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PULMONARY SURFACTANT PEPTI DE SOLUBI LI ZATI ON PROCESS

Field of the Invention 5 The present invention relates to the
field of pharmaceutical conpositions and the nmanufacture of |iposoma
pul nonary surieotaps protei n conpositions by ethanolic POTINGOE/ice0s More
particularly, the invention relates to a nmet hod of sol ubilizing

pul monary surfact SR SURFAGH R Pepiioe ROLbREEE IR o PRdCES
fluorinated al co 0
| i posonmes by ethanolic injection. Background of

the Invention 15 PileddnafytRer Ineémtiod S a conpl ex m xture of
| i pids and proteins that pronotes the tornmation of a nonol ayer at the
al veolar air-water interface and, by reducing the surface t ensi on,
prevent: the col ThEsPrepepkcinyeabion FelatRp to thefipld(9Hhn. Premature

i nf S_nt_s aﬂﬁhamemalch& tuinpos ££00R9 and NEe AlAruf at@EEE | GESLiPY: s];oﬂthtlL roma
condition e 1o e
Tack of | BuiBoPRey sureRERERE DRbERth Romacs VPHRCRY pORSoLET i 0

pul nonary sdnjgetinns Nave Phétéﬁulérbﬂenthkﬂkﬂﬂﬂn&icnorelebgs toa this
condi tion th@t@mﬁ befdwmmwfzaﬂb ﬁumbﬂaiy ANEF aftant"BEbELin Vin ldthaWbl e
artifi 'fd al %"ﬁ @rlaart%enlf:r %hant %lugvgnated alcohol so that the protein

may be formulated into liposomes by ethanolic injection.

Background of the Invention

15 Pulmonary surfactant is a complex mixture of lipids
and proteins that promotes the formation of a monolayer at the
alveolar air-water interface and, by reducing the surface
tension, prevents the collapse of the alveolus during
expiration. Premature infants, and occasionally full term

20 neonates, sometimes suffer from a condition known as
respiratory distress syndrome (RDS} due to the lack of
sufficient endogenous pulmonary surfactant. Artificial
pulmonary surfactants have therefore been developed to treat
this condition thereby reducing infant morbidity and

25 mortality. Likewise, artificial pulmonary surfactants have
also been indicated in the treatment of adult respiratory
distress syndrome.

One of these artificial pulmonary surfactants, known as
30 KL, is disclosed in U.S. Patents 5,164,369 and 5,260,273. As
described therein, KL, is a synthetic pulmonary surfactant
composition comprising a pharmaceutically acceptable
phospholipid admixed with a polypeptide having alternating
hydrophobic and positively charged amino acid residues. As
35 formulated for clinical use, the composition is a liposome
comprised of dipalmitoyl-phosphatidylcholine (DPPC),
palmitoyloleoylphophatidylglycercl (POPG), palmitic acid (PA)
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Liposomes may contain many concentric lipid bilayers separated
by aqueous channels {multilamellar vesicles or MLVs), or
10 alternatively, they may contain a single membrane bilayer
{unilamellar vesicles), which may be small unilamellar
vesicles (SUVs) or large unilamellar vesicles (LUVs).The lipid
bilayer is composed of two lipid monolayers having a
hydrophobic "tail" region and a hydrophilic "head" region. In
15 the membrane bilayer, the hydrophobic "tails™ of the lipid
monolayers orient towards the center of the bilayer, whereas
the hydrophilic *heads™ orient toward the aqueous phase.

Liposomes may be used to encapsulate a variety of
20 materials by trapping hydrophilic compounds in the aqueous
interior or between bilayers, or by trapping hydrophobic
compounds within the bilayer. As such, they are particularly
useful to deliver biologically active materials by
encapsulating compounds which exhibit poor aqueous solubility
25 or which exhibit unacceptable toxicity at therapeutic dosages.

Liposomes and related phospholipid vesicle complexes can
be prepared by a variety of techniques. In general, these
techniques start with "dry™ lipids that are introduced into an

30 aqueous phase (D. Lasic, J.Theor. Biol. (1987) 124:35-41).
Once the lipid is hydrated, liposomes form spontaneously.
Techniques have been developed to control the number of
lamellae in the liposome and to produce defined particle size.

35 One method of preparing liposomes is known as the
ethanolic injection process as described in (S. Batzre et al.,
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However, XL, peptide, prepared by solid phase synthesis,

15 exhibits extremely poor solubility in ethanol of approximately
img/ml in 95% ethanol. One method that has been used on a
small scale to enhance the solubility of the peptide involves
lyophilization of the peptide at a low concentration in a
mixed agueocus/organic solvent system. However, this process

20 is not particularly suitable for use on a large scale when
cost and through-put of material are considered.

Accordingly, there is a need for an improved process for
solubilizing KL, peptide in ethanol for manufacture into

25 liposomes.

SUMMARY OF THE INVENTION

The invention involves an improvement in the process of
30 preparing liposomal pulmonary surfactant composition by
ethanolic¢ injection, wherein the composition is comprised of a
polypeptide and a pharmaceutically acceptable phospholipid.
The improvement comprises preparing a form of the polypeptide,
or salt or ester thereof, which exhibits enhanced solubility
35 in ethanol, comprising the steps of:
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{d) removing the fluorinated alcohol to recover solid,
soluble polypeptide.

The polypeptide useful in the present invention is
disclosed in U.S. Patents 5,164,369 and 5,260,273, It is a
linear polypeptide comprising at least 10 amino acid residues
and no more than 60 amino acid residues, including a sequence
having alternating hydrophobic and hydrophilic amino acid
regions represented by the formula (2,U,).2 wherein:

Z is a hydrophilic amino acid residue independently

selected from the group consisting of R and K;

U is a hydrophobic amino acid residue independently

selected from the group consisting of V,I,L, C and F;

a has an average value of about 1 to about 5;

b has an average value of about 3 to about 20;

c is 1 to 10; and

d is 1 to 3.

Particularly preferred is the polypeptide KL; which has a amino

acid sequence KLLLLKLLLLKLLLLKLLLLK.

It is known that these synthetic polypeptides, including
KL,, can adopt a variety of secondary structures including a-

helical, P-pleated, P-sheet or random coil secondary structure.

The a-~-helical form appears to exhibit the greatest solubility

in ethanol. Accordingly, it is postulated that the process of

the present invention enhances the solubility of the
polypeptide by inducing an a-helical secondary structure in
the polypeptide. The polypeptide prepared by treatment with
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In another aspect of the invention, the polypeptide can

be solubilized in the fluorinated alcohol and the resulting
solution can be admixed with the ethanol solvent for use
directly in the ethanol injection process. The fluorinated
10 alcohol can then be removed along with the ethancl solvent by
dialysis or evaporation in the liposome manufacturing process.
Trifluorcethanol {"TFE") is the preferred fluorinated alcchol.

BRIEF DESCRIPTION OF THE DRAWINGS

15
FIGURE 1 shows the FT-IR spectra of the polypeptide, KL~
Acetate, in TFE during the incubation, treated in accordance
with the present invention.
20 FIGURE 2 shows the CD spectra of the polypeptide, KL, -

Acetate, in TFE during the incubation, treated in accordance
with the present invention. '

FIGURES 3A and 3B show the FT-IR spectra of the solid
25 polypeptide, KL,~Acetate, treated in accordance with the
present invention.

FIGURES 4A and 4B show the FT-RAMAN spectra of the solid
polypeptide, KL,-Acetate, treated in accordance with the
30 present invention.

FIGURE 5 shows the FT-IR analysis of polypeptide
secondary structure of the solid KL,-Acetate before and after
treatment in accordance with the present invention. Second

35 derivative spectra of Amide I, II, III regions.
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b has an a\dpadalyal4k®f- about 3 to about 20; cis 1lto 10; and
dis 1to 3. 25 Particularly preferred is the polypeptide KL[err] which
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the solid polypeptide after treatment with TFE dissolved in
95% EtOH {(5mg/mL 45eC).

15 DETAILED DESCRIPTION

All amino acid residues identified herein are in the
natural L-configuration. Consistent with standard polypeptide
nomenclature, J. Bicl. Chem. 243:3557-59 ({1963}, abbreviations

20 for amino acid residues are as shown in the following Table of
Correspondence:
Table of Correspondence
Symbol Amino Acid
l1-Letter 3-Letter
25 Y Tyr L-Tyrosine
G Gly Glycine
l F Phe L-Phenylalanine
M Met L-Methionine
A Ala ' L-Alanine
30 S Ser L-serine
I Ile L-isoleucine J
L Leu L-leucine l




KL[err] can adopt a variety of secondary structures including a- 30
helical, [err]-pleated, [err]-sheet or random coil secondary structure.
The [err] hel i cal forn1appears to exhibit the greatest solubility in
et hanol . Acc QfcldAgioé; I's postul ated that the process of pCTAS961bD4
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I nduci ng an a-helical secondary structure in 35 t he pol ypeptide. The
pol ypeptide prepared by treatment with
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manuf act ur i @ process. Cln L-glutamine
E Glu L-glutamic acid
w Trp l-tryptophan
R Arg l-arginine
10 D Asp l-aspartic acid
N Asn L-asparagine
i C Cys l-cysteine

The amino acid residues represented herein by formulae are in
15 the left to right orientation in the conventional direction of
amino-~-terminus to carboxyl-terminus.

The artificial pulmonary surfactant polypeptides for use
in the invention may be prepared by any techniques that are
20 well known to those skilled in the art, for exampie by solid
phase synthesis, by recombinant DNA techniques, or by
classical solution synthesis. Methods for the production of
the polypeptides are described in U.S. patent 5,164,369,
hereby incorporated by reference into the present application.

25
When prepared by these various techniques, particularly
when solid phase synthesis of the polypeptide is employed, the
resulting polypeptide can exhibit variable secondary structure
and variable solubility in ethanol. When solid phase
30 synthesis is employed, the main secondary structure appears to
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5 in ethanol is improved. Moreover, treatment of the
polypeptide with the fluorinated alcohol minimizes aggregation
of the polypeptide in solution and improves processing.

10 The process is carried out by adding the pulmonary
surfactant polypeptide to a solution of the fluorinated
alcohol at a concentration of 5-40mg/ml. The resulting
suspension is then incubated with stirring for sufficient time
to dissolve the polypeptide. 1Incubation time may vary from

15 batch to batch. Sufficient incubation time should be employed
to allow de-aggregation of the polypeptide yielding a clear,
non-viscous solution. Adequate de-aggregation is reached when
the solution exhibits an optical density measurement of light

scattering at 450 nanometers of less than 0.06, preferably
20 0.03 or less.

The aggregation is monitored by measuring the apparent
absorbance at 450nm (OD450) which result from light scattering
of the aggregates within the sample, A UV/Vis

25 spectrophotometer with the wavelength set to 450nm is used for
the measurements. Sample compartment configuration of the
instrument must be such to allow the accurate measurement of
light scattering. Instruments which have been tested and
which meet the requirements are the Perkin Elmer LAMBDA 14

30 UV/Vis spectrometer and the Shimadzu DU260 UV/Vis
spectrometer.

Generally the KL, peptide is incubated in TFE for 2 to 24
hours followed by a filtration scheme to remove final
35 aggregates and particulate matter.
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FI GURE 6 shows the FT Raman anal ysis of pol ypeptide secondary
structure of the solid KL[err]-Acetate before and after treatnment in
accordance WWwh obMfoePr esent invention. Second deri vat irca/uspenasesa of
Amide I, II, Ill regions. 5 FI GURE 7 shows the FT-1R spectrum of
the solid pol ypeptide after treatnment with TFE di ssolved in 95% Et OH
(5mg/ mL, 45[err]C. 10 FI GURE 8 shows the Circular D chroism (CD
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solution with a suitable solvent. Rotary evaporation is
preferred. The resulting solid is dried under vacuum at 37-
40oC to remove residual solvent. The polypeptide so recovered
may then be used to manufacture liposomal pulmonary surfactant
10 by ethanolic injection using techniques known in the art.

Suitable fluorinated alcohols for use in the present
invention include 2,2,2~triflouroethanol; 1,1,1,3,3,3-
hexafluoro-2 propanol and other fluorinated alcohols. As

15 stated, it is believed that the fluorinated alcohol acts as a
"helix stabilizing” medium. Helical polypeptides show less
tendency to aggregate than other secondary structure
polypeptides. This effect is believed to be the result of
properties of the fluorinated alcohol rather than the

20 intrinsic properties of the polypeptide chain.

In another aspect of the invention, it has been observed
that liposomal KL4 pulmonary surfactant manufactured in
accordance with the present invention exhibits reduced

25 viscosity when compared with product formulated without
treatment with fluorinated alcohol by the present invention.
One of the problems encountered in the formulation and
performance of liposomal KL, drug product is that the viscosity
of the drug product can limit effective distribution in the

30 lung, thereby reducing in vivo activity. The present
invention therefore improves performance of KL, liposomal
pulmonary surfactant by reducing viscosity of the final drug
product.

35 In an alternate method of the present invention, the
pulmonary surfactant polypeptide can be treated with the



Cor r espondence: Tabl e of Correspondence

Synbol Am no Acid 1-Letter

3-Letter 25 Y Tyr ' L- Tyrosi ne
G Gy G yci ne —

Phe WO 97/19108 L- Phenyl al ani ne M US96/16804 VBt
L- Met hi oni ne A Al a

L- Al anine 30 S Ser L-seri ne

Leu fluorinated a#%gﬁgl in the method &655¥Hbé§ above and theL

WO 97/ 19108resulting solution can be admixed with the/eshanolkspjivent and

10

15

20

25

30

35

used directly in the ethanol injection liposome manufacturing
process. The fluorinated alcohol is then removed with the
ethanol in the liposome manufacturing process by dialysis or
evaporation using techniques known in the art.

The present invention is further illustrated by the
following example.

Example 1

Preparation of Soluble KL4 Pulmonary Surfactant
Polypeptide.

To a 5.0 liter reaction flask equipped with stirrer,
constant temperature bath, temperature thermocouple, and solid
addition funnel, add 1.95 liters of trifluorocethanocl. With
moderate stirring at a temperature of 270C, solid KL-4 acetate
{80.0g}) is added in a portion wise manner. After the addition
is completed, the funnel and walls of the flask are rinsed
with 0.05 liters of trifluorocethanol. The flask is then
secured to the atmosphere and the resulting opalescent
solution is stirred at 27oC for approximately 24 hours,
Representative samples of the opalescent solution are taken at
approximately t=0, t=5 h, t=7 h, and t=24.5 h time intervals.
These samples are subjected to OD 450 um UV, FTIR, CD, clarity
(Nessler tube}, and viscosity {falling ball type) measurements
for informational purposes.

Analysis of the FT-IR spectra (FIG. 1) indicates that the
secondary structure in TFE has converted from p-Sheet to a-
helix. Strong absorption bands at 1655 and 1548 cm™ are
indicative of intra-molecular hydrogen bonding {&-helix). The
conversion appears to be complete upon dissolution of the
peptide in TFE (t,=10 minutes after addition of KL,)} since

10

6
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Adn L- gl utam ne E Au
L-glutamc acid W Trp

1-trypt ophan R Arg 1-arginine
10 D there is no change Agp the amide I and II fegixpwy tiirc the FT-IR

N spectra overSthe incubation period;- asparagine _ C

Cys 1-cystelne The am no acid residues
represented herein by fornmulae are in 15 the left to right orientation

in the conventi obfhé OD48Ctammlydis, as showno-ineTabhesl shxawsddtit-lieer m nus.
) aggregation at the t, point (10 minutes after addition of KL,)
with relatively low OD450 values that are less than 0.08.
Through the course of incubation the 0D450 values are
constantly changing within the range of 0.01 to 0.03 after t,
This could be the result of equilibration of the system and an
10 oscillation between different aggregation states.

TABLE 1. O0OD450 and Minimum Mean Ellipicity values.

Time {(hrs) OD 450 Minimum ellipicity
{wavelength)
15 0 0.0725 ~-23029.1 (207.4)
2 0.0204 ~-31540.9 {207.2nm)
5 0.0165 -28013 (207.3)
7 0.0234 -31543.4 (207.6nm)
24.5 0.0124 -35074.1 (207.2nm)
20 24.5 0.0067 -31808 (207.3nm)
(filtered)
The CD spectra (FIG.2) follows a similar pattern with
minimum ellipicities reported between -25000 and -33000
25 (6] (deg.cm?*/dmole} and an isobestic point at 200 nm indicating

that very little, in terms of secondary structure is different
during the incubation period. The differences in the minimum
mean molar ellipicities is likely due to different aggregation
states of the peptide. The IR data suggests that the secondary
30 structure of the peptide is not changing and is almost
exclusively helical., CD and 0OD450 data suggests that the

11
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synt hesi s igcwth@tiyed.n 'TRE /i N secondary structure appears to

7

WD 97/ 19108
PCT/ US96/ 16804 be anti-parallel [err]-sheet which exhibits poor
solubPlity in After &hmd.5 tpdnrabatiean perdogel yhepresiltiing reated with
a f | §@1hRde i £l 80| vddundie NdRTed vl WhatRasSENtfiivednpapsr.

A sample of the filtrate is then removed for CD and OD450
assessment. The filtrate is then concentrated under vacuum

{(24-28 inches Hg) by rotary evaporation at 37-38¢C to a solid
10 residue.

The resulting solid is then passed through 60 mesh screen
and dried further on the rotary evaporator under the same
temperature and pressure conditions until TFE content of less

15 than ten percent is present.

Under proper wventilation and dust protection guidelines,
the product is transferred to a polypropylene container and
stored at -200C. A final mass yield of 82.64g is obtained.

20 An assay adjusted yield of 6B.4g (91.7%) of TFE treated KL-4
is obtained as a white to off white powder. [«=},® (c=0.1, 10%
Hacj), -40.79; MW=2470.2.

Analysis of the FT-IR spectra {(Figures 3A and 3B) of the

25 solid peptide treated in accordance with the present
invention, indicate a large contribution of intra-molecular
hydrogen bonding («-helix) with strong absorption bands in the
region of 1656-1657 cm™® (amide 1} and 1537-1548 cm! (amide
ITI). FT-Raman analysis of the samples in the solid state

30 (Figures 4A and 4B} also indicate that the peptide is
predominantly helical with a strong Amide I band at 1656 cm™
and an Amide III band at 1313 cm™.

Figure 5 is an expansion of the FT -IR spectra (Amide I,
35 IT, II region indicative of secondary structure} of the

polypeptide KL, before and after TFE treatment. The spectrum

12



t he predom nant secondary structure exhibited by the 5 pol ypeptide is

[err]-helical and the solubility of the pol ypeptide in ethanol is

i nproved. Moreover, treatnment of the pol ypeptide with the fluorinated
al cohol  m ni Nf68541698" egat i on of the polypeptide in sgicdiisoghestd

| Mproves processing. The process is carried out by adding the
pul monary surfactant pol ypeptide to a solution of the fluorinated

al cohol at a concentration of 5-40ng/m . The resulting suspension S

then incubaiygd pid hefdsd Ia}@af:aene%étgfr;égtiae MRas strontgo s‘ibﬁﬁ%v

pol ypepti de.__| ncubat | on ti v om 1 bat ch, t 0 batch. Suf | ci ent
i ncubati on e 1ﬁﬁl Séedilsxe comy O"QFF wAER- VeoRf ol {‘ﬁ’é'
pol ypepti de mlfdcm]rttgr aaydme,n bondingoffvEseots. sdiedk @absosptiontibands

ggngggryegat A0 165 AN CEhANEIE ot shidRettalih@NpeKBERLE LR ifitka-

measur.enment  of scatte 50 nanoneters of less
than 0.6, "{.}b? '2@"%99(5’ ggngg.ngeég-{iefgx} in &eserﬁémg BPegat®®n is
moni t or ed b;spmtsnmnr@ftm aqqia.ldepblypept1dbsafbanctrﬁtnﬁﬂtnm(:ﬁ]1ﬂ‘))hami ch

resul t fromgded iy s&e&é&su& bands % tﬂe e& tsa FSléméJl' 7t B SRR

W/ Vis 25 specg fer wave ?ét set 5nm I s use for
ot

t he nmeasur erfent3 tn‘@ﬁ’t’*d@oﬁl gt’.rf"gt1 8hing % rge i nst runent
must be suctcdrmﬁbmamenfadmlme stzacterenwioh very lititdkt estdénes o).

I nstrupgnt s Pm@%wbgag dnand whi ch neet the requirenents
are the PerKin fA DA 1 % W/ Vis spectroneter and the Shimadzu
DU260 WV/ Vi s spectroneter. Cenerally the KL[err] peptide

is incubated in TFigtpe & i® add analysiboufsthel amivdel Dhy(l#k40i-l1668at €0 andene
to remove fifdlge 1II (1220-1300 cm™) regions of the RAMAN spectrum. The
spectrum of the polypeptide before treatment with TFE exhibits
15 a strong signal at 1671 cm™? indicative of inter-molecular
hydrogen bonding p-Sheet which is in agreement with the IR
data. Signals at 1239 and 1213 cm™® (amide III} also suggest
the presence of inter-molecular hydrogen bonding P-Sheet. The
spectrum of the solid polypeptide after treatment with TFE
20 indicates that the polypeptide is predominantly helical with
a strong Amide I band at 1656 cm™! and an Amide III band at
1313 cm™.

The sample was dissolved in 95% EtOH (5mg/ml) to yield a

25 clear non viscous solution. The solution was analyzed by IR
and CD spectroscopy. Analysis of the FT-IR spectra {Figure 7)
indicate the peptide is predominantly helical in 95% EtOH with
strong absorption bands in the region of 1656-1657 cm™ (amide
I} and 1537-1548 cm! {amide II) indicating a large

30 contribution of helical structure with very little evidence of
{B-Sheet) structure present. The analysis of the CD {(Figure
8) curve generated from this solution confirm the IR results.
The solution was incubated at 45°C for 40 minutes and the OD450
nonitored over time. (TABLE 2}. At time zero, the low 0OD450

35 value (<0.05) indicate that there is very little aggregation
initially. Over time the OD450 value gradually increases

13
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35 ' aggregates and particulate matter.

8 WD 97/ 19108

PCT/ US96/ 16804 Recovery can be perforned by a variety of

t echni ques i ncl udi ng spray drying, rotary evaporati

preci pi tati BRI 51| of which serve to renove the fl ug‘#ﬁiﬂgggéﬁsﬁ cohol .
Cenerally, the filtered solution is rotary evaporated to 5 dryness at
37-40[ err] C under high vacuum or precipitated from solution with a

sui tabl e sq| 5 JRotar rabl: ' referred. The resulting
solid is &S}&ég:%&ﬁggr %\i}g‘)éu&# ag) eg%'-l dd i3 a%ﬁ?eqaﬁ:]%gt 3% gr?r}&é?‘f’gsi dual
sol vent . THelyhipsemaisdstdd 1r €d@asr agd non viggpusien be used to manufacture
| i posomal pul nonary surfactant 10 by ethanolic injection using

t echni que Q i t . Suitabl.e fl]uarinat | cohol s for
use i n t nT TR 2 20430 Yaltes for peprins 4B HR R ER SR

1,1, 193, 3, g/ml) hexafl uoro-2 propanol and other fluorinated al cohols. As
15 stated, it is believed that the fpppsynated al cohol acts as a

"hel i X st gllalleleeeii e it e e e QL VD EDT (O how less : I@Qg,ncy
to aggregy got han otiherg SEERNAPRL1B R¥AT PEL20 min | t=30 min | t=40 min

0.0199 0.0173 0.0131 0.0588 0.0681

10 Soluble KL, pulmonary surfactant polypeptide, prepared by
the process described hereinabove, may be used to manufacture
liposomal drug product in accordance with methods known in the
art and hereinbefore described.

14



pol ypeptides. This effect is believed to be the result of properties
of the fluorinated al cohol rather.than the 20 . _.intrinsic properties of
t he pol ypepti de chai n. I n anot her .aspect of the invention, it

has been observe that |i ary surfact
manuf act ured Mp /19108 accordancg?m"uwmlmn i%vent I on ‘2‘%’? 9i6’tmsm4
reduced 25 vi scosity when conpdred wktH prfoddct fornul ated without
treatment with fluorinated al cohol by the present invention. One of
t he probl ens encountered in the fornul atd d performance of

| i posomal KL4 drug product is that the visCoSity of the drug product
can limt eff#ecel@é&mdistribution in the 30 | ung, thereby reducing in
vivo activity. The present i nvention therefore inproves perfornance

of KL[err] |iposonal ‘ ra rf by gr | i | of
the final drug & Aﬁréﬁﬂ%§§%£%g¥iQh:¥ﬁe.%%n%§%5a¥fe§g§§%£%ﬁyH%ﬁﬁ%yh%ﬁe
pr esent 9 nveRBiBANarKesurfactang marnasitdenabyasthasedbe pinirctian be
treated w thwhBeein the liposomal pulmonary surfactant9composition is WO

97/19108 comprised of a polypeptide and a phggﬁégégéiégfﬂé acceptable
phospholipid, the improvement comprising preparing a form of
the polypeptide, or salt or ester thereof, which exhibits

10 enhanced solubility in ethanol, comprising the steps of:

(a}) preparing a solution of the polypeptide or salt or
ester thereof in a fluorinated alcochol at a
concentration of about 5 to 40mg/ml:;
15 (b} incubating for a period of time sufficient to
achieve an optical density at 450 nanometers of less
than 0.06;
(c} filtering; and
{d) removing the fluorinated alcohol to recover solid,
20 soluble polypeptide.

2. The process of claim 1 wherein the polypeptide is a
linear polypeptide comprising at least 10 amino acid residues
and no more than 60 amino acid residues, including a sequence

25 having alternating hydrophobic and hydrophilic amino acid
regions represented by the formula (Z,U,).2 wherein:

Z is a hydrophilic amino acid residue independently

selected from the group consisting of R and K;

U is a hydrophobic amino acid residue independently

30 selected from the group consisting of V,I,L, C and F;

a has an average value of about 1 to about 5;

b has an average value of about 3 to about 20;

c is 1 to 10; and

d is 1 to 3.

35
3. The process of claim 2 wherein the polypeptide has the

15



fluorinated al cohol in the nethod described above--and the resul ting

sol ution can be adm xed with the ethanol solvent and used directly in
the ethanol injection |iposone ma m mm!mw \ hrocess The fluorinated
al cohol is then renoved with the a ﬂ I e |iposone nanufacturing
process by dY@PYSI® of evaporati dn Usi Aig techni ques kAGWPSPHIo8Me art .
The present invention is further illustrated by the fol |l ow ng
exanple. 10 Exanple 1

Preparatlo f Sol uhl e KL4 Pul I Pol ypepti de. 15

To n 5.0 | FpLo 85t SrErack KB EM R e, const ant

t enperat ure bath, t enperature thernocouple, and solid addi tion

funnel, add 1.9%3, |Th€rErSEe§§l$fL@I£ﬂt haR@lerelint Rhe flu?ﬂﬂﬁfé‘aeafécg{ ¥ n

at a tenperat f. 27 r olid KL-4 acetate 20 s a
a portion ﬁfsg ﬁagnEFl P%8Pt€ﬁ% ddi tion i s conpleted, the funnel

and wdl |'s of the flask are rinsed with 0.05 liters of
trifluoroethanok. Thea! paskess t9eTpreparicipQiitibody pygbimepher e and the
GH)

resul ti ng gpal.es is stirre C tor
apprOX|nat8B§fQEEﬂB% §°mﬁgslggﬁﬁp SRin ithe KBOBREY escent
sol uti on aswvrfaktanit composifppnoks neamgini sexd oft aSpb,lypeitthdeamidtaFM 5h

time int eryﬁhmaceunczhﬁea&asgwél@rﬁléstﬁﬂo%tﬁ% AnDufiadevn the | FTIR

neasﬁﬁ nen¥§p°s°me ﬁérPFﬁPBF gni}s W BCOST b, o1 ypeptide andype)

phospholipid in ethanol and injecting the resulting solution
into an aqueous phase optionally containing a buffer solution,
the improvement which comprises pre-treating the polypeptide
by dissolving the polypeptide in a fluorinated alcohol at a

15 concentration of 5-40mg/ml before adding it to the ethanol
solution.

6. The process of claim 5 wherein the polypeptide has the
amino acid sequence KLLLLKLLLLKLLLLKLLLLK.
20

7. The process of claim 5 wherein the fluorinated alcohol is
2,2,2-triflourcethanol.

16



30 ' Anal ysis of the FT-IR spectra (FIG 1) indicates that the
secondary structure in TFE has converted from[err]-Sheet to [err]-
hel i x. Strong absorption bands at 1655 and 1548 cnierr] are
i ndi cati ve ofwépiroaegol ecul ar hydrogen bondi ng ([ err]-hel i x PCTARS/ 1§84
conversion appears to be conplete upon dissolution of the peptide in
TFE (t[err]=10 mnutes after addition of KL[err]) since

WD 97/ 19108
PCT/ US96/ 16804 there is no changé!@n the anmide | and Il regions in
the FT-1R spectra over the incubation period, The OD450
anal ysis, as shown in Table 1, shows little 5 aggregation at the t[err]
point (10 mnutes after addition of KL[err]) with relatively | ow
OD450 val ues that are |less than 0. 08. Through the course of
i ncubation the OD450 val ues are constantly changing within the range
of 0.01 to 0.03 after t[err]. This could be the result of
equi libration of the sysfema —rosci I Tatiron beffween different
aggregati on states. TABLE 0 and M ninum Mgan Ellipicity
val ues.

i
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Time (hrs) 0D 450 M ni mum el lipicity

(wavel ength) 15 0 0.0725 -23029.1
(207. 4) wo 2 0. 0204 -31540. 9
(207. 2nm 97/19108 5 0. 0165 PCED 07.3)
7 0. 0234 _31543. 4 (207. 6nn) Siesd)] 3
0.0124 -35074.1 (207.2nm 20 24.5
0. 0067 - 31808 (207.3nm 2/10 (filtered) The
CD spectra (FIG2) follows a simlar pattern with m ni num
ellipicities reported between -25000 and -33000 25 [[err]]
(deg.cnjerr]/dnole) and an isobestic point at 200 nm i ndi cati ng t hat
very little, in terns of secondary structure is different during the
i ncubation period. The differences in the m ni num mean nol ar
ellipicities is likely due to different aggregation states of the
peptide. The IR data suggests that the secondary 30 structure of the
peptide is not changi ng and_is_al nost exclusively helical. CD and
OD450 data suggests that the & 11
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peptide is formng helical "bundles" of diners, triners, etc. and is
changi ng constantly to sone degree during the i ncubation in TFE. 5
After the 24. wdoimgesbati on period, the resulting sol UpPiiséiebdacn
vacuum filtered over VWhatman #1 filter paper. A sampl e of the
filtrate is then renoved for CD and OD450 assessnent. The filtrate is
t hen concentrated under vacuum (2818 inches Hg) by rotary
evaporation at 37-38[err]Cto a solid 10 resi due. The
resulting solid is then passed through 60 nmesh screen and dried
further on the rotary evaporator under the sane t enperature and
pressure conditions until TFE content of l|less 15 than ten percent is
present. Under proper ventilation and dust protection
gui del i nes, t he prgduct—Ts—~transferred—to—a—ped | ene cont ai ner
and stored at -200¢. A final mass yield of 82.6 i s {obt ai ned. 20
An assay adjusted yield gf 6B.4g (91.7% of TFE treat KL-{4s is
obtained as a white to offf white powder. [[err]][err] c:O.qg 10%
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Hac), -40.79; MAE2470. 2. Anal ysis of the FT-IR spectra (Figures
3A and 3B) of the 25 solid peptide treated in accordance with the

pr esent invention, indicate a |large contribution of intra-nolecul ar
hydr ogen bondiway9otijsaes | - hel i X) with strong absorption bands pOTAUk®5/16804
regi on of 1656-1657 cnferr] (amde 1) and 1537-1548 cnierr] (am de

I1). FT-Raman anal ysis of the sanples |2€&ye solid state 30 (Figures 4A
and 4B) also indicate that the peptide | predom nantly helical with

a strong Amde | band at 1656 cnjerr] and an Amde |1l band at 1313
cnerr]. Figure 5 is an expansion of the FT -IR spectra (Am de
I, 35 I1, Il region indicative of secondary structure) of the
pol ypeptide KL[err] before and after TFE treatnment. The spectrum
12 WD 97/ 19108
PCT/ US96/ 16804 of e treatnent polypeptide has strong
signals in the | R spectra at 4 and 1628 cnferr] whjch are
i ndi cative of inter- nol ecul ag® hydrogen bonding ([err]-Sheet) Wak
absor ption bands RS
Q
S
X
—
m o
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at 1658 cnferr] and 1546 cnferr] suggests the presence of sone intra- 5
ol ecul ar hydrogen bonding ([err]-helix) in these sanples. The

spectrum of the solid pol ypeptide after treatment with TFE has strong
absor pti on bawey7hsies he regi on of 1656- 1657 cnferr] (am de PCT/USH§ 1AM
1537-1548 cnferr] (amde Il) indicating a |arge contribution of
helical structure with very little evidence of 10 [err]-Sheet structure
present. Figure 6 is an anag/yusis of the amde | (1640-1680
cnerr] and amde |1l (1220-1300 cnjerr]) regions of the RAVAN
spectrum The spectrum of the polypeptide before treatnment with TFE
exhi bits 15 a strong signal at 1671 cnierr] indicative of
i nt er-nol ecul ar hydr ogen bonding [err]-Sheet which is in agreenent
with the IR data. Signals at 1239 and 1213 cn[err] (amde Il11) also
suggest t he presen% : hongli ng [err] - Sheet.
The spectrum of the solid polypeptide after eatneni with TFE 20
i ndi cates that the polypgptide is predom nantly helPcal wi{h a strong
Amide | band at 1656 cniérr] and an Anmide |11 bandy _E§313 cnjerr].
The sanple was dissolved{in 95% EtOH (5ng/nL) to yi%®ld a 25" clear non
vi scous solution. The s¢lution was analyzed by IR apd CD
spectroscopy. Analysis off the FT-1R spectra (Figuré i ndi cate the
peptide is predom nantlythelical in 95% Et OH wWiTT stdong absorption
bands in the region of 1656-1657 cnferr] (am d& |) 4ar§ 1537-1548
cnferr] (amde Il) indicgting a |arge 30 contri bufion off Beli cal
structure with very littlle evidence of - Sheet ) [structure
present. The anal ysis of {the CD (Figure 8) cgrve gengrated fromthis
solution confirmthe IR results. The sQétt on was i ngubated at
45[err] C for 40 m nutes gnd the OD450 oHed over |tanme. ( TABLE 2).
At time zero, the IqﬂlFIMSO 35 cate thaB there is very
littl e aggregation <t =
S
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initially. Over tine the OD450 val ue gradual ly increases

13 WD 97/ 19108

PCT/ US96/ 16894 i ndicating that the peptide is aggregating in

sol ution weo9igson was still clear and non viscous). PCTUSEA S0 2-
OD450 val ues for peptide dissolved in 95% EtOH 5 (5my/ M)

o450 Lot t=0 mn t=10 mn t=20 mn t=30 mn t=40 mn
BO 0. 0199 0.0173 0. 0131 6/10. 0589 0. 0681 10

Sol ubl e KL[err] pul nonary surfactant pol ypeptide, prepared by t he
process descri bed herei nabove, may be used to manufacture | i posomal
drug product in accordance with nethods known in the art and

her ei nbef ore descri bed.

r
1000

FIG. 4B
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CLAI M5 W claim 1. An inprovenent in the process of
preparing |iposonmal 5 pul nonary surfactant conposition by ethanolic

i njection, wootisas n the | i posomal pul nonary surfactant ceopwsdericsod i s
conprised of a polypeptide and a pharnmaceutically acceptabl e

phosphol i pid, the inprovenent conprisingﬂBreparing a form of t he

pol ypeptide, or salt or ester thereof, ch exhibits 10 enhanced
solubility in ethanol, conprising the steps of: (a) preparing
a solution of the polypeptide or salt or ester thereof in a
fluorinated al cohol at a concentration of about 5 to
40mg/ m ; 15 (b) incubating for a period of time sufficient to
achi eve an optical density at 450 nanoneters of |ess t han

800

1000

0. 06; (c) filtering and d) renoving the fluorinated
al cohol to recover solid

j
1200

FIG. 6

BEFORE TREATMENT WITH TFE
AFTER TREATMENT WITH TFE
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20 ' sol ubl e pol ypepti de. 2. The process of claim1l

wherein the polypeptide is a | i near pol ypeptide conprising at | east
10 amino acid residues and no nore than 60 am no acid residues,
i ncl udi ng a sSW§ASMI8825 havi ng al ternati ng hydrophobi c anecrysheasdk | i c
am no acid regions represented by the formula (Z[err]JUerr])[err]Z
wher ei n: Zis a hydrophilicaﬂﬂru)acid resi due i ndependently
sel ected fromthe group consisting of and K; Uis a
hydr ophobi ¢ am no aci d residue i ndependently 30 selected fromthe
group consisting of V,1,L, C and F; a has an average val ue of
about 1 to about 5; b has an average val ue of about 3 to about
20; cis1to 10; and dis 1to 3. 35 3.
The process of claim2 wherein the pol ypeptide has the
15 WO 97/ 191U8 PEFUS96+-166894
O
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am no acid sequence KLLLLKLLLLKLLLLKLLLLK. 4. The process of
clfaim 1 wherein the fluorinated al cohol is 2,2,2-triflouroethanol.
5. In a process_for eparing |iposonal pul nonary sur f act ant

: r
conposition, ?7é‘i9?'f‘pst he |i posomal pul nonary sur f act ant pepiBsRakdesON | S
conprised of a polypeptide and a pharmaceutically acceptabl e
phosphol i pid, and wherein the 10 | i posone is prepared by dissolving the
pol ypepti de and phospholipid in et @8l and injecting the resulting
sol ution into an aqueous phase optionally containing a buffer

sol ution, the i nprovenent which conprises pre-treating the pol ypeptide
by di ssolving the polypeptide in a fluorinated al cohol at a 15

concentration of 5-40ng/m before adding it to the ethanol sol ution.

6. The process of claimb5 wherein the pol ypeptide has the am no acid

sequence KLLLLKLLLLKLLLLKLLLLK. 20 7. The process of claim5
2,2, 2-triflouroethanol.

wherein the fluorinated al cohol is

250

FIG. 8

1
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