¥+, -e3e* TR* JIK<MIMF QBRTTRAt  Description - Phosphoi nosi tol -gi ycan- pepti de

- with insulin-like action The invention relates to

phosphoi nos.itol -glycan-peptides 5 with insulin-like action, a process for

the preparation t nd the use, in particular as pharnaceutic for
treating dia \m‘\ \\“ES or non-insyin-dependent di m M
exerts a nult actions on insulinl0 sensnt|v3

not ewort hy effectm95%t he rapid reduction in the glucose | euggoon mammual s
when insulin is adm nistered. This is brought about lay a rapid uptake of
the glucose fromthe blood by nyocytes and adi pocytes. Insulin furthernore
activates glycogen synthetase and 15 inhibits lipolysis. Insulin pronotes
prot ei n synt h®siserfipdhomi no aci ds and enhances the induction of pyruvate
dehydr ogenase and phosphof ruct oki nase and inhibits the formation of certain
enzynes of gl uconeogenesi,s, such as pyruvate carboxyl ase and

fruct ose-1, 5- 5] 1-9d yepssreptddanwith, 1ﬁ5H1F-ﬁ§i!|F-kﬂ aebiéfAnent

di abetes, is associated with insulin resistance ky perlpheral ti ssue such
as nuscle tisgue qr_adipose _iis The, gl ucose ut on reduced t hereby
'S Caveed by The JpvBRLAS renakeste PhipREIROH ol TEbueA TBRRAES and o
sub 25 seéiuenmjtrht abau 1d mrlddes sest i(og U e garese sl fomdgmqsrsparéihisn

mul tiple resi %%’}%I%fs!é%e%%é Laat Engégfffc&‘lgff% t?énﬁid';? JELEDT Of o Pf

post - r ecept or eve fore’ ron o BEton nessenger
(Garvey, Di ab&reatimgab s iahetrsyi mll-‘ﬁtus( 1999) , nypTisubin- @epqnﬁmte no
active subst aggepeMasch avoid the insulin receptor and neverthel ess displ ay
an insulin-like action have been discl osed. - 2 1t has now been found

t hat phosphoi nosi tol - gl ycanpepti des whi ch can be obtained from adenosi ne
3,5 -cyclic mmafi@spéﬁéftéc/wﬁhubﬂpliﬂ@lw Olofi I’héili:‘ﬁcﬁliﬁyo&n imsuwlim-1i ke
action in,vitro an .al so an5|

| a
i nsul i n- Fési sPEREHTY: ssuetlﬁ‘ge V8l i BR ?‘ﬁ%"r'tré]tf% rfg g{ 2125 1(:)3he rapid
phosphoi nosi t sleghytdomépt tliesgbitasamakd e byirc meawade wheademesl e is

3,5 -cyclic ‘r%g:(%?.%tde '&“ﬂ'%@' i) BE:BL h’E aﬂgﬁerb%am - :‘?doﬁeﬁ&l@é"éf’

tolerated salts the erman|nreS|s SSuUe neans
exanpl e, rat &Mepcrlucasanfeemnsheohdepdniye myasyites and radippgytes.

CAMP- bi ndi ng rirn%tu%m af@r@h@hﬂbﬂé \whitGhratage étgftcwapebwta&tabedlm
adenosi nﬁ clic no. a;_l ft ructural data to .date O@?t he
phosphoi Agsi td'l hd'lx’ﬁz‘é'??nl BEBFLP nEEPBOERE BRPHAITL SYHHRSR o
phos phoi nosi tfaionmkamtnme&maieglmrexpmﬁaem wite citdlmmaomsofgadwmm'ee

gl ucosam ne a S Is am ne
residue with ara%h?d}g%% N agem? Spﬁgsgé? ‘qu %f ng g % t# +atter
20 reappears Vioumatiare ofi ¢eirdaing epsyned gfygbumngggemwﬁ, a%‘!chsas

menbr ane anch(y ruvatd @Aﬂfox?lra%@ 4nfa 'f&u@k@%@ﬁlmﬂhﬁﬁ?ﬁoag%ﬁhgé of hi gher
eukaryot es (Roberts et al . Biol. Chem, 263 1983 776-18784). The

gl ycan residue contains glucosam ne, gal actose, mannose and at 25 | east two
phosphat @or esiTguysrs/ mul edLIbeteept imlmamwt Aama&meiyr -iand is
bonded to the carbox | ﬁb I’iSF)aI’tIC acid via an a Jr e to the
o o or oup. o SARE pRech ot e st T vhese et L R flAe el ' (888

portion is necsaaﬂar gsf auddie atissuey orThelipepte delﬁﬁuenhamteesgltheose
insulin-like 51 I {154 d ghown
not only by tﬁne@cg&'karﬂ%orﬁxﬁéﬁ E mosﬁtgkﬁ} gJI ycéan pep':kl’%eﬁg éf)y parti al
structures, fdmsé)dalrfpl ét@muhe iten pHpt Hélécgéqumtchaﬁde%nﬂ‘éb‘to t he
phosphoi pesi t @eqalmmeada%ﬁ@\g&&e%éelsn%ahhao%hssﬁsg i pﬂp@@e@aﬂs; be

hasph tol t hout t t
Physt o ogi cal ISR IBHa aFe Heslasanie. SRgeaes) FDaF bheghy tant jARtrat

according to tdte mheenreoepaoe akaposterateptibkallevelkar tihenet before5

ammoni um sal t aget e at c
ammn: Em or tfﬁ’ ec?tﬁ“)l/&m neéf)algje% a‘ﬁ?&t&% @Anm rﬁ tg?ég+€7éansg%g%? Q/
according to tl‘f%tﬁbﬂllemmdﬁﬂ‘ék%ﬂ% eEpar(eJcP8 Jor Te&darfi}i2d,- by a) using organl S

whi ch contain CAMP-bi nding protein, 10 b) isolating the cAMP-bi ndi ng
pr ot ean, elim atln t he roteln portion from cAMP- bi ndi ng Wﬁrot and
3‘ &pt itdhe

puri fyi ngﬁi he T®s P‘FFn Yl §€ %VFpt‘?d’é’p?rT‘éﬁc(ﬁ?I i ¥R h orvE BpgLl

appropriate, receptor and nevertheless display an insulin-like action

have been disclosed.



d) elimnating a nono- or diacyglycerol fromthe 15 product obtained in
“process step ¢ ) and e) isolating the phosphoinositol-glycan-peptide
produced in process step d). cAMP-bi nding protein can be obtained from

. numerous organi sns, for exanple from m croorgani sns, plants, fungi 20 or
animal organs. Al so suitable is. for exgqug, t he yeast Saccharonyces
cerevisiae, especially DSM 6649. The preparation of cAMP--binding protein
by Saccharomyces cerevisiae is carried out by fernentation in a nutrient
sol ution whi cHtcoMaf nhoy chesen feund akhak npbespbaingsitelcelysanel | as

customary i nOpranﬁ:.Qie"@' t Sshilihe CONRbI ngd ng dHtﬁtﬁIeIa i s fpbal CAQOhLALhY
,accunul ated i t s menbhane of the Mea The best pr.ocedure for

process step i menophesphpLg: § I\ﬂi’-’lﬂ RECKSLHr L 8PHAY 0
Sacchar onmyces a’iﬂ d:asahar-a&kéalmtmnac&n\/\e&itrm ahd cabsomdiyplaly i ent

sol utions f or %e;f(ﬁ g Vi | £ 1590 1S |ed out

aer obi cal I Y, 'R :13{ ﬂo@%e:;a o‘r?h é)q{aai%sucﬂ r\é?l rAﬁ‘mertg'e W't h shaki ng or
stirring in shaken flasks or ferrrenters where appropriate introducing air
or oxvgen. 11 Gan DG aeid! Werdtore CHRIRRRE! I Sof S0ABbRATMARRLLLLE O
35C, preferably at about 25t 30C, in_particular e pH range
shoul d be bet iBgFan-prpteid %ij tagdhdiey Byt m@éﬁigaaﬁd ¢f Tadepeaipe|s

cu:ltlyc%t edfundf'r g hasae t lﬁtﬂdhidn@@aoe natalbyndihyl ;%ﬂetr@uar %n@b@tﬂ &gsa
cells of nutrient, sol uti.on eqdure fqr process step is
such that the PRYSASIQIicatly ati’q-,i ﬂt{é&%ﬁ &€ Mut ri ent medium for the
i solation of the cP~MP-binding pr~~tein and are washed with buffer.

| sol atio ak I Bapdl ow
(51 ochen Sy Phsb £ 511855081 §aBE) CESEIL Wad, M REnBld, BHE,

cells are 15 c&m\qué'cﬁ%nﬂlmbl d}sﬂlg«opsyﬁomﬁa@a)annt@% opﬂagpgoﬁnd

comm nuted W tdnMp NG $3¥Stelnt Eﬁepﬁﬁéﬁé‘fﬁs Qihﬂlp%%%%ethathb%QEE yi n the
cold (0-4C). Yeast % at es are centrifuged, and the cell precipitate’i-~a

washed with bk &t R pdenesime i¥ ufeToyrld Ss modorhosphatear e conbi ned

and 20 purified in a " Percol I gr adi ent (28~ ?ercoll) and sucrose gradient
(15 to 28%su 95 Tes rif atlon psS..res in, 0 _pl asma
tenbr <. ne. . mi OSSR S cORFf obRoMiea bi PO CERRPRIRIRPP Y breL EaBkRer

The cAMP-1S ndupﬂyqardﬁaau nccgrd@ugd o r ohet Hawvsirdsion ning@bcatana t pheston,

for exanple b l?éld\éﬁsj(t?of‘”lvﬂ%ﬁhh'a)s Caﬁ“’&’l?@&ﬂ%%%‘h%ﬂ' WikcNdohBgins

CAMP-bi nding protein is eluted col um and desalted. The
best proceduregaf](ﬁc'iﬂﬁﬂ:eé%h’sqw"t})“q angl, mRNnRge - tHdeWB%EPnlﬁo‘F?‘FB}Ie‘Sf t he

c: AVP- bi ndi ng W0t & n pt&@ﬂdﬁﬂﬁ&ﬁnﬁlaﬁﬂh‘éﬁakbﬁalihﬁ U%eﬁ fan tamide
enzymatic cl eavage are exa r ot such _as Pronase,

endgprot ease i]y‘srﬁ‘é‘ §8b3:&’tee ‘gﬁ}?ﬁﬁbﬁeﬁg */8”8?%1"85%% apR¥F8Eoccus
aureus). 2thi s mﬂppaaass bne:aiddomcaoéovdnbemtby ehcmdmr gﬂgn_oleédlsesuhicm th
the protease V8€ Sagdq/ )ﬂf?gg){e ggchagsloh%t'a?%ﬁ]%(}s' g:%uc"%t} gRELe

sequence - i ncu i"on ease P ronag Ields a
gl ycosyl - phospﬁmhlcané rmmte)ini)e@f|hIegh¢IEr@ﬂhaIY¥etmp(R@eepb$t¢bna Y,

conposed only pf giBe.ampem.aci g fAsny 135@) pr QYBQQ%elBSBW)eC"ﬂIé a&?f’caﬁor
exanpl e by acids such 5 as Irlchloroacellc acid. The glycos

phosphat i dyl i T ie PR F RS o7 BUCRFAIR R Y %{ﬁ'ﬁ‘i‘h%e'pr%?%%%%% apd at
centrifugs i orleasicevdr pheephats aeglidags/mepkar che qepyideantaputheéi ed by

thin-1ayer chromto best r.ogcedu f A c is

such thzlt t he nn%‘b-rg%é?p a%](%@sf cher ol* rng| dg’g éitefjag zgég §§?R8§‘§R g)‘d

gl ycosyl phosphedt i theéi aeparbhcpepudde'ms agl lamldeat]eldllagg/nm i theél gminad t he
hosph t t hi

noymati o ol oo KEERE DAt At Sy, 1he BhostRBEnbAL bl®

prosphat i dyl i rﬂ)kaEQ)‘F Hrachiaore whagsnérsapxséme the Ba’ctllIVIJIH .c&hecpsplideThi s

achi eves 3 i M &d ke Tt H18 dEHING -1 ke aeﬂehyqﬂs 148 Enfd1@ethithAti anbonded

via the phosphate group. t~ thg rrgo |no itol. gh&e rol - cont ai né_ g

residue i s nc~ ’tn%"If‘Iﬁ ng’r]é"él BGEiR “é‘hs‘é° r8 Y |'f1h?)r88@§ e&fep ).

Process steps ptl)omhioﬁr)osatbm§xyd:mx-qmgtmb but ahsdby- pramteraiessgquence

Tooactzimat | o GERek) ORoe | AR S AR bl ) sB68eGCH) fliaH! e
are avor a e enz

condi ti ons whic trc rea

difficult for kepdedontes he| Ilétpﬁnhqllr@ﬁarttoh 0 Bcas | @Iislot @h@ptl e
reaction 3ondi {hHNEiRN11KE Bash&nObrt hshiknovke rﬁﬁ@&i}:ﬁslﬁggﬂtéloﬁiy@a'h the
said enzynmes. The best procedure for process step s) is such that "the
phosphol i pases are pre<:ipitated by acids such as tri 30 chloroacetic acid.
The phosphoi nositcl-glycan-peptide is separated fromthe phosphol i pase by
centrifugation, purified with a H ogel P-4 columm ~~nd concentrated by
thin-filmelectrophoresis.



- 6 The phosphoinositol-g:lycan-peptides according to the invention and

- the physiologically tolerated salts thereof are primarily used as active
subst ~: ~nces for pharnmaceutical conpositions for the treatnent of diabetes
. mellitus 5 or non-insulin-dependent diabetes. The invention therefore' also
relates to a pharnmaceutical which has an.effective content of pho

sphoi nosi tol - gl ycanpepti de and/or at | eaSt one of the physiologically
tolerated salts thereof in dissolvEd, anorphous and/or 10 crystalline form
The phar maceu¥ithputspppkideably a sol ution or suspensi on for injection
with a pH between about 3.0 and 9.0, preferably between 5.0 and 8.5, which
contains a sujitable isotonigizing agent, .a suitable Ere |ervat| ve and,

where 15 appr®p#PBaies gf sﬂPﬁ&BLéeb@%ﬂél‘@ leﬁéF-F-Ya§° fretedagplssr ot e,

al so a depot ﬁ?enCphbthaiﬁoFﬁtﬁQH§$9chﬁ §éﬁt1ﬂe ﬁadeeﬂ&1ﬁ§|utb0nﬁwé .
:suspension. Jlie totality o nts t.he co reion ., apart from
the active subBYSRE éonfor%(% taﬂ'g( ?‘d‘rrp‘ggg?f ﬂ}gﬁl&“@ §gPE§arf’ﬂﬁteésl

sui tabl e bsot @mmonzumg salent s asr ewgl.;lceara)l thgbacosé girqmmd]mlg,ldﬁdaly

cal ciumor ma o]

Exanpl es of sg??gg gbgrgg ?@g‘?.\éx"é@g’é?&% {’) eno %arnél%éjg%enzyl al cohol
and/ or p-hydroxybenzoic esters. 25 Exarrpl es of buf fer substances which c:an

be used, espegjal |§Sh59{:héﬂh5§1t89- a%&or’iﬂﬁxg’ﬂ‘“%@ Theal €
sodi um acetate, sodiumcitrate anc’ sodi um hate. O herw se,

physi ol ogi cal F§VeBELBR-2FRcPYRPATEdac O ?’E?‘bﬁ’ t |*~§/Y HC1) or alkalis
(typically NaO—|) are also 30 suitable for adjusting the pH It is also
possi bl e, for e putpcse of alterin the rofil _ .0on of_ the

har macott | cafs achat BEngrSonEras WA Mol M RARE Brocdi. o
EP-H- |1320769band EPokatlag7¥be ahl:ll’obiudmwlprw inrsulins, preferably
bovi ne, porci 8? 0re"ﬂ5!£@ﬂa\:§!ﬁlj' ithe %R?@éﬁ-l |%oﬂ:'f@1n EpSHl 'C'AM.PS-b-Ebﬁlng

pharmaceutical "i:a prepared ~y convertl
phosphoi nosi t ol - gl 968ﬁe|5€'pt i 8BdanpreLt lé’fn’il eddite ofe L YINg pRCAsYdical |y

tolerai:ed salts tbﬁbeghat\.ﬂB?ﬂ.Qnaﬁﬂﬁ@Dl’-péﬁELd@gﬂH\ﬁé ;sfb;mt_uﬁé,ed and/ or
unnmodi fi ed |n $|In ffr der vatlves t her eof , W, I

g{sﬁ S1 0:,0Qica
accept abl e 10%ehi & éméﬂﬁ iferd APSpr P&t eleYh % eT®t e and

anci | | ar §Ssubst ancpgodntt absaihedbie pposeessfstep dheandiventi on | S now
expl ained in re t he 1o

Fernmentation © Sagcharorry es ctéi“gw Vﬁ@%%@%ﬁ?%ﬁ@&%%ﬁy@ég%ereV| si ae
DSMis cul ti~ated pEpduced! ip progesarabeped) - The medi um cont ai ns t he

foll owi ng conponents in one liter of water: Yeast extract 20 d ucose KH2P0O4
NH4C 1 Cad 2 ~_2H20 Sp4 ~ H20 FeC 13 Lactjc acid 3 1 1glg
0.5 g 0.5 g 0°BM§~ Blggﬁn“gof Pﬁwg%ﬁqu‘e%s R ARH “?fl mfard?“ a’@‘g‘%rsc’g‘ﬁtl on.
The pH is adj usyadisms?. Ponidsinngle féemamionooeganismed Ry, funyil 1 of
air per of fer eI sultur i C 1
density %g 1 X§1g{i{i s?%ﬁ ml ur e‘J"glo |onLgy| 211% %uuf'{’gg vt\:r?;e wei ght
per 1 of geastl SQthQubmvcga ca‘nevceias, aespeciaykbly elbﬁlbyﬁwtrl f ugation
(3,000 x g, 5 nmin) and wa~: hed with phosphate buffer, pH 6.

The preparation of cAMP~binding protein by Saccharomyces
cerevisiae is carried out by fermentation in a nutrient
solution which contains a carbon soiLrce and a nitrogen

25 source as well as customary inorganic salts. The cAMP-
binding protein is preferentially accumulated in the
plasma membrane of the yeast.

The best procedure for process step a] is as follows. The
formation of cAMP~binding protein in Saccharomyces
30 cerevisiae takes place well in the customary nutrient
solutions for Saccharomyces cerevisiae. Cultivation is

carried out aerobically, that is to say, for example,



Example 2 5 Isol ation of CAMP-binding protein The cells from Exanpl E: 2 are
. conv~srted enzymatically (zynol ase, 2,00D, Sei ka~~aku Kogyol o, Tokyo) into
spheropl asts, conm nuted with a gl ass | ~onogeni zer (Arthur H Thomas and
Co.) at OC. The follo~r~ing isolation steps 10 take place in the presence

" of F~rotease inhibitors (phenyl net hanesulf onyl fluoride ~PMSF), |eupepti.n
aprotinin, a2-macroglobulin, trypsin i ihibitor; Boehringer Mannhein). The

cell lysate i i 1 v X 0, 3_m.n,..40) .t | | di,rent i s
waFhed wi t h s%ﬁlﬁ’;deérdjl %5@9%@ c?Bsé‘?‘g?%ﬁgM‘" Thaihl LT 6r
et hyl enedi an rf@m@mentara, whanel apPYPRriate ghtroducing air or oxygen.

3- [ N-nor phol | ne] (i RsdIesatE Ddd Code ! th (MEempdddtufd! fade 2P 9GSt
centi~i: Euged., The §l|égernat ants are conbi ned and centrifuged A8,000 x g, 15
I

min, 40 in aYr&ocdPl Cor RIPERTAPPK R FRRNt Roeitsus]; Caginoparkiedlar SEM
b_uffeL, 3.5_5 mp 8of tr @oaicn/ n?t)e Pyt md;ﬁﬁnhsmd)@m_ ﬁ_eerﬁgta.f@d_ nntc;@gfd)n'eﬁ and
m tochondria arg separated from one another,in,this gradient. e sna
menbr anes roaﬁCﬁfaf{&to £ ar Q#W?frb?ft%&g}h lé%t’.’e tey]‘%rcéupéﬁ%ﬂgﬁgfrom
the gradi ent winder tlyeseigeonditioed g6nerahlg untid tthereolame albhoSEM
bufi:er and cenjmr| 48 £0 ‘ 3 1. P; ~4C). The sedim~nt is
suspended in E‘g?sb%gg?g}nﬁ( gfnggg lg?gt g?g}‘ﬁ%?é:i)nd i ncubated with

N-[ 3H] acetyl - concanaval i . n A (Anersham Buchl er, Brunswi ck; 1 ng of protein
with 55 ~G, iftheoHede! prbcddiie bEdt §5rtied Popdegd NOeri Mogierei #hat 26heM  pH
7.4, t).5 mM EDTA, 50 KCL, 5 nM Cad z, 200 ~g of baqvile serum al bum n;
Behr i ngwerke, ¥AHurggle® arei aeparaFedadsnme the Mytdiests: Moy f9pe

bi ndi ng of corganawllidt i & eheas Me-kéhdifhiepsytaensaniiSane ewpsRedt ed

onto a sucrose 35 gradient (15 to 28% sucrose in MOPS buffer nd
contr it uged (Eigb0 RIyERy: | LRRLLFoR: HAKES GBLAPHY ASF eXabifacifBinn sw
27 rotor). Thelesamridssl ~-bydiMiltlerar andr aBandiawed{Baodhemhistayj 0a28j ve
fr~ ctions (a 3 Yookl Q) yar opd) i dut 3 i a S
buffer ( 50 (L:%angc)a'naval in A )SI %r?g %E?'g(ealﬂﬁ%gééeérjf %glfoy%%ﬂhﬁc%bgn?i&g
centrifugéd (Z=RnvRKFed ¢nzygatigaldyc(zymeekyasm fintrogrhgrgplastsyand

sedi nent di a a vmhﬁchE' m%éfeh wiftY huflfaﬁbg(]e-ﬁ5gengKCt‘1))e p@@ﬁbhb}e%@ﬂ%%ﬂeasgoaf
resuspended i n, uf fer, wit hout 370 pr.ot.ei n : out 504 ~g
of “Lhe. pl s NSRS o ERRs cotd JBRaT6TH: MerBh Iy P, A4L, S2n2
MOPS/ F: OH, pH trifuded, rndidtle celiMVpvigCipitaté o €&fkedevhythebefféycol

bi s(, B-am noet ) i i.d T i LRl i ),
0.5% deoxychol%}?&el,aw %ﬁwégébﬁ@ﬁ ﬁé’?&ﬁ?an?g’rn%‘f,g %Qﬁﬂ%ﬁﬁ@b 50 ~M
| e~. ~eptidd 13pwxified dgy &t | Perce bl myadientTH@ 880 lPerrodl) sandagearoneo a 2
m N6- ( 2-ampogidwile ) (15 FVreReRarese)GOoriEle( BhRETRGLAL i GhesBURS) |

whi ch has been equjlihr<<ted wth the same buffer, at 4C "The colum i s
washed jive tiTRRILF t A2 GYCeREASH; mPloEmur PeRPYN niiA5eSARes pRd7. 2,
100 mM Na 20 anitadlondridV Bé¥ing Ssepdrididd, fribnD ond Nacithe250 nM sucr ose,
7.5% et hyl ene glycol (Merck, Darnstadt), 10%glycerol, 1 ng/m bovine serum
albumn, 1 mMIHMX). Elution is carried out. at 4Cwtt 2 m of the sane
buf fer which &Rk tEBMBrPYndbngaprnotedn) isvboanA, fHem fihestpbssmsomen-of the
el uate ar d d if ti m 5, 5eppagdex whi ch
was equi Izist;r ate r\E/wét rﬁ?ﬁ%r fgg nﬁ%ﬁKgﬁ aﬁ %0@5‘(’)&‘3%%%?% mM
MyCl 2, 10 nM SPMPTRerhaxgse, ceigmny pREFthe P%’&’é‘é%mgat%‘fmfﬁy‘bl ¥8erol).
The desal teal dmRitdd dfrom LK WhslRth Wilth [dMMEBQAnsdRawQlceds of 8%

pol yet hyl ene gl ycol 4400 (Pharmacia, Freiburg) in buffer (10 mMV MOPS/ KCH,

pH 7.2, 1 mM EDTA) at 4C for 30 mnutes. After centrifugation for 15

m nut es, the SkEie neest i prdceduteefior nprodeids est¢R20c M 4/OPSEKCEhapHtEe2, 1
mM EDTA, 100 ~ % y fos e} - 10
Exanpl e 3_Pr ep%%g%&b%‘%ﬁ%%g@ﬁotﬁfmg@g%ﬁ%% g?c o%eiglglgt@ %oﬁﬂé\nﬂ}ﬁatﬁ’?gnase
(St ~: ept ot ceseRFYBRLCA hr‘iF’) r %nﬁ{ﬁ)@i fp2ymabic -gleavageamree ndf Ay
protein are 5 éxXempbé £d Wridteda@s~0/silclPr onase Privnlagd, of efiddphbtease

4- (2- hydr oxyet gl)- 1@%razti: neet t ~aneaul f oni c i d {_I—EPES%/ Kgl? BH 8.0),
15 1M CaOl 2, T9ESTS 1 DY SORHF T B ehr Y RGES " P V4 BECEBRSF of StabhKAG: o
After additi onoadcdis Shixréssili unhilsdackieses f bréasjdowieof nthéapronelf i s
continued wt n i i.sPro e f h d
Edmann de rad;?i@ro?lfélﬁb&gﬁ% hgggﬂgngééﬁdggéaagﬁ%%% egéjlig ?néﬁ(gg@g{i
phosphoi i t cehogphatidylimositekl i kwithnkaddeof dpepliidg ne SeguBBECeani no
end of the ethanolam ne. This phosphoinosito. _-glycan-peptide is 15 called
PIG N hereinaftE: r. b) D gestion with endoproteinase ~~lu-C, EC 3.4.21. 19,
(V8 protease) {Staphylococcus 3ureus; Hoehringer Mannhein) : 100 ~g

CAMP- bi ndi ng prote~.n are incubated with 300 ~g of V8 protease in 1 m of
20 nM (NH4) ZQ03 (pH 7.8), 20 0.5% octyl gl ucoside (Boehringer Mannhei n) at

N~ T I N - o



- 11 Automated Edmann degr~~dati on shows that endoprotease Lys-C results

- i n the phosphoinosit~l glycan with the peptide Asn-Cys-Try-Ad u. The peptide
is linked to the phosphoi nositol glycan via the carb~~xyl end of aspara 5
gine. It is called PIGNCYE hereinaf~er. d) Renoval of the carboxy-term nal
~tnino acid: Pronasedi gested cAMP-bindiLng protein (see a) is subjected to a
manual Ednmann degradation. The resulting phosphoi nositol glycan free of
amno acids is_called Pl G here]iPnafter.. ]}g After the praoteol ytic cleavages,
the prot eases 3ReCYBRBYES HYCPPREIQR (% iy Ehg tﬂF%%aﬂ% EFoRassc ¥ied dgci d
(TCA). After aentglyaamtli-phdspghddidyl igiositoli-pepttiide wherein the
phosphoi nosi t Qf - an- jde_der| Lye ntai.ned in the su nat ant, . as
wel | as the pﬁ%gglkﬁ%:éngglp?g{:hg??c‘g#‘%%éégo%lfﬁeééd%‘aeﬁn erbgsa%caltcli)%ﬁnhre
concentrated and purified by binding to a phenyl - Sepharose col um. After

el ution wi th #e0pE¥taRgRol sephubepeeatyaol (8 NBkahpXelBY) aifie such
phosphoi nositol -glycan- pepti de derivatives are purified Dby thin-Ilayer

chr omat og? aph® 8w t h B bd P RERdECsol VARLdoyst eff e Af t I L¥RC E¥ASY run

in an acid syphesphabiayvinesieset I@édangrd , /(@puralediC dridin adihd wat er
10:4:2:2:1',. tge hoaphoi nosi_t ol -.g cgngepti des near_ th appl{cati on
point oi a sPFP ﬁaggF pI'H e EF&}BE-‘- B%a t2%e| uf’&ﬁc\ﬁ"?ﬁa an®tt®ng 2
subsequent | y gbengthSephavgsephedlimna ssdongurafiied ablyasithisydiagmar

(chl orof orm i,a/ water b:45:3.5:10). The

phosphoi nosi E%?g{ﬂgggﬁ%@ghde deri~atives are again eluted fromthe plate
(Rt = 0.45) and extracted with chlorof ornf nmethanol (2:1). The organi c phase

ibsf}/vashemlofo_ @hd sgagoo;%b(eéga&é tfbehazbﬁébalhsi;apsa?~|men|da&hi RhROHMeAt e
uffer containin : JX- e e _phasphoj posi cang . cr

Phosphor nos, t BPBRy caF. Hany iy danah re iAneasthas avd i SHA SEREWAT h 10
units of phosphaspHutidgiihobkitpbepéptridddspébinpistedenCymatidally,s,
(Bacil lus cer ;w2 gn | senhof.en) i - S 10, 15 2.y of
0.2 M pot ass ShapeaRe S FRE 8- dllosri-vey idg iy} BeBR xRN

0. 05% TX- 100 &hi87CGvay+y Xdeslir orAfthe aadiymadicof cleawdeEDREY et hfor
c?.eavagegpro re m angt h 10,11 -

chr omat og?aphguﬁ;ﬁ\é'} %é bgtgql?%ﬁ@%f&egngt&sygp g% %%e%t%ﬂﬁgl?ﬁla&%ﬁﬁo#e di rect
vicinity of tHeegpfircaheephelipase (S (Bpgiddurreprev) plHles AFPIA%E/ with
2% pol yet hyl eggigilinaeipf BENOhOCHYhEHesty|diidiaglyckrollldes ifduas vhich
;Separation i s _ini t“i—ilat ed b eat | ng a?,r)]d centrifugati gn. ' 1 he a%ﬁg__o%s phase
i s concentrat & BPPLEH SR 2L oRREFRDRTDr IEPYP 752 s AT IVE 784S
phosphogl . ycafthpeglydespltbonhainbggnredidibe ig gutc 3 luodgwmtiare bhyn tthee

mat eri al 4fro tq.d). 1 n el by r hyliatjon.\ nto a
radi oact |29el S]P nggﬁgg t% %?%’?%Lfa%%%fh%ﬂeggt :’élg%b %& 'dgg'? i st %éht%tdssa%p’l eis
dried in ~~acadd dndcapoagsoobedracrhgd autfbii'lrs aFreverrrR@equerge.
|trasonic treatnent ( 1 min ) , 10 ng of NaOH and 4 0 ~ 1 of nmethyl [ | zsl
] 1odide (0.2 ~C; NEN Dypont, Dreieich) are added. Stirring.,at, 25C for 45
mnutes is .fOPPORSFYIRLIE FRAQLIGDS He RFRAHRS iaﬁt%P*’sp%édegé fld i t1 _on
of 400 ~1 ref cHfPiedheusanpbieri sondstbions hwiekch iams fdvdradllerfcfrortheand t he
chl or of orm ex e hz t;i i h | gr | S
evapor at ed un%éragk]%ti?he’y%z&n%rhyl (.fgt ilc?gel?c’sw: ?Egﬁgg%g (?u%t |8t E{elq\r/fiegdover a
wi de conéént r gkiiddedanie. the tart t bat estebldshi fdig | Aptikalacigasntion

equi val ent volupgs tlof@Uah YR® KakisSot Che PARSANA LIRS {H wdHldiadibmept i des
are enpl oyed (1-100 arbitrary units). g) Incubation of the materi al

obtai ned in af°Fotde fRdd #NE¥BEE-acid | eads to cleavage of the

phosphoi nositol 30 glycan. Exanple 4 Structural features of the
phof , phoi nosi t ol - gl ycanpepti des - 13 a) Yeast cells are,cyl.tur as
Shown' i n ExanpRE PR BT SO TP TSR SatePely) A S S
(supplied by Nbdsphpdipaseseciarehpresipitatedicbg hohds i swshtals tri-

et hanol agipne 1 (] 8 nn . 1| ,{telgg N fraction
or the CE'OI\/P- b?:hg.:&%%? [ngotaggﬁ' grﬁlgf?%@d%}g&ﬁ%ﬁﬁi; é‘c??romat 0 r%% ](tréee
Exanpl e 2) issepsrétedd daom Shs pphoaehylipadee Bl “e@@bﬂ‘?fkﬂﬂﬁ&‘is.

Stai ning withpugaFded aritihieaoBiddedr adigooEenihn ofind heonhepdiaties Shpws
that all the ghave! g.;[ml oned.radioacti.ve conponentfj are inco=porated into
the 15 phosphdiHeSitdi® GAFEXFORESERFS ) The

phosphoi nosi t ol - gl ycan- pepti de obtainable as in Exanple 3 a) is further

cl eaved chemcally and enzymatically. The cl eavage products are anal ysed by
t hi n-l1 ayer chromat ography and neasurenent of the radioactivity 2 0
distribution ( [ 3H] steari.c acid and [ 14c: ] nyo-inositol ) . The

remai ni ng radi oactively |abeled structure is eluted fromthe plate and

subj ected to the next cleavage reaction. Deam nation with nitrous acid of

- o, Y ~ o o, o o,



c) The structure obtained as in Exanple 3a) and 3e) is dried and treated

-wth laF (60%in water, 0C, 16 hours), 35 and the resulting

ol i gosacchari des <<re hydrolysed with 2 Mtrifluoroacetic acid (100C, 4

_ hours). The reaction - 14 solution is subsequently dried, and the sugars
which are present are reduced (1% NaBH4, in 0.1 M ammoni um hydroxi de, 37C,

1 hour) and finally acetylated (1:1 mxture of pyridine and acetic

anhydride, 60C, 1 hour). 5 The gas chromatography is carried out. with a

Packard gas clishatRbgepheinasddiolrnd ycan-peptidesi2ecsapdingpote (Shgel co,

Bel | ef ont e, U&A&v&ttm{:ana laﬁefﬁswmmgmw %fdl‘é&-a(%@@)%!ﬂ:boﬂhéfébged
mannose, gal actos 0si t and gl ycosam.ne. The structure

obt ai ned as i atr‘r’f)%a Y afige ‘ée?s tiye cﬁ"ﬁséif“’é’seq rrf‘i‘:ﬁ Rhe&RMAEePE0% i n
w~~ter) and 4 thlddll campba(Eifoms £6rhohe Stréiﬂ:pﬁ‘rﬂi iodndiiabateannabl it
anal yzer (Bi ot 3 ) d | owi ng conponents: aspartic
aci d, NH3, SBet hc%rgorIIogin‘ilnIn(%ugLn (IerLPce\éxggérI}l%néfl tl%r? ‘view of the hydrolysis
condltlons the ratio of aspartic acid and NH3, and the results in Exanple

3a) , the ami “ﬂx@&xﬂré&ﬁﬁﬁﬁﬂttﬂé}etﬁb%eﬂ%tl'sﬁerQIi%BQOI:BOE'%Rérﬂééé&éﬂi?éﬂi' de is
aspar agi ne. Exarrpl e bi o] ogi cal activit~,r

phoephoi nosi t ofhig éﬂt‘F§§§C¥P@)‘"°élﬁ%‘rtdpﬁgplﬂ‘83Phﬁlpﬂ§bIﬁ‘PI~bﬁlY§an‘
det er mi ned ummﬁh&%m&%ranétpl E§@§t ofoxc& apiT agHel Sphylbedlb 1dauyctl on

pepti do. 0bt AP A 1ok EAPFBOAD an SReo it =g ogﬁI'IéPﬁosMol

gl ycan wiltth asprystagilnene didra.ned as |n Exanpl e 3a) and 3e) " Pl G NCY"
nmeans phosphoi nositol glycan with the peptide Asn-Cys-Tyr, obtained as in
Exanpl e 3b) and 3e); "PIG NCYE' me, ~ns phosphoi nositol 30 glycan with the
pepti de Asn- qlﬁxer;nhmwcea%'tl&iadewasr@ﬁeah |2 sgdntien 9F) suspers oy
(nit)" means r@ézerllﬁljeel&b.ahne@lﬂs iah F¥arfdttvedd )abaad 38.0 whd cb.bas been

cl eaved - itroys ac se~~ e term
St ante for acEALSraN b HRE %‘Irét?aﬂ eI Eph ey anBnbRaPhE Ul i n
and dpm standsn.éotronmhzmangm@erthﬁl&\tﬁg:%bb&ﬁpp&ﬂeﬂﬂltﬂx@e andhewhere

preparati of f carri ed,oul _as o] di pose
ti ssue frlgfIIn t he&IIl gxc%fersﬁ SJ (%IILIIIAZII v ar tae- i‘§o$ ,lgnésf e‘é’IIgI%fXIgI”l étl on)

i s digested wnn’naﬂm & se depat phvd ned pdelr t LY |>§otaueeeadnpa'e9reéeare 10
washed sever al,d\jdBiss by oihetiahi 3 P&gﬁr@f&n Obngl achsa Of el 3ET gag from

the rat: Small I eces of tissue aneter) were punched out of

heni di aphr agnECqmaaRents apf dﬂleiocﬁmpﬁélFéEB'ré’Qarqtctgﬁﬂ‘)‘ WdeheBcELVEr al
times. 15 To ingsdtaredes, thormWHd Rdngrrfiitdon Frehdicledi pocytes, the cells
are treated with 10 to 40 ~~~/m trypsin. After addition of protease
inhibitors, tt~e cells are washed twice by flotation, anti incubation is
conti nuedGt IFnuipked Sofri suitakbe c:ed:tenmezim;arﬁ.@enw dve ghycewvol,of 20
stinilation ofq]fofenaalin ol NNAND; | PRELIART 6P| nalHERLBRPLLHBSINAS
control |ncubactI|on wWith insu ovvs that the trypsin-treated

di splay only \&igh|asy I%Olrl?%ﬁjﬁ?ﬂésn LafHizcRrcMAChe stinul ated |ay insulin,
and thus only a very lim.ted nunber of functional insulin 25 receptors. To
inactivate the insulin receptor iii_ rat diaphragm thg II ces of tiisue are
i ncubated in ¢80 FULtARln RrsservAatiNes Ase-RPENGE  sH-SERAPL,

~: et radecanoy!lpdwzpb| a besticl eandior? TS hyrhroxybenzdic lesdeyts .cont i nuousl y,
for 30 90 mn. The pieces of tissue are subsequently washed twice wth KRH
buffer and used for the relevant tests. The experinental results obtained
in the fo?%ow Engamb@wﬁerhtsfimn reubstanses whdichs ciap Wi veedheeppsgirn -
16 receptor nhappefs |RAILUAELIY G tulhvaR Ap AP anblases ), naeach

case. In none of foll'ow ng Tests did PlGNCYE show an effect
d ycogenesi s 559HHWNt @Get@dtter nFAdiuRh Sl ARG gRAC syFRHI Sehatkn be
stinul ated by mﬂﬁui:wﬂsen Mphesties oatidaMiych ssduptedieg! udDbet & r aagpdist

h h th I dth f I ' I
I ncluding, he TERETBRSY R | B o AURALLe: arah S bV cBebffo e Rudoyco0en

30 suitable for adjusting the pH.

It is also possible, for the purpcse of altering the
profile of action of the pharmaceuticals according to the



10 Pi eces of diaphragmare incubated with 50 ~M D-[ U-14C] gl ucose in KRH

- buffer in the presE~nce or absence of insulin and PG at 37C for 15 mn.
T?~e mediumis renoved by aspiration and then the pieces of tissue are

t hor oughly washed, frozen at -70c: and subsequently 15 honpgeni zed in a
Pol ytron honogeni ze.: at 2C. The honogengte is centrifuged (2,000 g) and
the supernatant is pipetted onto filter gaﬁer. To determ ne the glycogen
formed, the filters are transferred into TCA ~5~), washed with ethanol and
acetone and dineentien,thedr admfixo rodidtiedi t ycfs BRBmMihdd 19 and
scintillati O“Eﬁ?ﬁsi'sﬁn‘?ﬂb?§/ andAbr] GiSPOEed dRMEu1iMY 3 ]g_aﬁefergi:g.fmts

for the phosphoi nositol -glycan-peptides are arbitrary units definedas in
Exanpl e 3 f).Pa%gbNes 1 BABGANEheCF eshifian insulins gepescizllys fuman 1.

d ycogenesi s [Aga1iR; 3] Basal I nsulinPl GPI(.-NPI G NCYPI G NC(na) 3. 3(3.4)10
nMB. 4(4. 1) 13. 2(3.1)53.6(3.5)254.4(3.9)10013.0~ 2.5)104.2 3 ,8)1006.p
7,2)13.2(2.7)54.8(4.3)256.5(5.8)1008.0(7.1)13.0(2.5)103.2(2.9)1003.6(3.4)
b) d ycogen syhéhepharhaeeutdicadet arsn nesepdueyd coby er goaverttingh adie be
stinul ated by _j j Li _ - gl_yc i | ycogen
( gl ycogen sy%§$§§§2928?§5?§y5¥9§§§|g%#ﬁgég‘4%#Z?ﬁja§h§?g%ﬁsu+?ﬁ§€ﬁ%ﬁ%|
transm ssi on eh¥ehadtogiratdye tolaraimd aadtactthesdadh ovhgrac@pprae

gyoi ded ]gwgl cﬁﬁﬂaiéetgg&a&t b:{?.tg' xﬁ{m:iedlsmw%&'i( gmjrfmatfri?gemnstﬁ% a) )

i eces of diaphragm are, i ncuhat e Z cose (0. in

presence or a§§e‘$11 l\S?WYn%ﬁI‘?HW%ﬁﬂ)éﬂfP@tg{g#@'?b?"%?ﬁ .YR%Hﬁfgﬁﬁe is
prepar edland cehicléugad, whel@ appoptlateq) withe suipablat addiitsiverxcubat ed

with U[14C] UDP~gl uc ) in the presence of,either 0.4 mMor 10 mV
ol ucose: 6. pheednaraerasy BrBptante ninbheR RS E PiE 9059 £rllt aa 1o
filter paper, and the 5 filters are treated as above. The gl ycogen synt hase

activity is c ulsated heg f i | t t e he
enzyme ( in. dgtﬁgn&ent (}?%5{ ug%s%%g{ ﬁﬁ@&la{&tef gpﬁ%?%hory E(lef'f]f'ed,ﬁip nd
corr E: sponds £elipWipgoarampiesdeti ve enzyme in the honobgenai:e ) and the D
formof the enzyme 10 (dependent on gl ucose 6-phosphate, phosphoryl ated,
corresponds tQ the.total anobunt of acaivatable enzyne in the honogenate ) (
[ 14C ] gl ycobBA™Pl8ph 1t ~-3 ] ) . Table 2 shows the results: 15 20 25 30
35 Tabl el2: GFgrmgrhatjothhefeShdphakOmpres cerevisiiae DSM 6649

Basal | nsul i nPI GPI G NPI G NCYPI G NC( na) 4. 4(3.5) 10 nMLO. 1 (6.
(i)13.9(3.5)54.8(3.8)25'5.7(4.5)1006.7(6.0)13.9(3.5)105.7(5.0)1007.6(6.2)13
. 8(3. 4)55. 7(58aygharoppcay 1oeveBiBiag DSM iggcultivated aerobically in

a fermenter. The medium contains the following components
in one liter of water:

Yeast extract 3 g
20 Glucose lg
KH,PO, lg
NH,C1 lg
CaCl, - 2H,0 0.5 g
NaCl 0.5 g
25 MgsSoO, - H,0 0.6 g
FeCl, 0.3 ml of a 1% agqueous
solution
Lactic acid 22 ml of a 90% solution.

The pH is adjusted to 5.5 with KOH. teration is carried
30 out with 1 1 of air per 1 of fermenter volume. The cells
are cultured until the cell density is 1 x 10’ cells/ml of
culture solution; yield about 3 g w:t weight per 1 of



Basal I nsul i nPI GPI (. - NPI G NCYPI G NC(na) 513. 2(3.0)104. 0(3.5)1004.5(4.0) c)

- Li pogenesis 10 This test determ nes the conversion, which can be stimnmulated
by insulin, oi: glucose into toluene-soluble products (triglycerides,

. phospholipids, fatty acids), which requires gluco;~e transport and
triglyceride (glycerol 3-P synthesis, esiecrification)/phospholipid/ 15
fatty acid synthesis including the insulin signal transm ssion cascade. Rat
adi pocytes are cubated i.n KRH buf fer [ | ucpose (0.2 MM or 1 nv
final concent?‘éjf § i§PHF P es@ﬁ@e C&l\lﬁfosﬁﬁﬁe%‘aﬁ%ﬁﬂo ﬁ Y_iGRPEEE at 37C
for 20 90 m nfug'«h'emnl (S, 08 ki sy,upb enlihy acdi nepshad| wetbs gphddphate
SCIntI||atI03b&ﬁfg£alh gt~d the lipids are separated from water-sol uble
product: . e I nc gatlon medi um After phase separation, the

radi oactivity incorporated in lipids is determ ned by sc:.ntillation
measure 25 nenkaﬂplecnly w t hou~~ reaning she aqueous phase ( [3Hlipid

[ dpnt10-3] ) g e s?ogggghs.rﬁ sults: .20 5 10 15 20 25 30 35 Table
3: Li pogehesi S8P4phEeB rPA2arPEPPERFBIRPI G NCYPI G NC(na) | . 0( 1. 0) 10
nML1. 2(1.9)11.0(0.9)52.1(1.5)253.1(3.0)1004.2(3.5)11. a(1.2)103.5(3.3)1005. 4
(4.8)11.0(0. 9% 2 ( ,@ﬂlppﬁﬁ ( I 0 (2.5)
d) Intrinsic ﬁ%co%s%% a%gogrfﬁ:act~ VIt§ 5?12% %togtggr%lea 13%%%%9%%% cles
ara obt ai ned Fmﬂ-aﬁead?pgwte§e€-k§'§ékEx’é‘P@Y‘él‘5r) PKYP helBER | SPRSX@S bei ng

washed twice gﬂabﬁgpge@bﬁﬁihutédbuﬁtﬁ{ (d Ogiykbr | ROMYgenx¥ER hYArdhur

o nomet e | Wbk obhi'gots g% infl oL oyfhg Folt ﬁ%%;’%ﬁ B8 i th

t hen honoge. n

Tefl on p&8t | exak@hephaagenine thecepresénged ¢fie protease | Snkilspeodsd in

trifuged againp 00 15 and buf f er
ghghglﬁ@éhﬁﬁ%uﬁlf%yl E%u5rgde {MQF L &dGe n%@][fgy

and ceni s sus onogeni za fer a; ered
onto a sucrosBPEQERRGRA /(- z\zcwgl}ebyéén z'ermnprmg/thetorpmehnqgw EDTA)

and, after CeﬁhhhhéﬁlﬁwOft‘t(e|@@1@0(ly§aﬁ:e i® @eli»)t,ntfhe_;etdnt(eip@@@ex jh the
plasna menbr age Syri

b i ] ut 45 m  of
buf fer and ceﬁtPX%Zbgdsigaghé(ﬁQYSOEPQLBe“551ﬁ1“?pﬁ%ﬂéwtﬁﬁ ﬁgﬁnggf °
suspendetl5i n 10.25 Mf smefose, derft mM ey aredi arinee tRisrmawdiagacbdin 3

M of buffer hﬁ@hg‘t ed ?bgﬁfiﬁn?ggﬁaﬂ&éfg%i?ﬁ@f%gc &é@&ﬁ?@ﬁf&‘ i natfig 10

presence or aﬁsenc e vesicles are
aub~ sequently(ﬂﬁgﬁbéF@HnMRﬂ1?KﬁLNPEﬂ [agaisy genty iEegedandhe. fuper=C |
gl ucose (~j—|~f ]Ehftaﬁﬂ”g §fﬁ%6Cd<fF]mE1ﬁétﬂldim?bleh:t}rif&bea?@f.ﬁQOO@OXSQQ 155” heid} Xt ures
are rapidly fi red o rou nitrocellulose filters wt sugtlon.
The filters a?eEShO‘r’bu 3hi %Ed%‘?ﬁ?o Qﬁ‘h’é‘i“?c’rﬁdu %\Hrt‘-’y @%
determ n2d byPérqaild, saﬂnlbﬂﬁienn ﬂeasngemémprdﬂnanﬂmkmflcytmphsgmrt
(D-[3H gl ucos [ ] i

plbshi kne@tﬂi%ﬁﬁe, mifPB ek | ata! ﬁéﬁfih%ha%‘i |oac£@€?ty -

di fference be ween t dioac;tlvit K
Tabl e 4 showsr@kedr e&¥QRM s ongs snotrhm e ip thisi r%ﬁacdlgwcosé‘ €r aPLPEPe :

membranes float in the upper third of the gradient. They

are removed from the gradient with a syringe, diluted
25 with 5 times the volume of SEM bufrer and centrifuged
(48,000 x g, 30 min, 4°C). The sedimant is suspended in
MOPS buffer (5 mg of protein/ml) and incubated with
N-[°H]acetyl-concanavalin A (Amersham Buchler, Brunswick;
1 mg of protein with 5% uCi, in 50C k1 of MOPS buffer
30 (Boehringer Mannheim), 20 mM, pH 7.4, 0.5 mM EDTA, 50 mM
KCl, 5 mM CaCl,, 200 ug of Dboviae serum albumin;
Behringwerke, Marburg) at 4°C in an ultrasonic bath for
60 minutes. The binding of concanavalin A serves as
marker. The suspensions are pipetted onto a sucrose
35 gradient (15 to 28% sucrose in MOPS buffer) and centri-
fuged (25,000 revolutions per mirute, 90 min, 4°C,



Basal I nsul i nPI GPI G NPI G NCYPI G NC (na)2.4(2.6)10

- nM2. 5{2.3)12. 3(2.5)52.9(2.7)252.7(2.7)1002. 9(3. 3) - 22 510 15

Basal | nsul i nPI GPI G NPI G NCYPI G NC( na) 12. 7(2. 6) 103. 5(3. 7) 1004. 0(3.8)12. 3(2.7
. )53.5(3.7)254.7(4.6)1006.9(5.8)12.5(2.3)102.6(2.7)1002.7(3.0) e~ Protein
synthesis The stinulation of protein syntdesis differs fromthe 20
netabolic effects of insulin nmeasured in the previous determ nations in

that: it belo ct s_of _insulin row h r none)
The assay |nc%§£&%e%$§t}?|%§£ E &‘ggsgg LOSR,IEAGH 8 t€§ear€r??lcubat ed
in primry cuftd@nated.2sapg bébeo §aﬁm§ﬁ¢teuees§mta¢nﬂed(aimn(DlVEN)%

deplete in |eld®lclit©sW)t Iaraocambantaakﬂ amueeaer@omewpfﬁsgrﬁ@pé’fbd &)L i n and
PGP at 3.C for

arg. separgted fromthe surr~~un
et an. by t nd 50 PO ERRPFPRYATLE AT T Be Lo hiERR 4SO HIULKGE) msbat i bl e
30 scinti Bl at centeddhgad . (260 0T enty, fe@ahiwp, 4tbe We@u@ammprmmd ate is

washed with a , e [0 1% SDS_an d t| ion
cocktail. Theeggﬁﬁjssz%ifegté]%fﬁg%oac%l his 6 gdgf‘gs S\#héwgseﬁ ﬁ d on
measur enent, X€dVes cantyifugedr @ndf nemuspended rins BEM R £F 5 wiitthddie

am no-acid trg@qu@t st mgoggh Iggeghgagz menbrane ( [3H] | eucine [dpnt10-"] )
- 23 10 15 20 25 Table sho results Table 5: Protein synthesis

Basal | nsul i NPl GPl G- NPI G- NCYPI G- NO( nd) 3. 5( 3. 4) 10
NMLO. 1( 4. 0) 13abe3t3)59R) Haf HoH) Lhé- 1335&19@&:%%3 F3tdiRg3)akdd Cé;(ﬁ#) 1005.

- 247 tFE Pat&nt®udH ( PRosPlol’=Giry f¥bt i ~3e
3(4 2) 13@@3 84&3) gg 1&355(%) 62159(“% 8%‘&@%2}0 5) 10~3. 8( 3. 1) 1004. 1(3. 8
obt ai nabl e byNeCdavagé wf adéyl,ai ned 34 1M - CEGTAC eréf)WDéﬁbat efliybing

prot ei n and/op4g anombs'tﬂgncabkxeiyw%sgﬁégg:éﬁsnl o s agh, DT

phosphoi nosi to
phosphoi nosi t4dF-t§P-9é§ﬁel§PMmoI(brﬁ%wedeQxyqimftam aﬁdl omMpEl}wiXOI(agsc»al ly

tolerated sal batgflmah%mnahea&hw' glquapmpewsfﬂe d‘e gt Jebti ’
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sucrose, 7.5% ethylene glycol (Merck, Darmstadt), 10%

glycerol, 1 mg/ml bovine serum albumin, 1 mM IBMX).
Elution is carried out at 4°C witF 2 ml of the same
buffer which additionally contains 100) uM cAMP. The first
25 250 ul of the eluate are desalted by centrifugation of a
1 ml Sephadex G-25 column which was equilibrated with a
buffer (25 mM MOPS/KOH, pH 7.0, 50 mM KCl, 5 mM MgCl,,
10 mM DTT, 50 uM EDTA, 50 uM PMSF, 0.1% deoxycholate, 5%
glycerol). The desalted material is incubated with the
30 same volume of 8% polyethylene glycol 4000 (Pharmacia,
Freiburg) in buffer (10 mM MOPS/KOH, pH 7.2, 1 mM EDTA)
at 4°C for 30 minutes. After «entrifugation for
15 minutes, the sediment is dissolved in a buffer (20 mM
MOPS/KOH, pH 7.2, 1 mM EDTA, 100 M PMSF, 0.5% deoxy-
35 cholate) (2 mg of protein/ml).
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a]Ca]Ca]Ca]Ca]ﬁgigﬁifgigahﬁ?;ﬁ?Lﬁgﬁﬁﬁkgﬁk%%'protein are incubated with
300 ug of V8 protease in 1 ml of 20 mM (NH,),CO, (pH 7.8),
20 0.5% octyl glucoside (Boehringer Mannheim) at 37°C for

18 hours.

Automated Edmann degradation shows that the V8 protease
digestion results in phosphoinositol glycan with the
peptide Asn-Cys-Tyr. The amino acid aspartic acid is
25 bonded by the carboxyl terminus to the phosphoinositol
glycan. The compound of phosphoinos:tol glycan with the
tripeptide Asn-Cys-Tyr is called PIG-NCY hereinafter.

c) Digestion with endoprotease Lys-C (Lysobacter
enzymogenes; Boehringer Mannheim): 1(0 ug of cAMP-binding

30 protein are incubated with 55 ug of endoprotease Lys-C in
0.5 ml of 50 mM (NH,),CO, (pH 8.2), 0.5% octyl glucoside
at 37°C for 18 hours.
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110%& (30 different solvent systems. After the first run in an acid
system (chloroform/acetone/methancl/glacial acetic
acid/water 10:4:2:2:1), the phosphoinositol-glycan-
peptides near the application point o1 a silica gel plate
(type 60) are eluted with methanol and subsequently
25 rechromatographed in a second run in a basic system
(chloroform/methanol/ammonia/water 15:45:3.5:10). The
phosphoinositol-glycan~peptide derivatives are again
eluted from the plate (R, = 0.45) and extracted with
chloroform/methanol (2:1). The orgaric phase is washed
30 and evaporated and the material is suspended in phosphate

buffer containing 0.5% TX-100.

e) The phosphoinositol glycans c¢r phosphoinositol-
glycan-peptides obtained in a) to d) are incubated with
10 units of phosphatidylinositol-specific phospholipase
35 C, EC 3.1.1.5, (Bacillus cereus; Sigma, Deisenhofen) in
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f) To standardize the phosphoglycan-peptides, the
nitrogen of the free glucosamine in the material from
process steps a) to d) is converteid by permethylation
into a radioactively labeled trimethylammonium cation.

15 To do this, the sample is dried in vacuo, and 100 xl of
dimethyl sulfoxide are added. After ultrasonic treatment
(1 min), 10 mg of NaOH and 40 ul of methyl ['**I]Jiodide
(0.2 uCi; NEN-Dupont, Oreieich) are added. Stirring at
25°C for 45 minutes is followed by removal of the solvent

20 in a Speedvac and addition of 400 ul of H,0. The sample is
washed three times with chloroform and the chloroform
extracts are washed three times with H,0. The chloroform
is evaporated under N,. The permethylation is linear and
quantitative over a wide concentration range. In the

25 tests for an insulin-like action, equivalent volumes
(equal dpm values) of phosphoinositol--glycan-peptides are
employed (1-100 arbitrary units).

g) Incubation of the material obtained in a) to d) with
nitrous acid leads to cleavage of the phosphoinositol
30 glycan.

Example 4
Structural features of the phosphoinositol-glycan-
peptides
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, YMLO%2 &10) - protein purified by affinity chromatcgraphy (see Example
2) is subjected to an SDS polyacry.amide gel electro-
phoresis. Staining with Coomassie blue or autoradiography
of the components shows that all the abovementioned
radioactive components are incorporated into the

15 phosphoinositol~-glycan-peptide.

b) The phosphoinositol-glycan-peptide obtainable as in
Example 3 a) is further cleaved chemically and enzymati-
cally. The cleavage products are analysed by thin-layer
chromatography and measurement of the radiocactivity

20 distribution ([’H]stearic acid and ['‘(Jmyo-inositol). The
remaining radioactively labeled structure is eluted from
the plate and subjected to the next cleavage reaction.
Deamination with nitrous acid of the structure produced
after Pronase digestion liberates gphosphatidylinositol

25 (PI). The latter is converted by phospholipase D into
phosphatidic acid or by phospholipass C into diacylgly-
cerol. This involves loss of the myo-inositol label but
the radioactive labeling by stearic acid is retained. The
phosphatidic acid is subsequently converted by acetolysis

30 into diglyceride acetate. Finally, stearic acid is
liberated by alkaline hydrolysis from the latter
structure as well as from the diacyl¢lycerol.

c) The structure obtained as in Exemple 3a) and 3e) is
dried and treated with HF (60% in water, 0°C, 16 hours),
35 and the resulting oligosaccharides are hydrolysed with
2 M trifluorocacetic acid (100°C, 4 hours). The reaction
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5 The gas chromatography is carried out. with a Packard gas
chromatograph, model 428; column .00/120 Supelcoport
(Supelco, Bellefonte, USA) at 60°C. The following quali-
tative composition emerged:

mannose, galactose, myo-inositol and glucosamine.

10 d) The structure obtained as in Examnple 3a) and 3e) was
hydrolysed as in c¢) with HF (60% in water) and 4 M HCl at
100°C for 16 hours. Separation in an amino-acid analyzer
(Biotronic, LC 6001) revealed the fol.lowing components:

aspartic acid, NH,, ethanolamine and glucosamine.

15 In view of the hydrolysis conditions, the ratio of
aspartic acid and NH,;, and the results in Example 3a), the
amino acid present in the native phosphoinositol-glycan-

peptide is asparagine.

Example 5

20 The biological activity of the phosphoinositol-glycan-
peptides (PGP) according to the invention is determined
using adipocytes and pieces of diaphragm isolated by
dissection from the rat.

The term "PIG" means phosphoinosi:ol glycan without
25 peptide, obtained as in Example 3d) and 3e); "PIG-N"
means phosphoinositol glycan with asparagine, obtained as
in Example 3a) and 3e); “PIG-NCY" means phosphoinositol
glycan with the peptide Asn-Cys-Tyr, obtained as in
Example 3b) and 3e); "PIG~NCYE" means phosphoinositol
30 glycan with the peptide Asn-Cys-Tyr-3lu, obtained as in
Example 3c) and 3e); "PIG-NCY (na)" means material
obtained as in Example 3b) and 3e) wh..ch has been cleaved
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stands for activity without stimulation, insulin stands
for human insulin and dpm stands for radioactive dis-
integrations per minute.

5 The preparation of adipocytes from the rat was carried
out as follows:
Adipose tissue from the epididvmis (Wistar rat,
160-180 g, no feed restriction) is digested with col-
lagenase, and the resulting isolated adipocytes are
10 washed several times by flotation.

Preparation of pieces of diaphragm from the rat:

Small pieces of tissue (5 mm diameter) were punched out
of hemidiaphragms (Wistar rat, 60-70 g, no feed restric-
tion) washed several times.

15 To inactivate the insulin receptor in rat adipocytes, the
cells are treated with 10 to 40 ug/ml trypsin. After
addition of protease inhibitors, the cells are washed
twice by flotation, and incubation is continued at 37°C
for 15 min. These cells are then used for the test of

20 stimulation of lipogenesis by the phosphoinositol-glycan-
peptides. A control incubation with insulin shows that
the trypsin-treated cells display only very 1little
lipogenesis which can be stimulated by insulin, and thus
only a very limited number of functional insulin

25 receptors.

To inactivate the insulin receptor in rat diaphragm, the
pieces of tissue are incubated in KRH buffer (0.1 mM
glucose in the presence of 50 ug/ml it.etradecanoylphorbol
acetate) at 25°C, passing 0O, through continuously, for
30 90 min. The pieces of tissue are subsequently washed
twice with KRH buffer and used for the relevant tests.

The experimental results obtained in the following
experiments with tissue or cells in which the insulin
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theses in each case. In none of the following tests did
PIG-NCYE show an effect.

a) Glycogenesis

5 This test determines the glycogen synthesis which can be
stimulated by insulin in myocytes and which embraces
glucose transport through the plasma membrane and the
conversion of the glucose into glycogen including the
functional insulin signal transmission cascade.

10 Pieces of diaphragm are incubated with 50 uM D-[U-''C]
glucose in KRH buffer in the presence or absence of
insulin and PGP at 37°C for 15 min. The medium is removed
by aspiration and then the pieces of tissue are
thoroughly washed, frozem at -70°C and subsequently

15 homogenized in a Polytron homogenize:: at 2°C. The homo-
genate is centrifuged (2,000 g) and the supernatant is
pipetted onto filter paper. To determine the glycogen
formed, the filters are transferred into TCA (5%), washed
with ethanol and acetone and dried. and their radio-

20 activity is determined by scintillation measurement
([*Clglycogen (dpm'107%}). The units for the
phosphoinositol-glycan-peptides are arbitrary wunits
defined as in Example 3 f).

Table 1 shows the results:
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Table 1: Glycogenesis [dpm-107%)

Basal |Insulin | P16 | PIG-N |PIG-NCY | PIG-NCY
(na)

3.3(3.4)
10 nM 8.4(4.1)

3.2(3.1)

5 3.6(3.5)
25 4.4(3.9)
100

1 3.0:12.5)
10 4.2:3.8)
100 6.7:7.2)

3.2(2.7)

5 4.8(4.3)
25 6.5(5.8)
100 8.0(7.1)

1 3.0(2.5)
10 3.2(2.9)
100 3.6(3.4)

b) Glycogen synthesis

The test determines the conversion, which can be stimu-
lated by insulin, of activated glucosz (UDP-glucose) into
glycogen (glycogen synthase activity) including a func-
tional insulin signal transmission cascade. Glucose
transport and activation of glucose are avoided (which

differs from the glycogen synthesis m=asurement, see a)).

Pieces of diaphragm are incubated wit: D-glucose (0.1 mM)
in the presence or absence of insulin and PGP at 37°C for

30 min. A homogenate is prepared and centrifuged
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corresponds to the total amount of activatable enzyme in
the homogenate) ([!*C]glycogen [dpm'l(7%]).

Table 2 showa the results:

Table 2: Glycogen synthase [dpm-107%)

15
Basal Insulin PIG PIC-N | PIG-NCY |PIG-NCY
(na)
4,4(3.5)
20 10 nM 10.1(6.0)
3.9(3.5)
5 4.8(3.8)
25 ' 5.7(4.5)
25 100 6.7(6.0)
1 3.9(3.5)
10 5.7(5.0)
100 7.6(6.2)
30
3.8(3.4)
5 5.7(5.1)
25 7.2(6.4)
100 8.8(8.1)
35
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Rat incubated in KRH buffer with

D-{3-H]glucose (0.2 mM or 1 mM final concentration) in

adipocytes are

the presence or absence of insulin and PGP at 37°C for
20 90 min. The cells are disrupted by adding a toluene-
soluble and the

separated from water-soluble products and the incubation

scintillation cocktail, lipids are

medium. After phase separation, the radioactivity incor-

porated in lipids is determined by scintillation measure-

25 ment directly without: removing :he phase

([*H]lipid [dpm'107%]).

aqueous

Table 3 shows the results:
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ipogenesis [dpm'l

Basal Insulin PIG PIG-N PIG-NCY |PIG-NCY
(na)

1.0(1.0)
10 nM 11.2(1.9)

1.0(0.9)

5 2.1(1.5)
25 3.1(3.0)
100 4.2(3.5)

1 1.0(1.2)
10 3.5(3.3)
100 5.4(4.8)

1.0{0.9)

5 3.5(3.0)
25 5.5(5.2)
100 6.8(5.9)

1 1.0(0.9)
10 1.0(1.5)
100 2.1(2.5)

d) Intrinsic glucose transport activity

Isolated plasma membrane vesicles arz obtained from rat
adipocytes (see Example 5) by the adipocytes being washed
twice in homogenization buffer (20 mM tris(hydroxy-
methyl)aminomethane (Tris)/HCl, pH 7.4, 1 mM EDTA, 0.25 M
sucrose) and then homogenized in 20 miL of the same buffer
at 4°C (glass homogenizer with Teflon pestle).

The homgenate is centrifuged (16,000 x g, 15 min), and
the sediment is suspended in the seme buffer and cen-
trifuged again. The sediment is suipended in $ ml of
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h10%!"' & ()-! (h102 M' 8uEroke, 20 mM Pris/HCl, pH 7.4, 1 mM EDTA) and,
after centrifugation (100,000 x g, "0 min), the inter-
phase with the plasma membrane vesicles is removed with
5 a syringe, diluted with 45 ml of buffer and centrifuged
again (48,000 x g, 45 min). The sediment is suspended in
10 ml of buffer, centrifuged again, and suspended again
in 3 ml of buffer.

Isolated plasma membrane vesicles are incubated in the
10 presence or absence of insulin/PGP at 25°C for 30 min.
The vesicles are subsequently incubated with 50 uM
D-{3-°H]}-glucose and L-[1-'*C]glucose »f the same specific
radiocactivity at 25°C for 90 sec. The mixtures are
rapidly filtered off through nitrocellulose filters with
15 suction. The filters are thoroughly washed and dried.
Their radioactivity is determined by liquid scintillation
measurement. The specific transpoirt (D-[’H]glucose/-
L-**C}glucose [dpm'107?]) is calculatei as the difference
between the [’H]} radioactivity and [YC] radiocactivity.

20 Table 4 shows the results:

Table 4: Intrinsic glucose transport.

Basal Insulin PIG PIG-N PIG-NCY [ PIG-NCY
(na)
25
2.4(2.6)
10 nM 2.5(2.3)
2.3(2.5)
30 5 2.9(2.7)
25 2.7(2.7)
100 2.9(3.3)
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Basal [Insulin  |PIG PIG-N  |PIG-NCY PIG-Ncﬂ
(na)
5 1 2.7(2.6)
10 3.5(3.7)
100 4.0(3.8)
2.3(2.7)
10 5 3.5(3.7)
25 4.7(4.6)
100 6.9(5.8)
1 2.5(2.3)
15 10 2.6(2.7)
100 2.7(3.0)
e) Protein synthesis

The stimulation of protein synthesis differs from the

20 metabolic effects of insulin measured in the previous
determinations in that it belongs to the long-term
actions of insulin (as growth hcrmone). The assay
includes the insulin signal cascade.

Rat adipocytes are incubated in primary culture in
25 Dulbecco’s modified essential medium (DMEM) deplete in
leucine with 50 yM L-(°H]-leucine in the presence of
insulin and PGP at 37°C for 4 houvrs. The cells are
separated from the surrounding mediun. by the oil centri-
fugation technique and mixed with water-compatible
30 scintillation cocktail. After centrifugation, the protein
precipitate is washed with acetone, suspended in 1% SDS
and mixed with scintillation cocktail. The cell-
associated radioactivity, determinel by scintillation
measurement, serves as a measure of the protein synthesis

35 and the amino-acid transport through the plasma membrane
([°H]leucine [dpm'107°]).
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Table 5: Protein synthesis
Basal  [Insulin PIG PIG-N  |PIG-NCY |PIG-NCY
5 (na)
3.5(3.4)
10 nM 10.1(4.0)
10 1 3.5(3.3)
5 3.55(3.5)
25 4.0(3.5)
100 3.8(3.3)
15 1 3.4(3.3)
10 4.1(3.2)
100 5.3(4.2)
] 3.8(3.7)
20 5 4.4(4.2)
25 5.1(5.0)
100 6.9(5.8)
1 3.7(3.5)
25 10 3.8(3.7)
100 4.1(3.8)
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10 insulin-like action.

3. A phosphoinositol-glycan-~peptide as claimed in claim

1 or 2, which contains at least one glucosamine,

galactose, mannose, myo-inosito., phosphoric acid,

ethanolamine residue and the peptide residue with

15 the sequence Asn-Cys-Tyr, and has an insulin-like
action.

4. A phosphoinositol-glycan-peptide as claimed in one
or more of claims 1 to 3, which contains at least
phosphoinositol glycan or phosphoinositol glycan and

20 asparagine as peptide residue, ind has an insulin-
like action.

5. A process for the pregparation of the
phosphoinositol-glycan-peptide &és claimed in one or
more of claims 1 to 4, which conprises

25 a) using organisms  which contain adenosine
3/,5’~-cyclic monophosphate binding protein,
b) isolating the adenosine 3/,5’=cyclic
monophosphate-binding protein,
c) eliminating the protein portion from adenosine
30 3’,5’-cyclic monophosphate-b.inding protein, and
purifying the resulting glycosyl-
phosphatidylinositol-peptide where appropriate,
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30 12. The use of phosphoinositol-glycan-peptide as claimed
in one or more of claims 1 to 7 for preparing a



M& ()-10!'10!'10! W 110N & ()-S V- "10% & ()- Normal" "Heading 13]c"

- "Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font=

. P (-45<CxJ%QX"ei Xmqayudy @-<* . @M s { Q*def ghi j kIl mopqgr s| A3"&V+- A/ / R15;
S8WE?CFIJyMVETDW | aPcgi | | nm m mHMXng nmo nmmmuommmmmmm

nn/ n=nYpsl spsvsssssssssstt!t(t7tEt M ’\j[m%@t‘ft ttt XXXXXXXYY .
yly7yHyVyeyny~yyyyyyyyyyy{}}): H z$-Mjv&CK\ ky4} | *t uvwxyz{| } ~ I #$6Ti mes
New RomanAri al Cour pharhavehtReal Erfiary\Wthdoctreatmé&t of diabetes
I"H#E9R () *+,-./012 - s . .

<P @BODEFGH IKLMIGRCRETB TRy PR An b0 SRR AE (S LRRE RS By 2 ) -

I #S%R ()



