transformed host
microorganisms of the invention. Examples of preferred
carbon sources are assimilable carbohydrates, such as
glucose, maltose, mannitol or lactose, or an acetate that



can be.used either on its own or in suitable m xtures. Suitable nitrogen
sources are, for exanple, am no acids, such as casam no acids, peptides and
proteins and their degradation products, such as tryptone, peptone or neat
extracts; furthernore, yeast extracts, malt extract, as well as anmoni um
salts, for exanple anmoni um chloride,_sijfate or nitrate, which can be used
either on their own or in suitable m xtures. Inorganic salts, which can

al so be used, are, for exanple, sulfates, chlorides, phospha- tes and
carbonat es of sodium potassium magnesium and cal cium Furthernore, the
medi um cont aansbef uasedxafther gnodttls- ophoBRt HAJ sadlbablec ag xtards.as trace

el enents, f | e .l zine: nganese and the.li ke, .and pr.eferably

sub- stancegﬁ%ﬁépﬂgxgngga?glg@%Fg%Epgégsu%graﬁﬁaﬂpéfénﬁmgﬁg Gggﬁkh of

cells that A4¢B p§sraspBiarpeeddison pepiddes. andr peodming amdi dheim is

added to thge daaﬁuwhe@rbaﬁceﬁgr%%%h@%spE§§§h6n89“géh%%d@1d?'@F&ﬂPe- Such
e as ect of

an addition o] an |biot|c$ | active substa s al's the e

killing conBBRFASFEAg AME BRreenyepfkt eFtEactssi Mgt extamcthi @S cs.
Cul turing iwekarasedmmohiamceaditsy Forpewampies anfiohiame chlovMides se. The

culturing c kLiQn ] t a-._ture, pH.val of th di um and

fernenta?iO%GgF%%g_éFeﬁggggg?écggggbhgﬁnnéfiH%ﬁgtﬁé¥ LoPle I®™hts are

obt ai ned. ¢briBx8uptabde mixtulreser Anpegenist sailisi,swhiehecanl alsa t ur ed

under aer oby I t hPRBS | d Wi ' hWrring at a
be Geedit heas farsghﬁﬁbgg,t %ul[lg?:‘??' Ircieigét}%:egqag%xro%;dha

t enperat ur e, of aggroxinatel rom preferably I mat el y

[&rr], and 5SPHRDYI GeraPnptssm 2Lt §odiup, cpetaBrjupl Magnesinppesd nat el y
fresm 4 to 20aboium, preferably from8 to 12 hours. The expression product
.accunul ates intra- cellularly.

Furthermore, the medium contains, for example, growth-
p;omoting substances, such as trace elements, for example
iron, zinc, manganese and the like, and preferably sub-
stances that exert a selection pressure and prevent the
K/’ growth of cells that have lost the expression plasmid.
For'example ampicillih is added to the medium when the
 expression plasmid contains an ampR gene. Such an
addition of‘antibioticélly'active substances also has the
effect of killing contaminating microorganisms that are
sensitive to antibiotics. |

Culturing is carried out accordihg tb processes that are
known per se. The culturing conditions, such as tempera-
ture, pH value of the medium and fermentation time, are
so selected that maximum titres of eglin mutants are
obtained. For example an E. coli or a yeast strain is
preferably cultured under aerobic conditions in submersed
culture with shaking or stirring at a temperature of
approximately from 20 to 40°C, preferably approximately
30°C, and a pH value of from 4 to 9, preferably pH 7, for
approximately from 4 to 20 hours, preferably from 8 to 12
hours. The expression product accumulates intra-
cellularly.



-.12 -, Wen the cell density has reached a suitable value, culturing is
interrupted and the product is freed fromthe cells of the m croorganism
For this purpose the cells are broken down, for exanple by treatnment with a
detergent, such as SDS or Triton, or are lysed with [ysozyme or a simlarly
acting enzyme. Alternatively, or in addjtion, mechanical forces, such as
shearing forces (for exanple X-press, French press, Dyno-MI|1) or agitation
with glass beads or alumniumoxide, or alternate freezing, for exanple in
liquid nitrogen, and thawing, for exanple to [err] to [err], as well as

wﬂ f (r: ﬁ Cg g;J giﬁﬁeﬁr ?h%éz ?@%uo d'éh?%&!tyoﬁﬁsd&@acﬁéh![ E' siihtﬂb@.&u viallng ,m xt ure,
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t hle rrajholri t ¥hef celld snof- fthet ailcroorgandstns c&orbéhdsp puapeseoitheby
pol yet hyl engi mhne _tre th r ' [ | e '
conpounds, %?g%%pla%gt ?&@(&)‘r %é%g@?ggb%&gﬁéﬁa%g%g%sOI%U{"?%:'# vl%h th
ammoni um subedesgentui Scl iasr SDS oF. TBAtoa. or et dysed#ith so-be

RS ¢y Cab il i Myt e Wt e g el
extracting tiﬁeaéfiﬁytli%emaéﬂﬁéﬁ- éﬁ’éﬁ?l?t' ek r?—sbﬁ’zﬁ?(ﬂq.n éﬁ'é/es
Pg;iLLgﬁ;Loﬂfﬁtsﬁﬁdﬂ?ﬂeMX%pﬂéss,eEaFmQh_pﬁessnmnm@m&wﬁﬂdgpmunesses,.such as
partition gﬁgg%&%oq%&lagﬁﬁpm%g rbfeé\?gtrs'rs%g %}g@%@éﬁ. t'ﬁ%ﬁcrLg@}:g?r aphy,
exanpl e, af edtermats fyaseinsnd T eyampdie day dilguid ad taegan ot esi s,
t hg,m xed 9%@% S fUre SERFIA 2% B ditd) WY °T, 2GR0 WEINY 4 ultesul ar si ze
using a suitable Sephadex colum, or the onent s e separated by
affinity chSoWaCogldshpsedb it ?‘e%q‘hﬁ‘gﬁpl 'Se‘s,%t&;ﬁ%%%ﬁp%nocl onal
anti- bodi emix®urd,! wridly derdainms pretielny, tuddedio) aide exhd o a carri er
suitable fogeﬁgy %éfi‘égﬁﬁgﬁéﬁ¥§¥”De,‘%fé@é centrifﬁgation, enriched
in proteins in a manner known per se. For example, the
majority of the non-protein components can be separated
W off by polyethyleneimine treatment and the proteins,
including the eglin compounds, precipitated, for example
by saturating the solution with ammonium sulfate or with
other salts. Bacterial proteins can also be precipitated
by means of acidification with acetic acid. (for example
0.1 %, pH 3-5). A further enrichment of eglin mutants
can be achieved by extracting the ethyl acetate super-
natant with n-butanol. Other purification steps include,
for example, chromatographic processes, such as ion
'exchange chromatography, gel filtration, gel permeation
chromatography,.partition chromatography, HPLC, reversed
phase HPLC and the like. For example, after charging by
means of gel or carrier-free electrophoresis, the mixed
components are separated by dialysis according to
molecular size using a suitable Sephadex column, or the
components are separated by affinity chromatography, for
example with antibodies, especially monoclonal anti-
bodies, or with anhydrochymotrypsin or thrombin coupled
to a carrier suitable for affinity chromatography, or by
further processes, especially those known from the



further, processes, especially those known fromthe - 13 - literature.
For exanple, the isolation of the expressed eglin nutants conprises the
fol l'ow ng steps: separation of the cells fromthe culture solution by neans
of centrifugation, production of a crude extract by breaking down the
cells, for exanple by means of a Dyno- ?EIL,-reanal of the insoluble
conponents by centrifuga- tion; precipitation of the bacterial proteins by
means of 1 % acetic acid, gel filtration on Sephadex G50 (or Gr5) and, if
appropriate, reversed phase HPLC. The renoval of salts is carried out, for
exanpl e, on 1Seydwdiirdy?5. The test with anti-eglin antibodies, such as

pol ycl onal anti bodi es obtai nable fromrabbits or nonoclonal anti- bodies
obt ai nabl e from hybridoma cells, for exanple the nonocl onal antibodies
secret ed by Bophrextonple sl the i issl #0081 SR tHENSipresSSdd , e@DDRSAG Ha NCM

o - Sk (R TAng ey | O 0100 o1 Lo 0eL o) eneey,
Seenl | er etS@a!ljaﬂ-Wbeﬂée’W%rc%uE remitthe epbbwrgssolutibon (hy77); U
Seenul | er etmeédns dfetdentiZfiigattion SGrddhfSidn 6£Na berugsdekeraet sy the
eglin nmutants. A mxture of co unds_of the formula | _obtainable in
accor dance vﬁlﬁf’lfﬁ)ég p‘f%"&%s?,‘e f‘?r)ggﬁei«ar&ﬁ% %Wg?% ) al&%n?)%uﬁdgy%?'t he
formula | i Midl chréowakidfiethdd imsaladile , campohen e pby acentt rifugahe
processes ar gl pbispy RS GMThaR ety PR BEREAS b
adsor ption chriemgeiapsidi el dehdmat ton ot Sephapdex GRO (¥ EE%krsed
phage HPLC, aiad0 {#l4pplosiiate, Nedddrsdd Ophade HPEE CtTRONPEREVEL "B hods,
for exanpleaégf¥§r{§ carried out, for example, on Sephadex G25.

The test with anti-eglin antibodies, such as polyclonal

antibodies obtainable from rabbits or monoclonal anti-

bodies obtainable from hybridoma cells, for'example the

monoclonal antibodies secreted by hybridoma cell lines

299518-20 (CNCM I-361), 299S20-1 (CNCM I-362) or 299S20-

10 (CNCM I-363), or the inhibition of target proteases,

for example human leukocyte elastase (HLE) or cathepsin G
"(Cat G) [cf. U. Seemliller et al., Hoppe-Seyler's Z.

physiol. Chem. 358, 1105 (1977); U. Seemiiller et al.,

Meth. Enzym. 80, 804 (1981)], can be used to detect the

eglin mutants.

A mixture of compounds of the formula I obtainable in
accordance with the process, for example consisting of
compounds of the formula I in which R is either H or
acetyl, can be separated into the individual components
in a manner known per se. Suitable separating processes
are, for example, chromatographic processes, for example
adsorption chromatography, ion exchange chromatography,
HPLC or reversed phase HPLC, also multiplicative parti-
tioning or electrophoretic methods, for example electro-
phoresis on cellulose acetate or gel electrophoresis,
especially polyacrylamide gel.electrophoresis ("PAGE").



phoresis on cellul ose acetate or gel electrophoresis, especially

pol yacryl am de.gel el ectrophoresis ("PAGE"). -14- Dependi ng upon the
procedure, the conpounds of the inven- tion are obtained in free formor in
the formof acid addition salts, internal salts or salts with bases. The
free conmpounds can be obtained fromth cid addition salts in a manner
known per se. In turn it is possible to obtain therapeutically acceptable
acid addition salts or netal salts fromthe free conpounds by reaction with
acids or bases, for exanple with those that formthe above-nentioned salts,

anfl by congnep%aamgdbgoﬁvaaerprat:eearer Eh@p&bhp&ﬁhdenof Ehe iAtennal
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‘Pharmaceutical preparations.

The novel eglin mutants of the formula I have valuable
pharmacological properties and can be used in the
prophylaxis or treatment of disease conditions that

require the use of protease inhibitors.
The novel eglih'mutants exhibit as protéase inhibitors an
activity profile that differs from that of the natural
eglins B and C as follows: the inhibiting action on

&,z certain proteases is increased, or certain of the

proteases not inhibited by the natural eglins are
strongly inhibited whilst the inhibiting action against
some natural target proteaées of eglins, such as, for
example, granulocyte elastase, is weakened or has
disappeared. For example, compounds of the formula I in
which R is hydrogen or acetyl, W is Tyr or His, X is Pro,
Y is Met and 2 is Asp exhibit an increased inhibition of
human and animal grénulocyte elastase compared with the
natural eglins and accordingly, like the natural eglins,
can be used, for example, in the treatment of pulmonary
emthsema,-ARDS ("acute respiratory distress syndrome"),
septic shock, rheumatic arthritis and mucoviscidosis.
Unlike the natural eglins, compounds of the formula I in -



can be,used, for exanple, in the treatnent of pul nonary enphysema, ARDS
("acute respiratory distress syndrone"), septic shock, rheumatic arthritis
and rmucovi sci dosis. Unlike the natural eglins, conpounds of the fornula I
in - which Rand Whave the nmeanings given for formula I, Xis Thr, Y is
Arg or Lys and Z is Asp, exhibit a pronpgnced inhibitory action on trypsin
and only a slight action against granul ocyte el astase and cathepsin G This
applies especially to the conmpound of formula | in which Ris acetyl, Wis
Tyr, Xis Thr, Yis Arg and Z is Asp. Such conpounds can, anal ogously to
aprotinin, khiche® ahdr wehawel ¢he aredninds edivemtfor fioanuleatn tixs and of

t ti t ' k ounds of. . the, formul a
i on” iy, 3, JECARMS YIS 2 30 sH gt & Brpndundia, O 01
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can be used, preferably in combination with antithrombin
I1I, for example, for the treatment of thromboses,
thromboembolisms, septic and post-traumatic shock and

coagulopathies.

The inventidn relates also to pharmaceutical compositions
that comprise at least one of the compounds of the

_invention or pharmaceutically acéeptable salts thereof,
where appropriate together with a conventional pharma-
ceutically acceptable carrier and/or adjuncts.

These compositions:may be used especially in the case of .
the above-mentioned indications when administered, for
example, parenterally, such as intravenously, intracutan-
eously, subcutaneously or intramuscularly, or topically.

The invention relates also to the use of the novel com-
pounds of the invention and of pharmaceutical composi-
tions comprising them for the prophylactic and thera-
peutic treatment of the human or animal body, especially
in the case of the above-mentioned syndromes.

The dosage depends especially on the specific form of
administration and on the purpose of the treatment or



in the, case of the above-nentioned syndronmes. The dosage depends especially
on the specific formof admnistration and on the purpose of the treatnent
or ° - 16 - prophylaxis. The size of a single dose and the adm n-

i stration schedul e can best be determ ned on the basis of an individual
assessnent of the particular disorder_p{gsented the requisite nmethods for
determ ning relevant factors, such as blood factors, are famliar to the
skilled person. In the case of thrombin-inhibiting eglin nmut ants, the
therapeutically effective anount in the case of an injec- tionis in a
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to the actithel stigdiednipddarie pharmaceutical conpositions usually al so
conprise a buffer, for exanple a phosphate buffer, to keep the pH val ue

bet ween apprOX|nater 3.5 and 7, and al so sodlunlchlorlde manni t ol or
sor bi-t ol toInetheheasgomdhmmnpmbfﬁﬂinhmniﬂingredk&enm&@nhsd(hhehssolved
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- weight is preferred. Administration is carried out by
intravenous, intramuscular or subcutaneous injection.
Accordingly, pharmaceutical preparations for parenteral
administration in single dose form contain from approx-
imately 0.4 to approximately 7.5 mg of the compound of
the invention per dose depending on the mode of admin-
. ~istration. In addition to the active ingredient these
" pharmaceutical compositlons usually also comprise a
buffer, for example a phosphate buffer, to keep the pH
value between approximately 3.5 and 7, and also sodium
chloride, mannitol or'sorbitol to set the isotonicity.
They may be in freeze-dried or dissolved form, and
solutions may with advantage comprise an antlbacterlally
active preservative, for example from 0.2 to 0.3 % 4-
hydroxybenzoic acid methyl ester or ethyl ester.

A preparatioh for the topical use of thrombin-inhibiting
eglin mutants may be in the form of an aqueous solution,
lotion or jelly, an oily solution or suspensien, or a
fat-containing ointment or, especially, an emulsified
ointment. A preparetion in the form of an aqueous
solution is obtained, for example, by dissolving an
active ingredient of the invention, or a therapeutically
acceptable salt thereof, in an aqueous buffer solution of



fat-coptaining ointment or, especially, an enulsified ointnent. A

acceptabl e salt thereof,

preparatiqgn in.the formof an aqueous solution is obtained, for exanple, by
di ssolving an active ingredient of the invention, or a therapeutically
i n an aqueous buffer solution of - 17 - pH4 to
desired, adding a further_agjive ingredient, for exanple an

6.5 and, if
anti-inflammatory, and/or a polyneric tackifier, for exanple

pol yvi nyl pyrrol i done, and/or a preservative. The concentration of the
active ingredient is fromapproximately 0.1 to approximately 1.5 ny,
preferably pHOM Q026.50and) i, dpsired,nmaddfingolautfuether detdvef jelly. An
oily formo
exanpl e, by
t her apeut i cppllymerdeptackdfier; £hsr esempdeqpodyvinyleyveredddepei-ate with

the additiogn@l/osWal birBee2daklive .SUthe TonicelitHatTont 0F dhe aghdier
surface-active agent &surfac- tant;é ofaﬁytﬂlt e HLB val,ue
3 ma

(" hydr ophi | tBIEKE

g S L i

dgati 18 EXPRH@PPYO P01 &ecppRroximately; q

nmonoest ers qf, spalgy hpdeiferabt¢hdram dazsexaml.@ gig,cperl LoOmisfar at e,

.sorbi tan nonglaurate, ‘sorbita t ear,at I rhit e A
f at - cont ai nfR u%ﬂﬁ?n@ﬁtgpsgoﬁgégﬁgg,'fo e?&@ﬁig%rggcgﬂgggﬁggkgiéﬁ active
i ngr edi ent &brt topicadnadmindstratdon tisccbiaineds foresxampde,abyy base,-

wher e appr OEhis%ﬁd‘_i?xbh hhacedde! iiﬁg,&faﬁnwoffa@x@timwﬂm%ww val
bel ow 10. An_e SI |e3 ointnment 1$_obtained by triturating._an ueou
s@l ution of therapetidceddyeacsrptaplensalt dhsraotoring aé’al°glt'hé’ i

soft/

sprea

el.ow 10.

ue
S
n a

d@?r@pfrahﬂ:b hath whieh alddd taddi toforswefl 1d sy rdgenitant suichwiasch t he
HLB value is

basn o _ .
Dot Lse’ or BAERURtngL s tearate s MR 1 My tad il Ve SUACA AR 150

tants) of which the HLB value ("hydrophilic-lipophilic
balance") is below 10, such as fatty acid monoesters of

_ polyhydric alcohols, for example glycerol monostearate,

sorbitan monolaurate, sorbitan monostearate or sorbitan
monooleate. A fat-containing ointment is obtained, for
éxample; by suspending an active ingredient of the

invention or a salt'théreof in a spreadable fatty base,

where appropriate with the addition of a surfactant

-having an HLB value below 10. An emulsified ointment is

obtained by triturating an aqueous solution of an_acfive

'ingredient of the invention or a salt thereof in a soft,

spreadable fatty base with the addition of a surfactant
of which the HLB value is below 10. All of these topical
forms of application may also comprise preservatives.

The concentration of the active ingredient is from
approximately 0.1 to approximately 1.5 mg, preferably
from 0.25 to 1.0 mg, per approximately 10 g of the base
material. '

The administration of eléstase~inhibiting eglin mutants
is effected by intravenous injection or intrapulmonarily,
by inhalation, for example using a Bird device. Accord-
ingly, pharmaceutical preparations for parenteral
administration in single dose form contain approximately



approximately 0.1 to approximately 1.5 ng, preferably fromO0.25 to 1.0 nyg,
per approximately 10 g of the base material. The adm nistration of

el astase-inhibiting eglin nutants is effected by intravenous injection or

i ntrapul monarily, by inhalation, for exanple using a Bird device. Accord-

i ngly, pharmaceutical preparations farjgacenteral admnistration in single
dose formcontain approxi mately - 18 - from10 to 50 ng of a conpound of
the invention per dose, depending on the node of application. In addition
to the active ingredient these pharmaceutical conpositions usually also
conpri se s@EHormiohlte iste mgreomhid atompownd bof othé ornmtﬁjlcmg pére dass pnicity.

They may b e-dr 0 an h
advant age gd(%%r |d;ig1 N heoacédeérjlcgjlsjégggjf%%iem?'esg%@gé Ive, for ex%mpl e
from 0. 2 t @akiyersingnefienbhdhese mammmyfcgbt@mmsiétms ester.
Prepar at | O'i‘fsxfﬂrl bﬁécpl%&@értﬁ s&idﬂhﬁ‘séﬁf@rid’@' RhdAdkS0ldn nutants

correspond substantially tg thos be ove. | nhal ation preparations
for treati mPk qﬂé"‘ﬁesﬁﬂ‘? ARG o #R?gﬁﬁgﬁona?we%d?ﬁhkﬁ ion are,
for exanpl eﬁrw’e)-&hdised)roﬁmm@olm formgi and i ot 1dres ety eckkh | ogi cal
active | ngr t

Prepar at i onagd%%aﬁ{gvﬁ#e é%gf%ar mcgtﬁgfg%cg{eagﬂvﬂ Ag{%@%lé}%cont ained in
sol ut i~on chﬂpM.sefora[ﬂrdelQ)rﬁltmsQ %1 toi®abdl% fpr oxyhengpiclaeidifr -

necessary, pdt Iéé&lla oF WMRN &9Eépr a stabiliser. Instead of a
propel | ant gas it s SO p055|ble to use conpressed air, "and this can be

pkoduced as required using a suitable conpression and release device. Bird
regpi r at or preyurdt iores Kiewntledtoisbdal usé of elastase-inhibiting

eglin mutants correspond sub;tantially to those described
above. ' '

Inhalation preparations for treating the respirafory
tract by.intrapulmonafy'administration are, for example,
aerosols or sprays that can distribute the pharmaco-
logical active ingredient in the form of drops of a
solution or Suspension, - Preparations in which the
pharmacologiéal-active ingredient is contained in
solution comprise, apart from this, a suitable propellant
and also, if necessary, an additional solvent and/or a
stabiliser. Instead of a propellant gas it is also
possible to use compressed air, and this can be produced
as required using a suitable compression and release
device. Bird respirators, which are known and used in
medicine, are especially suitable for administration; in
this case a solution of the active ingredient is intro-
duced into the device and vaporised with slight excess
pressure and introduced into the lung as the patient
breathes. -

In the case of elastase-inhibiting eglin mutants, the
dosage for a warm-blooded animal (human or animal)
weighing approximately 70 kg, depending on age, individ-
ual condition and the nature of the disease, is from



nmedi cine, are especially suitable for adm nistration; in this case a

sol ution pf the active ingredient is intro- duced into the device and
vapori sed with slight excess pressure and introduced into the lung as the
patient breathes. In the case of elastase-inhibiting eglin nmutants, the
dosage for a warm bl ooded ani mal (humaRgor ani mal) wei ghing approxi mately
70 kg, depending on age, individ- ual condition and the nature of the

di sease, is from - 19 - approxinmately 10 to approxinately 30 ng per

i nhal ation (once to twice daily) when adm nistered via the intra- pul nonary

route, and dpprosAmEteiiyEie! o ldpproepnately i 3mtmy ypdd (lnhal gbionlay when

adm ni stered i ntr.avenously r, € I ' L on.
Ther apeut i c(aﬂqcf éﬁ g*ﬂ'f#% %%%f’(l)m @ﬁ@p?%@%%f%ggnﬁéé%?‘%%]%l ﬁfl\/\ﬁ?%ﬁnmy be
det er ni ned pulmmEry ofouteunaidgfvem appreximately clO ako RPBPOXTange from
tl(r)ytpgi ﬁO?nLl J|t]t‘='fl§;g lfa(ﬂﬁ):] %\IE anf‘?{’( iw%‘??ég?{ggﬁiégér%éhﬁll e .%héﬁéaﬁyiﬁ?g Or
- . , , r a ,

such as intfQr QRQNE£§_¢¥ﬁ?ahﬂé%ﬂ?%?ng?ds&%ﬁ%?%ﬂ%ouéfggﬁ?gﬁ?¥$a?iiy
ahfr628Utl(éﬁfébfiééﬂéﬂmﬂaugU@M?; 1§s$a eofieénteat boge, obhbohrmaynbeel y from

o] ngy active,i.ngredien g A ar .cal
preparalicné?qﬁﬁﬂéﬂ?pt %ﬁ??%epgnﬁﬁ@ﬂ$§ﬂ¥g¥ﬁéghé%%%%%??%tL%§8§?£%$3n1
approx- i mBIEISA 0.dange afipooxloatel ¥0000g/mgl ntapprexsimatehly Intaddition to

the'active:hpgm%#;il these pharnmaceutical preparations al go conprise a
buffer, for exanple L phosphat e buffer (see above), and al so sodi um
cll oride, mannitol or sorbitol for setti-ng the isotonicity. Pesticides The

noyel eglinrHBitpfiEn PEtFQETIVhaoE EAPpslACihRibStEngSeglin mutants is
effected, for example, by parenteral, .such as intra-
venous, intramuscular or subcutaneous, injection. A
.therapeutically éffective amount is in a dosage range of
approximately from 1 to 20 mg of active ingredient/kg of
body weight. The pharmaceutical preparations contain the
active ingredient in a concentration of from approx-

~ imately 0.1 to approximately 100 mg/ml of solution. In
. addition to the active ingredient these pharmaceutical
preparations also comprise a buffer, for example a _
phbsphate buffer'(see above), and also sodium chloride,
mannitol or sorbitol for setting the isotoﬁicity..-
L Pesticides

The novel eglin mutants of formula I can also be used as
proteinase inhibitors in the control of pests in plants.
From the serine protease inhibitors occurring naturally
in various genera of plants it is assumed that they
represent an efficient protéction against phytopathogenic
insects, fungi and other microorganisms by inhibiting the
serine proteases in the mentioned organisms. Further-
more, both monocotyledonous and dicotyledonous plants can
be transformed with a DNA that codes for a heterologous
protease inhibitor Such as, for example, eglin B or C, or
for an eglin mutant of formula I. The expression of the
corresponding active proteinase inhibitors imparts to the



protei nase inhibitors in the control of pests in plants. Fromthe serine
protease inhibitors occurring naturally in various genera of plants it is
assuned that they represent an efficient protection against phytopathogenic
i nsects, fungi and other mcroorganisns by inhibiting the serine proteases
in the nentioned organisns. Further-_ e, both nonocotyl edonous and

di cotyl edonous plants can be transformed with a DNA that codes for a

het er ol ogous protease inhibitor such as, for exanple, eglin B or C or for
an eglin mutant of formula |I. The expression of the corresponding active
protei nase tpahdFbLhedl pRants peotéetion adlinstr aBsheknB¢ phgitos
protection aggﬁnst attack by phyto- pathogens. Methods that are known per
se are avai PAbPRIPBT*the transformation of plants with suitable expression
vectors that contain expression control sequences and a DNA coding for a
O OUNg o MEPRoASVERbE Ol e HEBA® pot0be® %W bGA1 18RI EOCHE! RENO O
protoplasts or 1solate acteria that contain
t he approprtedesfeemgtionyp Pﬂén§§b§éﬁbeﬁviﬁébéﬁeﬁﬂprﬁﬁsﬂgncUﬁ§¢@F§

plants, or thetteentheh ekpressaon Woh'%rb'leséideﬁ&e%ubhabhemmm)d' fied or

dified h f Caw
(Gaul | 1 oneFoUERG: 2561 P epmosind ofy thendmebE L8R,  SxaRpAS: FRE o rcct

-transfer ofexamphepdthdAcopudteriad of pretoplasts uundsoﬂpkedonous pl ants,
Such as T £faghghs PR LTzl §94r°AGHaNIH0TA! enANOBENEATR FL L hOTS)

with the aid o ectroporati m Croi njectron into’
i gol at ed pr@PEEPEgigtepV§ﬁ¢°@§blﬁnért@#b GQ§Pnﬁyr§9§ﬂ§§@@L§ﬁlﬂQB

bagbar drrentco.apﬂeeéhgnSntBNAoaﬂoltﬁ@ult&%nfsfféfr egdoebebranfith the ea@ounds .
of the inventl 00 80818 LhART £1%h LrPMehYPIRY 92-u8k8,PsithSas, for
example, TMV (Tobacco Mosaic Virus) or CaMv (Cauliflower
Mosaic Virus). Other methods are, for example, the

direct transfer of isolated DNA (preferred in the case of
monocotyledonous plants, such as maize, oats, barley,

rice, sorghum, wheat, sugar cane and others) with the aid

of PEG, by electroporation, by microinjection of DNA into

isolated protoplasts, plant calli or embryos, or by

microprojectile bombardment, and others.

DNA molecules that code for one of the compounds of the
{_, invention are suitable for transformation into plants.

Preferred are those DNA molecules that code for an eglin
mutant of formula I in which R is acetyl,'w is Tyr, X is
Thr, Y is Arg and Z is Asp. The protease-inhibiting
action of the corresponding preferred eglin mutants can
be examined in tests with the maize pathogen Diabrotica
Virgifera (Western corn root worm). The addition of the
preferred eglin mutants to homogenates of intestinal
tissue of the pathogen results in a marked inhibition of
the proteolytic activity. '

The invention relates especially to the eglin mutants
described in the Examples, to the DNAs coding therefor,
to expression plasmids containing such DNAs, to host



Preferred are those DNA nol ecul es that code for an eglin nutant of fornula
| in which, Ris.acetyl, Wis Tyr, Xis Thr, Yis Arg and Z is Asp. The

prot ease-inhibiting action of the corresponding preferred eglin nutants can
be examined in tests with the nmaize pathogen Diabrotica Virgifera (Wstern
corn root worm. The addition of the Qrgfetred eglin mutants to honobgenates
of intestinal tissue of the pathogen res&lts in a marked inhibition of the
proteolytic activity. The invention relates especially to the eglin nutants
described in the Exanples, to the DNAs coding therefor, to expression

pl asmi ds Coﬁﬁﬁifﬁﬁﬂg&y%%ntéﬂnbﬂétsuch'e:géresﬂéﬁoﬂiwéxﬂlégsaﬁantéi ni ng
such expreSS|on<$Ias ds_and to the gesc | be géoceises or the production

Uhereof | The oI SRR SX JMEPESSFEF L E0F oF2°  HEOFUGELOR OFPRFERBat | n any vy
inmplying any limtation. Experinmental part Exanple 1. M3 cloning of the

eglin C gen ' Y. r 3 p = agnent
(containingg?ﬁgpégg%ﬁg%ééeE??ﬁpigée%%¥&?éP$E%Ig?§d1$§§%1 BE?Q}¥¥°%¥ pl asm d
pM. 147 by ﬁBhﬂﬁ!bfW@ngmPfﬁhnﬂﬁ@hYthbmib@ti¢%tion endonucl eases Eco Rl and’
Bam H and subse- quent el ectrophoresis in 1.5 % | ow nelting point agarose.
This DNA fragnment, (10 ”f) s, mxed with 40 ng of ML3np8 DNA (pre-digested
with Eco R , L ncubated in 50 MM tris-HO pH 7.4, 10 mM[err]
10 MM ATP, 10 nMdithiothreitol in the presence of 0.125 units of T4 DNA

1gase in a yoligpoof : 19 8Tl h 04! SF Bhe a1 s AEENGERENZYM 100, 468 500
(1983)]. Th - e E coli strain
JMLO01 (Zol | chpproximately @bSvey. ofhther238flopnBcooRInBaMUHE fragmensd onto
X-Gak (I PTG {auhieaining20RE LbRpEEtéZehieh €lgdhe) is isolated from
10 pg of plasmid pML 147 by means of digestion with the
restriction endonucleases Eco RI and Bam HI and subse-
quent electrophoresis in 1.5 % low melting point agarose.
This DNA fragment (10 ng) is mixed with 40 ng of M13mp8
DNA (pre-digested with Eco RI and Bam HI) and incubated
in 50 mM tris-HCl pH 7.4, 10 mM MgCl,, 10 mM ATP, 10 mM
dithiothreitol in the presence of 0.125 units of T, DNA
ligase in a volume of 15 yl [Zoller et al., Methods
Enzym. 100, 468-500 (1983)]. The resulting solution is
used to transform the E. coli strain JM10l (Zoller et
al., see above). The transformation mixture is coated
. onto X-Gal (IPTG—ihdicator) agar plates (Zollef et al.,
x'“‘ see above). 40 blue (wild type) and 650 colourless

plaques are 6btained. | o

Example 2: Production of M13mp8 single-stranded DNA
2 ml of a culture of E. coli JM101 (grown in L medium:.

10 g of bacto-tryptone, 5 g of bacto-yeast extract, 5 g
of NaCl, 5 g of glucose, 0.1 g of ampicillin per litre,
up to an ODg,3 = approx. 0.5) are inoculated with a
colourless plaque (taken from the agar plate, see Example
1) and maintained for approximately 4 to 5 hours at 37°C
and 180 revs/min. Subsequently the grown culture is
centrifuged for 5 minutes in an Eppendorf centrifuge.

The supernatant is transferred into a fresh centrifuge



see above). 40 blue (wild type) and 650 col ourl ess plaques are obtai ned.
Exanpl e 2; Production of ML3np8 single-stranded DNA 2 ml of a culture of E
coki JMLO1l (grown in L nedium 10 g of bacto-tryptone, 5 g of bacto-yeast
extract, 5 g of Nad, 5 g of glucose, 0.1 g of anpicillin per litre, up to
an [err] = approx. 0.5) are inocul ateddd th a col ourl ess plaque (taken from
the agar plate, see Exanple 1) and nmintained for approxinmately 4 to 5
hours at [err] and 180 revs/mn. Subsequently the grown culture is

centrifuged_jor | nutes_ .0 an Eppendorf cepirif . The_s rpatant is
Cranst e ro1feat s "} ShrRabh: fPe BAS0H°" a8 °Bhy yhife {35pRLBER1ERE L q0en,
and t he whohe reomatempenstiure foon20emppubesranfothéf genbtréfuged t hen
centrifuge i n. i i ks dissol ved
Tn100 [orrioafhn, THE SUBSEARLARE 13 8yScardRd and Lhe pEhagt 4SO ool Ned
with 50 pl dispmbyied/ & 198 L nafeB80 M, bsifrEGhePH: dr8)y AnAM: EPAA
centrifuged(f®y. 5 TheuhestiPeaNsEAPREAOWEtREBD! Wl UBE. phenbeyTE @hssodi um
acetate pH 6 ang 3 vglunes f absol ute ethgn h é250 err 5 re_added to 100
o o L mulies L HASR BonReT At L hapRd cen SentELrbednERE SR ang

t hen centrimigaetiessineanr Eppendbofecéntrifugenut 20. y1 olfespdibmt i s washed
wth 1 mn ejhapol.an ' enkr | I hs,dni ed at
roon1tenpe?%%%€%%%o?ﬁlg %Pﬁu?eggg%@eghgﬁ é?gg%ﬁggdg?ﬁaggh Z?P? gﬂ)TE. The
sol uti on cor¥@i addedptexifft vlyof sepernatankiapd thagwhoder dded DNA. -

Exanpl e 3: mafiedusédoatolzphe 898?n§?ﬂ£ﬂ9n&0théﬁrGéﬁhrifdbba gsa. Kinasing
t Qe nmut agenj c oligoauckeotl e The fgl W ng olhgonuiie%tLde I s _pr.oduced by
_ chgpical syttFeERSFRPPKE FOFag@nBiputes.” ThE pellet is washed
‘ with 1 ml of 80 % ethanol and again centrifuged. The
- pellet is dried at room temperaturé for 10 minutes and
then dissolved in 50 pl of TE. The solution contains
approximately 5 pg of M13mp8 single—stranded DNA.

Example 3: Production of the gene coding for {Arg45]—
eglin ¢

a. Kinasing the-hutagenic oligonucleotide

The foilowing oligonucleotide is produced by chemicai
synthesis for the mutagenesis:

' - 5! —'dCTCCTTGTTACTCGGGACC—3'

10 pl of the oligonucleotide (1 OD/ml = 500 ng) are
kinased in 20 pl of 0.07M tris-HCl pH 7.6, 0.01M MgCl,,
50 mM dithiothreitol with [Y-32P]ATP and T4 polynucleo-
tide kinase (Boehringer) [cf. Molecular Cloning, A '
Laboratory Manual, ed. T. Maniatis et al., page 125].
The kinased oligonucleotide is dissolved in 10 yl of TE
(50 ng/ul). ' -



5'.-dCTCCTTGITACTCGGGACC-3" 10 [err] of the oligonucleotide (1 OD.m = 500
ng) are kinased in 20 [err] of 0.07Mtris-HO pH 7.6, 0.01M[err], 50 nmM
ditthiothreitol with [err] and T4 pol ynucl eo- tide kinase (Boehringer) [cf.
Mol ecul ar C oning, A Laboratory Manual, ed. T. Maniatis et al., page 125].
The ki nased ol i gonucl eotide is-dissolyeg3ig 10 [err] of TE (50 ng/pl). -
23 - b. Miutation of the eglin C gene 3"-GA GGA CAA TGA GAC CTG G 5" * +
5'-CT CCT GIT ACT CCG GAC C-3' (oligo priner) 5 -CT CCT GIT ACT CGG GAC
C-3 3'-CGA GGA CAA TGA GAC CTG G5' mutation 42Pro Val Thr Arg Asp-5' -CT
CCT GIT ACTpCEGCMaAGtIoh ofl the 2q1®h GGaeomA TGA GCC CTG G5 MJTATI ON
SCHEME 1 [err] of the ML3np8 single-stranded DNA with 50 ng of the kinased
ol i gonucl eotide prinmer in 10 pl of 50 nMtris-HCO pH 7.8, 100 nM[err] are
mai nt ai ned at [ el'FCASGGH QAR TFCAAGAC G &-5'oom tenperature (5 m nutes)
("annealing"). The followng are then added to this mxture: 1 [err] each
of 10 mM dATP, dGTP, dCTP, dTTP, 1 [*ferr] of T4 DNA ligadd)2 [err] of 50 mM
di t hi ot hrei tol 1%&i;2q§9T I T RCAT WG C-3" 5 nmg/nl gelatine 1 [err] of
10 x conc. Kl enoW R PAFEFIM tris-HO pH 7.6,

* o
5'-CT CCT GTT ACT CGG GAC C-3'

J . (II)
(. 3'-GA GGA CAA TGA GAC CTG G-5'
mutation
42pro val Thr Arg Asp
5'-CT CCT GTT ACT CGG GAC C-3'
' (III)

" 3'_-GA GGA CAA TGA GCC CTG G-5'

MUTATION SCHEME

1 ug of the M13mp8 single-stranded DNA With 50 ng of the
kinased oligonucleotide primer in 10 pl of 50 mM tris-HCl
PH 7.8, 100 mM MgCl, are maintained at 45°C (30 minutes) .

&wj - and then at room temperature (5 minutes) ("annealingf).
The following are then added to this mixture:

ul each of 10 mM dATP, 4GTP, 4CTP, dTTP,

ul of T, DNA ligase

pl of 50 mM dithiothreitol

ul of 10 mM ATP

ul of 5 mg/ml gelatine

ul of 10 x conc. Klenow buffer (0.66M tris-HCl pH 7.6,

50 mM MgCl,, 50 mM dithiothreitol) |
1 pl of DNA polymerase (Klenow fragment) = 2.5 units

e i

The mixture is maintained at 22°C for 5 minutes and then
at 15°C for 16 hours and finally separated electro-
phoretically in 1 % agarose. The resulting circular,



50 mM [err] 50 mMdithiothreitol) 1 [err] of DNA pol ynerase (Kl enow
fragnent) ,= 2.5 units The mxture is maintained at [err] for 5 m nutes and
then at [err] for 16 hours and finally separated el ectro- phoretically in 1
@6agarose The resulting circular, - 24 - doubl e-stranded DNA i s nmade
visible with ethidiumbrom de and i sol azted fromthe gel by electroelution
(approx- imately 10 ng in 15 [err] TE). '[err]'(: approximately 3.5 ng) of
the DNA obtained in this manner are transfornmed into the E. coli strain
JMLO1 and coated onto X-Gal /I PTG indicator plates (see Exanple 1).

Appr oxi mat ehas bPa- E‘E%QE{:E@SMR' 34Ufage" eig%%nevqtn%tﬁfid&nﬁ.ssrernaaees are

used to inocu ate ture (see Exanple 2). After

cul turing (BRdnpEelafed; fgom tBGIQeeePVse&PE txofditioged 3BPEKrom t he
srpera natamhaegg?aaonggphﬁges gdegnngle stranded DNA, ghe cell pellet ]
al ready contai ns e _corr n l,n eac
case 50 [erP] ¥ f(FhEPR6°§ﬁ§§§eg grﬁg h é% %@g Din) ensd
nrtrocelIuImaanewaahedttansfEEmedn&nmbathedEhﬂﬂEL_ya¢u@¢nfdMlnlhands at
[err] and eéGEEQEdPﬁﬁéo&dbQQ(EBTéN;hBiE%tB% tesBk@ee %% n@ & § 7 (1975)]

for the presence o sequence , see sc i'ng the
oI|gonucleoﬁpﬁeoﬁﬂmﬁéﬁlas1P§dF9&9PF¢GS§r@B@qPﬁFbﬁQQ ‘ThIS results

IF g ;LZO]I?OEﬁnhbabﬁ%?ﬁgéﬁﬁﬁﬁﬁékaaké geedaite a@dg@a{w @4521 a0 nc611e|ne
[orr]) mi xedvaPin Bl ¥isk: (SpPaRaTRLe: Jnd AEHAE) HIH RY JARaPEIar
PRages of tnneethacE.otoﬂheceéislamngcphaqdé@gaﬂeqﬁﬁﬂﬁnnmjthﬁhsuper—

S1igle; Str aRdedn iV b I A bR gba° LAl ATg) o R YHHARE cASC ke eeaaliove.

These 12 single-str e sequence n accordance
pellet. already contalns the corresponding mutated double—
stranded DNA). _
In each case 50 pl of the 40 phage supernatants are

filtered over nitrocellulose, washed (2 x -TE), maintained

under vacuum for 2 hours at 80°C and examined according
U to southern [J. Mol. Biol. 98, 503-517 (1975)] for the
presence of the mutated DNA sequence (III, see scheme),

‘using the bligonucleotide primer as radioactive probe
(hybridisation). This results in 12 potential phage'
supernatants containing the [Arg45] eglin C gene. Four
of these positive phage supernatants are diluted (approx-
imately 1:105), mixed with E. coli strain JM101l and
coated onto indicator ‘agar. Phages of three each of the
resultlng plaques are 1solated. The single-stranded DNA
is isolated therefrom in the manner described above.
These 12 single-stranded DNAs are sequenced in accordance
with Sanger [Science 214, 1205 (1981); Proc. Natl. Acad.
Sci. USA 74, 5463 (1977)}. All 12 single-stranded DNAs
exhibit the desired mutated eglin C sequence.

In a minipreparation, the respective mutated double-
stranded DNA ([Arg45] eglin C gene in plasmid M13mp8) is
then prepared from the corresponding E. coli cell pellets
(see above).

By restriction digestion with the restriction endo-
nucleases Eco RI and Bam HI, the Eco RI-Bam HI insert



wi th Sanger [ Science 214, 1205 (1981); Proc. Natl. Acad. Sci. USA 74, 5463
(1977)] Al'l 12 single-stranded DNAs exhibit the desired nutated eglin C
sequence. In a ninipreparation, the respective nutated doubl e- stranded DNA
([ Arg45] eglin C gene in plasmd M3np8) is then prepared fromthe
corresponding E. coli cell pellets (see gbove). By restriction digestion
with the restriction endo- nucl eases Ec® R and Bam H , the Eco R -BamH

i nsert - 25 - containing the mutated gene is cut out fromthe vector,

i sol ated and cloned in the vector pHR 148/ Eco RI/Bam H (European Patent

Appl i cat i OncNﬁtalﬁ(‘inaB%e ;ﬁhealebas%e P ARGt et Ef%% tt% & Sl S
i sol ated an ansf.or nto _the CO|I strain e strai ff

transfornedqﬁpﬁﬁtﬁpaé d€ 988@8 fis §S40&xd PHR 1 d148/Beeo RISBBR 81 Exanpl e
?:h PiqucKEumopbahheagene Ap@&ﬂ@atﬂbn[ﬂba4ihﬁ(135)ﬂ Crhee lasmid ]
Thrd4d][err 4 o r,.ana to that
descri bed |kbE§8% %eggﬁtﬁhﬁetha ageﬁh qgl 8&%&%§n%4§etﬁ?@5fﬁgge§h

fol L owi ng stp&et @ E_Mt@imlo‘IG Gmesst'ﬁaémmcfnrmbdt he eglin
C gene is r S n ol %0 GAC CTG 5’

RS PlasfhianpBE16040Mead hatelR s .5 coF) FEhoxHs Bede S

pr|ner) 5 -CT CCT GIT CCT CTG GAC-3' (Il) 3" -GA GGA CAA TGA GAC CTG 5

nut ati on 42Bxakiplier a euAsgoduction of the gene coding for [Pro44]-

eglin C : ,
& | The [Thr44]3{Prod44) mutation is carried out in a manner
A~ . analogous to that described in Example 3. fThe mutagenic

-ollgonucleotide used has the following structure

. i |
5'-CT CCT GTT CCT CTG GAC-3'

The mutation of the eglln C gene is represented in the
following scheme.

‘3'-GA GGA CAA TGA GAC CTG-5'

. * (I)
+ 5'-CT CCT GTT CCT CTG GAC-3'
(oligo primer)

. “ - l R |

5'-CT CCT GTT CCT CTG GAC-3*

(IT)
3'-GA GGA CAA TGA GAC CTG-5'
mutation
-42provalProLeuAsp
5'-CT CCT GTT CCT CTG GAC-3'

. (III)
3'-GA GGA CAA GGA GAC CTG-5' .

On working up the mutation mixture 18 potential [Pro44]-
eglin C mutants are obtained.



5.-CT CCT GIT CCT CTG GAC- 3" 3'-GA GGA CAA GGA GAC CTG' 5" On working up the
nut at i on m xture 18 potential [Pro44]- eglin C nutants are obtai ned. -
26~ By cIonlng the [Pro44]-eglin C DNA in the vector pHR 148/ Eco RI/Bam
H, plasnmid pJB591 is obtained in a manner anal ogous to that described in
Exanple 3. The E. coli HB101 strain tTa#®fornmed with this plasnid is
designated E. coli HB101/pJB591. Exanpl e 5: Production of the gene coding
for [Arg45]. - Ser46]-eg|in C The [Leu45, Asp46] [err] [ Arg45, Ser46] nutation

is carried d le 3. Th
nut ageni ¢ ogyg‘d;‘lﬂgiggﬁ g &?E?“%ﬁs%ﬁw’f Efl?jrcl)qle,‘/l g_%crt %ﬁ%ec@o@xfff rx 5' TG?’A
ACG CAG AGApEES AGS/BaC RTZBam Hie plEsmich P@’B5t9d-e isglobfagngdndn &
represent edmhﬂnweahghbg%&gt%cm G scirA beBCErCER eG’a‘c T@heTTG TCC-5'

AGG. CA AAC AGG 3'
(oligo prinBe)celd HB1GL Sf—ﬁlgAEGt(EQG i@&“ﬁéG %‘F‘ &Sé SGAT TGC GTC
CAG GIC TCAqés$gheteld E. coli( HBLOMMPpIBSHL.S' - GTA ACG CAG AGA ACG AGT AAC
AGG-3' 3'-CAT TGC GIC TCT TGC TCA TTG TCC-5' (1) 47 . 43

Leu Ser Arg Thr Val On working up the nutation nmixture 12 potenti al
Example 5: Production of the gene coding for [Arg45,—

Ser46]—eglin Cc
The [Leu45,Asp46]->[Arg45,Serd6] mutation is carried out
" in a manner analogous to that described in Example 3.
\ - - The mutagenic oligonucleotide used has the folldwing

structure:

kkk h¥k
5'-GTA ACG CAG AGA ACG AGT AAC AGG-3!

The mutation of the eglin C gene is feprésented in the
U following scheme.

3'-CAT TGC GTC CAG GTC TCA TTG TCC-5'
O XKk k% ' (I)
+ 5'-GTA ACG CAG AGA ACG AGT AAC AGG-3'

- l'(oligo primer)

o kkk KK
5'-GTA ACG CAG AGA ACG AGT AAC AGG-3'

3'-CAT TGC GTC CAG GTC TCA TTG TCC-5' (II)
l mutation

5'-GTA ACG CAG AGA ACG AGT AAC AGG-3'

3'—CAT TGC GTC TCT TGC TCA TTG TCC-5' (III)
47 43
Leu Ser Arg Thr val

On working up the mutation mixture 12 potential
[Arg45,Ser46]-eglin C-mutants are obtained.
Plasmid pML147/b is obtained in a manner analogous to



[ Arg45,Ser46]-eglin Cnutants are obtained. Plasmd pM.147/b is obtained in
a manner anal ogous to - 27 that described in Exanple 3 by cloning the

[ Arg45, Ser46] - eglin C-DNA into the vector pHRi 148/ Eco RI/Bam H . The E
coli HB10Ol1l strain transformed with this plasmd is called E col

HB101/ pM_.147/b. Exanple 6: Culturing Lh%fnguwforned E. coli strains The
transfornmed E. coli HB101l strains are cultured over- night at [err] and 250
revs/mnin5m of L nedium (see Exanple 2). 1 nl of this overnight
culture is then transferred into 25 nl of M@ nedium M nediumis conposed

of the fol |l owhdwe deséribédein ERample 3 by cloning €ReZPafgd§!Sbras]-

S.?er?]thJ eglin C-DNA ingqoggggv?gg?? pﬂRLng}Eco RI/BamHLg gTbﬁsaniné'o
aci ds E. coli EBBO1lgstrahmi trapsfdormed with this plasfif@028 g gl ucose

5.0 ¢ anphfgiiéh % C°%1t%sﬁ%1ﬂ8ML94%ﬁg'CU|turing Is carried out at [err]

and 250 revs/ mn urs cul ture has achi eved the hi ghest
titre of eglin C nutants [determ ned by neasuring the protease human

i At e R
the eglin mibe: transtepmed; B8Y0T) strafns are ubEeRespeXeRachani c-

ally using aniylmbnat| 37 F0eand| 250ebevs/mincent 5i hlgefl LfthedbudO (gRUtES N

a Sorval(xﬂﬁiééﬁgg f}.gofomiegflthis overnight culture is.then
' - transferred into 25 ml of M9 medium. M9 medium is

WEQ . composed of the following (per litre):

| ' NayHPO, - TH,0 | . 13.25 g
KH,oPO, 3.0 g

NaCl R 0.5 g
s, 1.0 g

- CaCly,-2H0 | 0.015 g
‘U MgSOy « 7TH,0 o 0.25 g
casamino acids _ . 2.5 g

vitamin By ' ' 0.0099 g
glucose - 5.0 g
ampicillin _ 0.1 g.

- Culturing is carried out at 37°C and 250 revs/min. After'
Ay 8 to 10 hours the culture has achieved the highest titre
. of eglin C mutants [determined by measuring the protease
human leukocyte elastase according to U. Seemiiller et
‘al., Hoppe-Seyler's Z. Physiol. Chem. 358, 1105 (1977)].

Example 7: Isolation and purification of the eglin
mutants

‘The overproducing E. coli cells are broken open mechanic-
ally using a Dynomill. The'cell debris is centrifuged
off in 30 minutes in a 80fval centrifuge at 9000 revs/-
min.

On account of the high stability of the eglin mutants
towards acids, the majority of the foreign proteins in



mn. On account of the high stability of the eglin nutants towards acids,

t he najorlty of -the foreign proteins in 28 - the supernatant can be
elimnated by precipitation with approximately 20 % acetic acid: 10 m of
40 % aqueous acetic acid is pipetted dropwise into 100 m of super- natant
within a period of 10 m nutes. The aCIdﬁ solution (pH 3.4) is stirred for
1 hour while cooling with ice. The preC|g|tated foreign proteins and other
cell conmponents are centrifuged off in 30 mnutes in a Sorval centrifuge at
9000 revs/mn. The supernatant is |yophilised overnight in a Virtis

Freezenobi | en&hgu erad tuelt! @eensibel mhumaa;@de e'i.q Pieadiion A4H of 10
mMtris-HC and brlefl eI3_1tr|f gslutlon cl ear

( Sor val SSSﬂBPIQB WQFSHWI%O WE™Hhat ant is
added to anaeettiki hcaﬂedssmlmtﬂaec{}d&fbmmfﬂnt@ d.@lOuml (di’laaupm:-a) 100 cm

ong and 2. B GULn AR & politd Wk iy Gl OUlmy 'aiéua M tris-HO pH

7.8 at aflowrate o sorption of the e e i s recorded at
280 nm 10 splition dpH Sr-d)cdis ahiared &l draugn whidg sacddaEk a hi gh

peak (fractiyqph 3tet0) mheigrecagit ttadﬁéd i eAYn ﬁaﬁea@iss drid @tafdd on.  The
Bl ect Y ophor 6614° SHTEAPER SRS t%f i fitied e mf"”f' STERR SR B ar 0
appr oxi mat eSysr%l%qwt&-ifﬁge ratmed0 afevisymibuf f ahef rsmpdmteagit nisrut ant
];nreﬁg ;(r)]gs( M%&%ﬂ l' terrtrmqm:af :\4 %iﬁgér} hryé:re?aérrp escﬁa‘f'lr eh?yogﬂl ?I :(I\a/;lz
again. A colourless pomder is obtained (approximtely 250 ng/ 100 m :
EVQQ”"' de@ﬁgparfﬂd'f@ﬂlowMEH”IY6bH§I¥§3¥éuii‘aﬂﬂsolved in 10 ml of
10 mM tris-HCl pH 7.8 and briefly centrifuged to make the
.solution clear (Sorval SS34: 15000 revs/min, 10 minutes).
- The clear yellow supernatant is added to an-equilibrated
Sephadex G-50 superfiﬂe column (Pharmacia) 100 cm lbng'
_ and 2.5 cm in diameter. Elution is carried out with
Lj ' 10 mM tris-HC1l pH 7.8 at a flow rate of max. 20 ml/h.
' ' Absorptlon of the eluate is recorded at 280 nm. 10 ml
‘fractions are collected. - The elution diagram shows a
high peak (fractions 31-40), which contains the eglin
mutants in question. The purity of the eglin mutants in
these fractions is confirmed by SDS gel electrophoresis
and- HPLC. | After gel flltratlon the eglln mutants are
approximately 99 % pure.

The removal of the buffer from the eglin mutant fractions
is carried out with an AMICON concentration cell having a
YM-2 membrane (MWCO 2000). After ultrafiltration the
samples are lyophilised again. A colourless powder is
obtained (approximately 250 mg/100 ml DYnomill decompo-
sition), which is stored at -20°C.



-. 29 -, Exanpl e 8: Physicochem cal characterisation of the eglin nutants a.
[Prod44]-eglin C The [Pro44]-eglin C purified according to Exanple 7 is
subj ected to a nol ecul ar wei ght determ nation by neans of FAB-MS. The

nol ecul e ion peak [err] is ascertained at 8130.6. Accordingly the product
obt ai ned in accordance with the proces% S N-acetyl-[Pro44]-eglin C
(theoretical value for [err]: 8130.07). ryptic degradation of the eglin
mutant yields 7 frag- nents, of which only fragnent 4, which contains the
mut ati on Thr44[err] Pro44, dlffers fromthe corresponding fragnments of

t 1 7 Th
ESHLﬁﬁ?a%ﬂrﬂ%%%“ﬁ QP8 Ea b ROl F R oR00r e B00n, 17

PAGE- SDS ¢ rophore3|s [cf. UK Laenn1|, Nat ur e 227 680- 685 (1970)]
[err]-acetyl-[Pro44]-eglin C behaves like [err]-acetyl - eglln C. b.

[ Arg45] - emér1 g@g g wei ght- determ nation of the purified

[ Arg45] - egl of 8175.4 [err]. Thus, in this case too, an
N-acetyl cdothuiRiro44pregbhn ctpunifiediaetovdimg torEgkample 8118). The
enzynatic dags é@ntw hlmb 141 By REES) é@xﬁjrﬁgﬁiohhﬁ CARRAUNG S
[err]- acet Ar eg in C ectroﬁhore5|s
[err]-acet 45] %ng%eﬁkaséoﬁeBﬁﬁbs[MnHt elgapgcaryasned at

[err]- acetyél::ﬁglsn QicCord Mgrp, Bre4plod@att NobtdigedDl ACHEAbrAANEEL

deternlnathptgftﬁgepggééééegs N-acetyl-[Pro44]-eglin C (theoretical

9 value for M—H_. 8130.07).
Tryptic degradation of the eglin mutant yields 7 frag-
ments, of which only fragment 4, which contains the
mutation Thr44-Pro44, differs from the corresponding

. fragments of Na-acetyl—eglin C (cf. European Patent

Application No. 146 785). The eglin mutant is thus to be

UE _ designated Na—acetyl—[Pro44]—eglin C.
In the_PAGE'SDS gel electrophoresis [cf. U.K. Laemmli,
Nature 227, 680-685 (1970)] Na-acetyl [Pro44] eg11n cC
behaves like N —acetyl eglin C. '

L b. [Arg45]-eglin C

s

The molecular weight determlnation of the purlfled
[Arg45]- eglin C gives a value of 8175. 4 [M- -H' ]. Thus, in

- this case too, an N-acetyl compound is present (theo-
retical value for M-H': 8175). The enzymatic degradation
with trypsin makes it clear that the compound is N9-
acetyl-[Arg45]-eglin C; |

In the PAGE-SDS gel electrophoresis Na—acetYl—[Arg45]—
eglin C also behaves in the same way as Na-acetyl—eglin
C. ' '

C. [Arg45,Serd6]-eqlin C
The molecular weight determination of the purified




- 30 - [Arg45,Ser46]-eglin C gives a value of 8148.7 [err]. Thus, in this
‘case t'oo, ,an N-.acetyl conpound is present (theoretical value for [err]:
8149.1). The tryptic degradation of the eglin nutant shows that the
conpound is [err]-acetyl-[Arg45, Ser46]-eg]lin C. In the PAGE-SDS gel

el ectrophoresis [err]-acetyl - [Arg45,§e566l-eglin C al so behaves in the
sane way as [err]- acetyl-eglin C Exanple 9: Kinetic characterisation of
the eglin nutants The determ nation of the inhibition constants Ki is
carried out according to N. Braun et al. [Biol. Chem Hoppe-Seyler 368,

299- 308 (19%Z\)A_gl4_lsv,s'aaﬁwiéaﬁ{le:: YR -Stailueg eFEtd e Irt Mol § he rel ease
of p-nitro- Egéhésglfron1protelnase-lnq%bltqééfubstrate 'éturﬁégnghly t he
i nhi bitor cd& it 33§ itP. angracstdt SRTReYnd P]j RYFe"Nas

| i near, the (thlesaset iddalp-value diox IMEE § BHt red dthd obxyptideni nut es.

[err] can b%e%q}aaéz}]‘;sjt%gge&f a{]% r@%]hvj;ﬁ | QS S cg}ggwds :’%grﬂggi gEg,gﬁ%nged are

human | eukocyt®e notrypsin an I n. es of .
i nhi bi tion dendt arcetarle [Axg4d, Ser4Gk-ePtimiEng tabl e: Table: Inhibition
constants a. HLE: Eglin C . [ Arg45]-eglin CK (M 7.5 X

: .1 b. chynot ' 4.4
L% err) otn el it MRS - 1%, L7
- 31 - The rexg4s, Séwyé J+redl im @oalso Gehdves in Uhe asame Wgy as N -

acetyl-eglin C. _ : _ ,
~ Example 9: Kinetic characterisation of the eqlin mutants

The determination of the inhibition constants K; is
~carried out according to N. Braun_gg al. [Biol. Chem.
Hoppe-Seyler 368, 299-308 (1987)] by measuring the
steady-state reaction rate of the release of p-nitro-
aniline from proteinase-inhibitor substrate mixtures.

L Only the inhibitor. concentration is varied. Since the
curve 0D405 vs. time was linear, the release of p-

. nitroaniline is entered at 10 to 20 minutes. Kj can be
. determined from the various slopes. The proteinases used
are human leukocyte elastase (HLE), chymotrypsin'ahd
.trypsin.  Examples of inhibition constants are listed in
:the following table:

Table: Inhibition constants

a. HLE: . B

Eglin C [Arg45]-eglin C
Ky (M) 7.5 x 10711 1.1 x 1073
b. chymotrypsin~ _
Ky (M) 4.4 x 10710 g x 1079 .

c. trypsin
Ky (M) ' no inhibition 1.3 x 10-10



exchangi ng Leud5 for Arg45, which mutant, in contrast to natural eglin C
Is a very,strong trypsin inhibitor but onIy a weak HLE inhibitor. Exanple
10, Expression of [Arg45]-eglin C and [err]- acetyl-[Arg45]-eglin Cin
yeast A vector for the expression of foreign genes in yeast requires a
strong, preferably inducible, yeast pronoter, and an adjacent transcription
termnation signal which is connected-t®1t+he pronoter by unique restriction
sites that allow the insertion of foreign genes. A yeast expression vector
al so contai ns DNA sequences that ensure autononous replication of the
vector and lead to a high copy nunber. Such a sequence i.s preferably the
yeast 2 DNATheh&embklsy shap %&t &7 Qoddmy 5] & A P fx%d'ﬁ BY eferabl y

the yeast L%Wn@mdﬂé s PRIGAZ, Ezmcrsequmme,s ini tdorttreasdr itgi n of

replication a e anpi Ci I|n resist I | in E.
coli. Such :qu}éﬁ G ¢e a V&t 8 é: %\%%ﬁ%nﬂ?ﬁ 15%:# blgpcused bot h
i n yeast ancnly B wsAk .HHE cmmésmmmil ng expression vector, which can be

used very efficiently in yeast, has been described in European Patent
Application No. 100 561. Forei gn genes are exressed under tt}e control of

t he i nduci blExampee gkQipt EXRFESS Sy : 2 . PHO5

pronoter, foreign gene andgd nrhter:m dgin Si gnal sequences

are |nserted |n andem arra asm t he yeast
2 [err] DNAA a‘g&%’? E%Qeg%’fﬁer %11 °q§er2%%| nM ecrfrﬁ&%lon and the
anpicillin rﬁ@qmimea g@mmnqh@m@mmmmmmpmmmqw g45] EGL

:c riq?g?nr;f]: r uctgely az?n fa%{’n&‘f‘@nt trané)t,zrlp@or{ Sﬂﬁﬁﬁiﬁ%{‘tmn t &g DRAVClY exd or

connected to the promoter by unique restriction sites
- that allow the insertion of foreign genes. A yeast
' expression vector also contains DNA sequences that ensure
| autohomous-replication of the vector and lead to a high
- copy number. Such e sequeﬁce'is preferably the yeast 2 i
. -DNA The vector also has.a selectable marker for yeast, '
\)’ preferably the yeast LEU2 gene, as well as pBR322 DNA
| sequences with the origin of repllcatlon and the amp1c11—
11n resistance gene for_ampllflcatlon in E. coli. Such a
vector is called a-"shuttléﬂ vector since it can be used

both in yeast and in E. coli.

ivx. A corresponding expressien vector, which can be used very
- efficiently in yeast, has been described in Europeah
patent Application No. 100 561. Foreign genes are

'expressed under the control Qf-the inducible PHOS
promoter of the acid phosphatase gene of yeast. PHOS

promoter, foreign gene and PHOS transcription-termination
signal sequences are inserted in a tandem array in
plasmid pJDB207, which contains the yeast 2 u DNA, the
yeast ngg.gene, an E. coli origin of replication and the
~ampicillin resistance gene. '

The expression plasmid pJDB207R/PHO5-[Arg45]EGL is

constructed as follows:



Six. [err] of plasmd pJDB207R/IF (a-3) (EP 100 561) are digested to
conpletion with the restriction enzynme BanH . The resulting DNA fragnents
of 6.85 kb and 1.15 kb in size are precipitated by ethanol and resuspended
in 400 [err] of 50 mMMtris-HO pH 8.0. 4.5 units of calf intestine alkaline
phosphat ase (Boehringer, Mannhein) are added. The m xture is incubated for
1 hour at [err]. Subsequently, the phesphatase is inactivated by incuba-
tion at [err] for 1.5 hours. The solution is adjusted to a concentration of
150 MM NaCl and then applied to a 100 [err] DE 52 (Wat man) ani on exchange
colum equilibrated wth a sol utlon of 10 mMtris- HCI pH 7.5, 150 mM NaC

and 1 nM EDEN Iselatienofidg I DB207 MACToR (Idrac DNA is eluted with
300 [ﬁrr] . Ofsﬂ;E) mj\/ldf |ﬂ%§l@@§bﬁ°¢hm Nek=+3 ) 1(E[M i:'c[bT/sd@fn)d aeeci pi talt Ied

y ethano ar a ra is, separated fro ma
fragment on }‘glto?/vmq qﬁ‘%l"?ﬁﬂhg DEEFE LT i SHOMG (.ﬁaf:%r-‘; buf fer

pH 8.3. h) |m atesmlimfnga B foadadtprafi &85 fklacamhtl Tén Krerim  of

plasm d p31/R LEP 10 t t Vifes EcoRl and
BamH . The resu th O%P@apﬂ%égia eegéek%ﬁ%jt?eé fé%éﬁgéhﬁ%w@neltl ng poi nt
" agarose gel 490t} 50%0‘?%1@4 BETs G ol pﬁJr(B A 5@%‘5&%%—" - EcoRl

fragment, whiﬁtb@@{ﬁéumaif&@gﬁﬁa rﬁ‘i’&H@é mﬁlhﬁméélanaﬁmmém dat, is

sequence ol dIFLAIRGH HES BRSSO IRt o ol AY dre di gost ed
W th restri csulosequeytBs, Bmmlptmsblﬁmﬂ%e i]'és\elmamtxmedlmg inageent s are
ST o SRR AU L A, A6 Bl i i e
concentration of 150 mM NacCl and then applied to a 100 ul
_.DE 52.(Whatman) anlon-exchange column equlllbrated with a
. solution of 10-ﬁM tris-HCl, pH 7.5, 150 mM NaCl and 1 mM
EDTA.'After washing with the same buffer, the DNA is
eluted with 400 pl Of 10 mM tris-HCl pH 7.5, 1.5M NaCl,
_ 1 mM EDTA and precipitated by ethanol. The large 6.85 kb
o ;_ - BamHI -fragment is separated from the small fragment on a
0.6 % low melting'poinﬁ agarose gel.in tri-borate-EDTA
‘buffer pH 8.3. | ' '

b) Isolation of a 534 bp PHO5 promoter fragment
Ten  ug of-plasmid-pBl/R (EP 100 561) are digested with
k,f | restriCtion enzymes EchI and‘BamHI; The resuiting 3
' - fragments are separated. on a 0.6 % low melting point
agarose gel in tris-borate—EbTA buffef.pH 8.3. The 534 bp
BamHI-EcoRI fragment, ﬁhich'contaiﬁs the PHOS promotéf

and the transcription start; is isolated.

'c)-Isolation of a 230 bp DNA fragment containing the
coding sequence for [Arg45]—eglin C:

-Eight ug of plasmid pJB618 are digested with restriction
enzymes BamHI and'EcoRI. The two resulting fragments are
separated on a 0.6 % low melting point agarose gel in
tris-borate-EDTA buffer pH 8.3. The 230 bp fragment is
isolated.



d). Li.gation of DNA fragnents: The three DNA fragnments described under a) -
c),: whi ch have correspondi ng sticky ends, are linked to one another in a
ligation reaction. 0.1 pnole (0.45 [err]) of the 6.85 kb BanmH vector
fragment, 0.2 pnole (70 ng) of the 534 bp BanHl - ECoRI PHO5 pronoter
fragment and 0.2 pnole (29 ng) of the 230 bp.EcoRl -BanmH fragnent of pJB618
are ligated. Al three DNA fragnents are3gontained in small bl ocks of |ow
mel ti ng point agarose. The three agarose bl ocks are conbi ned, |iquefied at
65 C and diluted twice. The ligation is carried out in a final volune of
270 [err] of 60 MM tris-HG pH 7.5 10nM [err], 10 nM DIT, 1 nM ATP with 16
units of T4 ENALLGgQ °~-~'**-~" G RRFeim) at [err] for 16 hours. 10
[err] of the TJhHegathrere mNa mw@t&dmmbﬁw Uretey] aof -C@I)m whiitheat ed,
conpetent E. 101 cel al 1 f

anpicillin- rehgaSJs onldelz“*:'ars[ell:l }g;h n?it)évm Ir r}%n?{e?ur% S8t gnﬁ’tHSrIOO
[err]/m anpiin & |1414gat1|a|namad=w-l ~|1scnm1@j (&}d&r diag ofo thel Ge85et al .
[Anal . Biochqp seifir A23tok® ot | o 3gneesl B Hyydlde AeoBaadegpl e

restriction. The appeéarance of a 600 bp ECORI - H ndI |1 fra%rrlrent i ndi cat es.a
clone that cAMHTEORE BHES FromoteT FE%“%@’?% 0c2DRAOH L5 4 #EN 1Y)

integr aged i rbﬁ hx;neamoe&ﬁj Gt ORIGBAMH TN ﬁﬁiﬁgmﬂrﬁ 233 mr?m alreONiglted.
expecte 50 of .t n N Jhe d ert | Lrect orientation.
One of these Ac lorFerls%es N%o%sérta%%ﬁ% re‘ffée 315‘“{. i &1’ BlockE' B2
pJDB207R/ PHOB-dwAmed3]iF@ podnt afeamesieor r'mte drhrcefe Swesieme loekscarevi si ae

Sieai n P18 sl RAGIRATRE S deva4pld Guised SRl agd 1 nio cel s

of éaccharonyces cerevisiae strain GRF18 (a, his3- hi s3-15, Leu2-3,
Leu?- 112, . canRyJalsiony ishearrdesd uk 14t i ok dea‘Im‘lfeélfr i298d M3y i nnen et
~al. [Proc. Natd mMA\aads-BOL ;iHSﬁx .55, 1102 Mf8) | -1 0T ofTar,mad meelalte are

with 16 units of T, DNA ligase (Boehringer, Mannheim) at
15°C for 16 hours. 10 pul of the ligation mixture are

added to 100 pl of calcium-treated, competent E. coli
HB10l1l cells. '

24 individual transformed amp1c1llln-res1stant colonles
are each grown in LB medium containing 100 ug/ml ampi-
cillin. Plasmid DNA is- 1sqlated accordlng to Holmes et
g;. [Anal. Biochem. 114, 193 (1981)] and is analysed by
HindIII/EcoRI double restriction. The appearance of a 600

LJ; ' bp EcoRI-HindIII fragment indicates a clone that contains

' the PHO5 promoter—-[Arg45]}-eglin C-DNA fragment integrated

in the'e#préssion vector in the correct orientation. As
expected, 50 % of the clones contain the insert in the
correct orientation. One of these clones is isolated and
referred to as pJDB207R/PHO5-[Arg45]EGL.

e) Transformation of Saccharomyces cerevisiae strain
GRF18: - ' |
-Plasmid pJDBzo7R/£ﬂg§-[Arg45]EGL is transformed into
cells of Saccharomyces cerevisiae strain GRF18 (¢, his3-
11, his3-15, Leu2-3, Leu2-112, canR) using the transform-

ation protocol described by Hinnen et al. [Proc. Natl.
Acad. Sci. USA 75, 1929 (1978)]. Transformed cells are



- 34, .selected on yeast mininmal medium plates containing no |eucine.

Slngle transf.or ned yeast colonies are isolated and referred to as

Sacchar onyces cerevisi ae GRF18/ - pJDB207R/ PHOS- [Arg45 | EG.. f)
Fernment ati on of Saccharonyces cerevisiae GRF18/- pJDB207R/ PHO5- [ Ar g45] EGL
and isolation of [Arg45]- eglin C and [er34 —acetyl-[Arg45]-eglin C Cells of
Sacchar onyces cerevi si ae GRF18/ pJDB207R/ PHO5- [ Arg45]-EG. are cultured in 3
1 of mniml nediumwith 0.03 g/l [err] at [err] in a Mni-Bioreactor and

[ar gas) el 1 PELaneT < [anat Jhop gheh SRR nEaten s e igoche O

t ransf or ned yhgmmimelISnmgie.taamsf@ymeélghasbfcabouies dreBbsdlpteduct s
can be isol at f ty G C thod gi ven
&t ORYEER LS éé @9@@9& Pahoeed eeg—ebpgisa ERPL FPL

for E. coli in ExaqP ceutrcal preparation.

sol uti on cont®d %%E§9535%¥945]E@545] eglin C and produced in accordance
wth Exanple 7 is dlalysed against a 0.9 % NaC solution. . The
concentration ff t.he solut egcﬁd ustgd to‘l

dilution w tt1 Sat /’. rESe 5SS
ultrafiltration (B

can be used directly, {Qrci D44 aaVvgLQs 2 hghLakh 9 énd for prolonged
drip infusion. p6%ﬁ%—é%—nrcrccrgan#gnsﬂg%g—sﬁT?éﬁf%%“c |'i HBlOl/pNL147
was deposi teop%ltza@ﬁ Seechayonyees scerauisiaes GREL 84RVPRAY7R GRHOS- :
M kr oor gani s%éwj\ommﬁae@@ﬂwr&gmba D 3201 BiAUNSAbdRIE, wuBHer the

nquer DSM 4 03 g/1 KH,PO4 at 30°C in a Mini-Bioreactor and
y _
~ harvested on reaching a cell density corresponding to an
oD of 1.9.

660

[Arg45]-eglin C and N9-acetyl-[Arg45])-eglin C are formed
by the transformed Yeast cells in a ratio by weight of
_ about 2:1. Both products can be isolated from yeast cell
KJ' homogenates according to the method given for E. coli in
- Example 7. ' '

Example 11: Pharmaceutical preparation.
A solution containing Na—acetyl—[Arg45]-eglin C and
produced in accordance with Example 7 is dialysed against
ch a 0.9 % NaCl solution. The concentration of the solution
— is then adjusted to 1 mg/ml or 10 mg/ml by dilution with
the same NaCl solution. These solutions are sterilised
by ultrafiltration (membrane with 0.22 um pores).

The sterilised solutions can be used directly for intra-
venous administration and for prolonged drip infusion.

Deposit of mlcroorganlsms
The strain E. coli HB101/pML147 was deposited on 28th

January 1988 at the Deutsche Sammlung von Mikroorganismen
(DSM), Mascheroder Weg 1b, D-3300 Braunschweig, under the
number DSM 4380. -
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GB; I T, L., .LUs NL, SE 1. A conpound of fornula

R- Thr @ uPhed ySer @ uLeuLysSer PhePr od uVal Val A yLysThrVaMlIl“‘ “‘I“ “l“ “lll “ ‘“l
Aspd nAl aArgd uTyr PheThr LeuH sTyr Prod nTyr AspVal - W PhelL

ProQd ud ySer ProVal - X- Y- Z- LeuAr gTyr AsnAr gVal Ar gVal PheTyr

AsnProd yThr AsnVal Val AsnHi sVal Pr oHi sVal 86y=CH (1), in which Ris
hydrogen or acetyl, Wis Tyr or Hs, Xis Thr, Ser or Pro, Y is Leu, Met,
Arg, Lys, Phe, Tyr or Trp, and Zis Asp, Qu, d@n, Asn, Ala, Ser or Thr,
wth the prowsothat)(ls ot her than Thr yvhen | S , or a
salt thereoffatenty @(ﬂ?ﬂbﬁm%o%ftq%rmgqcﬁ’&%rﬁﬁwst Sﬁgl %%En %d'n !Och Ris
acetyl, Wi FRyrcBNd®) titey DU} NITHhrSEY is Arg or Lys and Z is Asp, Qu,
d.n, Asn, Ala, Ser or Thr, or Xis Pro, Yis Met and Zis Asp, or Xis
Thr, Y is Phe, Tyr, Trp or Met and Z is ‘Asp, or -a salt thereof. 3. A
conpound of I(HrAHmePQRnQWQﬁr@PImubﬁaln11 in which Ris acetyl, Wis. Tyr,
Xis Thr, Yis Arg and Z is Asp or Ser, or a salt thereof.

RfThrGluPheGlySérGluLeuLysSerPheProG1uVa1Va1GlyLysThrVal
AspGlnAlaArgGluTyrPheThrLeuHisTyrProGlnTyrAspVal-W-PheLeu
ProGluGlySerProVal-X-Y-Z-LeuArgTyrAsnArgValArgValPheTyr
AsnProGlyThrAsnValValAsnHisValProHisvValGly-OH "~ (I),

~ in which .
R is hydrogen or acetyl,
W is Tyr or His, '
X is Thr, Ser or Pro,
Y is Leu, Met, Arg, Lys, Phe, Tyr or Trp, and
Z is Asp, Glu, Gln, Asn, Ala, Ser or Thr,

 \/ with the proviso that X is other than Thr when Y is Leu
| and % is Asp, or a salt thereof.

2. A compound of formula I according to claimll in which
R is acetyl, '
W is Tyr and either :

&VJ X is Thr, Y is Arg or Lys and Z is Asp, Glu, Gln, Asn,

Ala, Ser or.Thr, or .

X is Pro, Y is Met and Z is Asp, or

_x-is Thr, Y 'is Phe, Tyr, Trp or Met and Z is Asp,
or a salt thereof. '

. A compound of formula I, according to claim 1 in which
is acetYl,

is Tyr,

is Thr,

is Arg and

N < X = N w

is Asp or Ser,

or a salt thereof.



-.36,- 4. [err]Acetyl-[err]-eglin C according to claim1.—5.
pharmnmaceuti cal ~conposition conprising a conpound of formnul

A
claiml1l or a pharmaceutically acceptable salt thereof. 6. M Haﬂgi “immil
formula | according to claim1l or a pharmaceutically acce C s x

thereof for use in a nethod for the prophgylactic or therapeutic tretnent of
the human or animal body. 7. A process for the preparation of a conpound of
formula | according to claim1 or a salt thereof, which conprises culturing
a transforned host m croorgani smconprising a DNA that codes for a conpound
of fornula 14 amf-zamitari-n@artdt? pfeginn & amsonding dfo icdadm -1 or a salt
thereof. 8. A DNA conprising a DNA sequence that codes for a conpound of

formula | according to claim1l. 9. An expression vector c%i Snléfﬂ}fa DNA
sequence t hdi- dodRarmcelelrdb FRIRAS FokPh | CONPIHEIRY it FIPWM 1 and
that is contgFghherh bY SEcEXPIRS StE IR 0lors &f yRitaddht ikd1ast

m cr oor gani sm conpr.i si n _ ression vector according to claim9. 11. A
conpound obt%ﬁ‘?%ib?aeb]r% %%ﬁ‘gr%%&%o%th the process of claim7. 12. A
process for the production of a DNA that conprises a DNA sequence codi ng

for a compouynd £fc§,§§%.§ éfafsaalgir%gh tfe&d 'mggl,tmmmrrw ses _produci ng

t he DNA by chenica esls or C|ng;!‘r ragnents thereof by chem cal

synt hesi s~ arpharmacenticaLly chogentake |Sath. Ehereof £or i ddt é i ned

manner, or pdERodYE S e COEbPRy I AEt BYl o tharamaitic Eieptantorofor e

steps. 13. A'process for th oducti on of an expressi on vector
- P : tﬁg human or anfﬁg{ bogy. P
N : ~

~ 7. A process fof.the'prepafation of 'a compound of
formula I according to claim 1 or a salt thereof, which
comprises culturing a transformed host microorganism
comprising a DNA that codes for a compound of formula I
and isoiatihg therefrom the compound of formula I or a
salt thereof.

8. A DNA comprising a DNA sequence that codes for a
.compound of formula. I according to claim 1.

9. An expression vector comprising a DNA sequence that
codes for a compound of formula I according to claim 1
o and that is controlled by an expression control sequence.

10. A host microorganism comprising an expression vector

according to claim 9.

11. A cbmpound obtainable in accordance with the process

of claim 7.

12. A process fOr'the production of a DNA that comprises
a DNA sequence coding for a compound of formula I

according to claim 1, which comprises producing the DNA
by chemical synthesis or producing fragments thereof by
chemical synthesis and linking these enzymatically in a
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corpy l.si ng a DNA sequence that codes for a conpound of fornuta—t—aee

J
to~elaimI"and s controlled by an expression control sequ f
conprises so inserting a DNA sequence that codes for a co H‘ H" l Hﬂluﬂu.i
| into a vector DNA that conprises an expressioncontrol sequence el
expression control sequence regul ates—-tB2 said DNA sequence. 14. A process
for the production of a host mcroorganismthat conprises an expression
vect or obtainable in accor- dance with the process of claim 13, which
conprises tran or m a host cell using an expression vector conprising a

DNA sequenceplf d?ananecro'n';ﬂﬁjﬁﬂlwlf'& fuIPA? cading fiaxgul at ed by an
expressi on cayltim|B s@fuRylcih .C in one or more steps.

13. A process for the production of an expression vector
comprising a DNA sequence that codes for a compound of
formula I according to claim 1 and is controlled by an
expression control sequence, which comprises so inserting
a DNA sequence that codes for a compound of formula I
into a vector DNA that comprises an expression,control
sequence that the expression control sequence regulates
L the said DNA sequence.

14. A process for the production of a host microorganism
that comprises an express1on vector obtainable 1n accor-
- dance with the process of claim 13, which comprises
transformlng a host cell using an expression vector

' cdmprising a DNA sequence that codes for a compound of
formula I and is regﬁlated.by an expression control

~ sequence. . o |



