Synt heti c pepti de anélogs of lung surface protein SP-C Technical field 5
The invention relates to polypeptides with pul- nonary surfactant activity,
processes for the prepara- tion thereof -and-t herapeutic conpositions

containing theg .9§932\§,\>#0r art The lungs of all vertebﬁe,}.g]??sggé?g%?g "

m xture of substances Wwhich is referred to as "pul nonary’s
has surf ace- act§¥rethg e rpertside anakrge i slundiesurfider erarsinBSP1Ct he
al veol ar region of the lungs to such an extent that collapse of the

term nal regions of the ﬁirﬁgys on breathing out is avoided. This mx- ture
of substances rface tension in a dynam c nmanner so that the
col l apse, which is to be 20 expected according to Laplace's theorem of

t he smal | veoli in fgvor,of the |larger . ones is prevented by. ropriate
2 ust ment ot the surf A8 LEREPERORTRETPESH EooPolipEBR ats iR Hll o
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Pul nonary surfagtant ﬂesr&%r PYethetiyPE 14 eol ng%& A I n the
formof |anellar ]’?)oa:l €s. [ g Si C?{ea?geconpactor%ﬁ(t S %%n%hosp 35_}%%

bi l ayers wi th 8®$@h content of .di pal m t oyl phosphati dyl chol i ne (DPPC) and
phosphati dyl gl ycerol (PG . Further essential 30 conponents present in

pul monary surf%Ct ant_are proteins referred to as SP-A, SP-B and SP-C. SP-A

is a high o rght gl ycoprotein which plays a crucial part in
controlling secretion. The proteins SP-C and, to a smaller extent, 35 SP-B

assune the rol e of "thﬁr1 Elﬁmgg t%ﬁc%tlail y&éf‘t‘:‘eﬁfhéé’ n&%ﬂ%&ﬂ? gn%qg&l ul ar

surface film (the surfactan e narrower sense resencé of these
proteins great¢f spbetangpgst Whildets creberrpdedd me ALYMERRTY suxp-
factant®. It has surface-active properties and reduces

15 the surface tension in the aiveolar region of the lungs
to such an extent that collapse of the terminal regions
of the airways on breathing out is avoided. This mix-
ture of substances controls the surface tension in a
dynamic manner so that the collapse, which is to be

20 expected according to Laplace's theorem, of the small
alveoli in favor of the larger ones is prevented by
appropriate adjustment of the surface tension. The
result of this is a well-balanced, histologically and
physiologically stable structure of the lungs.

25 Pulmonary surfactant is secreted by the type II
alveolar pneumocytes in the form of lamellar bodies.
This [sic] are compact units of phospholipid bilayers
with a high content of dipalmitoylphosphatidylcholine
(DPPC)} and phosphatidylglycerol (PG)}. Further essential

30 components present in pulmonary surfactant are proteins
referred to as SP-A, SP-B and SP-C. SP-A 1is a high
molecular weight glycoprotein which plays a crucial
part in controlling secretion.

The proteins SP-C and, to a smaller ertent,

35 SP-B assume the role of "thermodynamic catalysts" in
forming the monomolecular surface film (the surfactant
in the narrower sense). The presence of these proteins
greatly speeds up the kinetics of spreading. Only this



WO 95/ 32992 l ‘ PCT/ EP95/ 02028 nakes it possible
to adjust, wthout delay, the surfac- tant conposition to the particular
surface tension requirenents. These propepties are refl ected by the

extrenely hy, op nat ur e of t he pr ot ei ns,
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An addi ti onal m&fwta@tthaﬂowrmtm enprdgled f &hopher aphclltso dént ai ns

possi bl e prot eghykiSobheakeNmBaBAYEhg @qulipfeRitot edutth O4s MBEI farfthal
derivatives (for oxida-, tion on t hio n -termuse or

npl e b
adni ni st rat% on® ei; ﬁgaeymcﬁfl s’tﬁ?’ao‘f nt 2 gﬁﬁ%ljhf'"b S8, for

exanpl e, in cages af sadtflattamplm)emhystat@sthnysldaneg s_(liluabkel urfg;r ARDS)
or in other figlls pl USgorSUARAS. Ol UAIPIge tOReLL | 20 Llory

surfactant as ar her ances on pul fonary adm n
tration, the cdistiessof syndxansly (GRDSUbst aHeweveroperkhese | s anmiaadf or e

obvious 1o sol ypeblpseiBhoPherE Bux P5EPAAEE ABE: NiddRSdsdy, geneti ¢

mani pul ati on nce I’ECO I nant proteins _can, especial on use of 35

bacterial Expression sya®eROTRRSimr oF | ARG rl?l’t%ﬁﬂ’k}o 4% t dePeRit s,
and the use ofgregely oanaltHd cahim®l hegecded,quaddlith CQﬁar@hﬁ;m&mﬁﬂ bl e,

't I's pos- state of the animal and can be compensated to only a
limited extent by admixture of defined components. The
content of surfactant proteins and the SP-B/SP-C ratio

20 is subject to the same uncertainties. An additional
factor is that the mixture employed for therapy also
contains possible proteolytic breakdown products of the
proteins or modified derivatives (for example by oxida-
tion on methionine). On long-term use or administration

25 of large amounts of surfactant as might be necessary,
for example, in cases of adult respiratory distress
syndrome {shock lung, ARDS) or in other fields of use,
such as, for example, the utilization of surfactant as
"entrainer® for other substances on pulmonary adminis-

30 tration, the qgquestion of the supply of substance is
open.

It is therefore obvious to solve these problems
by preparing the proteins by genetic manipulation.
Since recombinant proteins can, especially on use of

35 Dbacterial expression systems, be prepared in virtually
unlimited amounts, and the use of modern analytical
methods and quality controls is possible, it is pos-
sible by using synthetic phospholipids to prepare a



si bl e by using synt heti ¢ phosphol i pids to prepare a -3- WD 95/ 32992
PCT/ EP95/ 02028 surfactant of exactly defined conposition. This can be
adj ust ed opti nal I y to the therapeutic I‘quI rements. The human protein SP-C

(see formula | @29951 or Phe, Cys and C = y@ )EPSEQ'ZbEst' S
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central regiony{api Qﬁ/(ﬁ%;ﬁﬁ:b'&% 34mihar rHi:lQist réﬁéh rE’éTb{rEMnehe'léﬁcn@' S
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15 Dblocks the two SH groups of the cysteines and protects
them from oxidation and disulfide bridge formation. The
central region (amino acids 13-34) forms a trans-
membrane helix. This zregion is flanked at the N
terminus by a polar sequence which contains positively

20 charged amino acids {Lys, 10; Arg, 11)}.

WO 91/18015 describes the preparation of recom-
binant SP-C and of mutants of SP-C. It is proposed
therein, inter alia, to replace the two cysteines in
position 4 and 5 by two serines. This has the advantage

25 for the preparation that the technically complicated
palmitoylation of the two cysteines after isolation of
the very hydrophobic protein is unnecessary.

I Lot ] f the i .
30

It has now been found, surprisingly, that SP-C

mutants which differ from human SP-C by replacement of

the two cysteines in positions 4 and 5 by phenylalanine

or tryptophan and replacement of the methionine in

35 position 32 by isoleucine, leucine or serine show no

_losses of function whatsoever compared with mnatural

SP-C and are in fact superior to the latter with regard

to stability. The genetic engineering preparation is
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i nvention p efer%ﬁl relates to gg# ggptlg\h %f t he gengha fornula | in
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Phe and C = || achdi sgqpam:ecak:a:ohc;alpgeter tke. géheral formuIIaeI I nvention
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nore pol ypeptide@ actord2ng 8to 4thes ir@entdon8and 10f required,

addi ti onal |y conhéhi rGipneller Prore Bol yBepta d¥al wHish lml rkevsar y sur f act ant
activity fromthe group of 20 SP- A and SP- B, refera%l P-B. The
£

pol ypepti des accordih th b3 ni;‘b yi gvﬂg ﬁpé | t her t he known
nmet hods of solid- phég Eﬁt Be syt t of apprépri ate
recom binant vectorg ff cejd s.ogfhepd eaiini quges 29f @pn- 25 structing

vectors, transform uguce rlml NG abieit VaxPGRS SARN I:%fu the protein in
the transforned cells and |solat|ng and purifying the expressed proteins

are known per se to 8he 82i |83d 3rker (for exarrpl e
leu C Gly Leu

in which A is H or Phe,
B is Phe or Trp and

10 C is Ile, Leu or Ser.

The invention preferably relates to poly-
peptides of the general formula I in which A is H or
Phe, B is Phe and C is Ile, with the meanings A = H,
B = Phe and C = Ile being particularly preferred.

15 The invention furthermore relates to pharma-
ceutical compositions which comprise one or more
polypeptides according to the invention and, if
required, additionally contain one or more polypeptides
with pulmonary surfactant activity from the group of

20 SP-A and SP-B, preferably SP-B.

The polypeptides according to the invention can
be prepared either by the known methods of solid-phase
peptide synthesis or with the aid of appropriate recom-
binant vectors in host c¢ells. The techniques of con-

25 structing vectors, transforming cells, bringing about
expression of the protein in the transformed cells and
isolating and purifying the expressed proteins are
known per se to the skilled worker (for example
WO 86/03408, WO 87/06588 and WO 91/18015). The prepara-

30 tion of <wvectors for expressing SP-C in bacterial



WO 86/ 03408, WO 87/ 06588 and WD 91/ 18015). The prepara- 30 tion of vectors
for expressing SP-C in bacteri al -5- WD 95/ 32992 _
PCT/"EP95/ 02028 systems has recourse to cogventional nethods of recom

binant DNA te o] i s possible to express the hy
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protein in bacterla |n arge anmount and wi t hout harm ng
only in the fosysoemguhagbrecousisen 4o cconeemsicneh methéds efamsasm-

together with }gmgﬁ@nbNﬁh@géﬁggﬂoﬁetyl transferase (CAT). For exanple,
t he vector pTrpAnmpCAT152 codes fqor_the N-term nal region of CAT and

provides a (5')EcoRl ahd és( Poppdrec i RIERYAS EF?thQFOPHQbFLﬁ FParte
cloning of DNAvfsegi®nis Mﬁtﬁér@@dﬂnfmér§9 emoGAt and SRtGoate Harndiftigs case

ted t t.h t.th tein.l hyd | ami ne- - siti
ot of f (st oT ePPTt GEAloRETY i yhor EnoSEtpET b AHERT s Brospe,
pernit controltetnexmuesh BB, sifom oéxahpleor respenueng Wil orhdcotasi-ns up
to the productjpmseale LLeryPoiahbeatasEXPieas)on shyl Nexhiphan PLofel ns

~causes the for i on of |nc S|on les int cel | I '€ noreover
possi bl e to al YeeteRePTEPRTPCHTLP hecodgspberi Shei N- Fﬁé‘mﬂn§ﬂoﬁeseoﬁr @fein so

that high vyi el@@rofanancﬂ,wmb@oal e@s WHdbRL haga %P G cppient Ak valedi ned.
Expressi on _can take pl ac%not, og bJrPterl a I\Ial sg in a Iarglzlep%cnber

of host sy¥t en®5Tcho%s, or 18x ﬁ%l“ ERIBROEF n ells.
The DNA 25 consédeicEsrsgPtabl eaTomnidheSRAaT i ates immsth:tsl basar ecsiectiegdesi zed

by Known et noglseanded NS0T RALAGEAIALO IV BepRLe 0t LR Bk Gl 13 1

appr Opl’l ate con sequences m a onvenil Oona
ol i gonucl eot i debttem peirynehefustanbyASYvGLye. VechOQﬁtpénéhls type,

phosphoam di t egyciebROdTrpiinpeRrid 2| | 80/ Bb@%ﬁﬁﬁ:c%&@f@ﬂﬁe@'\'éxpres—
synt heS|ze1r5 sion of the corresponding fusion proteins up to the
production scale (fermentation). Expression of the
fusion proteins causes the formation of inclusion
bodies in the host cell. It is moreover possible to
alter the length of the CAT portion in the £fusion
20 protein so that high yields of inclusion bodies with a
high SP-C content are obtained.

Expression can take place not only in bacteria
but also in a large number of host systems such as, for
example, in mammalian, yeast and insect cells. The DNA

25 constructs suitable for the various host cells are syn-
thesized by known wmethods and incorporated into the
genome of the host cells with appropriate control
sequences in a conventional way.

Two DNA oligonucleotides can be synthesized by

30 the conventional phosphoamidite method in a
MilliGen/Biosearch Cyclone DNA synthesizer.

The first DNA oligonucleotide forms the sense
strand of the DNA with a length of 118 nucleotides.
This codes {in the 5'n formula I. This entailed the

35 known amino-acid sequence of the human SP-C protein
being translated into DNA in accordance with the rules
of the genetic code. However, the sequence is modified
so that the two cysteines in position 28 and 29 of the



The first DNA oligoriucleotide forns the sense strand of the DNA with a

| ength of 118 nucl eotides. This codes (in the 5 n formula |I. This entailed
t he '35 known am no-aci d sequence of the-hgman SP-C protein being translated
into DNAin a r ,th the rules of the genetic co he
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sequence are rgpl B??%ﬁg%@?&%ﬁa'% NS5 Ofe i bA YL OPRABS 2090k 86 of

met hi oni ne in posi e precursor proteln, Sequence IS

repl aced by iSBPeudFREUrIHici MEOLGLN seFPABSNCRt {8 JARFIFISRMAI | P
ﬁossi bl FI in tA hi§<()j¥\?x)ic.*aﬂes¥3 akeedogngnt ogf bﬁ@iﬁ@dopmsa%% flraQﬂiil eiges 16f the
ost cells. nodi f.i - C sequenc | cont ai ns al ani ne_at

Posi 11 ons # ArkDSSRES| T61 EhEP MHSPnEBoSPRRo R a5 R R, Aot ivy CRoCHt AP o
formula 1) is feéguerdiesnofictbedhnst welhsthd veddfied SH-ylsedueticer code
for these two g of AGHESngt %&%ﬁxg@%%%igfﬁ ae- Pbeiﬂﬁghfs' Q. ah BE5SSNRE

strand of the I contains a st op codon to term nate ribosonal

transl ation, ah@ohewsing-spBci PPEiBioBNd32Thd nyabend nENAaCSIOTEEMSC| &t i de
represents theorh@IR! @M @l ¥efl2re@ONCOMi RBcorGAAEESAATN thal haRG1

consi sting of , flo nucleotlges. The nt heti cal | dggepan d SP-C DNA
fragment i ¥ cl ¥R EntetEeLU] efe%pr ONTYBCtYPLQCRCIEE  f oFC exfdhpl e,
pTr pAMpCAT152. sAbB4 (FRLIDI Ia Gaigiasied ,oftRd spKE233t{rihat nefi ahewWDNrh
contains an anpicillin resis;,ta ge d is a I i ve qf 2. The
trc pro- not epgélg%éjbllégregl a?:‘éé bgggpt r f)qgsgglm);%r, t%gﬁlxl é)"ﬁ p&ﬁ‘r?(% .t
is |ikew se possabskatibornplod @ h@sti ridiepeartief it oRdt msi. 2Bhe second For

subcl oni ng of %@% SRIG JdAiTRYidd'e caPeBLANEN! afie DN i 10UHER4) | des

are initiall i
15y

rn-
néncoding (antisense) strand consisting of 110

nucleotides.

The synthetically prepared SP-C DNA fragment is
cloned into a suitable expression vector such as, for
example, pTrpAmpCAT1i52. This wvector is composed of

20 pKK233 (Pharmacia) which contains an ampicillin resis-
tance gene and is a derivative of pBR322. The trc pro-
moter can be replaced by a trp promoter, as in
pTrpAmpCAT152. It is likewise possible to employ other
inducible promoters.

25 For subcloning of the SP-C fragment, the com-
plementary DNA oligonucleotides are initially hybri-
dized together. The DNA double strand resulting there-

from has protruding single-stranded ends
(Eco R1/Pst 1).
30 Incorporation into the wector DNA takes place

in a conventional way after Eco R1/Pst 1 digestion of

the vector DNA, purification of the required vector DNA

fragment by agarose gel electrophoresis and by hybridi-

zation of the SP-C DNA and of the vector fragment via

35 the cohesive ends. Subsequently the two fragments are

‘o covalently. linked together by 1ligation by known
methods.



di zed toget her. The DNA double strand resulting there- from has
pr ot rudi ng si ngl e- st randed ends (Eco R1/Pst 1). 30
| ncorporation into the vector DNA takes-plrage in a conventional way after

Eco R1/Pst 1 dwgegglggs,% the vector DNA, purification %éTf]ﬁﬁﬁ?gEbﬁgd

vect or DNA fragnent y agarose gel _el ectrophoresis and ridr- zation
of the SP-C DNA and of Fphe RNAt Gmpildfgeation aang Elf?b‘*‘&’fﬁ]eslﬁ%l

Subsequent |y taenve@tiéﬁgnenpso%eomevaheatIﬁsbankecfo&ogetm@ﬂéy ||ﬂ]ﬁt|0n
by known net hods.

PCT/ EP95/ ozozstﬁ?sfﬂﬂ“aﬁb??f |’5§&‘? offPARAP! S A TIBT SRTRAS SR b onal
protocols are MM2ﬁ4 f@srhxanukh fforr tsahetbtantuﬂh|pﬂasmmd<hanhor1ng

chloride-c cel
pl asm d- ha%ggl‘l ng At at| n ﬂ(')n ﬁ%daga(rg % es W nﬁnc}ﬁlm

Pl asmi d DNA |sP1§%mh‘tie@Nﬁro¥ﬁth§° atadt |frrg>mAﬁcp’r1¢ expsuUlting doiromiessisand is

anal yzed with sght akla R n&ndt ll@saﬁél{rﬁéar RO Ns8NENPES . fenig@m W th
t he expected DNA restriction ment B ern_are sele Iete 0

C
sequenci ng of ?h%n§I8§nF§55ﬁﬁﬁ§ & %Rﬁ?%chF%séhF
SPC34( FF/ 1) semengest'ﬂﬂetpbasﬁrdgmeﬁtopatabtral aee lseltelazltsadvva)cqﬁx@‘lmﬁe
expr essi on of t he fusion % L under contr ol éoronnter

(or other bron%?%?e?CIQ%e eco -plgsmﬁgets?%%?%ﬁepro éfﬁ“?% 6?% F&&d i n
the form of inthsersiom dHdtkes $PCIHEFROEl seqisnedter induction. The

fusion protein CAT152: Tﬁgmﬁfégﬁia)vQ@§o£Qeoﬁeghﬂgﬁngna%hﬂg'%%&d§EEQHane
depicted in the usual sin code:
40 50 [gxpTe§§10n of the fusion protein CAT::SPC under control

of the Trp promoter (or other promoters). The recombi-

15 nant fusion protein is prodﬁced in the form of inclu-
sion bodies in the host cells after induction.

The fusion protein CAT152::SPC34{FF/I) has the

following amino-acid sequence depicted in the usual

single-letter code:

10 30 40 5O
MEKK! TGYTT VDISQ WHRKE HFEAF QSVAQ CTYNQ TVOLD ITAFL KTVKK
60 70 80 . 80 100
NKHKF  YPAFI HILAR LMNAH PEFAM AMKDG RLVIW DSVHP CYTVF HEQTE
110 120 130 140 150
TFSSL WSEYH DDFRQ FLHIY SQOVA CYGEN LAYFP KGFIE NMFFV SANPE
160 170 180 186
FNGIP FFPVH LKRLL IVVVV VVLIV VVIVG ALLIG L
1 10 20 30 34

20

The 34 amino acids of SP-C(FF/I) in positions
153 to 186 of the fusion protein are identified by
underlining and indication of positions 1 to 34.

Subsequent cleavage with hydroxylamine to

25 separate CAT and SP-C takes place between Asn-152 and

Gly-153 (corresponds to the 1st amino acid in the SP-C
peptide). The SP-C peptide is removed and purified by -
methods customary in protein chemistry.
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adm ni st er ed by gl,Ahgl %ﬁ@na%ﬁs&f&s EPﬁa@ﬂ%ﬁ??ﬁf‘ dSSeuhdfi £ OFRGS HE QRS con-
tai n phospholipids, preferably those phospholipids Wﬁlc are present in

nat ural pul non§Pytddrf FbeaPOlyBePticsist fGeerdings (h the jnventigniarapl y,

di pal m toyl - 131pBosqhptaisyd chel | et tPBRE)s MU hewk el gyl phasgpbedheyd -
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The skilled worker wi | Bebadeshithedgodypepdtiides ,oft Hehecdmgues (i e @smunt  of
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and EP-A 0406738si2%0ons, subhef erggd conpastdi-HNey ACCOrgh fih dOe S Pe-

' hven- 15 phosphatidylcholine (DPPC),-palmitoyloleylphosphatidyl—
glycerol (POPG) and/or phosphatidylglycerol (PG). The
compositions contain calcium or magnesium ions and
sodium chloride to set a favorable viscosity. The
skilled worker will base his determination of the type

20 and amount of the individual constituents of the com-
position on the one hand on the known composition of
natural pulmonary surfactant, and on the other hand on
the numerous proposals in the prior art, such as, for
example, EP-A 0119056 and EP-A 0406732.

25 Preferred compositions according to the inven-
tion contain 80 to 95% by weight of phospholipids, 0.5
to 3.0% by weight of polypeptides, 4 to 7% by weight of
fatty acid, preferably palmitic acid, and 1 to 3% by
weight of calcium chloride. |

30
Preparation Example
1. Producexr strain
35 The producer strain E. coli 199 which was used

is derived from the E. coli K12 strain MM294 which can
be purchased under No. 5208 from the Deutsche Sammlung



tion contain 80 fo 95% by wei ght of phospholipids, 0.5 to 3.0% by wei ght of
pol ypeptides, 4 to 7% by weight of fatty acid, preferably palmtic acid,
and 1 to 3% by weight of calciumchlorideg 30 Preparati on Exanple 1.

Pr oducer stra| The producer strain E. coli ' used
I's derived from t%S/?Ezgcoll K12 strain MV294 whi ch can %é%%%%gg%@g%nder '
No. 5208 fromvoe DdliknderGamignery andd- 7eLdBL3Rggen GmbH  (DSM,
PCT/ EP95/ 020283¥ﬁﬁns%5é9gf ganismen and Zellkulturen GrbH (DSM

e

Br aunschwei g) ﬁ ssion  vector pTr pAMpCAT152: : SPCB4 (FF/ I2
contai ning the gene foFfghe $XRTIFCIIDL ei FPHTATLIFEE

?igé\ésd Erolmth@FJDNA SESHEALR R3l2%e &%Fk&e”?&'\?@%ﬁ VQJ&%;(;@Q )
iolo undesm ni s m f ur_ Forschung an

Technol ogi €, %é%ﬂlgz %B%%?iﬁﬁéﬁgt &P S e%‘fe‘% ISP (4he pPuenTEIERsss- 2,

whi ch can be opBRBR2d fa ordcdlEIPhdendviasiwiet h (Eco Wibét nd(e3 and fasss aiepl aced

by a syntheticgfy ?giggﬂéekﬁéﬂlf;ﬂéﬁ) H@a&a@%hﬁét‘é% lnStf%rO h‘?In ter

region (blndlng SI e operator reglon ng
site for the Tq‘ﬂpdr'ﬁﬁﬁba@b@ylea Eﬁnﬂél D'?dhgaﬁ‘ﬁ@ PSP[DPts‘r@qMéﬁc@uén@Wteslf 15

triction si testﬁé’r ?iQQt‘nﬂS %ﬁﬁzggﬂﬁ (CARieR) egdi ngef Obpth8nke? AP
acids of the 5 acterial chl or anpheni col acetyltransferase was

i nserted b¥hi nah?ﬁ‘éa‘ﬂ"% d?‘c?rh)t EFo RIAMNE: Bc d8fe WahgheRLagRAcP¥odes for
the 34 anino a@yﬂeh@h& h&*r@urwbdm@r SR’p@ﬁ:‘EEBB) Mearhe?01avsetl tcondiet@AT152

DNA parti al %flence h obénc- tiona C@%I’ :(ﬁP FF/J_I) t ans tion_unit is
conpl eted by the batt ePl gf“ FAB f?%ﬁ%%rl SRS 455 o geM ¥T2. The
resul ti ng consmexvesel s theeprpedatoragegion (bindlng site for the Trp
repressor), a Shine/Dalgarno (S/D) sequence and res-
15 triction sites for cloning. The gene (CAT152) coding
for the 152 amino acids of the 5' part of the bacterial
chloramphenicol acetyltransferase was inserted behind
the Trp promoter. A synthetic gene fragment which codes
for the 34 amino acids of the human-like SP-C(FF/I) was
20 fused to the CAT152 DNA partial sequence. The func-
tional CAT::SPC(FF/I) transcription unit is completed
by the bacterial rrnB transcription terminator sequence
T1T2. The resulting construct is zreferred to as
pTrpAmMpCAT152 : : SPC34 (FF/I) .
25 The vector pTxpAmpCAT152::SPC34(FF/I) has the
following functional elements:
— CAT152::SPC34 (FF/I) gene controlled by Trp promoter
and T1T2 transcription terminator;
— ori region and adjacent regions, via which the copy
30 number of the plasmid is controlled;
— Amp® gene.

After the plasmid has been introduced into the
host cell, the latter has a high copy number of the Trp
promoter-controlled  CAT::SPC(FF/I) gene. The  Trp

35 repressor is provided by the host cell itself.

The obtaining of rCAT::SPC by fermentation is

controlled via the concentration of tryptophan in the



prpAanATlSZ . SPC34 (FF/1). 25 The vect or pTrpAanATlSZ
. SPC34(FF/ 1) has the follow ng functional elements: - CAT152::SPC34(FF/1)
gene controlled by Trp pronoter and T1T2 {ganscription tern1nator - ori

region and adjﬁge?g(g?gbgns via which the copy 30 HE@? ggéggg Qlasn1d
3

I's control |l ed gene. After the plasm d has been I'n |nto t he
host cell, themediver kas yipi glrdsdpiomuntsst @-IAke T jndmintlercmonita ol | ed
CAT::SPC(FF/I)aClgg The Trp 35 repressor is provided by the host

cell itself. The o talnlng of rCAT::SPC by fernentation is controlled via
the concentration of tryptophan in the -10- WD 95/ 32992

PCT/ EP95/ 020282 redi Bat chf fe¥méntadibhi on of [err] ([err]-indolylacrylic
acid). 2. Batch fernentation 5 Culture nedium (see bel ow for conposition)
in a shakeﬁ;flask is inoculated (1 1 preculture or starter culture) with a
sanpl e tube of the worRihgurel meBank (gkgcbedbw foul omppsitdod) imneubat ed

under ' Str ongeAfeeAMBISid |1k SehBEki ARLA! AU SAlel e VoL AAKAg. | The

growh is nonitored via opti cal _densit en the 199

starter cu|tur@ulte1a§ﬁésw&r¢bopméampaensmlgﬁ of ther svoxleing gellt thank

culture is U%Qﬂycé@olnocéhﬁtﬁré) 10 infer mept@batand gri@del of dthieng

bact 15 IS continue der reduced anpicillin select res ure As
coon ns D opfTELFLHONS 6L RGE PRoBRERS A B anhe BeCobd b oh SIS 1 0 1

culture is tragséethed5|mbmuaoh@a:bﬁaﬂthﬂneptamdlldenbatydatuﬁﬁhenmunder

the same Cond'ﬁggﬁﬁﬁh EF fﬁgﬁ‘%ﬁ égéngulégfengagﬁgs a8 optical

not er-control | transcrlptlon
density of more than 3, the culture is used to

inoculate a 10 1 fermenter,_and growth of the bacteria
15 is continued under reduced ampicillin selection pres-
sure. As soon as the optical density has reached a
value between S5 and 6, the 10 1 culture is transferred
into a 100 1 fermenter and incubated further under the
same conditions. After sufficient growth, the Trp pro-
20 moter-controlled CAT::SPC(FF/I) transcription unit is
induced by adding, for example, 40 mg/l B-IAA. After
induction, fermentation is continued for 4-5 hours
until the cells are harvested.
During the fermentation, the partial pressure
25 of oxygen (pOy), pH and temperature of the fermentation
broth are measured and controlled on-line. The pH is
kept constant with sodium hydroxide solution, and the
partial pressure of oxygen (pO3) is controlled via the
input of oxygen and the stirrer speed. Determination of
30 the optical density at 578 nm and of the concentration
of the C source in the medium takes place off-line.
Foam formation is detected with a foam sensor, through
which antifoam agent can be wmetered in where
appropriate to control the foam.
35 Aliquots of the culture broth are taken at
various times. After lysis.of the bacteria, the expres-
sion is checked by fractionating, and staining, the

E.coli proteins on a polyacrylamide gel. The percentage



i nduced. by addi ng, for exanple, 40 ng/l [err]. After induction,
fermentation is continued for 4-5 hours until the cells are harvested.
During the fernentation, the partial presswe 25 of oxygen [err], pH and
tenperature of_th tation broth are neasured and i ne.
The pH is kept %0%52 g\nth sodi um hydroxi de sol uti on, ﬁ%%é?%e?gﬁg p
pressure of ox?fg@ﬁe{Ibrrc}fl slzhﬁant(pmeld@mmaatt)hepmpannaf Ry dere artd)fxaﬂe
stirrer speed.gDebey ";;%t:leq% of s 39etkhﬁuaahl %} é@ﬁéh&%m@&r?m gH8.Ang; of

t he concentration of C source in the ym takes place off-11ne.” Foam
formation is odtee¥edAHUIFLOT 08 %oFeCPﬁpéaﬁﬁthﬂ%‘Fﬁ aft i FeYmPISgent
can be neter@anmalntv@ﬂseempbmalappeaﬁscoﬂmm :$be) foam 35

Al'i quot s t'ﬁﬁ% é@itﬁj{*ee ‘Rég%&“ahgﬁec P%ﬁ?‘%/g%%?%g%t’#%g After lysis of

t he bact erl a, FeEs U3 Fhd st ai ni ng,
the E.coli proteins on a-polyacrylam de gel. The percentage -11- content
of the (predo pr nt r ot er d by
densitonetry. %ﬁgﬂé%?/ af tp(ljc)l?l(%juctz'm!;nd% the ygcdosrﬁl néaﬁi[ﬂ?:glfza@et nerﬁvﬁaﬁre-
doni nant pr ot et4- %a@éllapﬁégls 5( rSF‘@)HPQ’A 'P‘he3 cﬁi@uﬁeonﬁdﬂumWQme

fol |l ow ng corrpg)smt p,t ofes erolye(:@g 5% ag,t,glewzat e

KAV 14.0 g/l I,
MySO4 x 7g err?O 596£1 &g‘?"(’)’k (53%%6 Fﬁfgfgirrlgoﬁlpgﬁl %rnf"l?/&am
3673 (Strukt dk- tﬁpptpophaxﬁ) Bomol g /1L tarybt apbaniB0if my imefid Fapi aibd i n 20

mg/1 for the ]fét pia%‘é‘éh%‘ﬁ%&e ”%]e au{ngéporféé‘etﬁgds er,#%gﬁft‘g?g %@1% 100 1

fermenter. avi ng an I ZI' ng
conpl ex nutrlethen%@q)ulnﬁrmelpwrs adjusted to pH 6.8 with 2N NaCH. Used
for the preculture in the 10 1 fer- nmenter is a stirring speed of 750 rpm

and an air_input g S :
15 Before the autoclaving and sterilizing of the

complex nutrient medium, the pH is adjusted to pH 6.8

with 2N NaOH. Used for the preculture in the 10 1 fer-

menter is a stirring speed of 750 rpm and an air input

of 10 1/min at 37°C, and for the main culture in the

20 100 1 fermenter is a stirring speed of 400 rpm and an

air input of 70 1l/min at 37°C. Antifoam is added as
required with a disposable syringe through a septum.

About 4 hours after induction, the cells are

removed from the culture broth by filtration and/or

25 centrifugation. The moist biomass 1is collected in a

stainless steel container and stirred with 10 1 of dis-

ruption buffer (pH 8.0) in a cold room overnight (4°C,

16 hours}). The stirred cell suspension is disrupted

(room temperature} in a high-pressure homogenizer

30 (= 700 bar) and again collected in a sterile stainless

steel container. The inclusion bodies are subsequently

harvested immediately by filtration and/or centrifuga-

tion (Sorvall RC2-B centrifuge, 27,000 g} at 4°C,

resuspended in buffer (about 1 1) and, for example,

35 transferred in portions of about 350 ml into 1 1 round-

bottomed flasks and lyophilized for about 96 hours.

About 200 g of dry inclusion bodies containing more

than 20% by weight of fusion protein are obtained from



of 10 1/min at [err], and for the main culture in the 20 100 1 fernenter is
a-stirring speed of 400 rpmand an air input of 70 1/mn at [err]. Antifoam
is added as required with a di sposable syr2znge through a septum About 4
hours after inggc e cells are renoved fromthe ¢ y
filtration and?grbsggge%?rlfugatlon The noi st bi omass ?g*g%??gé?%gzg
stai nl ess steef d8Rt di M@ruantagionodthe t hyephiliredi dnclysdioon hadies (pH
8.0) in a col dcapoproyebpe@hht| epbbclbohogbse. mdhenstirred cell suspension
is disrupted (roomtenperature) in a high-pressure honogenizer 30 ([err]
700 bar) and again collected in a sterile stainless steel container. The

I ncl usi on bodi 2s are€lsabsgguefit khrehinséshepromerd anel puyt fiidatriain @t
and/ or cent |f V. cen ge, 27,000 g) at [err],
resuspende H f%£$8€h%§%% §£é§5§%d§¥ S £‘ﬁég}rjrple 35 transferred in
portions of about 350 M into 1 1 round- bottomed flasks and | yophilized

for about 96 hours. Abgyh g08r0 Bf, @!ﬂcld&dﬁ'@&d@é’g'&%c&&%@b‘ib@@ My e
t han 20% by melght of fusion protéin are qbtained from - WO

95/ 32992 of 8 wmolar 9uanlﬁe?PEP@§ﬁ§9£?§9§lﬂ@0 f°1utl°n
fermentation. Thmlyogm I ineaitinﬂgl Ugerotll Poditsd Ko bee bt ofettli dled erade f or
sonme nonth Cl eav. the fu3| oteln a urg fi t|on of 5 the
| i pophi | i cﬁ}pepjf?ra%v F/ J}]“_lszz?th of Ot(r}‘ cI US| (r)]t?iugt esfca $5i s$01 ved

in1.6 1 of 8 ubéavegm dlfnelby.drmthtmmdeatsotba o!klsmecivyl apnnewidtamg
gently. Undi Ss;g&lﬁg re ? %}e%fa @%ﬁﬁ%&ﬁ\hf%iéﬂdé’”ai:@“&ﬁ&%da dd ut ed

filter. To cleave the el n "at connection point, 167 ¢
of hydroxylann%h?uﬁ?%ﬁFb@Fdeaa@etaﬁdEH P the §@ﬂHFP@ﬁ ign@doneted & t he
solution is ad9U§tﬁﬂthozﬁ ﬁamﬁthTBM daekradbe seliaayade igoktenon dft tthen

left to 15 Stand |g€{1 1n rggnkgggp%é%££¥%€3¥é fordgyz days.

At the end of the reaction time, SP-C(FF/I) is pre-
cipitated by adding 6.4 1 of tris buffer (pH 8.0) and
is sedimented with the aid of a centrifuge (Sorvall
RC2-B centrifuge, 20,000 g). The supernatant is
20 decanted off, and the SPC pellet 1is resuspended in
400-500 ml of tris buffer and centrifuged again under

the same conditions for 30 minutes.
The SP-C pellet is taken up in 3.5 1 of a
chloroform/methanol mixture containing hydrochloric
25 acid (1.75 1 of CHCl3 + 1.75 1 of CH30H + about 30 ml
of 2N HCl). This crude S8SP-C solution is further
purified by preparative HPLC on 8 reverse phase
material. The chloroform/methanol extract is, before
application to the preparative HPLC column, diluted
30 with 90% strength methanol in the ratio of about 1:2.
It is possible with this solution to load, for example,
a column (diameter 5 cm) with about 400 mg of SP-C
{(FF/TI) (for example with -2 1 of diluted crude
extract). The SP-C (FF/I) is eluted under acidic
35 conditions (pH 2-3) with a water/i-propanol gradient
o (see separétion conditions). After chromatography for
about 30 minutes, 4-6 fractions of 200 ml are collected
in the region in which the SP-C elutes (UV detection at



At 'the end of the reaction tinme, SP-C(FF/1) is pre-.cipitated by adding 6.4
l.of, tris buffer (pH 8.0) and is sedinented with the aid of a centrifuge
(Sorvall RC2-B centrifuge, 20, 000 g}.13 7The super nat ant is 20
decant ed of f b C pellet is resuspended in 4 r|s
buf fer and centrlgagg §E in_under the sanme conditions ?gF§gg9§yg%?§?
SP-C pel | et is2@8kan) moéhﬁ3fSaFtb@n§ @xleordietkgdrebrasdal vibaadr 1PLC
containing - hydrachies1&d 28ppacpdiate17s Lol thel rdatpled Sareof s CoRAN +
-about 30 ml of _ 2N~ HQ) IS crugw%¥SP-C solution is furthe
purified by prEBﬁVat?§$ HPERZER G r 9egPer PRE. FRBT in a
chl or of or nl net Haeplf rexzeaat i-8,0 clef @PeCB(WAIQammeuaiﬂm pirre pea r g 1+ ey HPLC
col um, dllyteg 39 wgtg 9g%>strength met hanol in the ratio of about 1:2. It
IS pOSSIb|e Wi ﬁ ﬁls solutlon to |l oad, for exanple, a columm (dianeter 5
cm) with about 400 ng of SP-C (FF/1I) (for exanple with -2 1 of
diluted crudesgég&gggbn theaseienEkF/ 1) is eluted under acidic 35
conditions (pH 2-3) with a water/i-propanol gradient (see separation
conditions). After chromatography for about 30 minutes, 4-6 fractions of
200 m are col kegusd i n the rggoaasin @B cbot Re18Pufm sbut am (UV detection
-13- V§)95/32992 PCT/ EP95/ 02028 220
nn) The frddtions are checked 89 QWaprlcal HPLC and pool ed appropriately.
| f the sanpl esEdnenst ored, théy HPECf wezem Emohi Maldippreoggstemd kept in a

deepfreeze at [err] SP—C(FF/I i i 5 of 98.5-99. 5%
Separation conditions: Colu b.!3-92b8 @Qﬂehg a&BBEsth 16 [err] 300 n%110

* 50 mm|.D. Eluent Ac HﬁECmWQ@é@ ﬁ?énﬂ@PFPFﬁQPe°§y BBARE: i - PrOH
l'inear gradient hydrochloric acid)
15 |
Gradient: Time %A %B %C Flow rate [ml/min]
0 45 50 5 100
10 45 50 5 100
55 0 95 5 100
65 0 95 5 100
75 45 50 5 100
85 45 50 5 100
90 45 50 5 0.2
4. Incorporation of SP-C(FF/I} into a phospholipid
matrix
20 The lipophilic peptide SP-C(FF/I) 1is mixed in

solution in i-propanol with the components of the phos-
pholipid matrix and precipitated in a homogeneocus
mixture with the components of the phospholipid matrix
by spraying into a dilute sodium chloride soclution
25 (0.065% w/w NaCl) at room temperature. The LSF is
rormoved from the pulmonary surfactant suspension using
a bowl centrifuge, and is resuspended in electrolyte
solution (NaCl, CaCly}, and the pH is adjusted to
pPH 6.5 with 0.1N NaOH. This aqueous suspension is dis-
30 pensed into 20 ml wvials and lyophilized. The weights



C. ‘60 nmol /| HC '(di-lution of fum ng hydrochloric acid) 15 G adient:

Time Y%A 9B 9% Flowrate [mM/mn] O 45 50 5 : 100 10
45 50 5 100 55 0 9514 b 100 65 0 95
5 180 95/324%2 50 5 100 85 PQ@B/EPSH/02088

100 90 45 ln | Qf _SP-C(EE/ 1)
into a phospho$$%|8°§%Fes SEBtEd in t%eTﬁglﬁFgggﬁp&’5§¥%ﬁ)tl5b =2 1)

oy
is mxed in soreiabe ke ither grewsratiidn (¢l TOnponénpsloonely shodac-

phol i pi d natrigaﬁgd%péﬁgfgtigﬁed in a honbgeneous nixture with the
conponents of the phospholipid matrix by spraying into a dilute sodium

chloride solution 25 (0.065% w w NaCl) at roomtenperature. The LSF is
renoved fragm t’meo@usl;neﬂaaipamm&aayaphogp&aemawahu&hﬁg aDe@d) ,centod fgige,
o L e o R AR M e T T afaf® 1
adjusted to p ens i S-

pensed into 20(H®PG|&L§H@hdah§ophBE|ge@f'mmimmnghtsc1d arg4 disyo 194832992
PCT/ EP95/ 02028, angdpvgl Eﬁeszo%t ?J&e%f @64‘9 m),% ;3 5@ Qﬁ&p%@h' R PLRATRI L

relate to the preparatlon surfac- preparation: 5
7.00 g of di pa¥ﬁ¢moﬂeﬁm9§ﬁl¥akredyl'ﬁh%l .rﬁ@U(lmpme) P13°§Bh@1h?ld solution
pal m t oyl ojeey| phosabasi vd glwiges oh 1 aH!ﬂ’Dnan%oﬁ@&ior{ PQE ot Nidbntanighed. 25 ¢

of palmtic aC|d are dissol ve [err 90@6| ro anal

Chen cool ed tot0Boet SooPHFaeoTHEP TS 6 Tho oo pADl | TS SORTELGIRO i s

conbi ned with ffol othea BRalQUt ignrifhicdti@ont arthe resultlng "spray
solution® is adjusted to pH 4.5 by stirring with

bicarbonate solution (about 5 ml of 5% NaHCO3
15 solution). ‘

The “"spray solution"” is introduced at xroom

temperature at a spraying rate of 25 ml/min through a
single component nozzle into 9.6 1 of dilute NacCl

20 solution (0.065% w/w) while stirring vigorously. An
opalescent solution forms and, after storage at 4°-8°C

for 2 hours, the pulmonary surfactant preparation is
precipitated by spraying in an electrolyte solution
(3.0 g of CaCly x 2 Hy0 and 61.3 g of NaCl in 300 ml of

25 Hy0}. The pulmonary surfactant suspension (total volume
10.8-11.0 1) is stored at 4°C overnight and then
centrifuged with a Sorvall bowl centrifuge (RC2-B) at

+ 16,000 g for 30 minutes in each case. The
centrifugation pellet is in each case resuspended in

30 half the volume of 0.65% strength sodium chloride
solution and centrifuged again to remove adherent

' residues of i-propanol. This procedure is repeated a
total of 3-4 times. The pellet from the 1last
centrifugation is taken up in 400 ml of 0.65% strength

35 NaCl solution, adjusted to pH 6.5 with 0.1N NaOH and
divided into portions of 6.2 g in 20 ml wials. The
content of the wvials is 1yophilized' as foiIbws:
freezing at -45°C for 6 hours under atmospheric



200" mg of purified SP-C(FF/1) and has been obtained fromthe HPLC
purification. The resulting "spray solution” is adjusted to pH 4.5 by
stirring with bicarbonate soI ution tahsut 5m of 5% NaHCO3 15
solution). Thewbspraw2ssel2uti on” is introduced at room lpmp’@p@tsumeoats a

spraying rate of 25 n1/m thro h .a single comonent nozzle into 9. of
di | ute Nadl 20pr§§lsl.‘1’lre0n gﬁ?ﬂﬂ) ayhid® € s‘P’r&?’? ny- 18 gerdtistor Sﬁn
opal escent sol lhbmcm; famrdm:kmmﬂ atafixresturdge @tod eibdr fivr 25 hpoiiss foe

pul monary surf i.Qn recipitated by spraying in an
el ectrolyte solu |on (31’%8:%%%&"% dri’]l% 22 [err] and 61.3 g of NaCdl in 300 m

of 25 H20). The pul no#arpéswiabt anacbusfendibrk (ronbhinel W 500.68-24. 0
l)e is stored gih@hakyoveniisghic s3rd tdaeamﬂrutréé uged Wit avaeryal hrbow

centrifuge ( B) at 16,000 g for m nut es in each case.
The centri fugat°|b ﬁli&?Fil et is in each case resuspended in 30 half the

volume of 0.65% strem@hdzg,oqmmaomlyorsmaedﬂaﬂu C&hrﬂﬁ&@%é'ét’@?&dagaln
to renove adher,ent res dues of g&ho %o This ? gcedure i S rdeeoqeate
I

total of 3-4 tiRed Th Jp%??%)?o?r 3RS TRAEr PPUFRTHPERAE] ¥ up i n
400 m of 0. 65WasErey: Iplapesobyical usoGimadhisisdel BNt Vb fioBe 1N

NaOH and diyyi dg %‘&s@%ﬁs gplscg Qn%rgtlgnzgfgn?{h? The content of the

vials is Iyophl |ze ree2|ng at 6 hours under
at nospheri ¢’ Eac¥5V1a%OCQQF329§2
PCT/ EP95/ 02028 pressure, freeze drying at [err] under 0.16 nbar for 54

dryi ng. 6566 Fbafs Babf GFPAAMHAOYORARPRE=5 1088 GOBE08  pul momary
surfactant (cakcal agedf \padlmitioy Nyl playspladitiadyierl ycerol (ammonium
15 salt) ' '
2.7 mg of SP-C(FF/I)
6.8 mg of palmitic acid
2.9 mg of calcium chloride (anhydrous)



The dry, pul nronary surfactant sanples are stored in a refrigerator at [err]
and nust be resuspended with water or physiological sodiumchloride

sol ution before 10 use (suspensi on concentg ation 25 ng/m ). Each vi al
contains: 95. evoe®f3289@l m t oyl phosphat i dyl chol i ne 42edr/BP38,/02028

. pal m t oyl ol eyl ﬂosghat I dyl gl ycerol (ammoni um 15 salt) 2.7 ng of
SP-C(FF/1) 6. palmtic acid 2.9 ng of cal ciumchloride (anhydrous)
- 16 - WD 95/32992 PCT/EP95/02028 Clains 1.

A pol ypepti sur ant al
formula I [er?f'ln whi'ch ?gy€éyld?h &gﬁﬁ gig?ﬁ%&% gh%&a%%%ﬁ% Leu
or Ser. 2. acta ity btk general kermulalhim 1, wherein 10 Ais H or
Phe, Bis Phe and Cis Ile. 3. A pol ypeptide as clained in claiml,
wherein Ais Pheg 15 B isgPhesangg Ciss llge. 2 8 @ pharnaceutical
conposi tion for{AheGiy ealiereRto of B esil riroorValdi Misr &ss dysdrome (RDS) in
manmmal s, whi ch conprlses a pol ypepti de mnth uInDnarg surfactant 20

activity as claimed1h d& o3 clt4 ngd o har maceut i cal
conposition as clAfgekey ket diey ¥al Mé’r eYﬂ aye!| é‘éﬁét e ot hdh-

pol ypeptide with puli’(pnaié/ %f%a'ﬁs agsl vbgy Eéonkéhesgroup of SP-A
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in which & is H or Phe,
B is Phe or Trp and
C is Ile, Leu or Ser.

2. A polypeptide as claimed in claim 1, wherein
10 A is H or Phe,
B is Phe and
C is Ile.
3. A polypeptide as claimed in claim 1, wherein
A is Phe,
15 B is Phe and
C is Ile.
4. A pharmaceutical composition for the treatment

of respiratory distress syndrome (RDS) in mammals,
which comprises a polypeptide with pulmonary surfactant
20 activity as claimed in any of claims 1 to 3.
5. A pharmaceutical composition as c¢laimed in
claim 4, wherein at least one other polypeptide with
pulmonary surfactant activity from the group of SP-A
and SP-B 1is present.
25 6. A pharmaceutical composition as c¢laimed in
claim 5, wherein SP-B is present.
7. A pharmaceutical composition as c¢laimed in
either of claims 4 and 5, wherein phospholipids are
present.
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and: SP-B i s pr esent. 25 6. A pharmaceutical conposition as

claimed in claim5, wherein SP-B is present. 7. A pharmaceuti cal
conposition as clained in either of <l m 4 and 5, wherein
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el ectrol ytes apkogplaehiylgbycerol A(PGhARRACRIEFRRY- conposition as

claimed i claijm9, vherghérgatshvitand gpmpodivibaal b acgafmed 1Qrsent
as electrolyt%§1aim 7, wherein palmitic acid and electrolytes are
present.

10. A pharmaceutical composition as claimed in
claim 9, wherein calcium and/or sodium salts are pre-

10 sent as electrolytes.
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