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ACYLATED lNPHékl INAL OGS + - The present invent POT/USIS/8EE t O
o)

the field abetes. More particularly, the invention relates to
acylated insulin anal ogs with an extended duration of action.

The availability of insulin replacenent therapy has prevented the
nortality and norbidity of acute conplications 10 in diabetes nellitus.
However, chronic diabetic AOYPAIrESt INSTLIE ENALOESTRj or heal th probl em
due: to persi stent met abol i ¢ derangenent, arising principally from poor
control of blood glucose. Results energing fromthe D abetes Control

and Conplications Trial, (DCCT)_indi .t ha regsendfedpdpd n Ho Alc
correlates with nore thﬁ% §§§%?%?15§%En§ﬁt tllll trll.e?ﬁggg .géi %(1:? eérréﬁe- of .
" retinopathy. diabetes. More particuderiy.atheecievertion IAIAT@H &° t her apy

must be desiabed LRsPRldld:ilichs Whehchr aftensed Mirddivomald acaich.

endogenous insalin secretion 1n normal individuals. The 20 daily
physi ol ogi cal demand for insulin fluctuates and can be separated into
two phases: (a) the absaepavstlgibbbity of riegmilinngeplpoementftherany maiso

di spose of the neﬁgééeLﬁéﬁgortalfg' %%aghagﬁiai rgf’aéﬁ%h(éamﬁﬂﬁéations

post - absor pt BFEVH 2qUIFI.1g a sustai ned amount_of insulin to
regul at elbepdn didbegeacweblitnput Howeveri nchranhg dAPSRIC f asting bl ood

gl ucose. complication&CF AH ¥na @ Behil¥R HPEHBEN duw Ao/ Perisietent
conbi ned use ofnptv\o_types of exogenoys .i nsulin:,a IfStf acti n%ﬁrregl
time insul i nmat@belienge R RRIFREHas AT 1SHDG) PRincipally Lrom POOF, COUERVe a
| ong- acting kEsahicbdnglacésen, Remiltisn ctergingufrent tiye firahe tase Comtgold
conditions favarin or.npt | . -Of X . copf tl |

I nsol ubl e, cﬂ?g EI"?'PthLécg é?’gg Tnall’h(gs?g&ﬁo%%%gtg?%g%%?n%%é%rféafg 1®
Utral entd, laentd Adgdcorrelapes wifthe momenshan 3bheirpxeremant tip &he he

current | ong-sncigefckl B8 PEEPRépdemNs has been shown to cause probl ens
relating 35 to inconsistency in the dpse-response.as wel |

| .
unpredictability in ti @ SFCEENEO| AR iRRF"n S1SFFHE fRerapy must
be designed to parallel as closely as possible the pattern of

endogenous insulin secretion in normal individuals. The
20 daily physiological demand for insulin fluctuates and can be
separated into two phases: (a) the absorptive phase
requiring a pulse of insulin to dispose of the meal-related
blood glucose surge, and (b) the post-absorptive phase
requiring a sustained amount of insulin to regulate hepatic
25 glucose output for maintaining optimal fasting blood glucose.
Accordingly, effective therapy involves the
combined use of two types of exogenous insulin: a fast-
acting meal time insulin and a long-acting basal insulin.
To achieve a long-acting basal time actionﬂ insulin'
30 is currently formulated under conditions favoring formation
Bf a hexamer conformation in an insoluble, crystalline state.
- These long acting formulations are Ultralente, Lente, and '
semi-Lente. However, the insolubility of the current long-
acting preparations has been shown to cause problems relating
35 to inconsistency in the dose-response as well as
unpredictability in time action. 1In addition, one of the
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-2- currently avail able long-acting insulin preparations, beef

U tral ent ewa %/i5884unogeni c. The presence of anti bodi es t hat PCT/U$ISAHR™3
fromthe i munogenicity of beef Utralente alters the phar macoki netics
of fast-acting insulins. 5" - -Whple the time action of the

I nsoluble Utralente formul ati on makes a conveni ent once-a-day basal

i nsulin, many hysi Ci, acjual | refer tq.,use_an._i errredl tinme
action CHEEeRk Pr"Pﬁggf’} PRY TIPS GHHH ﬁeggﬁ?tﬁ' %3%?

to as insul mthdaﬂientasuh.sna.iﬂlﬂmgemmd tmea:merycaayfamlbb@;ss thgtll in
pecause || 1309 lBEab Ehi ﬁﬁgﬁﬁégéﬁléﬂ%%f peefl 1A c2aLRE 492308 ghbN 2

drug of shoC&MtTme act | | ntermedi ate-acting i nsulins
account for ph@mtokhéetlcslsf fast vacting FupEHdns - 45% of European and an

overal | £5% of themilel €nel demensadtionef kete ilr&oluble Ultra]]'éinﬂe\/er,
bot h i nsol ub: e i risul i n- NP, and i nsol ubl e U tral ente i ns

suspensi on 2tigRsma a coavenient, opgeng-gay bagal ixs enf‘ﬁ fnggg
predi ct abl e pﬂ-ﬂy&ricaahsbhetuallfopmfer | omsusenchnr dsitlerniedilages timen aauequat e

control of daglgﬁgﬁflﬁ ét Ccordlfﬂﬁﬂaﬁ¥dﬁ)éddﬁbdﬂ} liefferred

t hr eat eni ng lﬁyp yceni C €p1. SO her.e femai ns a need
for a sol ublte, &oﬁ@saéﬂpng Hasa¥n$‘h%£ﬂlT1W?}F nls usﬁ?r deice, dadhvedE @uccessf ul

intensiyg i 'E%%'a'ln 1henuaﬁeﬁaaause it hes w@aﬁtﬁw@smtsue&vmt adjugkovi des

acylatedln I n ostha Ry bef atedt rQvl sol I
basal %’g\ﬁ tt"ﬁ'?ﬁ %ﬁ gge h a’dru ﬁ#}ml’a(ﬁﬁ at i t(%.m% ﬁg(rg bégf
human i n_sul resudt, ingermediatiebyctdmennininlinal dqcsnmtl rfOJ‘aﬁle%egé Phteent
Appl i cati onyls 234469%: tKQeJLBQﬁQ%”%W@P%{%ﬂa@: and SREEVELGAN! ¥5%

di scl osed: B 9 N err]-pal mtoyl 1nsul méthe [err]-amno 30 group is

acyl at ed), BiE Qper F’Prﬂyérﬁi’-flﬁyl'-n’f"ﬁ%h’l‘le‘ta’( $%- N terninal a-am no group of

E Be E cﬂai F is acyl at elb)mev@irdh BotB29nbbeub] & £5i8)1in-NPHIigmmi rﬁiﬂsqﬂlul::llasuldi) n -
oth the m.no an Nt er [LOup acylate

Mirani shi a0 SRRL8nss ehaus Brare “Subbds fon Fombidtd sl cahle ek

bi ol ogi cal prsmulations| aret dniigrennly lqnss tmitedisitabliep tpla@vnseéubhe

dosages, royRsdhtions and result in less than adequate control of
blood glucose and a gréater susceptibility to life-

20 threatening hypoglycemic episodes. Accordingly, there
remains a need for a soluble, long-acting basal insulin in
order to achieve successful intensive insulin replacement
therapy. The present invention'provides acylated insulin
analogs that may be formulated to provide soluble, basal

25 insulin therapy. _

The acylation of pork, beef, or human insulin is
disclosed by Muranishi and Kiso, in Japanesé Patent
Application 1-254,699. The following compounds are
specifically disclosed: B29-Nf-palmitoyl insulin (the g-amino

30 group is acylated), Bi—Na—palmitoyl insulin (the N terminal
O-amino group of the B chain is acylated), and B1,B29-N*, NE-
dipalmitoyl insulin (both the g€-amino and the N-terminal O-
amino group are acylated). Muranishi and Kiso disclose that
acylated insulin possesses a biological profile similar to

35 insulin; but fails to provide the dosages, routes of
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- 3- adrg,ni i on, or other conditions of the in vivo potaisos/fas73

al l ow one skifred in the art to evaluate the activity or duration of
action of the acylated insulin. Simlarly, Hashinoto et al.,
in Pharmaceutical 5 Research 6: 171-176 $1989), disclose
Bl-N[err]-paInitoyI I nsulin (the N term nal a-amno group is - :

acyl at ed), 29N, ] ol SEﬁér conditidi e @¥e IASVELB hb@éD dde

[err]-am no an ‘the N-t I ro are.acyl at ed) .

Hashi not o et &F10%(QRf ggum}gg %p%ﬁ'f y‘&%rﬁ‘ﬁaqé'lag"&té §¢ activity or

Bl-Nerr] - palﬂmfébdonIﬁﬁﬂadtlandoBltﬁﬁgaéfkaﬁdd Ihkulmherr] di pal mi t oyl

insulinin nmale rats atg lgfgg %?sﬁgﬁsgglgglgi , i hese
S

doses, Figure 5 dermnstrate act IVI mnrs ered

i ntraveno Iyﬂeﬁﬂﬂﬁiiadﬁlﬁﬂérépéd‘1989?nt¢%ﬁﬁkﬂﬁﬁ e@ﬁﬂ?‘5°¥ﬁo%95“11n
hypogl ycem ¢ ef¥&q§ «drndhalll @~ainino grBﬁi)n'iéOé/é aﬂ:séd)'na&'adsﬂeﬁhbgtt“lﬁﬁ-

effect of Bl, B29- N err N err, almtaq re osed in
Fi gure 6. 'dipalmitoyl 1!"%“&&%} t‘tl’BFPttﬁ?t‘Feal“\’r |98 rE 5r¥\e & shi
and Ki so aai dé ¥ otiis0 atle alcylawaaﬂer istimotd @tPal. pH’@hdi?édlﬂEb e

92/ 01476, dlsclos that th I d tigdes be
extended in vﬁ' %yy ?If?% kkl ggﬁ?hgg%ﬂé@ﬁbffe}}sﬁl\ﬂﬁnt %%gnbgpo?g?ﬁq’
group, spdci fm%dﬂpﬁlmltay&ylasumn in dexlies xiitecat TRE Vank y awiekqeedinddy a

brid ' b I
Lo dsciose Ridk a8 . an 5h8e8 S55eF, Fipdid 4 dtmonttERef vfty £51i que
site or sitesa¢trivitty whencadmindstered| ittyravandyisivi.ngWbent aémPsistersdi ne

resi dues of hﬁt@ﬂ:@tadmaﬂ@e bﬁtﬁrsngsoﬁ@ngﬁﬁag}wcemcde&%eéeéffﬁilwam d
derivatives of jnsulin. cid derivatives_of .insulin

are specifi caP3ypihed dé"é(‘j‘lm ani E?St‘rb?#ﬂ%c?fféﬁf 5 Bdv B28r¥%iM€z| osed to
i ndi cat e jishatgjpalditoydl Aneansal wasé! aiéaw;ea fﬁ Fagl¥eagl d derivatives of

30 insulin is retained, en discovered that the
selective acylation  iaddition fe; ﬁbegFBuﬁlY)‘P %Fﬁﬁﬁﬁrg’? durgaishi apd)| og
provi des ri$ecind eidsddabotonetl ab. acWa:Vdézy etlThd. unanybareﬂubm&u:rbn

anal ogs describedh igrgd) ¥igcd83b0ped: 1 grﬁ?a"léjeh%er 88! r8pei 00

action and a rtapi‘d clear'ance 0gs are
PCT/ US95/ 148 =ptides can be extended in vzvo by chemically linking the

20 protein with an apqlar group, specifically a fatty acid
derivative. The fatty acid provides a bridging group between
the protein and albumin. Walder et al. continue to disclose |
that the apolar group is preferably restricted to a unique
site or sites in the protein and exemplify the binding of the

25 cysteine residues of hemoglobin. The reference'generally
discloses fatty acid derivatives of insulin. - However, no
fatty acid derivatives of insulin are specifically disclosed
or exemplified, and no data are disclosed to indicate that
the biological activity of the fatty acid derivatives of

30 insulin is retained.

It has been discovered that the selective acylation
of a free amino group of a monomeric insulin analog provides
effective basal insulin activity. The unacylated insulin
analogs described herein are designed to provide a rapid

35 onset of action and a rapid clearance These analogs are



-4- known in the art as nononeric insulin analogs. The ability

to nodif ﬁmgnajogs to provide basal activity is nost pequ ect ed.
The present vention provides a nono-acylated 5 insulinanal'og 1 hat
yi el ds upon use an extended duration of action. The anal ogs may be
prepared in soluble formul ations - #has of fering advant ages over current
basal insulin therapy. *  The present anal ogs al so possess excel |l ent -

di ctab ' | t
o o0t bl 19 e oS3 RERBANSE: EifelLoedr g s Wt e T
i deal |y - to medifwdsuch Qﬂ?é-%ﬁeﬁ&r BFP’éhd%fb#ﬁ%(]t tﬁ@:mn&t moﬁs conpri si ng

an insuli gnapgé®Led@nd acyl ated insulin anal og. :
Summary of the Inve‘{[]%l on 1 he prese i.nvention I‘OVI es a .

mono- acyl at ed i nsul IR pres?ﬂﬁﬂ%ﬂf%él‘?ﬁepﬁ8V £ mono-acylate
SEQ | B NCb.ﬂ.sul:Ln Yaralde tialt @ielGsnubys Wyes ahrexdemdede diyat$en b€u Tyr Gn

(58 oy "action. The dhajpms may be prefihed in saluple eoluEAriShY 11 1Y
Xaa VaI ABRug #iﬁ%lr&e@wtesysseveﬂ. su{ww&aqalu msatlgeu th¢rapy.

gh T _I_Thexpresxé:&. analogs alsoc podSess excé—ﬁlén\éalpr@&ic@g.glgl’dyp‘iﬂ ad y Phe
e Tyr r Xaa Xa
30 30y Q rﬁ%%edeﬁﬁcf&ﬂﬁﬁtaefﬁifﬁﬁéﬂs’aqx i &imss action, Jpckein:

Xaa &0 posi dlmricu)fpﬁthDtN@ tifensction pmifdile), and’ arethieablyacyl ated

' SE}(’? }Age&o%‘@?é;& Aﬁ;%,s't%ieoﬁr;pg}agg&l & Nid feure f&'ﬂﬁﬁ%’tléﬂg gBmB?fé:[ﬁé) n 28 of

an :Lnsul:Ln analog and -acylated insulin analog : - ‘
15 The present 1nventlon prov:.des a mono-acylated insulin

analog of the Formula .

_ SEQ ID NO:1 :

Xaa Ile Vval Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu

1 : 5 10 .. .15
20 Glu Asn Tyr Cys Asn | .

20

properly c:_ross-lihked to SEQ ID NO:2

25 Xaa Val Asn Gln His i..e_u Cys. Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 o - 10 : . 15

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Xaa Xaa Thr
.20 25 . 30
30 | - -
or a pharmaceutically act:ept__:able salt thereof;

- wherein: . : o _ P

' Xaa at position 1 of SEQ ID NO:1 (insulin A-chain)

35 is Gly; or acylat;ed"Gly when Xaa _at position 1 of SEQ ID NO:2
is Phe, Xaa at position 28 of SEQ ID NO:2 is Asp, Lys, Leu,
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-5- Va*,o,gﬁ“&a, and Xaa at position 29 of SEQ ID NO ZpqusyglaVs
Pr o; Xaa at position 1 of SEQ ID NO 2 (insulin B-chain)

is Phe; or acylated Phe when Xaa at positign 1 of SEQIDNO1 5 is Gy,
Xaa at position 28 of SEQID NGO 2 is Asp, Ey§, Leu, Val, or Ala, and
Xaa at position 29 of SEQID NO. 2 is Lys or Pro; ' Xaa at

posi tion 28 ofa BEQF AN s xA8Patlpssiteon 29 of/HEQ ADANOGR B6YLpéesLys
when  Xaa at pgsition 1 of SEQ'ID 10 NO 1 is Gy, Xaa at position 1 of SEQ

ID NO 2 i s PhB¥®and Xaa at position 29 of SEQID NO2 is Pro; and

Xaa at position 29 of Skfaldx Wa<Zition \lsofPEEQ TP NO:2 aGirisaldar Byshaiish Xaa
at position 2 E 2 o p s , 10 I1 -
position 1 of g%?@%b%gléﬁ?%le?s ?ééyWhg%dx%Za%t&%sti\iﬁno% %féféﬂgEﬁla%@N% 2
is Phe. 5 is Gly, Xaa am@osifdeni 8 P& SFRIIDNR/2dS AsRet H¥E. obeu,
treating VADET & VAR ardy Xadeli pbeitien (20 o MEFEEID No:peed Lperenf a
phar maceut i ca# conposition containing an effective amount of 20 an

acyl ated insu FR7 anal og of the invention in conbination wi th one or
more pharmaceutical ly als®patldesidicnpi2@nps. SEQ ID NO:2 is Asfl,sdysisbevsed
and cl al ted agg, PAAN Gflacyl aBBALIBCRHLD (fa (4 PUAiRAS BRI SROCERPI | se
an acyl at ed I nsul'i n anal"og of the present invention together W th one

or 25 ok pNar ket fivadap atcepPabien pt cRErSER iR NO:25dEoRPE; t§nd Xaa
agents, or buifepsSsition 29 of SEQ ID NOL2ais nBraCisghdbbrevi ations used in
this di sclosure are,those accepted Ry thg_Uni Sjates Pategnt and 30
Trademark Office as set>3drth ¥9F37E IggR&[gF&]h&e‘g}% Ig)s( %y_s, $r°' or
The term "crossylated Lsmnwherh&ahoataposhtién 28 afif SEHY IPeNDoRdEs bsmeen
cysteine resi S. erd,y 0S &3 gﬁﬁﬂ, lsBgUEHMNEL 1 T isul i n
anal og cont ai %gg’t hIr‘%lg\' Wmdidguﬁ?fi%deﬁﬁﬁi 3te£§é.’ T er?:i?g# g?gulh?l Iég JBril:%ge S

fornmed 335 befheerPtiFady ate PRFitdOn et FEQ IR NUits 16 BRE8- 11 of the A
chain. The second disulfide bridge |links the cysteine

The invention further provides a method of treating
hyperglycemia by administering to a patient in need thereof a
pharmaceutical composition containing an effective amount of
20 an acylated insulin analog of the invention in combination
with one or more pharmaceutically acceptable excipients.
Also disclosed and claimed are parenteral
- pharmaceutical formulations, which comprise an acylated
insulin analog of the present invention together'with one or
25 more pharmaceutically acceptable preservativés, isotonicity
agents, or buffers.

All amino acid abbreviations used in this
disclosure are those acéepted.by the United States Patent and
30 Trademark Office as set forth in 37 C.F.R. § 1.822(B)(2).
. The term "cross-link" means the formation of
disulfide borids between cysteine residues. A properly cross-
linked human insulin or insulin analog contains three
disulfide bridges. The first disulfide bridge is formed
35 between the cysteine residues at positions 6 and 11 of the A-
chain. The second disulfide bridge links the cysteine
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resi dues at position 7 of the A-chain to the cy
p05| ti o954, e B-chain. The third disulfide bri dge i ﬁ&g}dg&’ﬂ%ﬁe

cysteine at position 20 of the A-chain to the cysteine at position 19
of the B—chai n. 5 The terfs-"acylated Ay," "acyl ated Phe,"
and © "acyl at ed Lys refer to Ay, Phe, or Lys acylated with a C6-

C21 fatt o aLkn r £f atty acid
cheni cal %lf/g%%%udged%e‘b [e %ﬁyb g?n %%g ?ou i’; }ﬁte Mg%eme at roﬁp of the
i nsulin ana#ib‘gwnl'h"e for éé‘eaﬁrﬁ agﬁaupgh%ttl’l’(-}'d ulfife kridee B}n’éﬁe

[err]-am ﬁﬁegé PtSine Hiepbsg€idfll PO &f Othie A-cHiirl %% thePeybtedne B8 or B29
is an [err% The term "acyl ati ng" neans the

i nt roduct® °'bnl%r °Léot5‘8yp §P8iBs covantly bonded to a free ami no group
of the& prot ei n. THéecemnam "esyllatedvelycy| tacyldteb e t"hand

pr ef er ent gy Ayl triyd Ferebeebesty; APRA0 & AW Skylkeled' gt a cp- A NO

gr oups. he term™ %}aCJ " means sat urated or

unsat ur at €1 e afc&tq "y g@?dteﬂie" b ing grauR) 5& tgrsafe the satyrated
~and i ncl ufletty racsid ccmlsta@dlﬂmps:nﬁedtmiemlé | 0c-senriineh - 3roup( 63:5;—a1paicm tic

acid (Cl6 hept l.i c CI d stear.ic acid Most
pr ef er abl §* ¥ ‘?cbtiﬁ// LRER 1f‘sa£aq°%al 2&?? ETRS IR0 IXSHR uﬁ s of the
presdift i Poeiticne Al andhBdsake HORBIRe\YEQWRE i ndihe freeapB4§se gTAeP| nsul in

anal 0gs of B¥€ @CHoritdont BaB bereds aid ngh @-amBner gkéap] -am no group with
a C6- 25 C21 fatty acid. Preferably the anal ogs are nono-acylated at ‘

the [err]-anino grotRe Jterm Jiagylating" means the Tptyaduatigs: PFaPRE fatty
aci d est eacylreprsups fo%tvta)itly baﬁdddV\&bCeh mfe he:armoa@h—bupt ed tBéng general

t ech d b h 25, .494-499 (1972 d
50" Lo dREORsidy - The Eprt - UBL 826 g adyratipsieatiz s 00 L0T0) 20
fatt }%ClEF%%Q’@n‘?Wé-I e&yéa&éwva#. Fae %@“E@ﬁnﬂﬁpyp(s) GWO‘%%I %yl ating

agents sughi 1Fgxybenzot riazide (HOBT), N hydroxysuccininde and
derivati ves t hereof. The referred activated ester .is N succini m dyl
pal mitate. 35 he termrfatEy pcigl means i fataratecthe® a suffici ent

anmount ofunaﬁtnrdtadaﬂs&énu Eattheatidui drieh e flerrady fateyt 8eids are

saturated and include myristic acid (C14), pentadecylic acid

20 (Ci15), palmitic acid (Cig)., heptadecylic acid (Ci7) and
stearic acid (C18). Most preferably, the fatty acid is
palmitic acid. The compounds of the present invention
represent mono-acylated-insulin analogs. The insulin analogs
are acylated at an O-amino group or €-amino group with a Cg-

25 €23 fatty acid. Preferably, the analogs are mono—acylated at
the €-amino group of lysine.

The term “activated fatty acid ester® means a fatty
acid which has been activated using general techniques
described in Methods of Enzvmology, 25, 494-499 (1972) and

30 Lapidot et al., in ;;_gj_Linid_Bgs* 8: 142-145 (1967). '
Activated fatty acid ester includes derivatives of commonly
employed acylating agents such as hydroxybenzotr1a21de
(HOBT) , N-hydroxysuccznlmlde and derlvatzves thereof. The
preferred activated ester is N-succinimidyl palmitate;'

35 : The term “soluble” indicates that a sufficient
amount of ester is present in the liquid phase to acylate the
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-7- | Ny defisggad! 09- Preferably, 1 to 2 nolar equi val erecTosesn4srs
activated ester per nole of analog are in the liquid phase.

The term "nononmeric insulin anal og” or "insulin anal og" as used herein
Is a fast-acting insulin anal og that 57 d less prone to dinerization or
sel f-associ ati on. Mpnoneric ° i nsulin analog is human insulin wherein Pro

at position B%%ulm aﬁaﬁwstlﬁz&aﬁi—a\nﬂw Aspo t_yxﬁolahetaqddaﬂalems%a, and Lys
at - p03|t|on Sl | né- or_ Prol

g nonerigc i su i.n_a are
descri bed i n2€fA¥E e@te T Rersmols Qﬁt aﬁﬁgb?c%\’f?olﬁ‘l gg?ﬁggg 201,
-(EPO publication nunbeﬂhéSBeﬁﬁZ)monnmbrlc iBsaidgn enahbg" if%]xnﬂuhmmatlon

214826, One g3hbhedab MLl hereid is"\st C400MS ARl og thar

nmodi fications he nononeri ¢ nsul1n ana 0g are possible and w dely
accepted ¥n fRelgpe. prone TR (imardizAtdan oRssSehETarROTiGHI@Re e NonePerhe
Hi stidine 15ingglidHeanaldPsid Irﬁﬁlaﬁlﬁn%lhnpﬁﬁéféirc P¥d it prplizaenensof

t he Phenyl al ani ne, resj due, at, |t|o arti g ,acid;

repl acerrgnt 3f £HES "i’ﬁ#‘éﬁ?ﬁl n"éltﬁ'ezsa’tje p)gl?'llt |\@5 %1[51 and Jygnphe;
repl acenment pbstihéoSecB2elis dayrsine ar P@gﬂ.u.nen Beonomemdic Hnssyddnt apadopd;
del etion of Q%nQeQEfglge@tnchﬂaﬁi eblaz?, a?ogﬁr%ﬁ%e%f@t&% wth a

del etion at position Ietlon 0 p05|t|on B30.

The ternd® baepebesnem%%sﬁ%s ‘LF?@dPHPﬂéFﬁt%%e‘P@’ber 3% 4i@)padrdity of
the reacti onprafigéek€cCil Vel BPa@Ubltication 214 Ns$2¢ ] N GHwlgkd 13ledt HA the

[err]-am no grou e_reaction t 25 ¢c jed out with substantlally
all the freegﬁﬁi ﬁguijaoﬁ?)%ogmzede%‘%gt82‘&?5&“"&# HiF® FER BRpOBpTic:
co-sol vent, basidin anabogliatemossdivie ahd wedely @ardepted inedheuartt a pH
gr eat er thase delfi&@ibrfg %@masokgﬁmceﬁ&& r@@%ﬂ&@u&&%@ ed out

in the presence of a base w basi ci t¥l equivalent to a greater than -
or equali?o TSS?QuPna'éva?%‘fltmn B10 with Aspayesq gqdd: fqpé-ﬁé’te@ef‘ﬁ Pfe first
sequence set ther Phenylaldhirté? mimecatl bokibioR Bl RS Adpadidakoged; t he

Eg¥?3895/148 %piacem n fh eo%gﬁgegg51due at p051€4%%§%%%804th

Alanine; replacement of the Serine residue at position B9
with Aspartic acid; deletion of amino acids at position Bl

20 alone or in combination with a deletion at position B2; and
deletion of Threonine from position B30.

The term "basic conditions" as used herein refers
to the basicity of the reaction. To selectively acylate an
insulin analog at the €-amino group, the reaction must be

25 carried out with substantially all the free amino groups
deprotonated.' In an aqueous solvent or co-solvent, basic
conditions means the reaction is carried out at a pH greater
than 9.0. In an organic solvent, the reaction is carried out
in the presence of a base with basicity equivalent to a pKa

30 greater than or equal to 10.75 in water.

SEQ ID NO: 1 refers to the first sequence set forth
in the sequence listing'andlmeans an analog of the human
insulin A-chain with the sequence:



- 8- Xaa Ile Val Qu G@n Cys Cys Thr Ser Ile Cys Ser Leu Tyr @ n Leu

1 5 10 15 Wr Cys Asn
5 W0 96/15804) ) wherein Xaa at position 1 of SEQ I i ulin
A-chain) is dy; or acylated Ay when Xaa at position 1 of SEQ ID NG 2

S Phe, Xaa at position 28 of SEQ8D-NO 2 is Asp, Lys, Leu, Val, or
Ala, and Xaa at position 29 of SEQID NO 2 is Lys or Pro. 10
SEQID NO 2 refers to.the second sequence set. forth in the sequence
i sting and neans an anal og of the human insulin B-chain with the )
sequence:Xaa 1¥e VXh®BlVatkinACys Gva MirsSéxrJl€\CysBer Sew rsGlrelieval G u Al a Leu
Tyr 1 ) 1010 15 15 Leu Val
QIS Gy Qu Arg Ay Phe Phe Tyr Thr Xaa Xaa Thr ' 20

Glu asn Tyr SysRfMhher ei n: Xaa at position 1 of SEQ ID
NO 2 6 nsulin B-chaizo)-: ~is Phe; or acylated Phe when Xaa at position 1

Ceu, | ety xae, S pisitfi it JONA A0 88,7 Gipirh it s

| Pro; Gly; or acylisedaGlyochen gt &toPoSEQiph ANOPE SEQ AED), Ncms isleu,
Val , Al a;py, a4l & ttesomlmeﬁsw RS ND:QNid ﬂg?bElgféDLeu N1l

(i nsul i n A-chai n) ‘lr? ion 1 of .S g (1 nsul I n
B- chai n) 9% #Pfe, a&ﬁdxiaaa’étp%%”r’c rbr?92g>fo]5E§EéD3§ ?OERGYS i(F BIX®- and
Xaa aop position 29 of SEQID NO 2 is Lys, Pro; or =~ acylated Lys when Xaa

at position 28 of I 2,1 Val . _or Ala, Xaa at
position 1 of SEQ %3\68 NQ §e€é€? ntoA t}t ne)coné ée?‘é%ﬁa 5@% at positi
1 of SEQfiaytdsinNthe geauente BMm)ands mlenes an analog of the - VO,

96/ 15804 hyman insulin B-chain with tHE Heduenca4873 WO 96/ 15804
PCT/ US95/ 14873 ' T . . :

15 Xaa Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 S 10 : 15

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Xaa Xaa Thr
20 25 30
20 wherein: - _ | : _
Xaa at position 1 of SEQ ID NO:2 (insulin B-chain)
is Phe; or acylated Phe when Xaa at position 1 of SEQ ID NO:1
is Gly, Xaa at position 28 of SEQ ID NO:2 is Asp, Lys, Leu,
Val, or Ala, and Xaa at position 29 of SEQ ID NO:2 is.Lys or
25 Pro; o |
Xaa at:positibn”zs of SEQ ID NO:2 is asp, Lys. Leu,
Val, Ala; or acylated Lys when Xaa at position 1 of SEQ ID
NO:1 (insulin A-chain) is Gly, Xaa at position 1 of SEQ ID
NO:2 (insulin B-chain) is Phe, and Xaa at position 29;of SEQ
30 ID NO:2 is Pro; and S -
_ Xaa at position 29 of SEQ ID NO:2 is Lys, Pro; or
acylated Lys when Xaa at position 28 of SEQ ID NO:2 is Asp,
Lys, Leu, Val, or Ala, Xaa at position 1 of SEQ ID NO:1 |
(insulin A-chain) is Gly, and Xaa at position 1 of SEQ ID
35 ©NO:2 (insulin B-chain) is Phe. '



-9- As noted above, the present invention provides a
nono- acyl at@&’iﬁﬂ |in analog of the fornmula: SEQ I D NO | PCRIURDS 1483

cross-1inke I D NO 2, or a pharmaceutically acceptabl e salt
thereof. The preferred amno acid residue at 5 position 1 of SEQ ID NO 1
(insulin A-chain) is Gy. Phenyl al ani fe~is the preferred amno acid at
position 1 of SEQID NG 2 (insulin B-chain). The preferred am no acid

residue at position 28,of, SFEQ I.RNG, 2ths feset ANdmiitth byovidesvaen the
am no acid residue at 8‘|1'o§(;sr|1t|‘(i)n 3?9 of . SEQ [D NO 2 is .10 E@g Tﬁ@ referred
: t

ani no aci d rmendrrcytatssiinsydingapaleg®f the fqu@uls:g IB: when

: '|[ he ?m' 30 Scbgoﬁﬁfipl&@s.llinkaashti sngzgmqio SE,Qc.eraN@hAr'm.aceuyiaabw Lys.
n standar i ochem er s kno, e artlga

preferred ac‘éﬁ%?%@ﬂ? ssarcﬁhc’f}’ﬁfﬁng ed ?s%ﬁ%%ro%?g-ahﬁqn‘gn %%éu??ﬁi%s?t 15

pref err ecs acpbaieton rs Wi ISEMIDoYS: ar éinswbimAichadn)wiisnGay. C8 to C18

fatty acid, B{mgggi%féﬂiz?e st? 5%3% GLerbatby afith acid Rtebosiedohattyraci ds

t herefore inc ct'anoyl 3 nonanoyl (C9), decanoyl (C10),
undecanoyl (8EQ)ID|MRy3y(insulincByrhain) dec%&fr%f@f@ef\aaﬁﬂépgt Bﬁ?'é( Cl4),
pﬁnt adecanoygeggdue(g‘tlffﬁosi@ﬂﬂ geygfgﬁﬁﬁ) ID Nu@s,isprasiper p&dacyﬁabaddrsy@f
t he present .invention include B29- rel- ; .
insulin (BZSWF§nA§nIb? ¥ sacd'(‘ijjlrgtg ééufyégé%’ﬁﬁﬁ%ﬁoﬂﬁsﬁwgg NBY2 is
Ly s B28ProB29 PaanThe spire fexxRES amdnac prid cresidue Bty posipien 29 of SEQ

B28- N err] 'OEEaLQBYle-é’SIB?ﬁ (B3N URRR RS Uahino BAdrd\h@igikiudeaanoy! - 25
LysB28Pr oB29- hurman i nsull n, B28- NL]err] Snyri s%g%é- LysBZSI%r 08%9 a human
insul i n, andPBeBEAPR 29 - REQIR MO gsscpr¥iderd ey 12 ShERARRS

The acyl ati opigthémecaRnidrngkmicd ¢b phet skhkled artisam,uthegpreferred is

known in the _art. General methq 0 8288CVBAY | tsforth Lp Methods
of Enzynol og?f’aigg 1KYy acyﬁa%%ﬁ%‘%% ang§¥ncl ude gnu%Sleh(;)‘f' aglflggat ed
esters, HEi dphefedeed acylatsd doisulinhpupldgs. amhdnanerasylasedyWiEl a8sters,

in partipgukar ol hysk ey i ?Jr@féeaa;iyeasclpft& a1ty faitgsakcida
particul arly advantageous neans_ of _acyl ati ng a]s&éee am no .35 gm d wth a
fatty acid. Prefeasedecfatyy acids,thexrgfgrpeinciude octanoyly,C§ ! 15804

PCT/ US95/ 1484%3nanoyl (C9), decanoyl (Cl10), undecaneyll((Cll), lauroyl
(C12), tridecanoyl {(C13), myristoyl (Cl4), pentadecanoyl
20 (C15), palmitoyi (C16). Thus, preferred compounds of the
present invention include B29-NE-aspB28_palmitoyl human
insulin (B28 is asp; B29 is acylated Lys), B28-NE-palmitoyl-
LysB28proB29-human insulin (B28 is acylated Lys; B2% is Pro),
B28-NE-octanoyl-LysB28proB22-human insulin, B28-NE-decanoyl-
25 LysB28proB29-human insulin, B28-N€-myristoyl-LysB28proB29-
human insulin, and B28-NE-undecanoyl-LysB28proB29-human
insulin. _ .
The acylation of free amino groups of proteins,
including-insulin; is known in the art. General methods of
30 acylation are set forth in Methods of Enzvmoloay, 25: 4954-499
(1972) and include the use of activated esters, acid halides,
or acid anhydrides. The use of activated esters, in
particular N—hydroxysuccinimide esters, of fatty acids is a
: particularly advantageous means of acylating a free amino
35 acid with a fatty acid. Lapidot et al., J*_gi_Ligig_ggg*_gz



142- 145 (1967). Lapidot et al. describe the preparation of

N- hydr oxysuccini mde esters and their use in the preparatl ’g f

N-I aur oYO §§/1580ne N | auroyl -L-serine, and N-Iauroyl - m%t c acid..
To selectively acylate the [err]-am no gr oup, various

prot ecting groups may be used to bl ecllot ke a-am no group during the

coupl i ng. The sel ection of a suitable protecting group is knomn to one

killed t h b

Br et e abl 28" [@OBTY o FePiic 5t 01 ¢ FencHRcRAE HEST A ) e s
"~ wi t hout tmemdzenqybuamnmmzde espi:e:tsacanmg:l‘@rwupse Inetheyp:aepmtmmarrr ed
out by reﬁ'ﬁ-’i&uroylt-aixé he Akl Rhy1X 1560 A8 esnam Ji] -an no

group of basic conditions in a vent The
basi ci t y sfutamdc é&é@r on nmust be sufficient to depr otonate 15 all the free
am nosgroups of thard sellectiwedyogcylatmiathe e—ameahlgrdaas; cvenoiraist i ons,  al |

the free BBdQ1L31830858 HAF be udldP'd VIBLROABIRPLALAS SBdG . acY! at i on

of the N no groups results. n an aqueous sol vent or
co- sol verdu,rmg uhascoupbmlgt i OFtee remlectilon pdast suitable protartdng at a pH

20 greatgt %% ngwn B5CEHs S0 Pl rirfj‘%ﬁEaQi"E' QHdrfﬁé'iﬁées"‘t -2 pH

th t f bly 10.0
to 11 Excee ' sYERERrSY S oter i Tparerabyd e g BrptpnL ), L

OL t:c.te L eias:tac@rlaIﬂegtS iheai 6n@ step rayfmhemgamehaﬁd 15 ST &D'dﬁﬁﬂio-l s the
P of the a S S rior, ta m x

Pon- aque REP CEAEIR, STPRBS o Taf IV IAHOR 18ncarrisd oy bt 5sadt group
is carri é-'dlebtﬂCtllNaFﬁé S?EElén%‘é’-%feséﬁaé"é-th thej ¢+aming artogdpeqtfu theent to

pka greaﬁi?oﬂél%nrﬁﬁfiqﬂagléOcondzéfbﬁg51hnaWBBE5:'9096 toggufficiently

- deprot.onate t anm no group(s) e base nust be at

| east as RASIGHGY of ket FRachion Mt b spéfisient: e dereotanate
t et r apet llgtae diree, aﬁlinsogfamé afhdheringuldh analé@! r ajded anmoni um

hydr oxi de se.of a ker ults |n t he acyl ation of the
a-am no gr T%%’ ?glc cbnd? 1°ns’l'ﬁa2ﬁcrtr:ct)‘|ec§re VBT SS cﬂ°tq"| cal and
dependentdeprotionageflyand prefexgntiigl tay:ydfattme pﬁst;hqa N-etrexmigiadnext he fatty

W96/ 158@¢-amino groups results. In an aqueous solveRE/&H59%6d-ldiient,
-1l basic conditions means the reaction is carried out at a pH
20 greater than 9.0. Because protein degradation results at a
pPH range exceeding 12.0, the pH of the reaction mixture is
preferably 10.0 to 11.5, and most preferably 10.5. The pH
measurement of the reaction of the reaction mixture in a
mixed organic and aqueous solvent is the pH of the aqueous
25  solvent prior to mixing. '
In a non-aqueous solvent, the selective acylation
.of the g-amino group is carried out in the presence of a base
with basicity equivalent to a pKa greater than or equal to
10.75 in water in order to sufficiently deprotonate the‘s—_

- 30 amino group(s). That is, the base must be at least as strong
as triethylamine. Preferaﬁly, the base is-
tetramethylguanidine, diisopropylethylamine, or
tetrabutylammonium hydroxide. The use of a weaker base
results in the acylation of the a—amino_groups.

35 The choice of solvent is not critical and dependent
largely on the solubility of the insulin analog and the fatty



acid ester. The solvent may be wholly organic. Generally  acceptable

organi c sol wplegnéges! ude DMSO, DMF and the |ike. Aqueous pgajuseiaseind
m xtures of aqueous and organic sol vents are al so operable. The

sel ection of the polar solvents is 5 limted only by the solubility of the
reagents. Preferred sol vents are DVBO YBNF; acet onitrile and water;
acet one and wat er; et hanol and water; isopropyl alcohol and water;

iPSO]prOp%: al tCﬁBQJa le@é&anmmhe%l%;él%%aﬁrmaﬁnﬂee&m ,ox@faiﬂa«nol Genera]l]ﬂzerVatS gr(y
rerera y, e SOl ve 1S acgeton rirle an y 0
acetonitril e. 3CERREARYT | TRFINHS ﬁ&llvenLﬁrf'n%'ﬁ‘?%I &@c%grﬁ@p ©bol ar
solvents are Aagseous saipesmbland mixtures of aq@emes @nd orlganlis pob'{rentsd
that the acti g@&e&;@t Jyeramvﬁam e %%Eieééfbﬁ‘ JP! e %q%%ssoﬁf(,saegaggy t he

reaction is 15 “carrie ar equivalents, nost pre erably

1 to B rmilaméa@%‘hhérh% ther sopubility obrlhe |Gqagspten  Reegprred
woul d recogni ge1v&nts adre/ ONSO)i PHF); cdeksoni tollé @i dretergl acetonki andor

The tenper at LPBREST: (sibenel arl, %YSES, LEpptoRk] ' dfnoy, aofREREY, 2°
carried out atsbetepeh ﬂ):dfmmoeathgneés and wetexr uamhethangdnepabbgnol
complete in 1211?‘ @#%15 t%r%%éa}%%grd the solvent is Alddtlond®¥s QE' Qﬂd the

product i's puri met hods such as reverse
hydr ophot®& 2watest dmfogmﬁﬁﬂr 1ynaPekr peetoriier brarduOne §k|1é389e%’édtlb§/

standard net hagds ﬁbmffaﬁ:@u&reylthﬁtobthérCﬁdBiﬂédMﬂt&nare also
The nononeric |ns%1?,in anal ogs of the present I nvention can be prepared

by any of a vEPFE recogni zed pepti de synthesis techni ques
i ncl udi ng cl assi cal (sofeméxadlR0 it' st préfervedi thahdshe msttiowsed fatty

sem -synt het i t dods, r nt P&f@@ﬁ! For
exanpl e, Chan%céggt 1?4“{;1 mo.lmaeg%tgggppl?catlon nutr%:iglegr\léeg?%gggzbi EPO

publ i cat ilh nEAFeted gty Mithdg t'-Br 4nBeler eguivaimnts,, mesg prefegpbly oke
the preparatied Pfmopdd m@ﬂmwnlta,aaal tHe éstlexry e o’iﬁe .émrmea LACOheOaxE ed

by reference. A and . f . the sul f .the, _present
waig aEPrune Gt ot vhUF pon o) Valed' dEer,

i nvention n'ay
PCT/ US95/ 14878Bis- or tri- acylated product will be prqﬁpced in sggmnifiicant

proi nsulin-like pEggprsor nol ecul e using reconbi nant DNA t echni ques.

See Frank et al., Peptides: Synthesis-
20 The temperature of the reaction is not cr1t1ca1

The reaction is carried out at between 20 to 40 degrees
Celsius and is generally complete in 15 minutes to 24 hours.
After acylation, the product is purified by -
standard methods such as reverse phase or hydrophobic
25 chromatography. Thereafter, the product is recovered by
standard methods such freeze drying or by cfystallization.
The monomeric insulin analogs of the present
invention can be prepared by any of a variety of recognized
peptide synthesis techniques including classical (solution)
30 ‘'methods, solid phase methods, semi-synthetic'methods; and
more recent recombinant DNA methods. For example, Chance et
al., U.S. patent application number 07/388,201, EPO
publication number 383 472, and Brange et al., EPO 214 826,
disclose the preparation of various insulin analogs and are
35 herein incorporated by reference. The A and B chains of the
insulin analogs of the present invention may also be prepared



Structure-Function, Proc. Seventh Am Pept. Synp., Eds. D Rich and E.
G oss ( ch is incorporated herein by 5 referenc

The foll ow ngg@;‘(anpl e is provided nerely to further elf?’“%raf’”t he

i nvention. The scope of the invention is not construed as mer ely
consi sting of the followi ng exanple.- 130"

Exanple 1 ‘Acl ation of LysB28Pro029-Hunman I nsulin Using N Succinimdyl

Pal mtateyig écﬁ£8ﬂﬁ§ﬁiiﬁifﬂﬂé @&E@ﬁrsor mplecu%F us: @%?Eﬁ@ﬁ. RRUMan

insulin crystals 2229 SS LN S5Q MM boric acid
sol uti on FNApELSH Tr%eep%r@f'ktﬁ\g F ut FER '

0 2.5 using
10% Hd |, OPreEs Seventd amitiPepthe Syn;:s.t,aIEdsNeDe fully

di ssol ved v t ester - -
(N Succi nﬁ#ay?ﬁ%a# L R N 2 el 2 R N
acti vai edreference. 27 nl of acetonitrile pre- 20 heated to approxi nat el y
S0[err]C, and vigor gyal foﬁévl’riﬂgi‘%:é&%&il'e is pebvibea ﬁé{-éﬂgﬁt@éj fidltiler

particles were i'n solution by visual I nSpection., The pH of, the solution

was ‘adj ustdduEbrate the iuy 16‘h?2559p?h dhe t’i’B‘F?”&meO%SN&&q, and

t he sebtibt pledoss ahdxwind donsdkitingt of[ ehie | f5Iowillp réxanipde. 25

Acetonitrile (73 nL) was added to the pH adjusted sol ution, fol | oned by

the previously prepared activated ester sol ution. The reaction was

al | ol to proceed at 4 C for 85 mme 1 and vas quenched by adding 1

~ N acetic Mhniak InBh is Sha. N8 dEiaginieR1yi el d
cal cul ated as 30 Al t B28- .1 - Pal ' uman
insulin in the q T am)unt of

LysB28Pr 0B29- hurman Lns§¥$praw mm 1nsu1:Ln crystals (2.22 ) WerES804

PC;'GILDJ|895/ 4#8481ved in 100 mL- &f (5825%_? Et‘éFP JE?ZQS titson at H 2.5.

Ex Human ) fsu

Lys( B:28) , Theopi20f therselutdon wagkpepdivgtedlto (2.9 uping 10&eHE1di ssol ved
in 200 nlapd BRendbhetich aklsd huktes aﬁtpﬁ én@ Srysti Pierle Q150! Ui ON
was read;] sted to 2by 10% g he, sol ution was stirred until
t he crystgﬁ RBYS 2d ‘f’lﬁqaa' &P??SFGéanby | BHTIN, PR ACHIVaReSo| uti on of

ester (N-Succinimidyl Palmitate) was prepared by adding 270

mg of the solid activated ester to 27 mL of acetonitrile pre-
20 heated to approximately 50° C, and vigorously stirring until
all the activated ester particies were in solution by visual
inspection. The pH of the solution was adjusted to
" approximately . 10.22 by the addition of 10% NaOH, and the
solution was allowed to stir-at 4°C for 15 minutes. |
25 Acetonitrile (73 mL) was added to the pH adjusted solutiom,
followed by the pfeviously-prepared'activated ester solution.
The reaction was allowed to proceed at 4° C: for. 85 minutes,
. and was quenched by adding 1 N acetic acid (600 mL),
resulting in a pH of 2.85. The reaction yield calculated as
30 the amount of B28-Nf-Palmitoyl LysB28proB29-nhuman insulin in
the quenched reaction divided by the initial amount of
LysB28proB29_human insulin was 72.5%.



activated ester (1-octanoyl-N hydroxysuccinimde ester) was prepared by
addi ng 175 %&fﬂts&&e solid activated ester to 10 25.62 nL obfCHUSISAMSTBri | e,
sy stir

"~ and vi gorou ring until all the activated ester particles were in
sol ution by visual i nspection. The pH_of the KPB sol ution was adjusted
to .approximately 10.4 by the additi on 19f “10% NaOH, and t he sol ution

was allowed to stir at ambient tenperature for about 15 5 mi nutes.
Acetonitrile (176 nL) was added to thezﬁidnple 2 adj usted KPB sol uti on,
followed by addition of th O—?@%ﬁi%oﬁited ester
solution. The reaction msgw ‘Fﬁgm I ent tenperature
for 90 mnutes, aryss28), modaeaednwyammmghsx JKPB)orryevaltel (220
viv) and thre Gold dlso%oli%ﬁ &i!@g@ofﬂu?, Qf 50 $tldc hesdl BﬁESei- a@ git nal pH

of 2.70. e reaction yiel ated as the amunt
Ly5829(08)5KPE2+51 t ey REh o heegel VBRI WA rasi uske |ﬁPt$a-'P using A0k of

BHI, . as 75. 5e1 Tfhgfa %QiéltstﬁtS:%ﬁ daylﬂe&réahmﬁ(ﬁg% (t):he 809stalal uepmt s for
purification i ¢h [

chr omat ogr aphfb/XHa\Z ‘#’tﬁp °§\X€§‘ By VHFIar t %’ %‘%ﬁ | on%ag?l}lyogﬁ #azt i on.

As not ed preva@tﬂ%&ay\;ed Iats:yI(at-edtanenlrﬁrlarﬁﬁqag!succmemﬂheeat%%)arwas

i nvention are_g i a Oo£ YRET e 1% ggnégtéi-eid, ng to a
patient in ne%déé ere ajadrl%% g??gm?l?/fe anou%tmo T ng acyl at ef Pfu' in

anal og. A9 2562 ahafojaretRBitEifey eﬂ%c‘f’r%%’rﬁ}%ts'uﬁ'ﬂﬁgsu’?’é"

~amount of t RE Ca ¥ i VR a.a,@ythat pdronel egsweade tiie spletdoh bpvebsuah
“needed to | ower or nmnta od.s veI eith 3 pgutically
or prophyl act 1RSPESE J'°n|‘h| he BiinP Lt gg%‘&#ﬁ fut:.on %{agngg {"Eg%ﬂléa %ut 10

units or nor eamroxbagat(dy alﬂoutbg ghe addltlomﬁa@%mﬂ and the

PCT/ US95/ 1487§ ution was allowed to stir at anbzentliemperaturéofé‘P%o& ngy
assum ng appr ox1 nat e units

e
under st 03® t hétmé%et%ﬁmurﬁc%‘PntlF?Eﬂew?l'éﬁy'fﬂa)c é’EPsar?zﬂd(?G( §)’ ﬁgFuBTITy :
adm ni stered yfjhsted dedprsdivddon, fob&oﬁe@%laﬂdﬂtudﬂ: bifgbheopréviously

rel evant circunstances b5 _incl di ng.th ti e d t he
cause of the PTEPIERL AT 5’ ﬁgr |cu¢$‘Jl %%all}%a%qﬁ’%eaé ma%li%‘ts%? ed,
t he chosetoppreceet @t rraiensf t&mna@{lrat fam 94 Né-n@l@és wanghvas and

response of tHSeﬁéﬁEaWEQEﬂadyﬂa ens aAfldo Ehfoﬁeﬁéi'62%1§% v/v) and three
20 volumes (1200 mL) of cold dH20, resulting in a final pH of
2.70. The reaction yield, calculated as the amount of
LysB29(C8)KPB in the quenched reéction divided by the initial
~ amount of BHI, was 75.5%. This solution was divided into two
800 mL aliquots for purification by hydrophobic
25 chromatbgraphy (SP20SS). Column chromatography was followed
by ultrafiltration and lyophilaztion.

As noted previously, the acylated insulin analogs
of the present invention are effective ih_treating
30 hyperglycemia by administering to a patient in need thereof
- an effective amount of a mono-acylated insulin analog. As
used herein the term "effective amount" refers to that amount
of one or more acylated analogs of the present invention
needed to lower or maintain blood sugar levels either
35 therapeutically or prophylactically. This amount typically
may range from about 10 unité or more per day (or about 0.3



the patient's synptons. Therefore, the above dosage ranges 10 are not
I nt ended 093}" 1.t the scope of the invention in any % _ _
The acylg}toe %ul i n anal ogs of the invention are adm ni sggrle 3'to a

patient in need thereof (i.e. a patient suffering from hypergl ycem a)
by nmeans of pharnmaceutical 15 conposi fl#ons contai ning an effective anount
of at | east one nono- acyl ated i nsulin analog in conbination with one or
mor e SBREEUE! 8! L¥e iR i oxiale R §125 eﬁlegréé;erﬁgy For these
pur poses, the phar maceut| ca osi t1ons_nay be formul ated *

so as to dOWeNEE.abbuts 189 liﬁn exrstoed GPaEOthguﬂW‘éﬁ‘gc%% dft rations

cont ai ni n&c@uaetaaeahayegwpta&tﬁlnwer?mxmae&aaedlms&ldweﬁmleﬁdsl ). These
conposi tigns _ar pic not necessar arenteral in

nat ur e ang’y a pﬁﬁﬁlﬁea%r’erbairle%itoy&g%% FetaL Var eﬁ?r%‘fﬁ%%%ﬁﬁsques usi ng
convendi oracleddngi the scomdikiar dedngotreatedt éiaé. privelcaus DE wiech ar e

wel | kno , | Ng&Rh tical
Sci ences\l\/@l}.'?Q ﬁbEglctailﬂé?l) e péﬁ;&i&%l'}}f’aﬁalog tgeg%y, Eas?soér?wdm% %A (1985)

which is © °sFﬁc8Pﬁ8F’é?’éﬂ1 h"e‘?‘-tﬁ% fy aﬂé‘F‘é‘Pé%Eéthor RS AR e Wﬁi@é"&ge f or ms
1; or p?r entatdalresgonse s6 £ athe rnmaw:laaapr paatiedtbang usmens&va;ﬁ@; ddff |

i ssolvin e t_on ated insulin
anal og i n%a ngag?%(dl’:cgligﬁ%/ehl C er%%_%rseo ?gﬁl &7 Or q?ﬁae%% TGRS Fch as an
aqueol® nedleunetnintended 49 |}imity thiee scoppenti the oinwenitiidroin any

Al ternati y@ahhera rreasured anount of the conpound may be placed in a
vial; and 35 the _vi'a and onte ts sterili zed and seal ed, An >
acconpanyi ng vi al eﬁﬂf rhdr’bﬁ”&é&gﬁof’ ptPgoireengion are \\p [ |

96/ 15804 adm:.n:.stered to a pat:.ent in need theredtT (ﬂf@5/al43%1:&ent

- 15 - g h |caI ositions
adapt ed fongglr%}ﬁ ngﬁ%q{cﬁ#%%@e?{l%h g#pﬁ%?“g «?fﬁﬁﬁna p| ents and
carrid?s sooRogithpnercenkhining am efifective anowsthief =t \Zaass: oneh as

gl ycerin, measagByDited gixmmrwtarmlog 2n2gLRBYSa PP WA dHe/ ¥ more

N, N- di rret hyl f or mam de dt | es of such pharmaceuti cal
conposi ti 8%‘?%8?\5'&%"%@ ﬁ?epta%ﬁles&f‘ﬁﬁﬁ":en ﬁu%ﬁ%"dﬁ’?ﬁg séP&ti ons of the

nmono- acy| &hede purposes, rthen ghagmakceutdeaal beoiypidd 1t kshshiniay &ypically

phar gﬁgggp@c%mlaceécg&msa%e S3kbgh aBGut "o sttt 'R R LS
20 51m11ar concentrations contalnlng an effectlve amount of the

acylated insulin analog(s). These compositions are
typically, ;hough not hecessarily;fparentetal in nature and
may be prepared by any of a variety of‘techniqués using
conventional excipients or carriers for parenteral prOducts
25 which are well known in the art. See, for example,
Remington's Pharmaceutical Sciences, 17th Edition, Mack
Publishing Compaﬁy, Easton, PA, USA (1985) which is
_incorporated-herein'by'reference;' For ‘example, dosage forms
for parenteral administration may be prepared by suspending
30 or dissolving the desired amount of at least one mono-
acylated insulin analog in a non-toxic liquid wvehicle
-suitable for injection'sueh as an aqueous medium and
sterilizing the suspension or solution. Alternatively, a
measured amount of the compound may be placed in a vial; and
35 the vial and its contents sterilized and sealed. Aan
accompanying vial or vehicle can be provided for purposes of



10 the parenteral pharnmaceutical fornulation may contain preservatives

such as netgil?cw or other agents to adjust pH of t he HCTRS9SH48G3 uct
such as sodirum nydroxi de or hydr ochl ori ¢ aci d. The

acyl ated insulin anal ogs of the present 15_ invention may al so be
formul ated as m xtures. The m xture - #8rful ati ons conprise unacyl at ed
insulin or insulin analog, - and an acylated insulin analog. The ratio of

the insulin Qfying pRIBEN Boladhei dtratGnat edhapmhogut scdl arompdid tions9: 1

on a “weight basis. Preferably, the ratio.i.s fr ; . 75; 20
most pr ef er alASPRLEGMERE: Qﬁr?ﬁt%fgh(f%s F‘Itf"mr‘rogﬁgigé %Fsle‘*% ably, 50:50.
The m xture fatdipisntenandr eaprbmes exidly as wagexi hgdftmtmlrﬁﬂihﬂcﬁ unmes of
the- components. J b, $L3YIALD such MY Yiilein, Oublb! 611 fidbiaitianyY @144 d
di luents i nclUFE nt,

an rsotonicity a .zinc, _a physjol ogi cal.l .
t ol er at edSbhuffarecrs PIARYASPE cGLYGRk 4 .N'dFH\?tBN}gPE?%‘Q?' %l%}’c %%%d
bULfer ihS- lm&&@‘lﬁsaglfylsacﬁhﬁgmfcfeeduﬂd‘aar icoglbbeidibn_simsmaejqumm' ate.
O her physi ol ogi cal, tolerated buffers include.T _ | acet at e.
The sel ecti on-S8HP c@ﬂPF&PFoﬁa&n%Lﬁ?%é‘rnio?s of Eﬁg\/\ﬁ&l‘% ?%%gn _
Phar maceut i calrisuldec epnibgethatsean die o fexed wikhde phavmaceusiqadddl
resorcinol, anddptabie BRER thath &l PyogehOEpubat | aas: ©f oridiarypr esent

i nvention are particularl'y advant ageous "because both the relatively
f ast - 10actthe) naremterad, PhATHRFeR ke lo Formylakd ORoMaY aCOR B Y

insulin anal g&@g@-@@i%beshaht h¢ hétandriscin orTbuher 3ageptovialiadjust -
EE—?—? bggg/bg_igﬁliﬁr acEé %rﬂeOffi%%E.I 89081581]; ! slt?dh as sodimnY\Q¥§:§€>4§§9 4o'r The
foll'owi ng formgdmddhdordxcamphid.is illustrative only and not intended to

linmt the scope of the iﬁ&’%&%‘%eh”insuliﬁ‘% s of the present
Formul ation 1 . n parenteral formulation may beéﬁ{e&pared as
foll ows: 15 invention may also be formulated as mixtures. Tkﬁ ¥ %Fe

Phenol formulations comprise unacylated in3lill or in&hyimrammlog,
16 ng/ L

0.7 % Sﬂ%%’g%?&q{ L Sé§2§§gg§gg-£lﬁl%| NSl Batio °§. ghﬁglﬁg)ni&iin or £l NC
insulin analog to acylated analog is from 1:99 to 99:1 on a
weight basis. Preferably, the ratio. is from 75:25 to 25:75;

20 most preferably from 40:60 to 60:40; and still most
preferably, 50:50. The mixture formulations are prepared by
mixing the desired volumes of the components in a standard
parenteral formulation diluent. Standard diluents include an
isotonicity agent, zinc, a physiologically tolerated buffer

25 and a preservative. The physiologically tolerated buffer is
preferably a phosphate buffer, like dibasic sodium phosphate.
Other physiologically tolérated buffers include TRIS or
sodium acetate. The selection and concentration of buffer is
known in the art. Pharmaceutically acdeptable preservatives

'30 include phenol, m-crescl, resorcinol, and methyl paraben.

The mixture formulations of the present invention are
particularly advantagéous-because both the relatively fast-
acting insulin or insulin énalog and the mono-acylated
insulin analog are soluble in the formulation. Thus,

35 providing a predictable duration of action profile.



The solution of the above ingredients is adm nistered by I njection to

a subject in need of treatnent. 10 To denobns éﬁﬁ#ﬁ(@@? efflcacy
of the WOSHS¥Ms of the present invention, B28- N[errT 1 I
LysB28Pr oB29- human i nsul i n was tested in a conscious dog nodel .
Experiments were conducted in owve® ght-fasted, conscious,'adult (1-2
years of: age) nmale and fenal e beagl es meighing 8-15 kg. At least ten 15

days prior to the ud estheti with i sofl urane, and

a cut-down was nad n*P%ggP§$§ f¥§¥ml on é%ﬁﬁ? harf %%éuﬁﬁratﬁﬁ?astlc

cat het er s:nﬂair cmadnges:t euten@edtm lmm &iner sicopet efythqdmmmtxdre igy oxi mal

caudal 3yeln and secured with 4-0 silk suture. - The free ends of
0

t he catheters wer e passed schutgﬂeouslﬁ to the back using a trocar
needl e. The catheters were t tth a gl ycerol/heparin

sol ut son (3: 1 v/ v;anf ipagzienbepal i Sormul et drminean bef p2ePared & U/ m ), and the
free end knotted and placed in a- . subcut aneous pocket to all ow
conpl ete é1osure of the skin. 25 Keflex was adm ni stered both '

pre-operatively (20 ng/kg, IV and 20 ny/ kgLl MQuantdtyost - operatively
(250 ny, gypepoionce daily for seven days) to preveg§ gapfections.

Torbuge5|c%%f mg/ kg, 1. M) was adm ni stered post- operatlvely to
control YCﬁa”ulﬁ "~ WD 96/ 15804 16 mg/mL

PCT/ US95/Ak424%ed LysB28pProB29-human insulin -'17 100 U

Bl ood wa I;%ckamn just prior to the study day to %3;Q%ne t he health of
t he ani Cnly animals with hemat ocrits above 38% anhd | eukocyte
count s b&odiums agedaren ~ were used. The afternood.®aigmel t he experineﬂ‘,

the Trec 1he?ddiudlohBs CEAD iive Ik eRYeRt 0L L8kl A L0 i BiPCU! aneous

pocket thraough.,a small incision, ocal anesthesi a (2%
I|doca|néFJe&ﬁ&°PhE°d6gsWE%e??t%QuPQHqI? atFSPﬁEFnEysten1 j acket and
col | ar assenbly. ~ . The norning of the experinent, the contents

Sleé*f?nlfheiétiihﬁfrgsg ‘?ﬁ% dfe afp'mf‘afi‘f%da(%d@:;i;”%?' #heg an
ext ensi oPYESEBL( hp¥entien. B2 8#&%&59¥%t@%¢ -humaggdngulimhed to
the cat hghgr telbBadod &aéoﬁ§é¥3¥§'d593model. Experiments were :
conducted in overnight-fasted,'conscious; adult (1-2 years of
age) male and female béagles weighing 8-15 kg. At least ﬁen
15 days prior to the study, animals were anesthetized with
isoflurane, and a cut-down was made in the left.or right'
inguinal region. Silastic catheters were inserted 1nto the
femoral artery and into the proximal caudal femoral vein and
secured with 4-0 silk suture. The free ends of the catheters
20 were passed subcuﬁaneously to the back using a trocar néedie.
The catheters were then filled w1th a glycerol/heparln
solution (3:1, v/v; final heparin concentration of 250
KIU/ml), and the free ends were knotted and placed in a
subcutaneous pocket to allow complete closure of the ékin.
25 FKeflex was administered both pre-operatively (20 mg/kg, IV
and 20 mg/kg, I.M.) and pést—operatively (250.mg, p.o. once
daily for seven days) to prevent infections. "Torbﬁgesic (1.5
mg/kg, I.M.) was administered post-operatlvely to control
pain.



nmet abol i c cage, and the catheter extension line and tether 15 was attached
to a sw velww/?wto all ow the dog to nove freel y aboutrCriusssmusss
After a 15 mnute rest period (45 m nutes, controls), blood (2-3.5 m)
was drawn for determ nati on of the: plm'il ma gl ucose concentration. A
second basel ine sanpl e was drawn 15 utes later (0 tine). Test 20
substance (phosphate buffered saline or 10.5 mml es/ kg of

B28- N err] - Pal m t oyl LmB&&PwaBZ&MBjusmspﬁmr tbhthedsésdysdaﬂneto mol ar

equi val ent of %%;'?‘FH/EKEB %?ggq{l | NS4l b3 ma¥@S on1y ALK fH B

subcut aneousl tHe neck. Arter| aI god
sanpl es (2- 3 Hemsitpcwdts ahevet3eramb lepkocyhst ceynts bBelowW ik LOX/Imt he

next two (Cogéé'r(é ?s E]O Sife aftedini MeFork Eﬁé%&ﬁ&flﬁé’ﬁ@zaﬁ[@wumn

i nsulin) hou were collectedq in vgcgum bl.ood oI I ect i on
t ubes confai nsp of th&l sahereEHMeLH ERATEIr 1EEHy SHPACERE FTPTARAR
sanpl es PR C @hrbubHO& dsma W irtd sriedilmaidegupties nhooms an@sﬁ'fmaed to

30 POl yPropylang et shupesa SRkl UL 11980 LEER! AR oyoddl (e

duration of t e concl usion experi nent,
the ani mal wamacket amdsthélarzecasgem¥y.urane); the catheter was flushed Wi th

fresh saline and 111! cdul Workag0by cenel dsniahu xhidl eondlnchot fuiee end
of the catheter was knotte | aced 6/ 15804,
PCT/ US95A948Axrterial catheter were aspirated (only thg arterial line was

subcut aneouslwseE 19 Shecbedtaal és By | tion chateitieirowae fAsshed wiithrisdlsmered
(300 ng Kefle f)’i? Pl asma C n : | ed

t he day of tHBé'l%ta(ﬂj PR °n 1%@ g‘?ﬁ%toescetedfxl agegr-?gﬁhfgésvﬁ ﬁﬂﬂgﬂ

gl ucose anal ywes attaiched t§ ahe tathetpns (The fognwperPjaced ’sffeﬂﬂdard error
of the nean met adoit¥ cage, and the catkﬂ&ﬂ'e&%@&sgbﬂcmiﬁeC&Meﬁﬁﬁ}ﬂéﬁ on did

not change nifi cantl from basel i ne duri q hour observati on
period f &Pl ovW"’l‘F'g aé'é"ﬁioﬁ%F 5“6’%#3?3@5%? ftt?r@a St ghsv\ge P 1)
Over the samefxsdlyGboutt the, cagécutxfisatisa 15 mddokei sesttpeniod (45
e Poddete, RREIREOP BB 1D ) wvas BERWRIEEr 0 2 150 (17

ng/ dl ) decr ed%&™ asma gl icose centration | asma gl ucose
concent r at i ordétrexntigagi®n of tlx?eplqtsmlsﬂqqgﬁe WS*BEBPFBBQQUhun%rFeC°nd

i nsul i n-tr eatyggk ANiA@Isample #ABL RN 19 kihited adeall Yoovekef he Teny four

hrfIIn
ours a ! éLbstance (phosphate buffered saline or '10.5 mmoles/kg of

B28-N€-Palmitoyl LysstProBzg-human insulin; this does is the
molar'equivalent of 1.75 U/kg of human insulin) was
administered subcutaneously in the dorsal of the neck.

Arterial blood samples (2-3.5 ml) were then taken

25 at least every 30 minutes for the next two (controls) to six
(BZS-NG-Palmitoyl LysszsproBzg-human insulin) hoﬁrs. Samples
were collected in vacuum blood collection tubes containing
disodium EDTA and immediately placed on ice. The samples
were centrifuged, and the resulting plasma was transferred to

30 polypropylene test tubes and stored on ice or refrigerated
for the duration of the study.

At the conclusion of the experiment, the animal was
anesthetized (isoflurane); the catheter was flushed with
fresh saline and filled with the glycerol/heparin mixture;

35 the free end of the catheter was knotted and placed



to a glucose level 41 ng/dl bel ow baseline (35% decrease) six hour s
post -injection. It is established in the § ,?ggpuﬁg t hat
pl asma 0 ose concentrations in the normal dog do not 20
significantly even after a week of fasting. The decrease in gl ucose
observed in this study was due to thel&dm nistration of.

B28-N err]-Pal mtoyl LysB28ProB29-human insulin t hus denonstrati ng

the i nsuldiidhiefeBGbiyl LY 8laddiised WHAYL, a5angfg#§t wdd asma gl ucose

concentra Ion aneous i‘nj ect ron o osp at e-buffered
sal ine aduizdstesed) (380ppg- N@?’}t— FerlMridt- oyP129§828h1m hurman i nsul i n.

V\Dlg6/ 158¥hcentrations were determined the day of the studi-hisdi3Rp/al4873
B28- N[eerIHSQ%ﬁ pﬁﬁﬁase method in a Beckman glucose analyzer. Values
LysB28Pr @320-listred as the mean + the standard erfontofl|tifeTidan

I nsulin QEEQ) Ti me (m nutes). : (mg/ dL) (mg/ dL)
-15 1143 116 '

1123 The piagma. glucose coprrentration did not chgnme

iigs signifi®@ntly fsgm baseline dukdag the two-hour obsef/ation 90
99 perlodlgellow1ng injection of ﬁ%osphate buffered safﬁgﬁ_ |

180 10 (Table 1). Over the same period of tih@) subcutaneous?10

%gg administ#8tion of B28-NE-Palmitoyl LysB%SproBZ9-human §§§ulln

82 resultgdpin a 15% (17 mg/dl) decrease in the plasma glikcose '
360 concentration. The plasma glucose concértration in the .B28-

NE€-Palmitoyl LysB28proB29-human insulin-treated animal
15 continued to fall graduall?'over the next foﬁr hours, failing
to a glucose level 41 mg/dl below basel;ne (35% decrease) 51x
hours post-injection. .
It is established in the literature that plasma
glucose concentrations in“the'normalpdog do not f£all | .
20 significantly even after a week'of.faSting The decrease in
| glucose observed in this study was due to the administration
of B28-NE-Palmitoyl LysB28proB29-human insulin, thus

demonstrating the insulin-like activity of thls'compound.

25 Table 1. Plasma glucose concentrations following
subcutaneous injection of'phosphateébuffered saline
(controls) or B28-NE-Palmitoyl LysB28pProB2%-human insulin.



WD 96/ 15804 ' PCT/ US95/ 14873

- 20 - SEQUENCE LI STI NG pcriusesindsid -
GENERAL | NFHRRHIW™Y 5. (i) APPLI CANT: Baker et. al . (ii)
TI TLE OF | NVENTI ON: Acyl ated I nsulin Analogs 10 (iii1) NUMBER OF
SEQUENCES: 2 (i v) CORRESPONDENCE ABDRESS: (A .
ADDRESSEE: Eli Lilly and Conpany 15 Pat ent
Di vi si on/ SPC , (B) STREET: Lilly Corporate Center
(O -ATY:Indi anapolis 20 ' (D STATE:IN .
(E) COUNTRY: USA 25  (F) ZIP: 46285 R38Nokpypieyl
READABLE FORM (A) MEDI UM TYPE: Di skette, LyxP28peioB29-Kuivkn
storage 30 (B) COVPUTER: Ny NG
SYSTEM Maci nt osh 35 (D) SOFN%%EIE% &rr‘oss’oft vor iASALEE E‘I(?N)
CURRENT APPLLLZQIEEELXN#FU es) (mg/dL)

-15 11413 116

0 _ 11243 116

30 1174 114

60 11443 107

90 115+3 102

120 11745 ' 99

150 | 101

180 : 100

210 . 100

240 L 98

270 - 87

300 - 82

330 79

360 ' _ : _ 75



(A) APPLI CATI ON NUMBER: 40 (B) FI LI NG DATE: (O

CLASSI FI CATION. 45  (vii) PRI OR APPLI CATI ON DATA: | )
APPLI CATWORS/MBRBER: (B) FILING DATE: 50 ""'WP?‘!’W#
ATTORNEY/ AGENT | NFORMATI ON: (A) NAME: Steven P. Caltrider 55 |
(B) REG STRATI ON NUMVBER: 36467 - 20 - (C) REFERENCE/ DOCKET NUMBER: X9720
W 96/ 15804 | | PCT/ US95/ 14873

- 21 - (i x) TELECOMVUNI CATI ON | NFORMATI ON: (A)
TELEPHONE: (317) 276-0757 5  spoumnéBLidEgrAX: (317) 277-1917

(O TELEX: 10  (2) | NFORMATI ON FOR SEQ I D NO 1: (i) SEQUENCE -
CHARACTERI €T GSVERAL INFORMATION: (A) LENGTH 21 amino acids 15 ( B).

TYPE: &1 no aci d _
(i) APPLICANT:Baker et. al.

(ii) TITLE OF INVENTION:Acylated Insulin Analogs
10 (iii) NUMBER OF SEQUENCES:2
(iv) CORRESPONDENCE ADDRESS: .

' {A) ADDRESSEE:Eli Lilly and Company
15 . Patent Division/SPC

(B) STREET:Lilly Corporate Center
{C) CITY:Indianapolis . ' _ ‘
20 .
(D} STATE:IN
(E) COUNTRY:USA
25 (F) 2IP:46285
(v) COMPUTER READABLE FORM:
' (A) MEDIUM TYPE:Diskeﬁte, 3.50 inch, 1.4 Mb storage
30 - {B) COMPUTER:Macintosh
(C) OPERATING SYSTEM:Macintosh
35 (D) SOFTWARE:Microsoft Word
(vi) CURRENT APPLICATION DATA:
" (A) APPLICATION NUMBER:
° (B} FILING DATE:
(C) CLASSIFICATION:
45 {vii}) PRIOR APPLICATION DATA:
{A) APPLiCATION NUMBER:
(B) FILING DATE:
50
{viii) ATTORNEY/AGENT INFORMATION:
(A) NAME:Steven P. Caltrider
55 (B) REGISTRATION NUMBER:36467

(C) REFERENCE/DOCKET NUMBER:X9720



(D TOPOLOGY:linear 20 (i1) MOLECULE TYPE: pol ypepti de (1x)

FEATURE: WO 96/15804 (A) NAME/ KEY: Variable Site 2_5 PCT/USS/14873
LOCATI ON: 1 (C) | DENTI FI CATI ON METHCD: 30 (D) OTHER
| NFORMATI ON: "Xaa at position 1 of SEQID NO 1 is dy; or acylated Ay
when Xaa at position 1 of SEQ ID NG 2 i s Ple” Xaa at position 28 of
SEQID NGO 2 is Asp, Lys, Leu, Val, or Ala, and Xaa at position 29 of
SEQ I D NO 2 i s{iky SrentcdmMMONicaT3ON INFORMATZON: SEQUENCE DESCRI PTION: SEQ I D
NO 1: Xaa Ile Val Qu @n Cys Cys Thr Ser Ile Cys Ser Leu Tyr A n Leu
1 _ 5 (A) TELEPHONE: (317) 2760757 _ 15 d u Asn
Tyr Cys n 40 - . 0 _ (3) | NFORVATI ON FOR SEQ I D NO 2
(i) * SEQUERCE CHARAGY %:312‘5 277-1917 (A) LENGTH: 30 anino aci ds
(B) TYPE:am no aci@) ®flex: (D TOPOLOGY: | i near (i) MOLECULE
TYPE: pol ypeptide - (i x) FEATURE: 55 (A
NAME/ KEY: Vari able Site (B) LOCATION 1
10 (2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:21 amino acids
15
(B) TYPE:amino acid
{D) TOPOLOGY:linear
20 (ii) MOLECULE TYPE:polypeptide
(ix) FEATURE:
25 (A) NAME/KEY:Variable Site
(B) LOCATION:1
(C) IDENTIFICATION METHOD:

30 {D) OTHER INFORMATION:"Xaa at position 1 of SEQ ID NO:1 is Gly; or
acylated Gly when Xaa at position 1 of SEQ ID NO:2 is Phe, Xaa at
position 28 of SEQ ID NO:2 is Asp, Lys, Leu, Val, or Ala, and Xaa at
position 29 of SEQ ID NO:2 is Lys or Pro."

35

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
Xaa Ile Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu
1 5 10 .15
Glu Asn Tyr Cys Asn '
40 20
(3) INFORMATION FOR SEQ ID NO:2 :
(i) SEQUENCE CHARACTERISTICS:
45 )
(A) LENGTH:30 amino acids
(B) TYPE:amino acid
50 (D) TOPOLOGY:linear
(ii) MOLECULE TYPE:polypeptide
(ix) FEATURE:
55 : '

(A) NAME/KEY:Variable Site

(B) LOCATION:1



WO 96/ 15804 o PCT/ US95/ 14873

- 22 - (O | DENTI FI CATI ON METHOD: pCT/ossi48¥sHER

| NFORVATYQR$/15804, ¢ position 1 of SEQID NO 2 is Phe; or 5 - acylated Phe
when Xaa at position 1 of SEQIDNO1l is Gy, Xaa at posi tion 28 of
SEQID NO 2 is Asp, Lys, Leu, Val, or #a and Xaa at posi tion 29 of
SEQID NGO 2-is Lys or Pre." (i x) FEATURE: 10 (A

NAMVE/ KEY: Variable Site (B) LOCATION: 28 . 15 (O

| DENTI FI CATI m(ME_fb@IFICATION meTHOD{ D) OTHER | NFORVATI ON: "Xaa at positi on’
28 of SEQID NO 2 is Asp Lys, Leu, Val, Ala; or acylated Lys when Xaa
at position 1 btﬂ I!-NFORMATN@ Ixﬁ% ag gpum étObﬁQtIFbNOﬁ a8 BRO ¢D NO 2
is Pheéd apeVln egF‘ Z'EG‘ Rﬂ?‘?‘f’bf‘ @E@G § Py ¥aa at (ix) -
FEATURE: pos:.tlon 8 o t%%; 't ,50r Ala. and Xa?g

LOCATI ON; BFpition 29 ot 23 | d\l VETHOD: 30 (D) OTHER

| NFORMATI QNix) XpnTORE POSI t ion 29 of SEQ I D NO2 is Lys, . Pro; or _
acyl axted Lys when Xaa at position 28 of SEQID NO 2 is Asp, Lys, ~ Leu,

Val, or Ala, Xée HAMRYEEY(VYaghableofi®EQ ID NO'1 is Ay, and Xaa at
position 1 of EQ I D,II#SJ&l Is Phe." 35 (xi) SEQUENCE DESCRI PTION: SEQ I D

NCG. 2: : Xaa 1Valx‘ Hs Leu Cys Ay Ser H's Leu Val Qu Ala Leu Tyr
1 - 15 (C)O IDENTIFICATION METHOD:10 15 - Leu Val Cys
_Gly Gu Arg Gly Phe Phe Tyr Thr Xaa Xaa Thr 40 - 20
25 (D) OTHER3(@NFORMATION:"Xaa at position 28 of SEQ ID NO:2 is Asp,
Lys, Leu, Val, Ala; or acylated Lys when Xaa at posxtlon 1 of SEQ ID
NO:1 is Gly, Xaa at position 1 of SEQ ID No 2 is Phe, and Xaa at ‘
20 position 29 of SEQ ID NO:2 is Pro.*
{ix) EEATURE:
(A) NAME/KEY:Variable Site
25 :
(B) LOCATION:29
(C) IDENTIFICATION METHOD: : -
30 (D) OTHER INFORMATION:"Xaa at position 29 of SEQ ID NO 2 is Lys,
Pro, or acylated Lys when Xaa at position 28 of SEQ ID NO:2 is Asp, Lys,
Leu, val. or Ala, Xaa at posxtlon 1 of SEQ ID No 1 is Gly, and Xaa at
position 1 of SEQ ID NO:2 is Phe.*
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
" Xaa Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 - 15

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Xaa Xaa Thr
40 20 25 _ 30



VW claim . 1. A nono- acy| B8 SHEREULS BRI og of the formul a:
SEQ I D NO 1 5 é?aﬁ@/ cross- i nked to SEQ | RBEEASEL or 4 pher/osssadsiscal | y
a aey—l—at—ed—i—nsul—i—n——

acceptable s eof. 5 Z_ The m)no-

analog of Claiml wherein Xaa at position 28 o DNO2is ac

Lys and Xaa at position 29 of SEQ IDR& Z is Pro Hul.“uu!l!',l“llg |M)
‘The nono-acyl ated insulin analog of Caim2 wherei n up
is a C6 - Cliyd atztagnaci d. 4. The nono-acylated insulin

} f Cdaim?2 n th I t Cl 1
acid 18 o e S Beherafyiafed nibaliie praiBe ga b ﬁm#%m n
6. B28- N err|sSEQ riDs NOy/1- bysBéBPyoaﬂSbéﬂmmkemxol SBQ IRONO:2, or a
par ént er al g@[ %légtq.ggﬂ? %%uéérs%e _\glglﬁgtpereg@nprl ses a nono- acyl at ed

i nsulin anal any one 0 toget her with one or nore
pharnaceuﬁlcally accept abl e preservatives, isotonicity agents, or

buffers. 25 fz 8. The aasamiﬁrﬁamvrdmm&tmpal whéi-é'ﬂhaiéé)rhti.vml gh
conprises a nixtyre o u in_an acyl ate
i nsulin anal &% 28n8§ lfb% g‘?r}t&l 5 PN &ﬁggg ﬂys ann%[}ga?‘ &% o by wei ght
of the two cqum:am':s 29s ofhSEQ ID MO IMWD-ils Pre0 9. A parenteral

phar maceuti cal formul ation of Claim8 wherein the mxture is

LysB28pr 0B29- hunman |nsul in and _ B28-Nerr]-acylated L sBZSProBZQ hunman
i nsulin. 10 . An acylated insulin andlog of Claim 2 wherein

the acylatzng group is a Cg - C17 fatty acid.

4. An acylated.insulin analog of Claim 2 wherein
the acylating group is a C13 = C17 fatty acid.

15 :
5. B28-N€-palmitoyl-LysB28pProB29_human insulin
6. BZ8—N£-myristoy1-LysBz8Pr0329-human insulin
20 7. A parenteral pharmaceutical formulation, which
" comprises an insulin analog of any one of Claims 1 to 7
together with one or more pharmaceutically acceptable
preservatives, isotonicity agents, or buffers.

25 8. A parenteral pharmaceutical formulation, which
comprises a mixture of insulin or insulin analog and an
acylated insulin analog of any one of Claims 1 to 7, wherein
the ratio by weight of the two components is about 1-99:99-1.

30 9. A parenteral pharmaceutical formulation of

Claim 8 wherein the mixture is LysB28proB29-human insulin and
B28-N€-acylated LysstProazgfhuman insulin.

10. A method of treating a patient suffering from
35 hyperglycemia, which comprises administering to said patient
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- 24 - ' 10;aAHmaumudamf freating a patient suffering from
hyper gl ' ich co rlgﬁgtéﬁﬁﬂ ni stering to said pat

phar mcﬁﬁwmosit +o~a&h ef.fective am)un{l’%?}n 9"'(ﬂ"'s?“ne
nono- acyl ated insulin anal og of any one of Clains 1 to

11. A process of preparing a parente+akd - pharnaceutical-fornulation,
whi ch conprises m xing a conpound of any one of Clains 1 to 7, an

12 A mont BRgTR R e ERBoRXtebadaRtalnidy B el R mppunt o, 1 1 1

7 for useofnthe cagykarefl dpsuddin anamwt LAy xne of Cla:.ms 1 to13. A

nono- acyl ated i nsulin anal og substantially .as hereinbefore described
with reference to any of _ the  exanples., 20
A process of preparing a parenteral

5 pharmaceutical formulation, which comprises mixing a compound
of any one of Claims 1 to 7, an isotonicity agent, and a
physiologically tolerated buffer.

12. An acylated insulin analog as cl_a.iméd in any
10 one of Claims 1 to 7 for use in treating diabetes mellitus.

13. An acylated insulin analog substantially as ‘
hereinbefore described with reference to any of the examples.

15
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W claim | LTHIAsmmHAthE:N ?d i nsul i n anal og -of the formul a:
cros

SEQ I D NO 1y -l nkﬂ?dAcm-'SEQ 9 a [PCAVUSAYA8T3 cal | y
~acceptable salt thereof. 5 et - 5 The m)no acyl ated insulin '
analog of daim1 wherei n Xaa at AWENDE P GAINS of SE NQ.é 2 gs)acyl at ed

Lys and Xaa [arecgwdtbsoﬁhegnéerr@@gnq} egul%"‘
The nono-acyl at ed i nsul ioRigindl ogtadms ’acyl ating group
is aCs - Cl7 fatty acid. remaining clalns uncﬁangpﬂ yI ated insulin

anat og of C‘ﬁb”}:iam- wherein the acyl ati ng group is a 013 - Cl7 fatty

acid. 15 B2 g | I
6. I828 N err]-nyri stoy?‘ Lﬁg'%%'B‘E%ga%ﬁ “h'?t‘?l h¥i§§8&f @@f@mﬂa%nsu a
par ent er al pBEanDenm:barom@x&UI arossr Lligked, to SEQoiﬁ%rﬂ%-@s 8TnBno- acyl at ed

insulin anal ggﬁe&a 1 atbaptible salt! héréefst her with one or nore
phar maceut | c accept abI e preservatives, isotonicity agents, or

buf fers. 8. A parenteral pharnmaceutical formulation, which
conpri ses a m xt ur e of 2|. NnSrie mono-acglated airsuignardaiogoed-Claim 3cyl at ed

nsul 0 2nal GhelsAYaR R Gonltdbfi®od 46 dio HBERGLS is ack1Rebdl igs el oht

of the two ¢ A parenteral
phar maceut i c Xaaf atnpesition @9 of SEQIPNP32hdBePEOthe nixture is
LysB28Pr oB29- hunan i nsulin and B28-N err]-acyl ated LysB2BPr oB29- human

insulin. 10 3. . The mono-acylated insulin analog of Claim 2

wherein the acylating group is a Cg - C17 fatty acid.

4. The mono-acylated insulin analog of Claim 2
wherein the acylating group is a Ci3 - C17 fatty acid.

15 .
5. B2B8-NE-palmitoyl-LysB28proB29-human insulin

6. BZB-Ne-myristoyl-LysB.zaProB”-human insulin

20 7. A parenteral pharmaceutical formulation, which
comprises a mono-acylated insulin analog of any one of Claims
1 to 7 together with one or more pharmaceutically acceptable
preservatives, isotonicity agents, or buffers.

25 " 8. A parenteral pharmaceutical formulation, which
comprises a mixture of insulin or insulin analog and a mono-
acylated insulin analog of any one of Claims 1 to 7, wherein
the ratio by weight of the two components is about 1-99:99-1.

30 : 9. A parenteral pharmaceutical formulation of

Claim 8 wherein the mixture is LysB28proB2%-human insulin and
B28-Nt-acylated LysB28proB29-human insulin.

g gy

—_—_—

This Sheet Has Been

I i



26 10. A use o TﬁlsmWEEmG\eLHEhc n corrp05|t|on

cont ai ni.n ef fective anmount (¢f tha‘émpacyl ted ins nal og of
any one ms 1 to.6 for traatrg —drypergl ycem agléﬁibg%"ﬁzent in
need thereof. 5 11. ggprocess of preparing a parenteral
phar maceutical fornul ation, which conprises m xing a conpound of any
one of Clains 1 to 6., an isotonicity agent, and a 10 physiologically
tol erated buffer. 12. A nono-acyl ated insulin anal og as

claimed in any; 9 P netrdd"Be et aidd’a YaCibhe S EAdG L3RR ©S

mel |itus.
hyperglycemia, which comprises administering to said patient

a pharmaceutical composition containing an effective amount
of the mono-acylated insulin analog of any one of Claims 1 to
5 7. '

~ 11. A process of preparing a parenteral
pharmaceutical formulation, which comprises mixing a coinpound
of any one of Claims 1 to 7, an J.sotonlcz.ty agent, and a
10 phys:.ologn.cally tolerated buffer.

12. A mono-acylated insulin analog as claimed in
any one of Claims 1 to 7 for use in treating diabetes
mellitus. ' ' '

15

13. A mbno-echated insulin analog substantially
as hereinbefore described with reference to any of the
examples.

20
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