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TAITAIOZITEE: XHMEIA KAI BIOXHMEIA

B.M. KAl'IOYAA xai E. TCAMITEPH
*Epyactiipio Bioynuciag, Pvaixopabnuatixy Zyodd, Havenzon]/uo lwavvivwy, Iwdvviva.

(CEMigfn 10 Adyovetov 1978, Zopninpdbnke v 30 Maptiov 1981)

Eisayoyi

TS dvopa yayyliolitng éK(pp(iCsl G@’ &vog T6 yeyovog OTL mpdkertan yid
gEvdoelg oo elvol CLGTATIKG THV YayYAMok®v Kuttdpev tob Kevipikod vaopucoo
,cumﬁparog (KNZ) —an’ &nov drmopovddnkav Yié npdTNn Popd— Km aop’ etapon
16 yeyovég 6T mpdkertan yid yAvkoliTikd mopdywya. _

Ot yayyhoCiteg eivar oraloylvkosgryyoiimoeids, elvat SnkaSn y)»mcoc(pw-
yohimoedf], mod nepléyxovv 616 pépié toug Eva 1 neplocdtepa araiind 6Eéa (Sia)
Evopéva pé Evav oddétepo dhryocakyapitn (-X-), mob ki avtég eivan Evepévog pé
pta N-ékvho- -o@iyyooivn 1j knpauidio (Cer):

(Sla)n - X - Cer

Tl oZ’;ea glvor 16 KowéypNoTo Svopa TV N-cucsro)»o— xai N-
ylvxokvko-vsopapwmmv o6téov, kabd¢ xai Tdv &ctépewv Toug T GArov
nopaydyev 1@v H3poEvlopdddv Tob popiov tob vevpapvikod éEéoc (n.y. N,O-
drakeTvro-vevpapiviké 6Ev). To N-axemlo—vsupamvmo 8V cvppolriletar pé
NANA 7 AcNeu 1 NeuAc (1f NeuNAc), &vd 16 N-yAukoAvAo-vevpapiviké 6D
ovpBolriletar dvrictorya pé NGNA % GeNeu 7 NeuGe (1 NeuNGl). -

*O ovdttepog GAtyocokyapitng X mepréyet ouvrifeg N-dxetviegolapivn (N-
axemkoyakamoCauwn, GalNAc). “Otav 8év v nepiLéyet, td dvrictoyo pépia
yayyAoCutdv, eivon aipatolites. *EE dAdov, pépra nov mepiéyovv pév GalNAc, -
GALG 3év mepiéyovv Sia elyav dvopachel apykd ylofolitec. Tlap® Sro St dév -
elvar owolo-napdyoya, oi yrolofiteg dméyoviar ovviifmg othiv tdEn TdV
yayyAolurdyv xai onjpepa Bewpeitar St 1) mé yapaxtnpiotiky Stagopd Tove 4né
tobg bméAoimovg yayyAloLiteg elvar 8 mepiéyovv a~yAvkolitikovg Seopodc, oé
dvtifeon pé ToOg yoyyholiteg xai aipatoliteg, mod mepiéyovv pdévov B-
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IMINAKAZ L: dourj xai cvpforicudc yayyholit@v &yxepdiov Ondactik@v

ZYMBOATIZMOI
AONH Svennertolm | Kuhn Miegandt Korey
R v Wiegandt Gonatas
NANA(2-3)6al({1-1)Cer Ggal Gcalllhuk (67) A
NANA(2-3)Gal(1-4)Glc(1-1)Ger . Eha Glacl Guclhuk X 86
NANA(2-8)NANA(2-3)Gal (1-4)61c(1-1)Cer Ens smz GBEZNeuAc G:M
CalNAc{1-4)6a1(1-4)G1c{1-1)Ger Gy - Gm'rlll Gctrimeu“ G
3
2, G
o (6,)
GalNAc( 1-4)?31(1-4)5‘! c{1-1)Cer G’Dz G’n‘ruz GmiZNeuA: G“
)
21
NANA{8-2)NANA
Gal(1-3)GalNAc( l-d)gal(l-‘)G]c(l-l)Cerm Gyy &Ml Gmtethlﬂuk 6,
\
2
2 (6;)
GalNAc(1-4)%31(1—4)61:(1-1)Cer s 628 65, op2aNeUAC 6y
2i G
NANA(8-2) RANA (B X
NANA(2-3)6al{1-3)GalNAc(1-4)Gal (1-4)Gic{1-1)Cer Sy Gr2d By erZileuic 5,
3 .
V) . Gy}
RANA 11
NANA(Z~B)NANA(Z~3)Ga1(1-3)Ga1m\c(1-4)ga'l(l-a)Glc(lvl)Cer [ BggerdaNeuic o
2
RANA,
HARA(2-3)Ga1 (1-3)6aTMAC( 1-4) a1 (1-4)Glc(1-1)Cer [ Gpda Gt ONEUAC [N
’ 2 (65,)
NANA{8-2)NANA )
NANA(z-e)NANA(z»a)sal(l-a)samA:(1-4)§a1 (1-4)61c(1-1)ter [ 60 o [N
2 (G,)
NANA(8-2)NANA &
NANA(2-8)NANA( 2-3)6a1(1-3)GalNAe( 1-4)Gal ( 1-4) 61 ¢(1-1)Cer . BgpecSMeuAc
i 3
NANA{B-2) NANA(8-Z) NANA

* 3Tic quvTpioelc @V ynuik®dv témwy t@v yaypliolit@v nov xabipioe 1 IUPAC oi éArpooakyapitec
yayydio-tpiadln, yayyAro-tetpadln ovufoliloviar ué GgOse,, GgOse, dvtiotorya (BA. Hiv. 1I), évdd 16
dxetviovevpapviké 656 (NANA) ovufolilerar ué NeuAc kai 16 yAvkolvAovevpauviké 66 ué NeuGe. O
ap1budc popiowv vevpauivikod otd udpro tob yayyhiolitn cvufolilerar ué Evav dpibuntixé Seixtn (m.x.
NeuAc),). “H Oéon covdeanc tov Neudc otiv 6Aiyocaxyapikii GAveida ovuPoldiletar ué tovc pouaixoic
dp1Buobc, I, I1, 111, 1V..... (dpyilovtac 4né 16 dxpo mov ovvdéetar ué 16 Cer), dvd 17 Oéon Tob Seouob Tob
NeuAc|ué 6 dvtioroixo odxyapo ovufoliletar pé Evav apilBuntixé éxbén, m.x. IV yid vd Seikn &t1 16
Neudc ovvdéstar pé Tév dvBpaka 3 thic drpaiac épddac yalaktélne, mov Exer T6v dpifué 1V. "Etoi oi

" yayyliolitec Cm1, Gpla kai Dib ovufolilovrar dvtiotoiya ué I NeuAc-GgOse ~Cer. II* (NeuAc) -GgOse -
Cer kai VPP NeuAc, II® NeuAc-GgOse,-Cer.
** Xuj fiflioypagia dvapépovtar kai dAka pdpia yayyliolitdv, énwe my.”

g Nech-Lac—Cer © 1 Gi..INGI (xatd Wiegandt).avtictoiyog 108 Gu:
II* NeuAc/NeuGe-Lac-Cer 11 Gr.2NeuAc/NeuNGl ( » » ), » » G
IT? (NeuGc),-Lac-Cer 1 Gi.2NeuNG! (» » ), » » »
1V} NevAc-nLcOse,-Cer 1 GinalaNeuAc (» » ). » » G
IVé NeuAc-nLcOse;-Cer . 1 Gi,.albNeuAc (» » ), —_—

IV2 Fuc,II’NeuAc-GgOse,Cer 1 G INeuAc (» » ), —_

Iv3 NeuAé-nLcOseq—Cer ’ —_—




TATTAIOZITEZ: XHMEIA KAT BIOXHMEIA 209

yAvko{itikovg Swp.ovg
TayyAiwoliteg Eyovv ﬁpseet otov &yképaro (1) xai of dAla Spyave tod
4vBpomov,; kabac kai of mAfifoc dAiwv dpyavicpdv. “H yvHon pog ndviog yid
v guololoyin Toug Exel Gkdpo onpaviikéc EAAelyeic. Metabd tdv EAlov
Aéyetor 8TL petéyouv OTOV OYMUATIONG TBV VEVLPIKBV pepPpavdy Kai tdv
ovvantikdv Enaedv (2) kai §ti ovoyetifovior pé rnv petTagopd Tiig vevpikiig
done (3). “Akdpa, nwc SAec oi EvOCELS TOL 6T6 HOPLS TOVG MEPLEYOVY GAKYAPQ
kol mod Bpiokovtar otV KLTTAPLKT t¢modvela, nailovv péro ot pOOpLoT Tiig
“avtiyovikfic 8pdong (4) kai Tiig kuttapikiic Siaipeonc (5).
*H Snoapén yayyrtolitdv ot gion avaxerdednke katd t1f Broynuiky Epevva
pePIK@®V Gmo Tic Taboroyikég katacTdoelg, mod yapaktnpifovial odv «ididTumeg
aopoMmSmo&tg» 6mog of dpavpotikég idwtieg kai oi dobéverec Niemann-Pick -
xai Tay-Sachs. “Onwg dnAdver kai 16 dvopd tovg, otig mofoloyikég adtég
KaTaotdoslg elye damotwbii dndé Tolg vevpomabordyovg 811 o1d yoyyAlavd
KUTTOpO SUCCMpPEdOVTAY peydreg tocbtnteg Anoetddv. “ O Klenk (6,7) Bpfike 611
ot Niemann-Pick yivetar cvoodpevon ceryyouverivng, &vd tjv Tay-Sachs
xapaktipile €va véo dyvooto o@iyyohimosidés (8,9,10,11). *Avdupeca otd
npoidvra Tfig H3pSAvong Tod ceryyohinoeidodc avtod & Klenk dviyvevoe Mropd
6Eéa, oeryyooivn, EE6Leg (kupiog yoraktdln) xai peBofuv-vevpapiviké &Y.
Atrog16fj Tod 181ov THmoL elyav 781 cuvavticet oi Levene xoi Landsteiner (12) oé
veppd dhéyou kal 6 Walz (6) 64 onhiiva xai Zyxéearo tod idiov {hov. E& dAlov,
10 1938, 6 Blix (13) Bpiixe 9% &Eolapivn of AMmoeidéc Enelepyacpévo Spota pé
éxeivo 1od Klenk. Aéko ypovia apydtepa Bpébnke St 1 &€olapivn Htav D-
yaraxtolopivn (14). ,

ITINAKAZX 1I: "Ovduara kai ovvrurjosic *OAryosaxyapixdv ¢Aboidwv, nod drnaviodv oé Hopia yayyiio-

Litdv 1 dAAwv yAvkoliroeidoy. . ’
Aopny . Kowéypnotn’ Ovopacia| Zdviunon TovTunon
: ' (mxpty)
Gal (al1-4) Gal (B1-4) Glc | TroBotpradin GbOse, ‘Gb,
‘| GalNAc (B1-3) Gal (a1-4) Gal (B1-4) Glc | ThoBoterpadin GbOse, Gb,
Gal (a1-3) Gal (B1-4) Glc | ‘IcoyroPotpradin iGbOse, ) iGb;
GalNAc (B1-1) Gal (a1-3) Gal (B1-4) Glc | “IooyroBotetpadin: iGbOse, iGb,
) Gat (p1-4) Gat (B1-4) Glc| Mukotpradéin McOse, Mc,
Gal (B1-3) Gal (B1-4) Gal (Bl-4) Glc | Mvxoterpadln . McOse, Mc,
GIcNAc(B1-3) Gal (B1-4) Glc | Aakrtotpradln ) LcOse; Le,
Gal (B1-3) GlcNAc (B1-3) Gal (B1-4) Glc | Aaktotetpadln LcOse, Le,
Gal (P1-4) GlcNAc(B1-3) Gal (B1-4) Glc | Neohaktoterpadin nLcOse, ~ nlec,
GlcNAc (B1-4) Gal (B1-4) Glc | Tayyhotpradin GgOse;, Gg,
Gal (ﬁl 3) GlcNAc (p1-4) Gal (B1-4) Glc | Tayyliotetpadin GgQse, - Gg,
Gal (al-4) Gal [ Tahafiéln GaOse, Ga, E
Gal (1-4) Gal (al-4) Gac| Talatpradin GaOse, Ga,
GalNAc (1-3) Gal (1-4) Gal (al-4)-Gal | N-’Aketvloyarakto- " GalNAc(1-3) —_—
. Capvrotpradin GaOse;,
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“Etol, pé 1d napandve dedopéva mod émiPePfardOnkav koi ovpninpddnkav
apyotepa ané didpopovg Epeuvntég, ol yayyholites kabopictnkav mié Aentope-
. PELAKE OGv «yAukoG@LyyoMmoeldfj, -mob mepiéyovv 016 pdplo tovg EEGLEC,
clahikd 6Eéa kai N-axetvdoelolapivn». Map’ ‘8ha adtd, otriv oikoyévela Tdv
'yayyktoCnmv Eye1 Emkpatioel vé Ordyovrar niong kai Spiopéva ouy'yavn uépla
Mmoeld@v, mov dév mepLEXOLY gEolapivn, oi aiuarolires.

Xopaxtyprotikd tiic Xnpikijc Aopific-
kai Tvenjpara ’Ovouq.toloyias t®v Layylolitdv

Oi yayyholiteg mobd mpoépyovior ané didgopeg mnyés Sragépovv petakd
T0VG g mPSg 1oV TOMOVG TOV Mmapdv SEéwv, Kuddc kai TdY Mmap@dv dpivo-
akxkooA®v (c@ryyosivng xai napayd@yev fi avaroéyov tng), dnradr d¢ npdg Tovg
tonovg T@v knpaptdviopddev tob popiov Tovg. Ol Kupdtepeg Sung dragopéc
TOVG Gvagépoviar otév aprOud kai 16 eldog 1@V Véatavlpaxik@dV povadwv, Tod
araptifovv 16 dhyocaxyapiké tufipa Tob popiov Toug Kai mov xpTGYLOTOLOTY-
oL odv Baon y1d TV yopakInpiopusd Toug. _

Oi xvpiétepor —moootikd— yayyiioliteg Tod KNI xai tdv neprocotépav
dAlov lotdv mepiéyovv ovviibw¢ Evo ovdétepo VLOUTAVOPOKIKS KoppdTtt, TOV
teTpacakyapitn:

Gal-B(l—3)GalNAc—B(l-4)Gal-B(l-4) Gle-

7oV eivatl Evopuévog oto a- K3po&vAlo 1iig N-dkvio-ooryyooivng (knpapidiov) pé
B-yhvkolitiké deopd (oyfipa 1). “Opddeg ocworikod d&éog elvar Evopéveg pé
KeTol1TIKG Seopo €ite oth Béon 3 tiig pdc 1 xai tdv dbo yaraktolvhopddov Tfic
napandve Glvooidac, €ite otr Oéon 8 mdc EAANC oloAviopddag, Evapivng pé
yaraxtoln. “Etot, 16 peyalitepo yayyAtolitikd pépio, 616 6moio kalvntovial
6Leg ol mapandve dvvatdtnteg, ivatl €vag TeTpaciaro-yoyyirolitng.

1

3

J_h-t-—-l-

4
Gal-B(193)-GalNAc-B(144)-Gal-B(1+4)-Glc-B(1»1):CER

3 3
(1) ()
2 2
NANA (8-2) NANA NANA (8-2) NANA

TeTpucialo — yayyholitng

“Olo. T6 Oméloima popra T@V yoyyholit@dv pmopotv vd Bewpnbobv cdv
npo'iévw oTadLOKTC dnouco&épncmg 100 mé méve popiov (Ilivakag I).

“Ocov agopd tjv dvopatoroyia, yid 'coug yayyholiteg Eyovv meprypogty
EnTd ovotipata dvopatoroyiag. *Ané adtd, Td Técoepa mob Exovv Emkpariost
ovvoyilovtal 616V mivaka 1 kai neplypagoviarl nepakdte. “Axdua, 6 nivakog I
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Beiyver ™mv dopn kai Tiiv Kedikomoinuévn ovopaoux Tdv ‘yay‘yktoCtmv oTd
téocepa aOTE CLGTHUATO.

a) ZvuPoliouds iatd Svenmerholm (15): Mé 16 ypéupa G ovpBorilerar
yevikd & yayyiwolitng. Ta ypappata M,D,T,Q (4n6é t6° Mono-, Di- k.A.m.)
deixvouv 16v dap1Bpé TtV olahikdv 6wV 616 pdpro - 1ob - yayyAolitn.
" AxorovBel Evag amd Tovg dpaPikovg apibuovg 1,2 1 3 nob cupBorilovv: 16 1 16v
Baocikd teTpacakyapity, 16 2 tév TpLoaKyapiTn, TOY TPOKLNTEL G’ AOTOV.Ué
anéonacn tfic dxpaiag yaraktélng kai 16 3 tév Sroaxyapitn, tod TpokvnTel Ao
v 18 dlvooida yopic v dxpaia yoraktdln kai tv N-dketvho-yalakto-
Capivn (BAéne mapandve tomo tetpaciaro-yayyArolitn). I'd tovg yayyiioliteg
Ekeivoug Tob mepiéyovv 8o H Tpia cralikd dEfa, GkoAovBel Evag Gxdpa deiking,
a 1 b, mov yapaktnpiler —adbaipera— 16 Eva 7 16 dAho and 1d b0 icouept
pépa yayyArolitn, mov elvar duvard othv kdbe wd Gnd tic nepintdoelg adtég.

~ PB) ZvuPolioudc kxard Kuhn xai Wiegandt (16): Mé 16 ypdppa G ovpBodileton
yevika & yoyyholitng. © O deixtng (Aatwvikég GprOudg TILIIL k.An.) deiyver Triv
0é61y 100 yayyholitn of ypopatoypagia Aentiic otipddag and ndve npdg 16
Kato. *Apybtepa oi idior Epeuvntés, dvabewpdvrag 16 oot adTo, npéTEIVAY
(I7 ma v dhyooakyapikn dlvooida t@v yayyAolitdv (t1jv €leblepn and
clahikd 8Eéa) Eva cupBoliopd pé cvviproelg, mod praivovy odv deikteg 616

N-&UETUAL-VELDARLVLKEG OED

e tes

7 CH0n ™
J

7 cluom-—-\_—___ D-yAuLrdLn

e

[ | !é'?"'f'"i“'l

D-yaiaxntdin D-yoAanTéln '
N-&xeztvio- [
yaraxtoZaulvn ’ l

Anapd OEG——y P
(oteatind SEV) I i

1
H
t8Lo :
eese—— B
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Iyfina 1. Xrepeoynuixds tomog tob povooiado-yayyliolitn GM, (8nov R,=H, R,=H) kai tdv driov
yayyiolitdv (8mov R,=H 7§ NANA kai R,=H 1j NANA 1ij NANA-NANA).
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ypappa G. “Axorovbel Evag aptOpdc mov dvagéperal otd clarikd 6Eéa xai Evag
deixtng a 7 b mov mpocdiopilel T1iv Béon 0D cralikod 6EEog 616 popro tob
yayyAiwolitn. .

v) ZvpPorieudc katrd Wiegandt: “O ocvpforiopdg adtog elval tponomoinon
10D Tponyoduevov mob mpdtelve 6 idog 6 Wiegandt (18,19,20) mpocappdéfovrag
Tov o11jv dvopatoroyia tiig FUPAC-TUB (21,22). Tuykekpipéva, dvdroya pé 16
&v 16 oclahkd 6ED elvar N-gketvro-vevpapivikd 1 N-yAvkoAvAo-vevpopiviko,
npootébnke 1 Evdetn NeuNAc xai NeuNGl avnmmxa

8) XvuPolicudc xard Korey kai Gonatas (23): M€ 16’ ypappa G oopﬁoMCetat
yevikd & yayyiwoGitng. <O deiktng mod dxorovbei (0,1,2,3,4, k.Am.) deiyver
0¢on tob yayyiolitn ot ypopatoypagia Aentiic otifddag. Of Siapopeg Oécelg
1BV clolkdv 6Eéwv ovpPorifovial pé A 7 B.

Tvotatikd t@v yoyylholitdv

Ziadikd oféa: Oi Blix, Gottschalk xai Klenk (29), npdteivav tév Spo
vevpoviké 6€6 yid triv doprj CoH,,O0xN. “Ola 16 cladiké 6Eéa mod dndpyovv
ot} ¢bon-elvar N-dxvAiiopéva kai pepikd ait” avtd elvar Enionmg dnokatectnpéva
otiiv a-bdpofvropdda (8-0-dnokateotnuéva). Td mapdywya adtd Tob vevpapt-
vikoD 6Eéog yapaktnpiloviar pé Bdon .t @von kai Tév deopd Tod T TV
drokatacTatdv (1. N-GKeTvAo-veDpauviKS 6ED, NZyALKOALAO-VELPAPIVIKS
£V, 8-0-N dketuho-vevpapivikd 6E0 k.A1.), Evd 6 Spog orarikd €D elvar yevikdg
116 K60 drxvlimpévo vevpapiviké 6ED. Zripepa, SAot Exouvv SeyBei T1jv napandve
évopatoroyia £xtog nd 16 Epyactiiplo 106 Kuhn, mov ¥ pnoponotei 16v 6po
Aoktapivikd SED dvti y1d 16 N-dxetvdo-vevpapivikod £0. 1ol yayyiioliteg tod
avOpdmivov Eykepdlov dév Exer Ppedel péypr orpepa mapd pévo N-Gketvdo-
vevpapviké 6E0 (30, 31, 32, 33), &vd o1dv Eyképaro yapldv Exel Bpedeikai N,O-
StakeTvdo-vevpapviks 6EV. L6 otpdpa v Epubpokvtidpav Tob dhoyou Exel
Bpebel pévo. 6 yhvkohikdg tomog (32). Té N-yAvukoAvho-vevpapiviké o&o EyEeL
anopovm681 xai ané 1év oniiiva 100 Podiob (34).
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"ALdohikY ovumdkveon petagd N-dxetvlo-pavvolapivng kai mvpoctagu-
AMxod 8Eéog pdg. divel 16 méb yapakInploTikd cVOTATIKS TAV Yayyliolitdv, 16
NANA. Z11 yveot ynpeia tdv orakikdv dEéwv (24), 16 pévo okotewd onueio
orfipEe M otepeoynuiky} Stapdpemon ot 8éon C,. O Kuhn xai oi cvvepydteg
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Tov (25, 26) Eder&av 811 1 DOpoEvriopdda 1ob C, elvar de€1d 016 mpoPorikd
povtéAdo tod Fischer kai 8yl dprotepd Smac elye mpotadij vopitepa. Adtéd
E¢mpBePorddnke Eniong xai and peréteg oystikéc pé 11 Procvvleon tod NANA.
“Etot, otodg iotoig tdv Oniactikdyv, ol tAnciéotepec npddpopes Evdoelg Tdv
clodk@dv O6EEov elvar 16 PwoEO-EVOLO-TLPOCTOPLALKS SED kai 1| N-dketvlo-
pavvolapivn (27,28).

‘H dvrictoiyn PBiroovvletikry mopeia kataivetar and tpia Evivpa: Mid
K1vdon, éva CUPTUKVETIKS Kai Eva ano@ooeopulioTiks. Evivpo:

N-dxetvho-D-pavvolapivn

Kivdon fﬁ;

ATP . -
‘_—> N-Gxetvro-pavvolapivn
H* +ADP -

N-éxetvho-D-pavvolapivn-6-P

PEP -
) N-Gketvdo-vevpapvikr
. Pi ; ovvBetdon

N-GKeTVAO-VELPaIVIKS-9-P -

"H,0
. GTP X
Pi - ! ’ z -PPi -
s kuTId1v0-5"-povopmopo-NANA

N-dkeTvlo-vevpapmvikéd

I'é 1 obvdeon tov otd pépra TV yayyrlolitdv, 16 crarhixé €0 npénel va
glvan Evepyomoinpévo petd and v svpnixveon pé Kutidvo-Tprpecpopikd GEV
(CTP) mpdc xvtidivo-5'-povopwcpo-NANA (35, 36). “H Eveon adt Exer
anopovemBel @nd triv Escherichia coli K235 (37), dALd dév Eyer dnopovebel dnd
Oniaoctikd (36). "Eyxer dotdéoo, damopovedii éva Evivpo andé todg dmoyvdabiovg
@déveg mpoPdtov, Gnd cukdTt Yoipov kai dnd nractixolg adéveg Toviik@dv, Tov
KOTOAVEL THY mapundve cuprdkveon (36). ‘

‘Eéélec-"Elolauivy: Tlpdtog 6 Klenk @dviyvevoe odxyapa of kXkdopata
yayykwolitdv. *Arnd avtd, | D-yalaxtéln ftav o peyarvtepn moodtnta o€
obykpon pé v D-yAokéCn. Ta cdkyapa mod Bpickoviar o1d yAvkoo@iyyo-
Xiwoediy elvar @A86Leg Evd ondvia drnavtobv ketoleg mwg i L-povkdin (38, 39).
‘H D-yaAraktéln dviyveibnke npodtn (40) pé tiv popen tiic pebvro-gaivuvro-
v3palévng, &véd 1| D-yAvkéln tavtonouifnke pé tig j1eBédovg Tiig YapTOoYpPOUA-
toypagiag kai tfig énTikiic oTpOoQIKiic ikavétntag.

“Eva dképa dopikd pépro tdv yayylolitdyv, | D-yaraktolapivn, dviyvev-
Onke ané v Blix(13) kai tavtomouidnke dpydtepa dnd tév ido kai Tovg
ovvepydteg tov (14). “H &€ofapivn adt dmotedel 16 povadikd dxetvAiopévo
napdyoyo THV yayyAolitdv tob Eykepdlov (14, 41).

Zowyyooivy: “H oopryyooivn elvar pd axdpeotn auivodidéin pé 18 dtopa
dvBpaka, mov 6 Klenk drnopdvewce dnd todg yayyioliteg tob évBpomivov
Eyxepdlov (40).

| CH{(CH,),,CH=CHCH-CH-CH,0H
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"Ext6g and v o@ryyooivn, td guoikd o@ryyolinoeidij mepiéyovv kai dileg
Gvdroyeg Pdaoeig pé meprocdtepa f Aydtepa dtopa dvOpaka (Cu-, Cyp-
opuyyooivn k.An.) 1 xai mapdyoyo tfig xavovikiic C,-0@ryyooivng, 6nwg 1
dwdpo- kai 1 debdpogutooeiyyosivn. “Eva dudhoyo tfic oeryyooivng, 1
icoogryyooivn, pé 20 dtopa GvBpaka (42), Bpénke 616 KAdopa TOV GELYYOAL-
noeddv Tob dASyoL kai Tod Bodiob, drotelel 8& 1 poper adth 16 509 nepinov
T1ig ovvolikiig o@Lyyooivng mol mepléyetor otovg yayyAioliteg Tob &yke@diov
0D Podiod (43). TS Spéroyo adtd dév dviyveddnke otév avlpdnivo Eykéealro:
TMapdAinha oi Stanacev koi Ghargaff o€ nelpdpatd Tovg kai ndi of Eyxéparo
Bodiod, Bpfikav 811 /| cvvorikn c@ryyooivy droteleital dnd 50,0% opryyooivn,
3.4% 81U8pooq>wyoown kol 46,5% C,-coryyooivn. Téhog, mapatnprdnke xai
pkpt moodnta C,y-81vdpooceryyocivng.

216 pdpro tijg ogryyooivng, Evopévo pé THv a-auwouaﬁa Bpioketon 16
Hépro 100 Mmapol 6Eéog mov meprEyovv oi 'yawho(;n:ag ‘H #voon adti
dvopdletar knpopidio (Ty. 1).

Ammapd 6¢éa: T6 Mmapd o&v mob Bpioketar o€ peyaddtepn nocdINTA OTO
KAdopa Tdv yayyAiofitdv tob Gvepdmivov Eyképatov elvar 16 oTeaTIKS SED (40).
*Avalbvosig pé v teyviky Tiig déprag ypopatoypagiag Edei&av &1, mpdypatt,
anotehel ta 80 péypt 90% tdV OAk@YV Mmopdv 6EEwv TdV yayyArolitdv Tod
Eyxepdalov (43,44,45,46), kai pdiiota 8yt pévo tdv Onractikdv GALA kai GALOV

_omovivdontdv (46). “O Trams koi oi cvvepydteg tov divouy TV mapakdte Tivaka
Mropdv 6EEav thv yayylolitdv Eykeodlov (43):

ININAKAZ TIL. Ammapd 6&éa yayyhioliteyv éyxepdlov dagdpawv dpyaviepdy

tyxéparog 14:0 16:0 18:0 22:0 22:1 22:2. 24:2 24:1 . 24:0
Bodiod : _ 3 82 4 _— 2 v3 4

mBrixov _ 2 89 7 J— 2 1 —_— ——
avlpdnov —_ —_— 86 10 —_— 3 e —
xoipov —— 4 - 82 7 —_— 2 1 2 3

yoAomovhag _ = 96 2 —_ ‘2 p—
Kapyapia B — 5 72 1 4 5 —_— 13 ——
dAydropo 1 7 79 4 — 2 —— y J—

* AvoAvoelg pé v idta tevikn Tdv yayyAro{utdv tdv épvbpokviTapov Tod
okbAoY kai Tob GAéyov Ederav 8t 16 Ayvoknpikd 6EH amoteel td 75% 1V
OMk®dV Mmapdv 6wV TV yoyyArolitdv 100 GAGYov, Evd 616 okbHro drepLoyvet
16 vevpovikd mod pali- -pé 16 Anyvoknpikd, dmoterodv 16 80% TdHV ShkdV
Mmapdv 6Eéwv (47, 48). Koi otic dVo mepmrhosig Bpédnkav onpaviikég
mocétnteg Peyevikod 6EEog.

*Avdioyn elvar 1y napouma Tdv Mmapdv SEfwv kai otodg HTOAoLTOvg
iotovc.
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Movdmal’o-ya?yho{img G

O Svennerholm (49), petd ané fima vy Bdp6érvon 100 Gy,  , Ppfike 800
Sroaxyapiteg mod mepieiyav yoraxtolapivn. Tavtéypova kai dAia épyactipia
(16, 53) aropdvwoav kai Bpiikav 611 6 Evag an” adtodg, mov elye dvaywyikéc
ididtnted, Exer v &Efig Sopnj: O-B-D-yaraktomupavoluio(1-3)-2-dkerapido-2-
deo&v-D-yaraktéln. “H dopri advty frav idia pé Evog doakyapit, mov elye
Bpedii 016 dipa (54). * Ané t1od¢ dicakyapiteg adtovg 6 Svennerholm, dpod npdta

_Gmopdkpove 16 NANA, Ppfike v dk6iovbn dAiniovyic tfic cakyapikfig

" dlvooidag o8 G :Gal-GalNAc-Gal-Glc- Sph, mob elvon xown yud 8doug
T0%g yayyiolitec.

‘ Apxata épog dedopéva mov nponynenxav Bondnoav M petayevéotepa
t¢mpepaiocav 1 dopn adty. “ O Bogoch (50) petd and aceavn 8&wvn Bépdivon
100 Gy ropatipnoe 01t analaoeagmvatm nePLoGOTEPN Yaraktolapivn anéd
yaraxtéln. Oi Klenk xai Gielen (51) @ropdvoocav Eva dicakyapitn nod nepieiye
g€olapivn xai 1év tadticav pé tov GalNAc(1-3) Gal, mov eIxa vmpt‘tapa
Gnopovodi] Gnd todg Cote xai Morgan (52). '

Oi Kuhn kai Wiegandt &pyaldpevor mdve o166 idio Oépa, petd and
dketéhvon 1o Gy pé piypa 6Eikod 6EEoc-6Eikol avudpitn kai pukpfig
moooTNTAG BeLKOoD 6§éog_(l6), draydproav 106¢ SArtyocakyapiteg tod nepeiyav
NANA. "An’ adtotg 16 NANA anoondotnke pé tfima 8Eivn 03péivon kai
&mopovdbnkav ETot oi dAiyocakyapiteg 100 mivaka [V. Mé yaptoypopataypa-
@ik1j perETn TdV Tpoidvtov adtdv Tfig Bdporvong, Ppédnke 11 16 NANA eivar
gvopévo pé Eva tetpacaxyapitn (yoyyho-N-teipadln), 8%o tprookyapiteg
(yayyho-N-tpradleg I xai II), 860 dioakyapiteg (yayyiro-N-Puoleg I xai II),
raktoln kai €va povooakyapitn, mod PpéOnke Emiong petd dné dketdivom
o10AVA0-AakTéENG moY dmopovddnke Gnd mpotéyara dyerddag kai dvBpdmivo
yara (55, 56). T6 NANA O‘TO makoko-uovooaxxapnn adTov fTav Evopévo o1o
C,; 1fig yaraktélng.

TIINAKAZ 1V. Olivooaxyapites nob drnopovédtnxav petd dné 65péivon tob Gumi

Svopa Sopn
yoyyMo-N-tetpadln ' Gal (1-3) GalNAc (1-4)Gal (1-4) Glc
yayyiro-N-tpradin I Gal (1-3) GalNAc (1-4)Gal
Yayyio-N-tpradin II GalNAc (1-4)Gal (1-4) Glc
Yayyho-N-f1éln 1 : - Gal (1-3) GalNAc¢
yayyAio- N-Blocn n o " GalNAc-(1-4)Gal
Aaxtoln Gal (1-4) Glc

Z1| ovvéyewa, mapatnprifnke 6t évd 16 NANA pmopodoe ebkora vd
anoonactii And T olohvio-AokToln pé Tt Porifera sob Evivpov ciahtddon, Gnod
Baktripo Vibrio Cholera, % énéomaon ywoétav dvokora &ndé T craivio-
yayyio-préln 11, tig craivro-yayyiio-tpradleg I kai II kai tf craivro-yayyhio-
tetpadin. Méxatepyoaoio 1od Gy,  xai tfig YayyAlo-N-te1pding pé dneprodikd
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6&V, 1 éxpaio yakaktoln katactpdenke ypriyopa, Evid 1) YAUKGEn TOAL &pyd.
*Axépa 1) Sedtepn yaraxtéln mapépeive d0iktn. ME adtd 14 Sedopéva, Pyfike
odv cvunépacpua 1t of Vpo&uropddes Thig YAvkding otd C, kxai C; 8év frav
brokatectnuéveg kai 8tL 1) kowr yohoktéln tdv yayyiro-N-tprolév I xai II,
elvar vopévn 016 C,. Metd and Gvéroyn dEeidoon 1fic GkuAO-GELYYOGLAO-N-
TETPOOLENG(15), mov elye dmopovedii petd and 8Evn O8péivon Tob Gwi
napatnpridnke St 6An 1) yaraktoln elye kataoTpaed koi pévo 1 yoraxtolapivn
Epeve d0iktn. F6 dnotéreopa avtéd ftav pid nopandve dnddelén 6t 16 NANA
100 Gy elvar évepévo o016 yahoxtolimiké Tufipe Tic Aaxtélne. “Ertot,
npotddnke 16 poviédo yid 16 deopd petokd Aaxtolng kai yayyAo-N-fioing I °
YPNOLUOTOLOVTAG T4 dnoTeAéopata Tiig Umeptodikiic 6Eeibwong kai dvaywyfc
¢ yayyAto-N-tetpading pé Boproidpidio 1ob xariov. ETd meipdpdta adTd”
aviyvedtnkav ypopatoypagikd &puBpLtéAn, yAuvkepivn xai OpeitéAn. Elye
nponyovpévag derytii St 1) £pubprtodn elvar mopdywyo Tiig yAvkd{ng,
- yhvkepivn tfig dkpoiag yaraktolng tiic cokyapixfic Glvooidac kai 1) Opeitéin
iic Sevtepng yorakté{ng tiig idag GAvooidag. Metd and Spoia. kotepyacio
yayyho-N-tetpadlng I koi yayyito-N-Biding II dviyvevtnkav Opeitéin xoi
yAvkepivn. A0T6 frav Evdedn 8t 1 yayyAto-N-Piétn I elvar Evopévn: (ué B-
yYAvko(1Tiké decpd) ot C, tfic Yahaktolng 100 popiov tfg Aaktéline. “H tehiki
GrodeEn Mpbe petd triv dmopdvmon kai tév kabopioud tiig dopfig Thg yoyyAio-
N-16{n¢ II, mob anopovdveror katd npotipnon Gnd 16v Gy, , Geod elvat 1
povn dicaxyapiky 6pada tod Gy, oV mepiéyst EEolapivn.

‘H éarnopdévoon tdv cokydpov nov mepiéyovv NANA kai 1§ Oneprodiki
8Eeidwon toug Ederav §T1 610obg Kkbprovg yayyrloliteg Tob Gvlphmvou kai Tod
Bodvob éyképarov 16 NANA elvar Evepévo at1d C; tfic yokoxtéing tob
Aaxtolitikod Kopatiob tiig Tetpacakyapikiic GAlvooidac. “Etoi, 611 yoyyAlo-N-
Btétn. I 16 NANA eivar Evopévo 616 C, tiig idlag yaraxtdlne, o€ Béon cis. “H
OTEPEOYMMIKY avt Srapdpewcn Eumodiler ) crahiddon vd éhevlephon 16
NANA. Avdtr 1 &vdelén dmootnpiletar kai &né 16 yeyovdg 6t oi Sy povo oi
yayyholiteg, GArd kai SAot oi vakyapiteg mov Eyovv dmokaTactdteg oté C,
oavtfi¢ Ti¢ YaXaktéing 8év mpoofdAirovral Gnd 1 claAiddon, &vd 6 Gms  (57),
M owivro(2-3) yahaxtéln xoi 7 ocraAvro(2-3) Aaxtéln, mod Jév ﬁxoov
vrokoataotdteg oté C, K8porvoviar ebkoro Gnd 16 Evlupo. -

Tékog, 16 coaxyapkd tpfjua -elvar Evopévo 016 a-3poforio Tiig cpryyooi-
vng (16, 43). £ ad16 katéAngav oi Klenk koi Gielen (51) petd dnd dreprodiki
6Egidmon tfig peBuro-ceryyosivng mov nfjpav petd and el‘,avr)»nnxn pebuvrionon
@V yayyArolitdv.

*Ex16g 100 Gy Exouv avmxveom xai &Alot povoororo-yayyholiteg, 860 &nod
To0¢ Omoiovug Gvagépovial ToPAKATO.

216 Quolohoykd GvBpdmLvo - EyképuAo UmdpyEL o€ mocooté 3-5% TOU

~ ouvorov TdY yayyhoCné’)v 6 Gz, m00 S1a@Epet Gnd Tovg HNGAOLTOVG povootolro-
yoyyAoliteg 016 STt Sév Eyet thv dxpaia yahaktéln (16, 49). “H doun tov
npocdiopicTnke petd Grd mocoTiky Gvdivon kai yperdotnke dEivn HEpSiven
Y14 Tov Tpoodloptopd v EedBepov.cakydpev tfig Gkvio-oeryyooivng (15,49).
‘H doleviic 85vn 08pdiuvon Edwoe dxvro-o@ryyooivo-N-tpiadln, dkvio-
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CPLYYOoIVO-AaKTOLN, Kai BKLAO-GELYYOoLVO-YAUKSOLN, TdYV Omoiov of Twuéc Ry
Ntav idieg pué npdtumev Evdoewv, mod mpofiAbav dnd 16V Gy, (15,49). Ztiiv
avaivon 8év Bpédnke GkvAO-CELYYOo1vO-N-TETpadln, Yeyovdg mov cuppVvel pé
0 1m0 Gyj

*Ané 16 otpdua t@v EpvBpokvtTdpev Tod GAdyov dropovadnke (47,48,59)
gvag yayyiiolitng, 6 aipatolitng, mod mepiéyer Amapd 6D, opryyooivn, EESLN
kai NANA oé dvaroyia 1:1:2:1. “Evag yayyAwolitng pé€ tiv idwa cdotaon
Bpédnke otév omAirva (57), 16 cvkdTL kai oV Eyxéparo avBpdmov (15).

Av- kai Tpuacraho-yayyhioliteg

X¢ kAdopa mov mepielye tovg Gpr, Gpj, kol Gr, ‘Hetd and émidpaon
. owelddong and Baktriplo Vibrio Cholera, ol mopondve yayyiiroliteg petatpd-
Tnkav TocoTikd otov Gy, (15,16,49). *And 16 neipdpoata pdvnke 611 & Gy,
bdpoivetar moAY ypnyopdtepa Gné v G, kai dkdpa 671 .6 Gi, VdporveTar
npdto o€ Gp,, kai petd & Gy (15,16), évd pikpéc moootnteg 100 Gy,
petatpénovial o€ Gp,, (15) (Zyfipa 2). “Y8péivon tob Gy, pé dobevii 6&€a (0,01N
0poyrmpikd 680, Bpacuds yid 10 min) Edwoe ioeg nepinov moodtnteg Gy, Kol
Gopip- )

Td anoteléopata T@dvV nslpaud"tmv bdporvong 1ot Gy, NTav oOpeva pé Thiv.
bé0eon 611 td dvo &ni mAfov pépia NANA (ané 1év Gy) elvar évopéva pé
167010 TpOTO MoV TposParirovial ebkora Gn6 td idvta H;0% . Tképtnkav Loindv
611 mpémerL va elvol Evopéva oé dagopetikd dtopa dvBpaka tiic EE6ING Y14 va
EENYNOT 1 peydrn draeopd taydtntag oty dndonacn tovc. “O Gauhe xai ol
ovvepydteg Tov (58) dmopdvooav oraivio-(2-6) Aaktoln kai EderEav St pé v
id1a craliddon 1 tayxdtnto dnéonacng Tod NANA givar pikpotepn an’ 811 ot
cloAvro-(2-3) Aaxtéln. “Eroi, Omotébnke 6t otév G, 16 devtepo NANA
npénel va elvan Evopévo pé 16 C, tiic dkpaiag yaraktéing, otév Gy, 016 C, kai

ol
HSOH
NANA-OCH
. HolH :
- ’
L Fm $H20H T
R '
HOOH
NANA-OCH O
HOCH
H
{H, 0-NANA
27 c
Db
- HCOH
HOCH
wotw 9
H‘z——l .
H,0-NANA

Zyfipa 2. 'Enidpaon ciehiddong dné 16 Paxuipio Vibrio Cholera atév Gri
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- o616v G, oT0¥g C; xai Cq ti¢ yaraxt6lng opewva pé 16 oxfpa 2 (15): Mepucd
Gné T cvumepdopata TOV mElpopdtov adtdv dvabswprdnkav. Td onNuepIVa
dedopéva y1d Tig Béoerg odvdeone TdV jlopiov Tod NANA o616V TETPOCAKYAPiTN
Tdv yayyAlolitdv tapovcidlovial 616 mivoko 1.

*1810tntEg TV yayyho{ud’w (60,61)

Ot Gnouﬁatorepeg anod Tic puokéc Koi YMUIKEG 181omtsg TV yayyrlolitdv
cwowtCoth TOPAKAT: -
1. ME 16 vepd oxnuau(;ovv KoMomSn Saddpota, o€ CLYKEVIPOOELG PEYPL Kal
~ 10%. “Orav glvor Stodvpévor 016 vepd dév mepvodv and Hunepatri pepfpavn.
2. Awdvovtar ebkoro o piypoto yrwpogoppiov-pebavorne kai BevioAriov-
pneBavoing, Aiyo otrjv dAkodin, elvor oyeddv adidrvtor otjv dketévn kol
aditaghvtol otov aibépo kai Tév 6E1ké aibuvieotépa.

3. Aév dvayovv 16 @erdriyyeio Vypd.

4.” AmavBpakdvovtar ebkora pé dpord dvopyava SEfa. .

5. Aivovv Betikn) v avtidpaon Ehrlich. .

6. M£ 16 avtidpaotiipio Bial divouvv xapamnptcmco kOkkivo ypdua.

7. Elvar évdoeig dptorapocrpocpeg

"Anopéveon xai kabapiopds 100 khdopatog t@vV yayyiolitdv.
Awayopiopis 1@V yayyirolitdv petald toug

“Eva 4mé td peyardtepa Eunddia o1t perétn tdv yayylrolutdv sivar 8t dév
brdpyel pud ebkoAn koi.ciyovpn pébodog yid v anopovmcn xabapo’ HArkoD
peTd amo ExkyvAion ioTdV.

"Extég 41 16 piypo kapocpopptov-peOaVOXng noY ypnoponoleital tepLo-
c61Epo Y14 TV Exydrion 1@V yayyholitdv Gné 1ol iotolg, teAevtaia
ypnotpononidnkayv odv dteddteg 16 teTpaidpogovpdvio (33) kai 1 avéin (16).
27 6Aeg Bpwg Tic meputtdoeig 6 khdopa @V yayyAlolitdv poAibvetal 4o aMa
nohlkd Amoeldfi, kabdg kai ardé un Auroedikég ovoic.

* O Folch kai oi cuvepydteg tov (62) Ekydiicav o 6 Mnoetdf Tod ioTod pé
piypo yAopogoppiov-puedavoing 2:1 (v/v). *An’ adtd oi yayyiioliteg dnopova-
Onkav . petd ané dramidvon pé vepd, Evd td dAlo Mmoeidii mapépsivav 616
xropopdppio. Kai €86 Spwg 1§ pdon 1ob vepod, kT6¢ G Yayyhiolites, tepréyet
kai dAla molkd Mmoewdf} (covigatidia 7 @woeatiduvrio-oepivn) kai A
Mrnogdikég odoisg, Smwg Guvoiia, molvnentidia xai odxyapa mod dbokolw
dropakpovoviar (63,64). “H texvikn adty mavtoc BeATidbnke (65) d¢ mpdc 1
®0coTIKY mapaiafry 1dv yayyAolitév, pé pédvo pelovéktnpa pid karoto Gndieto
16V povoociaro-yoyyAolt@v (15). Mop® 6ia adta 1 pa@oSog Folch elvat 1
neprocétepo Sradedoutvn.

“H pébodog 10b Svennerholm (66) diver 1) duvatdtnra nocotikfic Taparapiic
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@V yayyAolurdv. 7 adti, 76 6Aikd EkydAiopa TdV Aimoelddv Tonobeteitar of
otiAn xvttapivng, Gr’ Smov 16 peyordtepo pépog TdV AoV Aimogddv
gxhodeTar pé piypa yAopogoppiov-aibavéinc-vepod, ivd oi yoyyhioliteg
napapévoov o1f 6TiAN kai pmopodv vd Exiovotodv pé drdpopoug Siahvteg .
gundovtiopévoug oé aibavéin kai veps. ME 11f uéBodo adt yiveran xai Evag
pepikés Sraympiopss @V yayyrolutdv of kAdopa mhovoio o NANA «xai of
kAdopa Tayé o’ adtd. “H pédodog advt Epappéotnke Enavallnpupuéva pé kord
anoteréapata (48,67).

> ApkeTd kaAdc Srayopiopds o povo-, di- kai tprotako-yoyyitoliteg Eywve pé
TUPUCKEVACTIKY xaptoipa)patoypa(pia (paper roll column), kai pé SraAdpata
avantoEng piypato nponavokng-vapoo (15).

‘H ypopotoypagic o otriin mupruikod dEfog kai pé Sradvteg piypota
yAopogopuiov-puedavéing elvar dxdpa kaivtepn, GAAE pévo yid Tiv dropdvoon
kai T6 xabapiopd povo- xai diciaro-yayyhofitév (68).

Téhog cvvnbéotarn péBodog Sraympiopod kai o1 cuvéyela Tocotikiig Kai
nolotikfig GvéAvong apydv yayyholitdv eivan 1 T.L.C., 8mov draywpilovtan S
i xai 6 Evdoeig, 1@V 6moiwv oi Tipéc Re Exouv Ppebdii yud pepikods dné Tovg
nePLecdTEPO KOoLoug drahdteg (15). Tdv ovotipata &vantvéng ypnoiponotodv-
Tl ouviiBog piypata:

a) Xropopoppiov-pedavéing-vepod oé davalroyisg 60: 35 8 (v/v/v) 1§ 50: 50 8
(v/v/v) 114 100¢ povoororo-yayyhroliteg.

B) Mpomavorng-veépod of dvaroyieg 7: 3(v/v) i 3:1(v/v).

v) Xiopogoppiov-pebavoine-7% appmvwg 1 2,5% vdpokeidiov T0d Gupmviov,
ot drapopeg avaroyieg.

Toviifeg Spag yid tév TApn draxepLopd Tdv yayyAolitdv ypn 01].1011:0100V-
Ton meprocdtepa Gnd Eva ocvotipore Gvamntuéng.

Eidixd Gvtidpactipia yid tv &pedvion 1dv kniidov tdv yayyAlolitdv
glvar i) 6pxivédn (51), i) pecopxivorn (15) xai 1 n-SipeBvrapivoBeviardetdn
(16). Oi mAdixeg pmopodv dkdpa vd yekaotobv pé Td yevikd Gvtidpactipla tdv
Mmog1ddv mpiv 1 petd t6 yékaopo pé 16 €idikd yud 16 NANA davnispactiipro.

Oi napandve pébodor eivar adtég mov ypnoiponotobviar cvviibmg yid v
dnopdveon xai 16 xadapiopd @V yayyholurdv. Guoikd 1 Epevva mave oTd
0épata adtd ovveyiletar xai moArég kawvovpyleg § maiiég péBodor mov axoov
BeATiw01], ypnoiponoiobvial, Snmg:

— Kobapiopog oé otiin Sephadex G-100 (69).

— Kabapiopds xai drayopiopds of otiin DEAE-kvttapivng, pé Sraddpato
8E1kod Gupoviov.oé pebavédn (70) 7§ 6&ikd &V (71). ‘
— Al OPIOoPSS pé yapToypopatoypapio kai pé - dradvpata Gvantuéng piypata
nop1divnc-6Eikod. meoksmépa-égmoo 8EEog-vepod o6& Gvaroyieg oyKu)v 5:5:1:34
5:5:1:4 (72).

— Awayopiopéc of otiin piypatog moprtikod 8Esog kai kvttapivng, K.AT.
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*Avdivon

v dvdluon @V yayyAolitdv 1) e Toug 1 Sopr (08p6eIho cakyapikd
Kopatt Kai '03pédgoPo Aimoeidikiic @Oong kopdti) Grotelei Eumdédio kai dév
é¢mpénel tov ebkoro kabapiopd 100 KAdopatog tovg, pia kai kGt dné
opwopéveg ouvliikeg oympotilovv punkdio (33,64), mod mailouv Eva &ldoc
TPOCTATELTIKOD POAOL Y14 dAAa Aimoeldii 1] dAdeg VOaTOSAVTEG EVDOELS, BTMG
apwvotéa, mentidia, odkyapa x.An. unodioviag ta va dropakpuvlodv. Abtdg
Ozopeitar cdv &vag Aéyog mod mahidtepa elye Omotedfi Aavlacpéva St oi
yayyiioliteg nepiéyovv ovykekpipéva TENTidia nov GroteAotv pépog 10 popiou
Toug (62,73). :

I'a ™ pelern TG OpoloYéveELag TAV KAQOHATOV TV yawho@u:(nv
yxpnoiponolotvral kai guoikoynpikég péfodor Stwg. 1 drepeuyokévipnon kai 1M
fAextpopdpnon, yopic Spag ucavonot'q'rma anoral&cuata Aoyo kai naAr TdV
Hnkvriov o oynpatifovral. ,

“Eva dxépa Aentd onpeio 1fig dvdivong elval 8t of kAdopata, mod 6év
Exovv mponyovpéveg kabapiotii, Tpémel vd yivetal npocdlopiopds pOCeSpov
Y1a vé dvayvopiotii 6 Babpoc kabapdtnrag Tod Klacpa‘rog GE QOOQOATOELd LKES
npocpi&es.

Ztv Epevva Tiig ynpikiig dopfic tdv yYayyAiolitdv, ol TocoTikEg uvalvcsu;
tfig yAvkolng, tiig yeraktolapivng, tfic yaraktdlng, fig c@ryyosivng kai Tod
NANA, nag divouv G€L6micta dnoteréopata pé 1 foribeia npotinwV OVGCLAV.

Aopikég mAnpogopieg Exovv anoktnlij pé moroTiké kai ToGoTkd NPOocdilo-
pLopd tdv mpoidvtov tiic 8&vng kai évivpatikiic Sidomacng, tijc EEaviinTikiig
peBvrimong kai tiig dneprwdikfic 6&eidwong khaopdrov yayyholitdv. “Etot,
petd ané SEvn 1dpdrvon khdopatog GAkGY Anoelddv peretribnke (50) 1 081pa
oY arodecpedovral 14 pépa tfig cakyopikiic dAvooidac.

Ta tehevtaia xpévia 1 G.L.C. ypnowonoieital Ao kai mepiocdtepo oTrv
dvaiven tédv yayyiolutdv (74,75), énac xai | pacpatopatopetpia pdlac (76).

‘Ka'cavomi AV yayyAolltdv 6f dpyava dwagdpov dpyaviepdv.

Oi peyalitepeg ocvykevipdoetg yayyitolit@dv dravtodv 616 vevpikd ovoTn-
pa tdv Inractikdv kai tdv Tovhidv, Evd ol pikpdTepeg otd Epretd, Td duoifia
kai td yapra. Meréteg of pepikd Gondydvia, Stwg T6 yranddi kai 6 Gotakde, dév
gderilav aviyvevoun mocdtnta yayyhMolitdv otd vedpa xai 1d ydyyho, &vd
pkpry mocdtnta Gmopovdlnke and td pdtie tod kdfovpa (18). Tehevtaia,
Gviyvedtnkav Y4 mpdtn @opd yayyhiolitec oé dpyavicpols mov orepoivial
vevplkod cLoTHHATOG, TOC Td npmroCma Tetrahymena pyriformis kai Crithidia
fasciculata (77.78). .

A6 16 veupiké cvotnua TOV Sapdpav Spyaviopudv, otév Eyké@aro
Omdpyel 16 chvoro oyeddv 1@V yayyholudv(ITiv. V, Va). Zt1j ead ovcia Tod
avBpodmvov Eykepdlov 1 ovykévipoon 1@V yayylolitdv éavrimpoocanedel
nepimov 16 6% TdV cuvolik@dv Mnoelddv, Evd o1 Aevkr ovoia meplopiletal o1
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. NINAKAZ V. Hooétnreg yayyholitdv o1év éyképalo d1apdpwv dpyavioudv.

dpyaviopds - mg/g Y‘o“'ia (BB™.).
. . - iotod :

GvBponog: @roldg Eykeg. veoyévvntov . ‘ 400 98)
» tviice ' _ 1002 (99)
Aevkij odoia veoyévvntov . . 400 - (98)
»  » o Eviflixa 156 99

apovpaiog (Evﬁlmag) s ' 1047 :

KOLVEAL : V 497 (18)

xotémovko - 660

XEALGVE 220

oid ) 320

Batpayog - 220

vépr ' 370

I'[INAKAE Va.Zvykevipdoeg 6Acod NANA Kai yayyArolitév 61dv pAoid kaf THv Aevkr ovoia Tob éyrepd-
Aov dvBpdomov dvdloya ué ‘mv nhixia.

6hxéNANA % 1BV OMKdV

(mg/g vorod

e ‘ : G _

tonat) SQ1 Sy3 11 Sm2 “mi Op1aCpy, Opy
& veoyévwnto 400 — 1- 73 36 146 7,6 I8 L1
& 8 qypovav 797 29 —— 159 36 174 394 198 ——
S 73 ypovav .79 51 —— 312 17 128 228 255 ——
T3 veoréwmro 400 — 1 34 69 191 578 21 14
83 8axpovav 73 59 —— 16 17 204 429 125 ——

73 yxpovdv 191 79 —— 279 19 126 184 304 ——

0,6%. Tt ocvykpion pé t6v Eykéearo, | ovykévipmon elvar pikpotepn o6
voTiaio puerd kai dxdpa pikpdrepn o16 neprpeperakd vevpikd ovotnua (79).

Tayyioliteg ¥youvv Ppedfi dkdpa kai of Spyava Ektég 10D vevpikod
ovotiuatog 8nag td Emveepidua (81), 16v oniiva (81), 16v mhakotvia (82), td
Epubpd aipoceaipia (83), 16 cvkdTL 10D movTikoD (84), Tig Eviepikég Adyveg (85),
T00¢ VE@POLG TOT 1u611xou kai Tob Podiod (86), o rfimatdpara (87), k. AT

Té 6ha 1d OmOKVLITAPIKE kAdopoata ToD Vevpukod ocuvoThipatog Eyovv
gvtomoti] yayyholiteg. Ol peYaArbTEPEC Bpmg ovYKeEVTpdoEL Exouv Tapatnpnoi
676 pikpocmuatiakd, 16 prtoxovdploké kai 16 cvvantocopotiakd kidopa. “H
ovykévipoon 1ol pttoxovﬁptaxou kAdopatog kvpaivetar petagd1-269% Exeivng
100 pikpocopatiokol. “"Etot, propobue vd mobpe §11 pdrhoy ¢raier 6 kokdg
Stoywpropde tdv Yo khaopdtov; pd xai ol cuykevipdoeilg otnpifovv adti v
Gnoyn. “Evéiagépov napovcidlel kai 1] SimAdoLo cuykéEVIp@on TOD HIKPOCHNO-
Tiakob kAdopatog of yayyroliteg, o€ cUykpion pé 16 GLVANTOCORATIAKOS (88).
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ADT6 EENYMOnKe televtaia HE TOV Eviomeud tidv TEPLECOTEPOV ProovvOeTIK@Y
evibpev 616 cdotnua Golgi (89).

Ducrodoyixij dpden eV YoyyAolurdv

7oV émdpodv o1é KUTTQpO 1f Guppetéyovy o’ aptd, T6 mmoamvo déyetan 611 of
YoyYAoliteg naifovv kdnolo polo otn Hopgoroyia kai 1 m_neogaomsqz 100
KuTTdpou. )

Mé tiv drodoyn 1o TPDTOL povtéiov EEnyeita 1 dpdon ¢ t0&ivng ¢
XoAépac. ‘H tokivn adtr tEacke
otic mhaopuatikég ueuBpdvec tdv KUTTApoV, tvepyonoidvrag 101 tijv Gdevuro-
xcx»mqs. kai adéavovtac 16 mocd 00 AMP (91,92). ‘O Yayyholitng Gy,
decpevet T Tokivn otig peppdveg tevijvia popég drotedecpatikérepa dnd T00¢g
dAloug YoyyAwoQiteg. "Evoopdtoon 1od G otig pepBpavec adtaver v €ktaon
Tiig Séopevong xai Brodoywn Spdon tiic toivng tfic yorépac (92). Ta
TAPATAVEO KATOAT)YOUY 016 ovunépacpua 8t 6 Gy, elvor 6 Emoeavelaxsg déxtng
Tii¢ To&ivng abtiic. T vd motonoindfi kakiitepa 1 dpdon tic .&E.n t0&ivng
Eywvav melpdpato oé KOTTAPO TOVTIKGY, TOY elye petaPAnoi 1 cvotaocn T@dv
YayyMolutdv toug (93), «xai kKatéAnEav' oté idio dmotédecpa. *Avéroye
newpdpata Edeiav §t ki dAlor yayyholitec eaivetor va elval déxteg y1d
Sragpopetikéc Baxtnprakéc To&iveg (94,95). ,

“H 8ebtepn Bewpia Booiotnke otiv nidpaon mov Eyouv opouéva Mmapd
d8&éa ot Hopporoyia tdV Kuttdpov Hela.

“Exbeon tdv KUTTapov adtdv 616 Bovtupiké 6E6 Exel oav dnotéreopa v
aénon 1od mocod tod Gy (96), mov ‘umopel vd dgeiletar oé aténon tijc
dpactikéTntac 1od &vldpov Z-Q_nmac»oémcbpticyo-an9<qem_uqu CMP-NANA:
Aaxtolvro-knpomdion, Evi oi dpacTikéTnTEG dAA@Y YAvkolvdrotpavopepasiy

Bovtupiké 686 kai PTAVEL 0716 uéyioto cé 12-16 dpec. Mopgoroyikég dragopéc
apyitovv v guoavitovtar petd ané 6-8 dpeg kai ShokAnpdvovial otig 20 dpec.
Mé v &opaipeon tov- Bovtupikod B¢toc anéd 16 Bpentiké péoo t¢ dag
KoAMépyerog Tapatpeita pd ypryopn kai énétoun nrdon g dpactikétntag
Tob &vldpov xai maipvouvy nah 16 apy1ké Quororoyikd oxfiua tovs. "Extég anéd
76 Poutupiké BE, Tapéuola dpdon Exouvv 16 TPOTOVIKG Kai T6 meviavoiks SED,
&v® 16 Aha Mmapd 6Eéa Bév Eyouv napopora dpdom.

Mé Liya Aéyia, obppove pé 1 Bewpia avt, oi YayyAoGiteg maifouv
olyovpa omovdaio, GAAG 6xaBop1oTO dKdpa péro oth - popporoyia kai Tr
dagoponoinon tob KvTTdpov. : - .
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Msmﬂolwuéé T®v yayyholit@v
A. Biogtvieon

' A6 Epevveg of Eyképdlo dpovpainv Bpédnke 6TL katd THv EuPpuiky fAikia
kai Tic mpdteg 20 pépeg petd 11 vévvnon tovg, 16 mocb TV yayyilolitdv
ovveydc peyordvel kai ot ovvéyewr T péver otabepd 1 pkpaiver (97).
IMapdAihra oi Svennerholm (98) xai Suzuki (99) mapatijpnoav 611 6é GvOpdnIvo
Eyképaho dmapyel abénon NANA and 11 yévvnon péypt 16 8 npdta ypdvia Tiig
Lofic xai ot cvvéyela 16 1066 Tod NANA pévet otabepd. Mehetdvrac Spog Tic
ovykeVIpdoelg TOV yayyholitdv Eeyopiotd, Bpiikav dpketég diagopéc mov
ovvoyiloviar 016 mivako Va.llapatnpodue &t évd otrjv apyn dmepioybovv oi
ovykeviphoes 1oV Gpj, kai Gy, TEMKE Ekeivol Tob Emkpatodv elvar oi Gpip
koi G- :

" Av xai €xovv yivel peydieg npoonddeleg navo otiv Epevva ¢ Brocivieong
v yoayyholitdv, 16 kepdhairo adté Exer axopo mohréc EAAeiyeic. Té
BroovvOeTikd povomdrt mov Eyxel Eekabapiotii uéypt orjuepa (100) kai td Evivpa
mob KataAvovv Tig GvTidpdoelg Btocov@scng ouvowtCoth o016 oyfjpa 3 xoi t6v
wivaka VI,

ITINAKAZ VL. "Ev{vua Brocbveons tdv yayyriolitév.

PAéme . ‘ . brorvTapii

oxfjua 3 _ Evivua ) ) Katavourj Pipa.

A I'ukolvrotpavogepdon UDP-yAvkding: knpapiﬁion . 114

B Takaxtolurhotpavepepdon UDP-yohoxtélng: yAvko{uho-knpapl- cuvantochpata 115
diov UIKPOCHHaTA

) prroyxSvdpia

r N-dxketho-yakakrolapivorotpavopepdon ‘UDP-N-éxetvro-yoha- 116
xrolapivng: yaraktofvro-yAvkoluro-knpapdiov

A Tadaxtolviotpavogepdon UDP-yahakté{ng:N-Gretvro-yarakto-
Culo-ykmco&uko-xnpapl&lou

E " N- dxswlo-venpapwukotpavoq:spacn CMP—N—dKatnko-venpaplw— 117
ko®.6E¢og: yaraktofuro-yAvkolvro-knpapidiov .

T N-dketoro-yaraktolapivorotpavopepdon UDP—N-mcemlo—yala— litkpochpata 118
krolapivng: (N-dketvlo-vevpapivoro)-yaraktoloro-yAukolvio-  cvvantikéc
knpapidiov  nepPpdveg

z ToAaxtolvrotpavopepdon UDP-yaraxtéing: N- &Katuho-yakamo HiKpooGOpata 119

~ Lopivoro~(N- dxstDko—veupa;nvulo)yalaxtoCulo-ykuxoCulo-lcnpa— GKaTéPyaoTo
widiov ‘ KAdopa prtoyov-
. . ' . dpinv

H N-dketoro-vevpaptvorotpavopepdon CMP-N-Gketvro-vevpapivi- 120
koD 6Eéog: yahaktolvro-N-dketvho-yaraktolapivoro-(N-dketvio- » »
vevpaptvoro)yaraktofvro-knpapidion

[©] N-dxetvro-vevpapivorotpavoepdon CMP-N-aketvdo-vevpapivi- 120
koD G&€ogi N-Gketvdo-vevpapvoro-yaraktoluro-N-Gketuro-yara- » o »

krofapivuro-(N-dxetvro-vevpapivoro)yaraktolvrho-yAvkolvro-
knpapdiov
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Gal-GalNAc-Gal-Gle-Cer QL
' 1 i
NABA-NANA NANA-NANA - - "i : CHMP-NANA
) - - )
Sr1a - i:
Gal ba_LNAc-Gal GLC-CEr €= = = — — — — 7 {‘
1

r G,

H

NANA- NANA NANA i Gal-GalNAc-Gal-Gle—Car Gy,
e | R T

i: o . CHP-NANA Nk NANA-NANA | cup-nana
H '

Gal-GalNAc-Gal- -Gle-Cep & ————""Cal- Galline-Gal-Gle-Cer Gy

1

NANA NANA NAHA-NANA | upe-cal
!

. CHMP-NANA
CHP-NANA Sy ! i
' Gal-GaiNAc-Gal-Gle=Cer GalNAc—Ga‘Al—Glc “Cer GD‘Z
NANA NI\NAJIAN/&: UbP-GalNac
e

y . N z
A IUDP Gal o UDP-Gal = |

Gal-GalllAc-Gal-Gle~Cer

" {2 ~GLla~C y .
GalNAc=Gal-Gle-Cep GalNac-Gal-Gle-Cor & Gal-Gla-Cen Gpo

\ )
: NANA - . NANA-KEUA / Cup-NARA
ET {{ g . UDP-GalNAc E—
5 1 Su3 =
UDP-GalNAc Gal-Gle-Cer
' ;

F\T‘m E H CMP-KANA

=~&"Gal-Glc~Cer

B upP~Gal
Gle-Cer

A ] UDP~Gle
Cer,

Auxupd OES gouyyoulvn

Iyfine 3. Bioovvletikii mopeia T@v yayyArolitdy Eyxepdiov. Of ovvexeic ypauuéc Oeixvovv wjv
&axpifouévy nopeia, of Sraxexopéves drdpopec nofetixés mopeies. Td xegoa&aza ypdppata napanéumovy

_ ot0v nivaka VI y1d meproootepec Acmropépercs yopw dnd mv vo,uawlm ia tv év{ipor Bioosvieonc. (10
nivakac ociyver kel v katafolixd mopeia).

B. "Anowcodounon

Hpiv pepikd xpbvia npocdidpicay 1t 6 xpbévog 4né trj Prochvieon péypt 6
koataporiopd £vog yayyholit, o* Evav Eyxépadro nol avantdcoetal, eivar 20-25
pépec (101,102). ‘

‘H peyakutapn npoonddeia ps)»e'cng TV pepovopivev Evibpov, tod taifovv
KGmol0 poro 616 KataPoriopsd T@v yayyAolutdy, Eyive of oyéon pé HEAETN
@V Slapdpov yeveTikdv Mmddocov (BA. xe@. TayyMoliteg koi dobéveiec). T6
KvpLotepo aTdd0 Tob KkataPoricpod elvar %) dmokomy ané 16 pdéplo TOb
yayyrolitn t@v popiov NANA (Zyfipa 4). TS Evivpo nod xatarder T Siepyacia
avTy Ovoudletan vevpapviddon i clodiddon (neuraminidase 7 sialidase) xai
ooaivetar vd gival a&etﬁucavusvo ' adtn ) dpdon (103). Ierpdpata Spws GAAov
gpevvntdv (104,105), o16 dvrtiotoryo &vivukd kAdopo tob yoipov kai Tob
Bodiot, EdeiEav 81 Hrapyel Evivpo mob H8porvet T pdpo 1o NANA 1600 616
100G yayyAoliteg, 8c0 kai and dAdlec Evdoeic mov mepiéxovv NANA yapic vé
glvar yayyhwoliteg. “Eyet axopa deiyti] 61t 6 Gpy, 08polvetai pé neplocdtepo
@pyd pobud amé tovg drrove @uoikodc yayyholites (104) koi adté ywti 16
NANA, no? elvar Evapévo pé 2-8 yAvkoo1dikd deond elvar neplocdtepo otadepd
éné 16 NANA, 16 Evouévo pé 2-3 deopd dnag otév Gp,. T Evivpo abdté Ppédnke
016 KAdopa t@v ovvantocopdtov (106,107), 016 Ephtnpa Spoc dv 16 Evivpo
ftav npdypoatt cuvantoocepatiké 1 uinec Avcooopatikd sivar dbokoro vd
anavtjcovpe pé BePardtnta, yroti Ondpyst W mepintoon péAvvong Tob Evoc -
kAdopatog ané t6 dAko.
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NANA N lilﬂ“x -
Rane | taNa '
HAKA ——/Lv‘supuuwnﬁdcn
Gal-GallAc-Cal-5le-Cer
l'iANA E!ANA

; .
HANA
NANA vevpapLvLsdon

. Gal-GalllAc-Gal-Gle-Cer
NANA

}‘lANA
NANA/ vevpapLvL8&on
Gal—GalNAC-G?}—GlC‘ er

NANA

Gal .—_,__—/ B-y&AcxTOOLEAON

GalNac-Gal-Glc-Cer |
1
NANA

Galllhe " | B-N-dueTUAG-EEOLa1LVLEEON
Gal-Glc-Ce"
NAJA

NANA o veuvpapLviEdan

° Gal-Gle-Cer
Gat - B-yarantooLb&on

Glc-Cer '

Glc -‘. B-yYAunoot6&on

er
K / k‘ﬂpﬂu v8don

Avnapd SEY + o@LyYooivn

Iyfua 4.. Karafoiikr nopeia tév yayyliolitdv.

“Exouv Ppedfi onuavtikéc dragopéc o1 dpdomn Tob gviopov veopautw&wn
ot gyxepdrovg Sapdpovg fAkidv. O Ohman (108) Bpiike 6T 1. dpactikédTnTa
_tod &vibpov oTéV Eyke@akiko orotd glvar 10-25 gopég peyordtepn and éxeivn
“tfic Aevkiic odoiag kai T 6 prordg Tiic mapeykeparidag Eyst dxdpa peyardtepn
Sdpactikétnto kai Gné &keivn tod @Aowob 1ob Eykepdiov. Oi Ohman xai
Svennerholm (109) &deifav 811 dpactikdtnra vevpapviddong dmapyer oTov
Eyképalo tod GvBpdnov ard Triv EuPpuikn Hiwkia Tdv 15-20 EBSopddwv. *And
v filwcio, adTH 1 SpaocTtikdtnTa Tob Evidpov adddver xai yiverar péyiotn otév
gyképalo tod vijhika. Mapdpora meprypagr Exet yivn kai yid tév Eyképaro Tdv
veooodv (110), &vd ot1év &yképalo tdv dpovpaiov 1 Spacnxomw Tfig
vevpapividdone adédver ovveydg pé v fAia. »

T’ dnowadrnote nepintwon ndviog elvol yeyovdg 8Tt Eva Evivpo pévo dpkel
yi&d v énéonoon tod NANA 416 1d popua tdv yayylolitdv, Evé vid tiv
dndomacn Tdv cakyaplKdV popiev ypetdlovial teplocdtepes and pia yAvkoot-
daoec. Toppove pé pd maiid dnébeon mdve o’ adtd, pd pévo yAvkooiddon
elvar Exeivn mob katalver THv B3pdAvon Thig YAvkélng kai Tfig yahaxktdlng.
*Avtifeta pé v bndbeon adtd, 6 Gait (111,112) nétuxe va Swaywpion &va
kAdopo B-ylukooiddong kai Eva P-yeraktooiddong, mod metvyaivouv Thv
anéomaocn tiig YAvkéing xai tfig yaraktélng avnc‘cmxa &né 16 poépro tod
yayyiolitn.

€ avtifeon pé 11 vevpapividacm, mod Bpicketar Kuping oTd GuvanTocH-
pata, 1 B-yAvkooiddon, 1 B-yoraktoowddon kai 1) B-N-dketvro-g&olapividdon
(t6 Evlopo mov xataAber v andomacn Tfi¢ N-dketvho-yalaxtofopivng),
Bpiockovtar 616 Avcocopatiekd kAdopa (126). “Ymdpyer Spmg pid drapopd
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petav tdv 8Yo katnyopidv Evidpev: *Evd 1| dpactikdtnta tfig vevpapividdong
adEdvel pé 16 Ypdvo kai pTdvel 616 pEyLoTo rng 016 TEAELOTOINUEVO EYKEPOAO, 1)
dpactikéTna TdV y)»vxomSacmv elval ida 6 Sreg Tig HAkieg Tdv Chov mod
EEerdotnkav (109).

TS televtaio otddio Tod KawBohcpov 1’] dwdoraon tod knpapidiov pé
o@iyyooivn kai Amapd &V, katarveTol nd 6 Evivpo knpopmddon (Zyfina 4).
‘H Spactikétnto tob Evibpov adtod adtdvelr pé v fhlikia dneg kai tfic
vevpapviddong (113), péypt tdpa Speg dév BptOnke 1) dmokvTTapiky Tomoloyia
ToUL.

Cayylwoliteg kai doBéveieg (Mm&'meu;)

Airtio tdv avBpdmvev cgryyomiddoeov elval /| cvocodpevon yayyhioli-

1@V, kvping oTév Eyképaro, Aéya i drovoiog kdrotov kataBoArikob Evidpov.
"H Ehewym adtry Exel yevetiwy) npoéhevon kai 63nyel o Bapsui voonfpara, mod
gxdnidvovrar otolg mpdTovg pijveg Tiic (wiic.

Oi Mnddoeig yopifovral of Tpeic TOMOVG, Gvdroya pé Tév yayyArofitn nov
ovooopedetar Koi nod cuvibag elvar &6 Gmi; 6 Gz, kal 6 Gwms.

‘H yoyyholitoon To0 Gmi, pumopel va yopotii of Vo &mi pépovg
yoyyholithosig (121), T4 yevikevpévn (generalized) xai T moudikj (juvenile)
Gmi-yayyholitoon. ITpéceata kabiepd@dnkav tpia froynuixd kpirripia yid t6
Srayepropd 1@dv Gu yayyrolitdoswv (121). Adtd elvar, /| cvoodpevot tod Gu
otov Eyké@adro kai 1d dnxdxva 1} svoodpevon Evog BAevvonorvoakyapitn, Tov
poaler pé Beuxti kepativn kai 9 EAdewyn B-yaraktooiddong.

‘H yevikevpévn yayyholitoon fitav §) tpdtn mod mapatnpribnke (122) ‘H”

- Ep@dvion Tdv cupuntopdTov dpyifel 4né T vnmaki fAkia, npiv &né Tiv Rlikia

v EEn unvdv, pé petaPoréc 016 okeletd, 16 mpdowno xai 16 péyebog TdV
onmhdyvov (123). “*H noodétnta 100 Gum; kai 100 frevvororivoakyapitn ( Gar)
(124) orti¢ nepintdosie adtéc elvan 10mAdowo T (pDGlO)\,O‘YlKT]g (125) «xai
dpeiretan kvping otiv drovcia Tod xataBoMxov gvibpov B-yolaxtooiddon
.(126). "Eywve mé mpoondbeia v Ppebii W Evivpatiky Jiapopd Tdv ddo
yayyiolitdosov yopiloviag Té Evlopo B-yolaktooddon otd tpia dopkd
ovotatikd Tov, mod yapaktnpifoviar pué ¢ ypdppata A,B xai C (127).

‘H nadikf Gui yoyyrolitoon Swkpiverar Gmé ) yeviky o616 &t td
CUUTTOUATE. TO.,poVCLElovTal O1yd-o1yd, 616 Téhog T1i¢ vnmakiig tepiddov (127).
Oi mocdttec t®dv Gmi koi Gar elvar mepinov ioec kai otic dvo popeic (127),
GAAG 6 G 8év Exel GkOpa Bpebii otd onhdyva (121), Steg ovppaiver 011 yeviky
yayyholitwon.

Ol Gu-yayyholitdoeig neprdappdvovy tpeic vosoug:- Triv véo0 Tay-Sachs
t1jv véoo tod Sandhoff kai tiv madiky Gu-yoyyAiolitowon.

‘H véoog Tay-Sachs neprypaonke npdra dné 16v Klenk 16 1942 (128) ysvucd
oGV ovoo®pevoTn yayyAlolitdv kai rd tov Svennerholm t6 1962 (129) odv
ovoo®pevon 100 Guma. Té moo6 1od Gum: o1év Eykégaro otrf mepintoon adty
elvar 100-300 @opéc peyardtepo Grd 16 puoloroyikd. *Aképa 6 Ga: (dvdroyog
700 Ga1) Bpioketar oé 20nrdoia tocotnTa Oof oyfon pé T6 puororoyké (129). T6
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‘Summary

On the phenolic hydroxyl of the three isomeric hydroxyphenyl dimethylcarbamates
were introduced side chains bearing basic groups that solubilize the molecules. A number of
the compounds described were evaluated for anttcholmesterase activity and revealed a
variability of action.

’ Key words: Dimethylcarbamates of the Dihydric Phenols.

Introduction

The study ot aromatic carbamates acting as acetylcholinesterase (AChE)
inhibitors has led to the following conclusions:',?

a) Compounds with a mono- or dimethylcarbamate group dxrectly attached to
an aromatic nucleus have shown high anticholinesterase activity.

b) Aromatic dimethylcarbamates are much more resistant to hydrolysis than
monomethylcarbamates.

¢) The presence of a positively charged mtrogen atom in the molecule is most
significant for the inhibition of the enzyme.

We focused our interest on aromatic dimethylcarbamates bearing on the
nucleus a second oxygen atom, either alkylated or acylated by a group containinga
cationic nitrogen atom, since similar compounds have been previously reported as.
AChE inhibitors.?,*" In this communication we describe the synthesis of three new
series of compounds of the general formulae I, IT and III, together with some
preliminary tests on the activity of their salts.
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Chemistry

The preparation of I was ‘carried out through the intermediate B-dialkyl-
aminoethoxy phenols (IV) which were prepared by known methods*,*,® outlined in
scheme 1 (Methods A and B)

o R

VETHOD A @m RaNCHCHCL HCL @w {CHa)aNOOCL 1,

2CH2Br i
@ éw ,_R_IET
Scheme 1.

* Pyrocatechol derivatives were prepared using exclusively Method A, since
reaction of pyrocatechol with 1,2-dibromoethane in alkaline media leads
predominantly to 1,4-benzodioxane’.

In the final stage the- phenols IV reacted wnh'dlmethylcarbamyl chloride in the
presence of K,CO; to yield I which were purified by distillation in vacuo. The
properties and elemental analyses of I are summarized in Table I.

The compounds of the general formula Il were synthesized in four steps
(Method C, scheme 2). The dihydric phenols reacted initially with dimethylcar-
bamyl chloride in the presence of sodium ethylate or pyridine. The obtained
carbamates V were allowed to react with methyl chloroacetate in the presence of
K,CO; and KI* affording the methyl dimethylcarbamoxyphenoxyacetates (VI),
which were subsequently hydrolyzed by excess concentrated HCI to yield the
correspondmg ac1ds (VID

CH3
“CHa

‘»01-1 (CHg )2 NOOCL >| o __3%] (n-lam:g
v1 .

l}m
METHOD C o CHa
N
1 SOCl
T S R NCHL GO OCH,COCH
VII

Scheme 2.
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~ The target compounds IT were prepafed by reaction. of the appropriate -
dialkylaminoethanols withe the chlorides of the acids VII. The obtained bases were
vacuo. The properties-and elemental analyses of compounds II and their salts are

purified by means of their salts
summarized in Table II.
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" The synthesis of cdm_pounds Il was attempted via three different pathways

(Methods D.E and F, schemes 3 and 4).
Following Method D, which.is valid for para dérivatives only,

H,
mOCHgCl Ca I\L’S:H: OC0CT Né:%
| METHOD D C’“ ___(cuglpncocl
CHa
m\cﬂs
IIT
Scheme 3.

p-hydroxypheny! chloroacetate® (VIIT) was treated with secondary amines, which
as a rule caused aminolysis of VIII'%!!? to regenerate hydroquinone. However
reaction with diethylamine afforded p-hydroxyphenyl diethylaminoacetate (IX,
R=C,H;), which in turn reacted with dimethylcarbamyl chloride to yield Illpm
(R=C,H,).
) Method E involved chloroacetylation of V wnth either chloroacetyl chloride!’
or chloroacetic acid and POCL,', in the presence of pyridine, As in the case of
_ Method D, treatment of the obtained dimethylcarbamoxylphenyl chloroacetates
(X) with secondary amines caused hydrolysis of the chloroacetates to regenerate V
except diethylamine which gave only the final product I1Ipara (R=C,H;). as above.

Calls
Ne,n
CQHS\NH Cells
® cicmacoct CaHs”
METHOD E OH = 1 71, GOGH/POCE ococazcl——> s
oo
m
. ) 289, <g3
3
METHOD F i . ‘——m—9 G 0000{21;15; cl
. . . R”
III Kl

Finally Method F was apphed by treating X with temary amines and thus
three more.products of the general formula Il were obtained in the form of

quaternary ammonium salts, listed in Table III.



A. VAVAYANNIS, G. TSATSAS

236

“POUSTICNAUN BIBQq “BE * 404" (x)

R £
- . . . . o ge . [N YA £ 2l B
U6 L9 0°Es TTLL 8'g . 9°9  1'es 6Ll VohnolCw vy oM 19 a NG
¥
Q
— o : - ——
26 BL L 985 9% §'L eL e85 sgL  omotills £ 1oSwbo 0z a §
. v . . P it
LS 6 Bl er zver on Yo 2 s s emee . @a N (i)
L0 L9 etes T s 9%9 L'es 65t Yot 1 oo v a N i
X N H ol X N H o] 2 BTRIO] bruayo % . P
% punod 3+ oTE) | Cd'W TemosTon N ves ta'g PIOTR  powden S
s » &8 £ T e v ’

*SSFEISORCUTUETANTRTD  [AUSUJAXOURGTEOTARANTT  *TTT WTEWL
. > .
(M  Sxemoo



SYNTHESIS AND BIOLOGICAL ACTIVITY OF NEW DIMETHYLCARBAMATES OF THE DIHYDRIC 237
PHENOLS ‘ : '

Experimental

Melting points are uncorrected. The IR spectra were taken in Nujol on-a
Perkin-Elmer 521 apparatus.

Dimethylcarbamoxypheny! B-dialkylaminoethyl ethers (I)

To a solution of a hydroxyphenyl B-dialkylaminoethyl ether (0.019 mol) in
acetone” was added K,CO, (0.019 mol), followed by dropwise addition of
dimethylcarbamyl chloride (0.028 mol) under stirring. The mixture was gently
warmed and stirred for 14 hr. The inorganic salts were filtered, the solvent was
distilled off, the residue was rendered alkaline with 15 % NaOH and it was
extracted with ether. The organic layer was dried (MgSO,), the solvent was distilled
off and the oily residue was fractionally distilled under reduced pressure.

p-Hydroxyphenyl dimethylcarbamate (Viaa) - ' ' )

To a freshly prepared solution of Na (0.25 mol) in 250 ml absolute ethanol
. under N, was dissolved hydroquinone (0.25 mol), followed by dropwise addition of
dimethylcarbamyl chloride (0.1 mol) under stirring, in a period of 30 min. The
mixture was refluxed for 8 hr. cooled, the precipitate was filtered off and the
solvent was evaporated in vacuo. The residue was triturated with 15 % NaOH,
extracted with benzene, the aqueous layer was acidified with conc. HCI and the
precipitate was recrystallized from H,O ethanol to give off-white crystals m.p. 185°
C (77% yield). o -

Analysis caled. for C,H,,NO, © C.59.7 H,6.0 N,7.7
Found C,59.3 H6.1 N,7.4

m-H ydroxyphenyl dimethy¢arbamate (Vme) was similarly prepared in 70% yield as a
white solid, m.p. 98° C, from benzene- ligroin.

_Analysis calcd. for C,H,,NO, ® i C.,59.7 H,6.0 N,7.7

. Found ! , C.59.8 H,6.1 N,7.6

o-HydroxyphenyI dimethylcarbamate (Vorio)

A mixture of pyrocatechol (0.18 mol), pyridine (0.36 mol) and dimethylcar-
bamylchloride (0.18 mol) in benzene was: refluxed for 5 hr. After cooling the
solution was washed with 10% HCI to remove the excess pyridine and extracted -
‘with 15% NaOH. ‘The aqueous lefyer was acidified 'with conc. HCIl and the’
precipitate was recrystallized from benzene-hgrom to give white crystals m.p. 118"
C (24% yield).

Analysis caled. for C,H,,NO, | ) C,59.7 H.6.0 N,7.7

Found ° . C.59.7 H,6.2 N,7.8

Methy! p-dimethylcarbamoxyphenoxyac‘etate (Vipara)-

. To a solution of p-hydroxyphenyl dimethylcarbamate (0.053 mol) in 150 ml
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ethyl methyl ketone was added anhydrous K,CO; (0.053 mol). A mixture of methyl
-chloroacetate (0.79 mot) and KI (0.5 g) in 20 ml ethyl methyl ketone, which had'
remained overnight at room temperature, was added under stirring.over a period of
90 min. The mixture was then refluxed for 10 hr. The solid was removed by
filtration and the solvent was evdporated in vacuo. The residue was dissolved in
benzene, washed ‘with 10% Na,CO, (2X50 ml) and then with water until neutral.
The solution was dried over MgSO,, ligroin was added and the precipitate was
recrystallized from benzene-ligroin to give white leaflets m.p. 78° C (80% yield).
Analysis caled. for C,,H,;NO; ~ . C.56.9 H,59 NS5.5
Found - C.57.1 H6.0 N,5.8

Methy! m-dimethylbarbamoxyphenoxyacetate (VlInea) was prepared similarly in 90%
yield as white needles m.p. 78° C from benzene-llgrom _ '

Analysis caled. for C;,H,sNO; ) C,56.9 H,5.9 N,5.5

Found C571H60N58

Methyi o-dlmethylcarbamoxyphenoxyacetate (Vlortno) was obtalned as colourless
_viscous oil b.p. 100°%/2 mm Hg, in 80% ‘vyield.

Analysis caled. for C,;H ;NO; C,56.9 H,59 N)5.5

Found : C.56.7 H,59 N.5.2

p-Dimethylcarbamoxyphenoxyacetic (V1lpr.)

Methyl p-dimethylcarbamoxyphenoxyacetate (0.039 mol) was warmed with
50-80 ml conc. HCI on a steam-bath for ca. 20 min. The resulting solution was
poured in 100 ml cold water and it was kept at 0° C for 3 hr. The crude solid was
dissolved in 10% NaHCO;, shaken with 2X100 ml benzene and finally the solution
was acidified with conc. HCL. The acid was filtered, dried and recrystallized from
dry toluene to give white crystals m.p. 135° C (83% yield).

Analysis caled. for C;H;NO; C,55.2 H54 N5.8

Found o C.55.7 H.5.7 N,5.4

m-Dimethylcarbamoxyphenoxyacetic acid (V1In) was obtained as a white'solid m.p
95 C from ethyl ether (72% yield). ‘ ) .
Analysns caled. for C“HHNO; C.,55.2 H54 N.58
-Found A . C,55.4 H54 NJ59

o-Dimethylcarbamoxyphenoxyacetic (VIlnns) was similarly prepared as a crystalline
solid m.p. 105° C from toluene. Yield 64%.
Analysis caled. for C;H;;NO; - C,55.2 H54 NJ5.8
Found : C,55.3 H,5.8 N,5.8

B-Dialkylaminoethyl dimethylcarbamoxyphenoxyacetates (I11)

0.016 mol of an acid VII was refluxed with excess SOCI, for 30 min. The excess
SOCI, was removed in vacuo and the residue was dissolved in dry benzene. After
cooling in ice-bath, a p-dialkylaminoethanok(0.032 mol) was added dropwise and
the reaction mixture was refluxed for 2 hr. The precipitate was then filtered off, the
remaining solution was washed with water until neutral, dried over MgSO, and the



SY'NTHESIS AND BIOLOGICAL ACTIVITY OF NEW DIMETHYLCARBAMATES OF THE DIHYDRIC 239
PHENOLS

solvent was removed in vacuo. The oily residue was fractionally distilled under
reduced pressure to yield II. Note: Since the majority of products I1 decompose
upon distillation, the purification of the crude bases was made by means of their
salts. :

p-Hydroxypheny! dieth ylaminoaceta'te ( IX, R=C Hy)

A solution of 0.02 mol p-hydroxyphenyl chioroacetate (Vlll) and 0.04 mol
dlethylamme in 50 ml dry benzene was gently warmed ona steam-bath for 1 hr and
then it was allowed to stand at room temperature overnight. After filtration the
- solution was washed with ice-cold 10% HCI and the aqueous layer was made
alkaline (pH=10) with cold 10% NaOH, while the temperature was maintained at
- 0° C. The resulting suspension was shaken with 2X50 ‘ml ether, the organic layer
was dried, the solvent distilled off and the product was collected as a viscous oil at
185° C/3 mm Hg in 48% yield.

HCI salt: m.p. 186° C from methanol. .
Analysis calcd. for C,,H,CINO,: © C,55.2 H6.9 NS4 CL13.7
Found . C,55.2 H,7.0 N,5.3 Cl1,13.3

p-Dimethylcarbamoxyphenyl chloroacetate (Xpara)

. To a solution of 0.024 mol Vpar and 0.48 mol pyridine in 100 ml dry acetone
which was cooled in NaCl-ice, was added 0.048 mol chloroacetyl chloride under
stirring. The temperature of the reaction mixture was maintained between 5° and
10° C during the addition procedure. The stirring was continued for 2 hr at the
same temperature and for another 8 hr at room temperature. The mixture was kept
overnight at room temperature, the precipitate was filtered off, the acetone was
removed in vactuo and the residue was triturated with ice-cold 10% HCIl. The
resultmg mixture was extracted wrth ether, the ethereal solution was washed with
2X50 ml ice-cold 10% NaOH. then with cold water untlll neutral and it was dried
over MgSO,. After evaporation of the solvént the solid residue was crystallized
from dry ether (or benzene-ligroin) to give white leaflets m.p. 98° C (79% yield).

The same product and yield resulted when the reaction was carried out
“employing chloroacetic acid and POC],, instead of CICH,COCI, as described by
N.H. EINHORN". ) '

Analysis caled. for C,{H;,CINO, : - CJS51.3 H4.6 NS4

‘Found , C.51.5 H4.7 N,5.3

m-Dimethylcarbamoxyphenyl chloroacetate (Xmea) was similarly prepared as an
amorphous white solid after distillation in vacuo at 163° C/2 mm Hg or as white -
crystals after récryst from benzene-ligroin, m.p. 69° C. Yield 60%.
Anal. calcd. for C“ 12CINO, : " C.51.3 H4.6 N,5.4
Found C,51.5 H4.7 N5.0

o-Dimethylcarbamoxyphenyl chloroacetate (Xanha) was prepared as a colourless
viscous oil in 42% vyield. B.p. 130° C/2 mm Hg.
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+ Anal. caled. for C;;H,CINQO, : C,51.3 Hi4.6 N.5.4
Found - - C, 509 H,4.4 N,5.7

p-Dtmethylcarbamoxyphenyl dimethylaminoacetate (Illpara, R= Cqu)
a) Method D

A solution of 0.04 mol IX (R=C,H,), 0.012 mol pyridine and 0.013 mol
dimethylcarbamyl chloride in 50 ml dry acetone was gently warmed on a steam-
bath for 2 hr. The solvent was then removed in vacuo, the oily residue was made
alkaline with 10% Na,CO; and it was extracted with ether. The organic layer was
dried, the ether distilled off and the product was collected by distillation at 180°/2 -
mm Hg in 38% yield. The structure of the product was coni"rmed by elemental
analysis of its picric salt (III 2)

b) Method E

A solution of Xpara (O 019 mol) and dlethylamme (0.039 mol) in dry benzene
was gently warmed on a steam-bath for 2 hr and then remained overnight at room
‘temperature, The precipitate was filtered off, the filtrate was shaken with cold 10%
HCI and the aq. layer was made alkaline with cold 10% Na,CO,. After extraction
with ether the product was isolated as in Method D.

p-Di}nethylcarbamoxyphenyl trimethylammonium acetate chloride (I11-1). Method F.

In a 50 ml round-bottomed flask with ground stopper was placed a solution of
0.011 mol Xpara in dry acetone. The solution was chilled with CO,-acetone and 0.017
mol trimethylamine was added. The flask was topped with dry cold acetone and
was firmly sealed. The mixture remained at room temperature until the formation -
of crystalline product had practically ceased (ca. 8 days). The crystals were filtered- .
off and recrystallized from abs. ethanol.

p-Dimethyicarbamoxyphenjzl ethylpiperidinium acetate chloride (I11-3). Method F.

A solution of 0.019 mol Xpara’and-0.028 mol N-ethylpiperidine in dry acetone .
(or dry benzene) was slightly warmed for 30 min and allowed to stand at room
temperature for 24 hr. The crystallme precipitate was filtered off and recrystallized
from dry acetone.

-Dlmethyl’cqrbamoxyphenyl trzmethylammonmm acetate chloride (111-4) was prepa—
red as III-1.

Spectral analysis

The infrared spectra of the final products I, IT and III, in the form of their
salts, showed characterlstlc urethane C=0 absorption bands between 1720 and
1700 cm-'.

Additional bands were recorded for compounds II and III between 1770 and
1750 cm-!, assigned to ester C=0O absorption.
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Pharmacology

The initial investigation of the pharmacological activity of the compounds
described above, was performed in vitro by observing their effects on the
contraction provoked by acetylchloline on rabbit ileum. The bioassay was carried
out by superfusing the ileum in Tyrode’s solution using a standard solution (0.01
y/ml) of acetylcholine bromide'. From the compounds so far tested. m-
dimethylcarbamoxyphenyl B-dimethylaminoacetate (11-6) gave strong evidence for
anticholinestrerase activity since it increased the ileum contraction. This is
probably due to the similarity of its structure to that of acetylcholine. .

The mean lethal dose of a number of compounds was estimated grosso modo
by endoperitoneal injection in albino mice. The results of the pharmacological
activity and toxicity tests are summarized in table IV.

TABLE IV.
Compound LD;, (gr/kg)* Effect on ileum contraction Dose (y/ml)

I-5 0.05 Decrease 5.10 and 20
1-10 0.05 Inactive 20 and 40
I-13 ‘ 0.25 - Inactive . 20 and 40
-1t 02 - — )
I-16 0.2 Decrease 20 and 40
1-18 - 0.25 Decrease ‘ 10,20 and 40
-2 > 0.5 Inactive : 20 and 40
11-3 : > 0.5 ' ) -—-- -
11-6 > 0.5 i Slight increase 20

o . Large increase 20
m1-3 k - : Decrease 20 and 40
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NOUVELLES BASES DE MANNICH DERIVEES DE CERTAINS
TETRACYCLINES

G. PAPAIOANNOU
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(Regu le 18 Mai, 1979).

Résumé

L’ auteur prépare de nouveaux dérivés desltétracycline, chlorotétracycline, oxytétracy-
cline et méthacycline en faisant réagir leur fonétipn amide selon Mannich. Certains de ces
dérivés ont €été soumis a une étude pharmacologique préliminaire afin d” examiner leur
toxicité et leur activité anti-microbienne. Les résultats ont montré que ces dérivés ont une

activité antimicrobienne comparable 2 celle de la tétracycline et sont bien supportés par les
animaux. : '

Terminologie: Derives des tetracyclines.

Partie | Théorique.

La grande valeur thérapeutique des tétracyclines a poussé les chercheurs a
porter des transformations chimiques ' dans leurs molécules; ceci a conduit 2
’'obtention d’un grand nombre d’antibiotiques hemisynthétiques. -

Le but de ces transformations est I’ amélioration de I’ activité antimicrobienne,
'augmentation de leur solubilité dans I’ eau pour favoriser I’ administration
parentérale, I’ augmentation de la resistance chlmlque ainsi que les changements
d’absorption et d’ élimination.

L’ application de la réaction de Mannich sur la fonction amidique des
tétracyclines a fourmi des dérivés qui sont doués d’une solubilité dans l'eau
remarquable et dont le plus intéressant est la Révérine *** .
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W,C OH N
i

{CH,),

CONHCH,—N ’ .

Cette dernitre conserve I’ activité antimicrobienne de la substance mére et en
méme temps, en raison de sa solubilité dans I'eau, elle est particuliérement
concenable pour une administration parentérale sans qu’il soit nécessaire d’étre
transformée en sel. Ses solutions aqueuses sont presque neutres et trés peu irritantes
pour les tissus par rapport aux sels des tétracyclines naturelles.

Le but du présent travail est la synthése de nouvelles bases de Mannich
dérivées des tétracyclines, qui, mis & part les avantages- cités précédemment,
présentent, peut-étre; une plus forte activité antimicrobienne & cause de I*-
incorporation dans la chaine latérale de la fonction R-S (R=alcoyles inférieurs et
supérieurs). S - ~

Les produits ainsi obtenus qui se forment en faisant réagir les tétracycline,
chlorotétracycline, oxytétracycline et méthacycline avec le paraformaldéhyde et

une variété des S-alcoyl cystéamines et homocystéamines, repondent aux formules.
générales:

CONHCH,NH{CH,In-S-R.2HCH

(A)
n=2,3 E :
R =.CH,,C;Hg,CHy CHICH,), (CH,)5CH,, (CHLCH,, (CH,JsCHy. C (CH,); CHICH,)CH,CH,.
Ry =R, =H Série. 1.

Ry= €' R,=H Série .il.
H Ry=0H Série Il

ol n et R sont les mémes que précédemment, série IV.
La synthése des ces dérivés a été effectuée selon le schéma:
Les S-alcoyl cystéamines I, n =2 et S-alcoyl homocystéamines I, n=3 que nous
.avons utilisées comme matitres premicres, ont été obtenues comme suit: les S-
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= 2 Hei N<C“= HCY

_ @cH0n
H N @HNACHIn SR
(5) (CH’)n -S-R{ CONHCH,NH(CH,)n-S-R

OH“

alcoylcystéamines parouverture du cycle de I’ éthylene-imine par un mercaptan'®: les
S-alcoylhomocystéamines par action de I’ acrylonitrile sur un mercaptan approprié
en présence d’ éthylate de sodium, puis reduction de I’ alcoyl-3 thiopropanenitrile'”
(Ig) avec le LiAIH. . ‘
Pour la réaction de Mannich nous avons suivi d’une maniére généralé la
méthode de L. Cheney et coll.(*) en utilisant 1’ éthanol absolu comme solvant;
toutefois, nous en avons apporté quelques modifications afin de transformer les

produits définitifs en dichlorhydrates qui cristallisent ‘mieux en augmentant a la fois -
le rendement.

Partie Experimentale.

S-alcoylcystéamines: I, n=2, R=CH,(®), C,H(®), (CH,),CH(®), CH,(CH,)(*),
CH,(CH,),("). CHy(CH,)\(*®).

Nous les avons préparées selon T. Wieland et coll. et les rendemcnts varient
entre 48-69%.

S-alcoyl thiopropanenitriles(’): II R=CH,, G, H;, (CH,),CH, CH,(CH.,),, CH,
(CH,);, CH,CH,CHCH,, (CH,);C; CH,(CH,),, CH,(CH,);.

Nous les avons préparés selon C.Hurd et ¢oll. 7 et les rendements varient entre
91-96%. Parmi les produits synthétisés lés suivants n’avaient pas encore €té signalés
dans la littérature chimique:

n-propylthio-3 propanenitrile (R—CH;(CH,),)
Eb,,=123-125°C.
Analyse Calc.% pour C¢H,;NS, N:10,84

Tr. % ’ 10,63.

n-pentylthio-3 propanenitrile (R=CH,(CH,),)
Eb,,=143-145°C.
Analyse: Calc.% pour C H”NS N:8.,91

Tr. % 9.10.

n-héxvlthio-3. propanemtrlle (R—CH;(CH )s)-
Eb,,=159-161°C.
Analyse Calc.% pour CyH;;NS, N:8,18

Tr. % , 8.32.

S-alcoyl homocystéamines: I, n=3, R=CH,(!!:'?), C,H,('*!?), CH;(CH,),, (CH,),

CH('"), CH;(CH,),("*), CH,CH,CH-CH;, (CH;);C, CH,(CH,),('®), CH;(CH,)5(*).
Nous les avons obtenues a partir des nitriles correspondants par action de

LiAlH,. Les rendements varient de 50 4 81%. Parmi les produits synthétisés les

suivants sont obtenus pour la prémitre fois: ‘

S-n-propyl homocystéamine (R=CH,(CH,),) Eb,=100-2"C
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Analyse: Calc.% pour C H,sNS N:10,51

Tr.% o 10,32
S-isobutyl homocystéamine (R=CH,CH,CHCH,) Eb,;=119-20°C
Analyse: Calc % pour C,H ;NS N:9,51 A

Tr. % . 9,68
S-tertbutyl homocystéamine (R=(CH,),C) Eb,=114-5°C
Analyse: Calc.% pour C,H,,NS N:9,51

Tr.% 9,35

N-(methylthlo éthylaminométhyl) tetracyclme A, Ri=R,=H, n=2, R=CH,.

On chauffe a reflux dans une atmosphere d’ azote durant 2h un melange de
2,5g (0,0052 mole) de chlorhydrate de tétracycline, 0,23g de paraformaldehyde (soit
0,00775 mole de formaldéhyde), 0,52g (0,0057 mole) de S-méthyl cystéamine et 65
ml d’ éthanol absolu. Apres avoir ajouté 0,23g de paraformaldéhyde on chauffe de
nouveau pendant 2h. Puis on acidifie avec une solution éthanolique d’ acide.

TABLEAU ©:N-(aicoylthio alcoylaminométhyl)-tétracyclines

CONHCH,NH{CH,)n-S-R.xHCl
.
R n x Rd'.(a) W du  Formule Fc b) Rnatyse
% produit brute Calc.% Tr.%
C H N C H N

CH, 21 86 T.4504 CoH,CIN,O,S 220-222 53,47 587 7,19 53,19 557 7,08
CH, 2 1 79 ' TA4B05  C,H,CIN,0,S 260-252 64,22 6,07 7,03 53,96 6,30 7.31
CH(CH,), 21 78 T.A506  C,HyCIN,0,S 236-237 '64,94 626 5,06 5454 604 698
(CH,),CH, 2 1 77 TA507  ChHCIN,0,S 219-221 5563 6,44 671 5532 6,38 6,48
{CH,),CH, 2 2 81 T.4499  CyH,,C,N,0,S 238-240 53.25 6,41 621 53,06 6,30 598
{CH,)sCH, 22 82 TA4500  CyH,CLN,0,8 226227 53,91 657 608 5411 630 588
CH, 31 74 T.4508  C,,H,CIN,O,S 230-232 5422 6,07 7,03 5450 580 6,75
CH, 32 65 T.A488  C,H,CLN,O,S 223-225 51,85 6,06 6,48 52,35 6,43 6,20
{CH,),CH, 32 69 TA489  CyH,CLN,0,S 240-242 62,57 6,24 6,34 5272 601 6,12
CHICH,), 31 7 TA509  CyuH,CING,S 224-226 56,63 644 671 5660 6,15 6,88
{CH,)yCH, 32 63 T.4494  Cu,H,CLN.O,S 232-735 5325 641 6,21 53,20 6,21 598
CHICHJCH,CH, 3 2 75 T.A495 CyH,CLN,O,S 230-233 53,25 6,41 6,21 53,03 6,19 6,02
CICHy)y 32 73 T.4496  C,H,C,N,0,S 233-238 53,256 6,41 621 52,38 629 597
(CH ) CH, 32 77 T4497  C,H,CLN,O,S 224-226 5391 657 6,08 54,31 667 612
{CH,),CH, 32 78, T4498 Cy,H,C,N,0,S '2356-237 54,54 6,72 696 54,58 643 582

(a) Rendement en dlchlorhydrate
‘(b) Les points de fusion ont été pris dans un appareil de Buch1 et ne sont pas corrigés (recristallisation
dans un mélange éthanol abs.-étner abs.).
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chlorhydrique et filtre. Le filtrat est dilué avec deux volumes d’éther et le précipité
qui se forme est filtré et recristallisé dans un mélange d’ éthanol-éther..Nous avons
obtenu 2,6g de dichlorhydrate de la base formée soit un rendement de 85%. F. 223-
5°C. o ‘

En utilisant la méme méthode nous avons obtenu tous les produits dont les
analyses élementaires et les constantes physiques sont indiquées dans les tableaux 1.
I1, IIT et TV.

TABLEAU II: N-(dlcoylthio alcoylaminométhyl)-chlorotétracyclines.

CONHCH,NH(CH,In-S-R.2HC

[{L)]

Analyse
(a) Y

. : b)
R n R, N9 u Formule FC Calc % Tr.%
% produit brute ) -

CHy 2 80 T4519  C,H,CLN;OS 201-203 47,68 523 642 4737 552 6,18
C,H, 2 »74‘ T.4520  C;H,,CliN,OgS  202-205 48,47 542 €28 47,99 541 6,04
(CH),CH, 2 64 T4s521 CisHaoClsN,OS  216-218 49,97 578 6,03 4595 603 5602
{CHCHy 2 77 T.4522  CyH,CLN,0,S 208-210 50,67 595 5,91 450,50 6.02 6,14
(CHsCH,. 2 68  T.4523 €, H,CLN,O,S 214-217 51..35' 612 E£B0 5099 674 568

CH, 3 74 T4510 C,H,CLN,0,S 215221 4847 542 6,2’8 49.00 578 6,03
C,Hs 376 TAB11 CuH,Ci,N,OS 212:214 4824 561 6,15 4891 502 5806
(CH),CH, 3 78  TA4512  CuHuCLN,OS 234-226 49,97 578 603 4985 584 579
CHICHy, 3 71  T4513  C,H,CLN,0,S 226-228 49,97 678 6,03 4962 603 562
(CH,),CH, 3 52 T4514 = CuH,CLN,G,S 242-244 50,67 595 591 5005 575 598
(CHy)CHy, 3 68  T4517  CyuH,C,N,0,8 229-231 - 51,35' 6,12 580 5097 568 564 '
{CH,CH, 3 45 ~TA4518  C,H,CLN,0,S 244-246 5200 627 6563 51,57. 593

(a) Rendement en dichlorhydrate. )
(b) Les points de fusion ont été pris dans un appareil de Buchi et ne sont pas corrigés (recristallisation

dans un mélange éthanol abs. - éther abs.).
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TABLEAU II: N-(alcoylthio a[coy!aminomélﬁyD-oxyIétracyclines

)
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R n rd® N°au  Formle  ¥°C® =i Arelyse o
% produit brute e o InE
CH, 2 83 TAB31  CuHuOLNO,S 220222 49,06 554 6,60 4941 599 640
C,Hs 2 91 TAB32  CuH,CLN,0, 224-226 4985 573 646 5013 568 630
| €HACH, 2 81  T.4B33  CLH,CLN,O,S 228-230 51,33 6,09 6,19 5140 615 628
(CHJCH, 2 80 TA4534 CuH,CLN,OS 232234 5202 626 607 5227 62¢ 682
(CHJ(CH, 2 74 TA4635 CyHuCLN,O,S 225-227 6269 642 595 5308 ' 630 632
cH, 3 73 TA536  C,H,CLN.O,S 223-225 49,85 573 646 6030 527 622
C.Hs 3 79 T4537 CH,C,N,0,8 229-231 5060 6592 632 50,60 581 616
{CHJ,CH, 3 79 T4538 CuH,C,N,0,S 236238 51,33 609 619 5183 572 598
CHICH), 3 81 TA4539 CyuH,CLN,0,5 235237 5133 609 619 51,45 571 584
(CHCH, 3 B3  TABAD  CyuHeCLN.O,S 227-229 5202 626 607 51,57 593 570

(a) Rendement en dichlorhydrate.

(b) Les poinds de fusion ont été pris dans un appareil de Buchi et.ne sont pas corrigés (recristallisation
dans un mélange éthanol abs. - éther abs.).

Spectres

Les spectres IR ont été faits soit en dispersant les composés dans le Nujol soit
sous forme de pastille dans le KBr. Les spectres obtenus ont été comparés a celui
de la morpholine-méthyl-tétracycline qui a été étudiée par W. Gottstein et coll.(*).

Les spectres des composés obtenus donnent, d’une maniére semblable, une
double bande vers 6,53y et 6,58 qui est caractéristique de I’ amide monosubstitué.
Par ailleurs, on n’ observe pas de différence entre les tétracyclines et nos produits en
ce qui concerne les bandes OH et NH qui apparaissent vers 3.
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TABLEAU 1v: N-(alcoylthio alcoylaminométhyl)-méthacyclines.
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CH,

190

1
]

CH,
N<Gh

oH X
90¢
e

o

CONHCH,NH(CH,In-S-R .2 HC}

6,13

H
OH OH [}
(\"0)}
R n R @u  Formule e Calo.s e %
: $ ‘produit brute . :
. . ' C H N [} H N
CH, 2 63 TA598 C,H.CLN,0,S 238-240 5049 538 679 B51.00 534 668
CoH, 2 93 TA599  C,MuCLN,0,S 244246 5127 558 664 5148 600 651
(CHJCH, 2 51  TAG00 CyHuChN,0,S 241-243 5273 595 638 5318 563 621
(CHCH, 2 63 T4601 CuHuCLN,O,S 249-261 - 6347 613 623 5293 579 6,12
(CHJeCHy 2 58 ' T.4602 CyHaClLN,0,8 256-258 5407 629 610 5453 504 683
cH, 3 68 TAB03 C,HyCLN,O,S 236-237 5127 558 664 5091 536 6,49
C,Hg 3 58 T.4604 CiH,CIN,0,S . 238-240 5201 577 650 5242 %47 6,38
(CH,),CH, 3~ 78 ~ TAB05 CuH,CLN,0,S 244-246 5273 595 636 53,10 £34 601
CHICH;), 3 63 T4B06 CpyHuCLN,O,S 241243 5273 535 636 5248 * 0 624
(CH),CH, 3 70  TA607 CyoHuCLN,OS  245-247 15341, 623 5384 577 612

(a) Rendement en dichlorhydrate.

(b) Les poihds de fusion ont été pris dans un appareil de Buchi et ne sont pas corrigés. (recristallisation
dans un mélange éthanol abs. - éther abs.). '

Partie Pharmacologique.

Parmi les produits obtenus les six suivants ont été soumis
préliminaire afin d’en révéler leur action anti-microbienne et leur toxicité:

N

n

R

T.4504 |2

CH,

T.4505 {2

C.Hy

T.4506 | 2

CH(CH,),

T.4507 |2

nCH,

T.4508 |3

CH,

T.4509 |3

CHICHy),

a une étude
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a) Détermination de la concentration minima de chaque antibiotique qui pro-
voque une suspension de I’ activité d’une variété des bactéries pathogénes.
La comparaison a été effectuée avec le chlorhydrate de tétracycline.

Techﬁique

1) Chacun des produits a étudier est dilué avec de I’ eau distillée et stérilisée de fa-
¢on 2 obtenir une sdlution de 1000y/ml.

2) On partage la culture des microbes dans des tubes (1 goutte de culture pendant
24h dans 100 ml de trypticase Soy Broth de BBL).

3) Dilution par la suite de la substance i étudier dans lés tubes préparés précédem-
ment. On obtient finalement dix (10) tubes ayant les concentrations d’ antibio-
tique suivantes: 100y/ml-50-25-12-6-3-1,5-0,7-0, 3-0,15. De plus on utlllse un
tube temeoin avec la culture des mlcrobes sans antibiotique.

4) Incubation & 37°C. .

--Comme concentration suspensive minimum est prise celle du dernler tube
gauche dans lequel on n’observe pas de développement des microbes.
Les resultats sont portés dans le tableau V.

TABLEAU V:CONCLUSIONS.

Concentration suspensive minimum (y/ml).

Tetracycline )
HCI T.4504 T.4505 T.4506 T.4507 T.4508 T.4509

Staphylococcus Oxford 03 03 03 03 03 03 03
Streptococcus Faecalis 50 50 50 50 50 50 50
Streptococcus Sp. - 100 100 - 100 100 100 100 100
Escherichia Coli 25 07 .15 1,5 1,5 v 1,5 1,5 1,5
(¥ de code du raboratoire)
Salmonella Typhi 9 0.3 0,7 0.7 0,7 0,7 0,7 0,7
(f e code Gu Laboratoire) : '
Corynebacterium Diphteriae 0,15 0,15 0,15 0,15 0,15 0,15 0,15
Brucella Suis S6 0,15 0,15 0,15 0,15. 0,15 0,15 0,15
Candida Albicans ' Resist. Resist. Resist. Resist. Resist. Resist. Resist.

o a a a a . a a a

200 200 200 200 200 200 200
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b) Examen de toxicité
Technique

Pour chaque substance étudiée on a utilisé cinq (5) petites souris blanches d’un
poids qui varie de 18 4 25g. On leur administre par-voie intraveineuse 1 mg de
substance (soit 0,5 ml de solution dans I’eau contenant 2 mg/ml) et par la suite on
les met sous surveillance.

Résultats.
Tous les animaux ont bien supporté la dose administrée des prodults a etudler
L’étude pharmacologique se poursuit.
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Abstract .
Novel Mannich bases derived from certain tetracyclines

The author report the synthesis of new Mannich bases of tetracyclme
chlorotetracycline, oxytetracycline anid methacycline. These products are prepared
" from suitable tetracycline, formaldehyde and different cysteamines and homo-
cysteamines. Some of these products were submitted to pharmacologlcal evaluation
for their antimicrobial action and toxicity.

Compared with tetracycline they showed a significant antimicrobial action'and
low toxicity. ' '

The ‘pharmacological student is continued.

Hepidnyn )
Iapacxev pepidyv véwv mapaydymv TeTpakvKAivyg ué tjv dvridpacn Mannich.
Eig tv ¢pyaciav adtijv mapackevdlovtal véa tpoidvia dt° Epappoyiig Tiig
avtidpdocog Mannich &ni tfig duidikiic 6puddog tiig TeTpaxvkrivng, YAwpote-
tpakvkAivng, dEvteTpaxvkAivne kai pebakvkAiivne. “Emi tdv Gvotépe TETpO-
KukAV@Y, Emdpdpey pé Srapdpoug xuoteapivag kai dpoxvoteapivag tapovsiy
QOpPaAdedidng, 8t AapBdvovtar ai dvtiocToryol Bdoeig Tob Mannich. IIpoidvta
~ Tiig oelplc Tii¢ TETpakvkAivng DrePAiBnoay g pappokoroyikiiv peiétny, npdc
gEreyyov tiic to€ikdTNTOC TV, B¢ kKal TVYOV avnuucpoﬁlaxng dpdoeng, &v
ovykpicer Tpog DOPOYA@PIKTY TETPAKLKAIVIV.
Ta droteréopata EdeiEav 6T 1d mapdyoya tadta elyov dviypkpopraxniv
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dpdov .t’:(pc’anov Tijg DépOYAWPLIKTig TETPAKLKAIVIG Kai cLYYPOVEG Tioay KaAdg
Gvextd Om6 @V merpapatoldov. ‘O eappokoroyikég EAeyyog cvveyiletar.
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HYDROGEN ION REACTION AT THE MERCURY-ELECT‘RODE
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Summary

A new theory of the hydrogen ion reduction is introduced, based upon the principle of
electrochemical reactions of the second order’, Such a principle has proved applicable for
_other -electrochemical systems as well, and has enabled the interpretation of the course of
polyelectronic processes otherwise noninterpretable by the usual stepwise mechanisms!.
Key words: “Electrode Reaction Kinetics of Hyd-rogen”.

lntroduction

The problem of the electrochemical hydfogen evolution, is a problem of
paramount importance for many practical systems. It was the object of numerous
investigations and much work has been expanded for the establishment of an
accurate theory describing the kinetics of the electrode reactiofi. Of the numerous
theories which have been proposed to explain the overtension of hydrogen, there
are three theories contained in the textbooks at this moment®.

M H'+e—H
2 H+H —H,
3) H+ H' + e — H,
) H+H - H
(&) H: + e — H,

a) The catalytical theory developed by Tafel, presumes reaction (2) as rate
determining.

b) According to the slow electron transfer theory, the rate determining step is
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the first reaction; This theory was particularly determmed by Erdey-Gruz and
Volmer, and further developed by Frumkin.

c¢) The electrochemical theory, is due principally to Volmer and Heyrovsky. It
presumes the discharge of hydrogen trough an intermediary ion-molecule, i.e.
reaction (4) and (5) as rate determining.

The equations describing the kinetics of the hydrogen electrode process in the
literature.are also consistent with such reaction courses. Except the known Tafel
-equation, the relevant mathematical formulae contain parameters such as the
transfer coefficient a,the y-potential concerning the structure of the double layer
i.e. the value of the potential at a distance of the ionic radius from the electrode , or
the function F(X) in the equation derived by Koutecky*. and several other variations
of the mathematical modes concerned with the relation between the velocity of the

* electrochemical reaction and the activation energy. Several of such equations make
use of certain approximations leading to satisfactory results for certain systems and

electrodes, but-they are not showing agreement in the results when applied with
data obtained under different experimental conditions. This fact and other parts of -
- evidence suggest that the reduction of hydrogen may occur in a different way.
The setting up of the theory was not arbitrary. The presumption that the rate
determining step was a reaction of the second order resulted from experimental-
observations of a second hydrogen wave, and the corresponding calculations of the
free energy change. Since the whole process of the hydrogen evolution must obey
the law of the lowest energy consumation, the hydrogen ion, on receiving the first
electron and lacking the possibility of stabilization with neighboring atoms, will
take up a second electron. forming thereby a hydride ion:

() H +e—~H AG® =n.F.E" = + F.2.34
(1) 172H, + e = H AG’ = -n.F.E’ = + F3.17%°

with the E° values expressed v.s S.C.E. The hydride ion or the alkaline hydride
formed at the surface of the electrode, may react subsequently by-a spontaneous
proportionation reaction with neighboring hydrogen ions. The reaction being
spontaneous, energy is set free, and a prewave is formed:

(8) H" + H™— 1/2H,+H ' " AGUir. = AGY)-AG(;) =-F.0.83

By such a course of the ¢lectrode reaction, the overall reaction energy is lowest,
particularly for mercury electrodes, because of their structure. Mercury, being a
liquid, does not contain holes at the surface, as other metals in their crystal lattice,
wherein the ions can be incorporated with a lowering of the activation energy. On
mercury the atomic hydrogen takes up a second electron, lowering thus the.
activation energy for half of the H* ions reacting at the surface.

The corresponding expression describing the kinetic was derived prevnously
The following text contains a presentation of its application on the experimental
results obtained in this work. '

Expenmental
The measurements were performed with a polarograph PO 4 “Radiometer”
Kopenhagen. The investigation being concerned with a process on the surface of
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the electrode, a scrapulously clean’ mercury was a prerequisite, and accordmg the
purification was done with great care.

The Hg was purified firstly in a “Mercury oxidizer” by bubbling air trough 1t
and then followed a chemical purification. It conisted in boiling small portions of
Hg with 25% NaOH, washing with water, whereupon the Hg was dispersed trough
a 2m column filled with hot 10% HNO, collected again and washed thoroughly

with water. The principal purification was the thrice repeated distillation of Hg. The
threeply distilled mercury had a bright surface and dld not form ring scdlments on
glass containers.
~ The Hg-electrode had the following characteristics: m= 1,59 mgs™, t=5,37s,
in 10" M KCl, at a potential of 0 V vs. S.C.E. The temperature was 25%0,2° C.

The water used for the preparation of the solutions was threeply distilled. LiCl
and N(CH;),-salts were used as supporting electrolytes, because of their very nega-
tive reduction potential (- 3,20 V vs. S.C.E.), which enabled the observation of the

_hydrogen wave. All chemicals were of reagent grade purity.

Results
Figures 1 and 2 show the results from solutions of HCI. without and with a sup-
porting electrolyte. Polarograms of the supporting electrolyte are shown for com-
parison in Fig. 3. :
There are two reduction waves of the H ion formed during the electrode rea-
“ction. In pure solutions of the acid, the separate waves are slightly indicated,
forming a merging wave at very negative potentials. By the addition of the
supporting electrolyte both waves become visible. The first wave in such solutions
is observed at -1,6 V and the second at -2,5 V. Fig. 4. shows that the height of the -

za,Al . W . 2004
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FIG. 1. A polarographic wave of 10° M HCI. FIG. 2. A polarographic wave of 4.10° M HCI
. : . ' in 160> M LiCl
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waves is not parallel to the number of electrons corresponding to the reaction, but
depends upon the ratio of the HCI-LiCl concentrations. From Figure 7 it can be
discerred the instantaneous current-time dependance. For the small wave:

i = const. t*/* (kinetically controlled)

The surface active ions in the solution exert a great influence upon the current.
A wave recorded with HCIO, instead of HCI does show a current almost 50 %
greater than the current recorded in the solution containing the surface active CI~
ions. (Fig. 4. ¢y and d.). However, each difference in the current intensity is
paralleled by a shift of the E,7,, with-a compensating effect for the rate constant
calculations. : o ‘

R I . R T I S i . T S i . e 1
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FIG. 3. Polarographic waves of:

) 1072 M LiCl FIG. 4. A polarographic wave of
a 162

a) 4.100* M HCl + | M LiCl

> b + 107 M LiCl
?) . g " + 10 M LiCl
o " + 162 M LiCl
e) 107° M LiCl + 0.3 M N(CHy)sJ 4 ( i

e) 4107 M HCl 0, + 107* M Licl

The tetramethylammonium iodide as supporting electrolyte enabled the
formation of a ‘more distifict second wave of the hydrogen ion reaction, visible on
Figure 5. X

Numerous scientific. works have mentioned the first hydrogen wave, whereas
the second wave was not previously observed, either because the investigators
worked with too small or too great concentrations, or because of the sluggishness
of the penrecording polarographs used for measurements”,

Preceding electrode reactions can also alter the height of the first wave by
increasing’ or decreasing it, e.g. when the solution contained the Tl ions of a
sufficient concentration, the first hydrogen wave disappeared. With increased
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concentrations of the H' ions, the hydrogen wave became visible again.

o8 1h|

n L s L L ' L L
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FIG. 5. A polarographic wave of 4.10°°* M HCl in 10~ M N(CHyJ.

: WISCED
FIG. 6. Polarographic waves of:
da) 10 M HCI
b) 10" M HCl + 4.1 M TINO,
¢) 10 M HCl + 107 M TINO,
The solutions contained 107" M LiCl as supporting electrolyte.

Similar effects are mentioned in the literature®, whereby the opposite effect was
also observed, i.e. a facilitation of the H' reduction by preceding electrode
reactions. , \ ) :

The results -of ‘measurements with the D.C. polarographic technique have
" indicated doubtlessly a reaction at the surface of the electrode as rate determining.
For a distinction of the separate steps of such a reaction, the measurements of the
time dependence of the instantaneous current seemed promising.

Therefore such measurements were carried out with a Hewlett-Packard x-t
recorder’ Model 680. The current-time diagrams shown on Figure 7, were recorded
at different potentials corresponding the polarogram on Figure 2,
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333 mm s sek

cee (00 A

FIG. 7. i-t diagrams corresponding the polarographic wave on Figure 2.
a) Recorded at -1,50 V vs S.C.E.
b) Recorded at -2,00 V vs S.C.E.
* ¢) Recorded at -2.30 V vs S.C.E.

a) A potential at the rise of the first hydrogen wave (-1;5 V).
b) A potential corresponding the limiting current of the first hydrogen wave
(20 V). ' . '
- ¢) A potential corresponding the small second hydrogen wave at (-2,3 V).
The evaluation of the instantaneous current-time dependance gévé the

following results::

: ‘a) . i =k t/f (diffusion-kinétic w’ave)
‘b), : i = k. t2/* (diffusion-kinetic wave)
c) : i= k. t?2/3 (kinetic wave)

The exponents. are indicating a diffusion-kinetically controlled current. The
difference of the exponents at the rise and the plateau of the first wave is reflecting a
different occupancy of the sites upon the surface of the electrode (other factors
infleuencing the current being constant). The exponents are indicating that 3/5 of
the sites are occupied by Li” ions, and 2/5 of the sites by H™ ions. Accordingly the
. following array of ions upon the electrode can be postulated:

(Li"YHYH YLi")Li")

The transfer of electrons, concerning the optimal energy effect may occur
either by a successive transfer of two electrons from the electrode surface upon the
H' ions, or by a tangential, simultaneous transfer of electrons by the aid of the -
neighboring Li* ion. The corresponding free energy changes are:-

O H +2e—H AG® =+ F.234 + F. 3,17 =
v =+ 2 F.2,75 -
() H +e—H ~ AG® = + F.2,34
(10 H' +e— 1/2 H, - AG® = + F.1,50
(I Li"+e—Li® AG® = + F.2,32"! (approximate value)

(12) Li® + H — Li* + 1/2H, AG® = + F.1,50 - F.2,32 = -F.0,82
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When the transfer of electrons occurs by the mediation of Li* ions, the energy
gain AG® = -F.0,82 enables the reduction of the H' ions already at a potentlal of:

-234V+082V=-152V

for half of the H' -ions present upon the surface of the electrode. The other half of
the H' ions would cause a wave at a potential of -2,34 V, if the wave of Li" would
not overlap it. However with smaller concentrations of Li* ions in the solution, the
wave at -2,34 'V does begin to appear (see small prewave, Fig. 4, d and e), indicating
a transfer of the electrons not from the Li*, but from the electrode onto the H"
tons. Thereby the previously described overall reaction 8 is enabled.

The polarographic wave of the carrier electrolyte LiCl (Fig. 3. a,b.c.d.) is.
showing that no wave preceding the Li* wave is formed when the H' ions are not
present in the solution. The LiCl wave recorded with (N(CH,),J as supporting
electrolyte does show a maximum ceasing at a potential of --2,75 V. Siich
experimental evidence is indicating the following mechanism of the Li" reduction:

an Lt +e—1Lio AG® = + F.2.4 (estimated value from
. ’ Fig. 3. e).
(13) Li® +H,0 — Li" + OH+H AG® = + F.2.34 - F.2.4 = -F.0.06

- Reaction (13) occurs spontaneously, giving as products atomic hydrogen, Li’
and OH ions. Such ions alternatively arrayed upon the surface of the electrode are
causing an increase of ‘the-surface tension resulting in the polarographic
maximum'. At a potential of -2,75 V, reactlon (9) sets in, and the dlsproportlona-
tion reaction of Li’ ceases.

The described reduction of Li* ions is accordingly a reduction of H' ions from
water molecules until the potential of the direct hydrogen reduction is reached.-

Kinetics )
The reaction velocity law, consistent with the course of the electrochemical
Areactlon described above, was derived previously:*
2 = n.F.C.Ks. lO-nF/2 3 RT.2 (E--E + 0,0592 log ci#)

The equation is corresponding the rate determining, second order reaction of
proportionation: g

H + H - H,

The notation has the following sign'ikﬁcawnce:

I= the current density

n = the effective number of electrons (1 electron 2/5 of the sites upon the
surface of the electrode = 0,4 electrons effectively.

C = the concentration of the H® ions in the bulk of the solution.

Ks = the standard rate constant, corresponding the Es potential, i.e. the

E,/, of the prewave at -2,34 V, formed without the mediation of the

Li* ions.

Es = the potential of the small prewave =234 V.
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E = The half-wave potential of the hydrogen evolution, with differente
concentrations of Li* ions in the solution, or with dlfferent concentra-
tions of the H' ions in the solution.

¢Li+ = the concentration of the supportmg electrolyte LiCl, influencing the

energy of activation,

‘The standard velocity constants have been calculated from experimental data
inserted in the next table.

c cr:A Eu 1 1 Ks
M HCI M LiCl v ' ‘pA pA.cm™ “cms™
4.10+ 10-: -1.56 R 1128 6.0.10-*
_4 10+ . !0-'_ T -1,50 . 1.20 36.4 3.4.10-*
4.10-* . 10-! -1.51 207 62.8 4.8.10-*
4.10-* 1 . no wave
4.10-* A 1 -!.46 34.00 " 1030.0 2.1.10-
8.10-4 © 1.6.10- -1.56 7.20 218.2 7.4. lO—"’
2.10-% 10-2 -1.53 2.10 63.7 7.4.10-*
4.10-* 10- 7 -1.55 6.00 181.9 7.0.10-* -

6.10- 10- -1.64 579 . . 175.4 © 92104

The values of the velocity constants are concurring, although the half-wave
potentials and the limiting currents vary consnderably with different concentrations
of either H' ions or Li' ions.

Discussion

The systematic study of the electrochemical reaction of hydrogen upon the Hg-
electrode. described in this work, did bring about the clarification of its course and
did enable the calculation of kinetical parameters, indicating thereby the causal
connection between the overpotential, the composition of the solution and the
structure of the electrode.

- The kinetical expression derived from the knowledge of the reaction course,
has the advantage over other theories, by establishing the proper physical
significance for every kinetical parameter. When inserting the E,, value instead of
E. the expression is of the type: : ‘ :

‘ n = const. + b log / I-/
where b is -2.3 RT/0.4 F.The value 0,4 does not represent a thermodynamicé]:

nondefined transfer coefficient, as with other theories, but is clearly defined as the
number of electrons transfered effectively per each hydrogen jon reacting at the

electrode.
The value of the coefficient b, calculated with n = 0,4 electrons, is 0,147. Such a
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value is in excellent agreement with the value of the coefficient b for Hg-electrodes,
as cited by J. O'M. Bockris’. The resulting equilibrium current Io is of the order of
value 107® - 10® A.cm™, in accordance with the values resulting from the
electrochemical theory’.

However, the electrode reaction steps proposed by other scientists can not
“produce ‘the effects distiguished by the instantaneous current-time measurements.
They are showing a significant, abrupt decrease of the drop size at potentials
corresponding the second hydrogen wave (Figure 7.c). The negative polarization of
the Hg-electrode does cause a small continual decrease of the drop size, however a
.discontinous decrease of the drop size is indicative of a new step in the reaction
course. For the investigated system it means a cessation of the alternating array of
(+) and (-) particles adhering the surface of the electrode after the reaction (8):

(Li"(H )HWL )

leaving the particles of the same charge influencing the surface tension, decreasing
thereby, the drops. Such effects can not be-produced by a simple reduction of Li"
ions or by adsorption (the exponent of the i-t diagram did not indicate adsorption).
Such effects, along with the concurring values of the velocity constants, are proving
the assumed reaction course. ' '

Consequently, by the introduction of the proportionation principle in the
electrochemical kinetics, the differences between the various approaches might be
solved, and a generally valid theory obtained, applicable when the overpotential of
the system is caused either by the structure of the electrode, or by complex
formation in the solution.

Mepidnyn

*Avtidpaon iévroc vépoyovov aé HAextpdodio v&papyvpov
Eicdyetor pé xawvevpyia Bempio yid tHv dvayoyy tod iévrog Odpoyévov,
Baciopévn otriv Gpyn 1OV HAexTpoxnuikdv dvridpdoemv Sevtépag TaEens. Mid
tétola Gpyn amodeiyOnke Epapuéoiun yid GAiha fAektpoxnuikd cvotpare Kai
umopel vé Epunvedoel Tiv mopeia molvniektpovikdv Sadikacidv mod v
gEpunvevovtar pé Tovg cvvnBiocpévoug Sradoyikovg unyavicpovs.
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Summary

Gentamicin-acetyltransferase and gentamicin-adenylyltransferase were obtained by
soni¢ation of E.coli K12 cells carrying the. plasmid PK 237 originafing from a gentamicin-
resistant Pseudomonas aeruginosa strain. A 126 fold purification was achieved for the
gentamicin-acetylating ‘enzyme by using ammonium sulfate fractional precipitation. ion-
exchange chromatography and affinity chromatography. The gentamicin-adenylylating
enzyme was purified by affinity chromatography after ammonium sulfate fractionation.
Evidénce for the purity of the two enzymes was provided by disc electrophoresis. Substrate
profiles of both enzymes indicated the gentamicin-acetylating enzyme as AAC(3)I and the
gentamicin-adenylating as AAD(2° ). The aminoacid composition of the gentamtcm-
acetyltransferase is different from that of AAC(3)I purified by other workers.

The gentamicin-adenylylating enzyme is also different from the AAD (2°) purified by
others. with respect to its high: instability in purified form and its dependance on Mgﬁ

Key words: Enzyme purifitation, Plasmids, Resistance to Gentamicin

Introduction

Since 1965, when the aminoglycoside modifying enzymes were described for
the first time (1) in R* bacterial strains extracts, the number of this group of
enzymes, which have been detected in bacteria resistant to the aminoglycosides, has

* Present address: University of Patras, Department of Physiology. Medical School, Patras Greece.
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increased tremendously.

The interest in aminoglycoside modifying enzymes has become greater since
their stable preparations can be used in the clinical laboratories for rapid, specific
assays of aminoglycosides in body fluids. The study of the properties of such
enzymes can be instrumental towards our understanding of the inhibitory

~mechanisms against these enzymes.

In 1973, at our hospital. high level gentamicin resistant Pseudomonas strains

~ from uriné isolates appeared, carrying multiresistant plasmids (2). We have shown
that plasmid PK 237 codes for two gentamicin-modifying enzymes, gentamicin-
acetyltransferase and gentamicin-adenylyltransferase. Since few of these enzymes
have been purified to homogeneity (3) we tried to purify the two enzymes and study
their properties. .

Experimental

Plasmid and host: Plasmid PK 237 originating from a Pseudomonas
aeruginosa urine isolate was studied in K,, host RC85 F-~(2). ‘

Antibiotics: Gentamicin C, C,, C,a, C,, A, sulfate salts were obtained from
Schering Co, Tobramycin from Elli Lilly, Kanamycin A and Dideoxy Kanamycin
from Bristol, Neomycin from Upjohn Company, Sisomicin, Butyrocin A and B,
and Lividomycin were kindly offered by Prof. S. Mitsuhashi, Gunma University,
Tokyo, Japan.

Bacterial cells: they were incubated in Tryptlcase soya broth (BBL) at 37°C.
Cells of overmght cultures were obtamed by centrifugation at 7,000g for 15 min at
4 C

Purlﬁcatlon of the enzymes the cells (1g) were suspended in Smil of Trls- HCl
buffer [0mM pH 7.6 (standard buffer), sonicated for 4° at 1.5mA and centrifuged
at 23,000g for 1/2 h. ~

All purification steps after somcétlon were performed at +4°C.

The supernatant crude enzyme preparation was fractionated by (NH,),S0,
precipitation.

Anion exchange chromatography was performed on a DEAE cellulose column
2.lcm X 9cm DE 5.2 (Whatman) equilibrated with standard buffer.

Affinity chromatography was performed on a CH-Sepharose 4B column
(Pharmacia) lcm X 6 cm. 150mg of gentamicin C,a was coupled to 2g of activated
CH-Sepharose. 4B in the presence of carbodiimide (EDC) (4). 1

Disc-electrophoresis was conducted in a Canalco electrophoresis apparatus
‘according 10 the procedure described by Gabriel (5). 7.5% polyacrylamide was used
and the glass tubes were 0.5cm X 6cm. The electrophoresis was run in 0.2 M
Trisglycine buffer pH 8.3 for 2.5 hours and 3mA per tube.

Enzymatic radioassay was performed according to the technique of Benveniste
and Davies (6), slightly modified. For the acetylating enzymatic activity, [1-"*C]
acetylcoenzyme A, 60pci / pmole (Amersham) was used, and for the adenylylating
enzymatic activity [87'4C]j ATP. 60puci / pmole (Amersham). The assay
technique was as follows: For the acetylating enzyme: 2 nmoles of- substrate;
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2 nmoles of l-'~4C-a<;ety1 coenzyme A, 1.2 pmoles of Tris HCI pH 7.8,
0.18 umoles of MgCl,. 50 nmoles of dithiothreitol. and 40ul of enzyme containing
0.03-0.12 enzymatic units. Total volume was 120 pl and incubation at 37°C. For the
adenylylating enzyme: 2nmoles of substrate, 2 nmoles of 8-'“C-ATP, 2 pmoles of
Tris HCI pH 7, 0.24 pmoles of MgCl,, 50 nmoles of dithiothreitol, and 40-pl of
enzyme containing 0.03-0.12 enzymatic units. Total volume was 120 pl and
incubation at 37°C, 1 unit of enzyme is the amount of enzyme which modifies 1
mole of substrate in 1 hour (15). :

Aminoacid anaIySIs the purified enzyme was dlalyzed against distilled water,
concentrated by lyophilisation and hydrolysed in 6N HCl at 105° C for 24 hours in
evacuated glass tubes (7). The analysis of the sample was conducted using a
Beckman aminoacid-analyser. 4

Protein determinations were made by absorption at 280 nm or by the method
of Lowry (8).

Results and Discussion

The two gentamicin-modifying enzymes, an acetyltransferase and an adenylyi-
transferase, coded by the single plasmid PK 237 and detected in the crude enzyme
preparation (9) were studied for substrate profile using fourteen aminoglycosides.
Comparison with -the substrate profile of the gentamicin-acetyltransferase
characterized by Smith et al (10) and Brzezinska at al (11) allow. us to assign our
own enzyme to gentamicin-acetyltransferases AA(3)I (Table I). The substrate
profile using the sameé aminoglycosides for the gentamicin-adenylylating enzyme,
again in comparison with data from gentamicin adenylyltransferases, characterized
by Kabins et al (12). and Benveniste and Davies (13) allow us to assign our enzyme
to gentam‘icin adenylyltransferases AAD (2°) (Table II).

Furification of the enzymes: The first step of purification uses (NH,),SO, fra-
ctional protein precipitation of the crude enzyme preparation. The acetylating and
most of the adenylylating activity were in the 25%-50% fraction. This fraction was
redissolved in the minimum amount of standard buffer and dialysed against the
same buffer for 24 hours. Small aliquots of the dialysate were stored at -20°C and
used in the next step.

In the second step of purlﬁcatlon a good separation of the two enzymes was
achieved by elution from a DEAE-cellulose column' with a NH,Cl gradient from 0-
0.6 M NH.cl in standard buffer. The acetylating enzyme- was eluted at 0.15-0.2
'NH,CI while the adenylylating enzyme at 0.35 M NH,Cl (Fig. 1).

After' the DEAE-chromatography experiment the adenylylating enzyme lost
its activity in contrast to the results of Goldman and Northrop (14) for the
gentamicin-adenylyltransferase 2° coded by plasmid JR 76,2 that became more
stable after purification on DEAE-agarose than in crude preparation.

On the other hand the acetylating enzyme coded by pPK 237, which showed
after DEAE-chromatography a S5-fold purification remained stable for many
~ months at -20°C.
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. TABLE 1. Substrate profile of gentamicin acetyltransferases

Acetylation relative to gentamicin C,a (%)
Substrates
a | Crude preparation Acetyltransferase | Acetyltransferase
of E. coli K12+pPK237 | of Ps. aeruginosa | of Ps. aeruginosa
‘strain 130* strain GRJ**

Gentamicin Cia . 100 C107 100

» ' C X 120 :

» N C, . 100 100

» : C. 96 110

» A’ 4,5 9 -
Tobramycin 7.2 14 30 .
Sisomicin ‘68 © 128 175
Kanamycin A 8 0 2
3’4’ Dideoxy-Kana- ' 39 - 18 52
mycin B
Amikacin 1 0
Neomycin | 0
Lividomycin A 1 0
Butyrosin A 1 0

» B 1 0
*. Reference: Brzezinska et al ( li) :
Ll » : Smith et al (10)
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FIG. 1. Chromatography of DEAE cellulose-column (2.1X9 cm). The redissolved 25-50% fraction of
ammonium sulfate precipitate, 3.5 mi (100 mg protein) was added on the column. The enzymes were.eluted
with a linear gradient of ammonium sulfate 0-0.6M in standard buffer. The flow rate was 0.4 ml per minute
and the fractions of Smi volume. The plots represent: x) = protem
(o) = gentamicin-acetylating. enzymic activity
(®) = gentamicin-adenylating enzymic activity
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.TABLE I1. Substrate profile of gentamicin adenylyltransferases.

Adenylylation relative to ‘gentamicin C,a (%)
Substrates ' ‘ Adenylyltransferase :
' Crude preparation A of Adenyltransferase
of E. coli K12+pPK237 Ps. aeruginosa strain| of Klebsiella
POW* pneumoniae strain
’ . 3033% @

Gentamicin Ca 100 . 100 g 107

» -C 39 26 40

» . C, 57 30 37

» . C; 60 .

» A 86 ’ - 131
Tobramycin . 46 40
Sisomicin 76 X 72
Kanamycin A ' .50 33 ) 80
3’4’ Dideoxy-Kana- 33 35
mycin - B :
Amikacin - 2.6
Neomycin - ’ 0
Lividomycin ‘A 1.4
-‘Butyrosin A 1.1

© » B 1-7

® Reference: Kabins et al (12) ‘
ol : Benveniste and Davies (13)

The final step for the acetylating enzyme purification was affinity chromato-
graphy. The DEAE-chromatography fractions containing the acetylating activity
were used after dialysis against standard buffer; a sample of 13ml (2.6mg protein)
of the dialysate was applied on a gentamicin C,a CH-sepharose 4B column.
Attemps to elute the enzyme from the column by a salt gradient produced a broad
peak with the enzyme eluted at a lower salt concentration than most of the inactive
proteins. Therefore the elution conditions described by Williams and Northrop (15)
were used. First, standard -buffer containing ImM EDTA and 20mM (NH,),SO,
was used for the elution of the inactive proteins. The acetylating enzyme was
eluted as a single sharp peak by lowering the pH of -the eluant using potassium
acetate buffer 0.1 M pH 4.6 containing 0.1 M (NH,),S0O,. The purification achieved
at this step for the acetylating enzyme, was about 10-fold, so that after this step the
overall purification was 126 fold with a recovery of 31% (Fig. 2) (Table HI). -

Disc-electrophoresis of a lyophilised sample of the purified enzyme gave a
single band of protein corresponding to-the acetylating activity, which was used for
aminoacid analysis. The results are shown in Table IV in comparison with the
aminoacid analysis of the gentamicin-acetyltransferase I coded by plasmid JR88
purified by Williams-and Northrop (15). The differences in the aminoacid
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TABLE ll-l."'«Puriﬁta'tion of gentamicin ~aretyllran.vfera.§é [AAC(3)I] coded by pPK237

Total Protein Enzyme Special  Purifica- Recovery

Purification volume = (mg) activity activity  tion ' (%)
step < (ml) : (total (units/
units) mg protein)
Crude preparation 200 : 2200 600 0.272 100
(NH,),SO; precipi- - .
tation 20 600 . 500 0.833 : 3 83
DEAE-cellulose :
chromatophraphy 360 67 270 4.029 14 45
Affinity chromato- :

graphy . 62 54 - 186 34 126 ’ 31

Protein (OD 280nm}

°

2 8 8 g
, Enzymic activity Units /ml

e
&

0.2r

4 8 12 16420 1 32 3

Fruction number

FIG. 2. Affinity chromatography of the gentamicin-acetylating enzyme AAC(3) coded by pPK237 on
gentamicin C.aCH - Sepharose 4B column [X6cm. 13 ml (2.6 mg protein) obtained by the DEAE
chromatography step were added on the column. Fractions I-18 were eluted with standard buffer containing
0.1 mM EDTA, fractions 19-28 with the same buffer containing 20mM (NH,),SO, and fractions 29-38 with
0:1 M potassium acetate buffer pH 4.6 containing 0.1 M (NH.),SO,. The flow rate was 0.4 ml per minute
and the volume of the fractions was 2.3 ml. The pH of the samples was immediately corrected to 7-8 with 2M
Tris-HCI buffer. T

The plots represent:

(x) = protein .

(®) = gentamicin-acetylating activity

composition of the two enzymes and especially the absence of proline in our sample
shows that the two enzymes are quite different proteins (Table 1V).



ISOLATION AND PURIFICATION OF TWO GENTAMICIN MODIFYING ENGYMES 269

TABLE IV: Aminoacid composition of gentamicin-acetyltransferase AAC(3)1, coded by plasmid PK 237,

~in comparison with the aminoacid composition of gentamicin-acetyltransferase 1, coded by plasmid JR88
(15).

Residues per histidine in gentamicin-acetyltransferases
coded by.
Aminoacid
pPK 237 JR £8
Aspartic acid - . 5.5 6.3
Threonine - 7.5 ' 2.8
Serine 1.1 4.3
Glutamic acid . ' 6.7 ) 6.8
Proline 0.0 : 4.3
Glycine . 8.9 5.1
Alanine : 4.7 ' 8.0
Valine ' 3.4 3.0
Isoleucine . S 27 2.6
Leucine 39 6.4
Tyrosine o 1.1 3.1
Phenylalanine - 1.2 : 2.0
Lysine 58 2.4
Histidine ' 10 1.0
. Arginine 2.6 ) 3.3
Cysteine —— ' 3.8
Tryptophane : . - 0.1

The properties of the purified acetylating enzyme were: a pH optimum at 7-7.6
and an enhancement of the enzymic activity by 100% in the presence of Ca** or
Mg'“’ at a concentration of ImM., A Km value of 0.066 mM was determined using
gentamicin C, as substrate. The purified enzyme is temperature sensitive being
drastically inactivated above 40°C. On the other hand it remained stable for many

months at -20°C after the DEAE-chromatography step. Therefore it was used in
our clinical laboratory for aminoglycosides assays in body fluids (16).

In order to achieve a sufficient purificationi of the adenylylating enzyme. affinity.
chromatography on gentamicin C,a CH-sepharose 4B was used directly after the
ammonium sulfate fractionation. Purification by affinity chromatography of the
adenylating enzyme AAD (2°7) has not been reported yet. It seems that this
enzyme binds very tightly on the gentamicin C;a CH-sepharose 4B and is not eluted
by high concentrations of salts (14).

In order to purity this enzyme Iml (24 mg of protem) of the 25-50% (NH,),SO,
fraction was applied on the affinity column and elution was performed with a KCl
0-0.8 M gradient in standard buffer which elutes the acetylating activity and the
bulk of inactive proteins (Fig. 3). The elution of the adenylyltransferase was achie-
ved by lowering the pH of the eluant buffer using potassium acetate pH 4.6 + 0.1 M
(NH,),S0,. The pH of the samples was immediately corrected to 7-8 by 2 M. Tris

HCI buffer. The adenylylating enzyme was eluted free of inactive proteins in a
sharp peak, followed by a shoulder of two other peaks (Fig. 3). This elution pattern
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was reproducible in repeated experiments indicating that the enzyme is not
homogenous. Disc electrophoresis of the purified enzyme (fractions‘42-44) after
lyophilisation showed a single main band of protein with a slight non banding

o
o
Enzymic activity Unita, ml

Protein ( OD 280 hm )
t=3
Molar KCI

P N
0.3

. (=]
0 8 1 2% 1 0 . 48 S6 o4

Fraction number

FIG. 3. Affinity chromatography of gentamicin adenyltransferase AAD(2"°) coded bv pPK 237 on
gentamicin C,aCH - Sepharose 4B column 1X6cm. | ml (24 mg/protein) of redissolved 25-50% fraction of
ammonium sulfate precipitation were added to the column. Fractions 1-32 were eluted with gradient KCI 0.
0.8M in standard buffer and fractions 33-60 with pomssmm acetate buffer 0.TM pH 4.6 containing 0. M
(NH),80,. The flow rate was 0.5ml per minute and the volume of the fractions I-32 was Sml and 33-60 Fml.

‘The plots represent: ’ .

(x) = protein

(o) = gentamicin-acetylating acnvny

(®) = zmlam:cm-adt’n ylylating activity

smearing. The adenylylating enzymatic activity corresponded to the main protein
band indicating that conciderable purification has been achieved. The enzyme was
highly unstable at this stage so that the degree of purification and the recovery of
the enzyme was not possible to be calculated. Its activity was lost either if it was
kept’ at 4°C or at -20°C. Because of its instability the tests for determining its
properties had to be done within a few hours after the affinity chromatography
experiment. Characteristic for the purified enZyme was that its activity could be
detected only in the presence of Mg"” at 2mM. However Mg'" didn’t seem to
stabilize the enzyme in_the purified preparation. It appears that contaminant
proteins exert a stabilizing effect on the adenylyltransferase. The substrate profiles of
the two purified enzymes were basically the same as in the crude preparation, with
differences of the order of + 15-30% as follows: for the acetylating enzyme lower
rate of inactivation of gentamicins C,C, and 3’,4" Dideoxy-Kanamycin B, for the -
adenylylating enzyme enhancement of activity for gentamicin C," and 3.4
Dideoxy-Kanamycin B and lower activity for Kanamycin A.
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Iepidnyn

*Anopdvwon kai kabapioudc pidc dxetvlotpaveopepdong kai pdc ddéevolviotpav-
opepdons THG YevIauKivig, mob kwinconolobvral dnd 6 miacuidio PK 237.
Avo EvQupa, pia dketvro- kai pio ddevorvro-Tpavogepdon Tiig yeviapiki-
- vng, dropovabnkav andé kutrapa otehéyovg tiic E. coli K 12, mob Egepe 16
nhaopidio PK 237, 16 émoio elye mpoidber Gnd otédeyog Yevdopovdadac,
GvBexTind ot yevrapkivn. Td 16 dketuhwtikd Evivpo Emtedybnke kabopi-
ouég 126 gopéc, pé khaopatikr katakprjuvion pé Oeukéd Gupudvio, iovroavrai-
Aaxtiky ypoporoypagic xai ypopatoypagio ovyyéveiag. T @devohiotind
gvlvpo xabapiotnke pé ypopatoypagia cuyyévelag, NETd Gné KAGGHATIKT
katakpfipvion pé Beukd Gupdvio. “H xabapbdtnta tdv 800 vibpov deiytnke pé
disc - fikextpo@bpnon. Té dxervhwtikd kai 16 ddevulinTiké Evvpo yapaktn-
piotnkav, dvtictolrya, d¢ AACQR) kxai AAD (2°°) &né 16 ¢dopa 1dV
UnEcTPONGTOV Tob ddpavomototv. Té dxetviioTis Evivpo mov dnopovadnxe
omjv napoboa Epyacia Edwoe Siagopetikd Gmotedéopata otV dvdivon
T apwvokéov. dné 16 AAC(3)I, mob kabapiotnke ané dAlovg Epevvntés. Té
édevoriotikd Eriong Eviupo ftav Swagopetikd dn’ v AAD (2°7) mod
kabapiotnke Gnd dAdovg, yrati petd tév kabopioud ﬁtav tEapeTikd dotabéc xai
8pacmco pévo moapovcia Mg .
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Summary

An extension of a previous hole theory for monolayer adsorption is made to multilayer
physical adsorption of noble gases-on homogeneous surfaces. Two statistical models are
constructed and analysed-for the evaluation of the partition function of the adsorbed phase.

In the first model. a mobile first layer is.introduced into the B.E.T. model. The resulting
adsorption isotherm is si}pilar in shape to that of the B.E.T. model and gives a qualitative
description of the phenomenon.

In the second model, the multilayer phase is regarded as a system of two-dimensional
liquid-like layers. The distribution -of adsorbed molecules in any layer is considered to be
completely random. The predicted isotherm is in quite good agreement with the
experimental data of the adsorptlon of Argon on graphite and boron nitride at different
temperatures.

Key words: Argon. Hole Theory. Physncal Adsorpuon

'

I. Introduction

‘Ina previous paper which is referred to as I, the hole theory of the liquid state
was extended to describe the monolayer physical adsorptlon of inert gases on
homogeneous surfaces. The agreement between experimental data and theoretical
calculations was found to be very good. This was attributed to the behavior of the
adsorbed phase as a twp-dimensional liquid-like layer and to the hole theory which:
provides a very illuminating semi-quantitative picture of the liquid state.

The multilayer adsorption is a more general phenomenon because the
adsorption is never confined in the formation of a monolayer. In fact, the
formation of multilayers, which are essentially liquid by nature, is extremely
common. The problem of treating rigorously a liquid film in the potential field of a
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solid adsorbent has not been solved, and simplifications must be introduced.

Hitherto, the theoretical approach to the problem was mainly advanced. by
studying “physical models”?***. The construction of a certain model with a stru-

cture defined a priori is required for the description of a system by a “physical
method” in statistical thermodynamic terms. Having this model as basis, the parti-
tion function of the system is determined and from this all the thermodynamic
quantities. ]

The B.E.T. theory>® was the first attempt to a mathematical approach of the
multilayer adsorption. Although the B.E.T. model is capable of describing many
gas-solid systems, the description is qualitative rather than quantitative, especially
‘at low temperatures. The poor agreement is due to a phase transition which is
experimentally observed at relatively low temperatures but not predicted by the
B.E.T. theory. .

The description of multilayer adsorption using a statistical mechanical lattice
vacancy model was first attempted by Pace®. In his approach, Pace had as basis
Ono’s theory® of the liquid state. The calculated isosteric heats of adsorption for the
system Ar - graphon was in good agreement with the experimental data. In
contrast, the theoretical adsorption isotherm for the same system was not in good
agreement with the experiment’. Among the lattice models only the significant
structure theory* gave relatively good results.

The hole theory of the liquid state belongs to the “physical theories™®.
Consequently, the statistical thermodynamic description of the multilayer
adsorption by the hole theory requires the construction and analysis of a certain
model. :

In this paper two different models for multilayer adsorption of inert gases onto

" homogeneous surfaces are studied having as basis the hole theory of the liquid
state. The first model is based on the B.E.T. model and has a mobile first adsorbed
layer. In the second model, which is a mobile model, Pace’s general approach-is
used having as basis the hole theory, as it was extended in part I for the study of the
monolayer adsorption. - ‘ )

The proposed models are tested against the experimental data of the
adsorption of Ar on highly graphitized carbon blacks (P-33) and on boron nitride
(BN). ‘

ll.' A Modification on the B.E.T. model - model A

The systematic experimental study® of the physical adsorption of inert gases on
homogeneous solid surfaces showed that the adsorbed molecules exhibit a behavior
which can best be described as liquid like. Theoretical studies® reached the same
conclusion. For example, the calculated surface barriers, for Ar adsorbed on
graphon are 100 cal.mol™'. This value is small in comparison with kT. even at T=66"
K, and suggests that the adsorbed Ar molecules should have a high degree of

"mobility over the surface.

Since mobile physical adsorption is really extremely common, it would seem
worth-while to derive a multilayer adsorption isotherm on the assumption of a
mobile first layer.
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We consider that the adsorbed phase comprises N molecules of which N,
constitute the first layer of adsorbate and the remaining (N-N,) are in subsequent
layers. The- partition function for the first layer molecules forming a two-
dimensional liquid like phase is given by'.

N,V Nol - aN - )
; ]) Nll(N:—Nl)' [af(yl)] feXP[-YlNﬂH (0‘)/2kT], (1)

Z =x* dj‘ub'exp[

where y, = N,/N, and N, is the maximum number of molecules that can be accom-
modated in the monolayer. All the other symbols are the same as in part I.

The molecules in the second and higher layers are adsorbed on the N,
molecules of the first layer as in the B.E.T. model’. Thus, the partmon functlon for
the (N-N,) molecules is given by’

(N-N,) .
(N-1)! (5 exp—ia—
Z, (M=, ) T (N; =1) ! (32-exp kT ' , (2)

where j, is the internal partition function of an adsorbed molecule in a higher layer
and U, the potential energy of this molecule due to interactions between the
molecule ‘and’ the surface.

The complete partition function for the system is"

n . R
Z= J ZyZ; s - (3)
N;=1

where n = N if N is less than N, and n = N, if the total number of molecules exceecus
‘the number N,.
It is a sufficiently good approximation to set InZ equal to the logarithm of the -

largest term in the sum. The value of N, whlch corresponds to the maximum term is
obtained from :

81n§§;zz)=o i ' ' ()
) ;

From Eq. (4) it can be shown that

AQ w
1ln [—-—-

: )+ Uﬁ_ép_a_*_ln[jl\la I\.1)2(L\1—1\71)]_I\]1\}x N Y (0) : (5
2

NQNI K O-Nl No]\.'l‘

where N, is related to N by the equatioﬁ"’. -

Ni=N(1-X) _ ( (6)
and x is the relative pressure (P/P).

The equation for the adsorption isotherm obtained by substituting Eq. (6) into
Eq. (5).

) Uz-U1 . 9(1-x)% . 8(1=-x) . 8(1-x)¥;(0) _
In (Aq S S oo et Y T kT =0.(N
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where 0 is the surface coverage (N/N,).

TABLE 1. Molecular properties and parameters for Ar adsorption on graphite and BN

System Axr-P33 Ar-BN Apprdximation

Property U; U, - ¥/k ¢ Uy i P ~¥:/k ¢
cal/mol cal/mol
Eq.(7) 21502 1000P 568,06 — 18942 1000P
P 3425.4 18942 1000° — 375.4 czexpl-]-'é;—uz
{71.11%) (75.9%)

568,0° — Ja=ii=heegygy,
B.E.T. 21502 1000

a. See Ref. (1) in text.
b. Determined for the best fit of data.
¢. Mean value from Ref. (1).

Figures 1 and 2 compare the theoretical isotherms resulting from Eq.(7) with
the ordinary B.E.T. isotherms®. The values of the molecular parameteérs used are -
given in Table 1. It is noticeable that the two isotherms have similar plats. Since the
only difference bétween the two models is in the first layer, the form of the
isotherms should be mainly defined by the model of the higher layers.

60

P{mmHg) —

FIG. 1. Calculated and experimental isotherms of Argon on BN. The solid lines represent the calculated
isotherms using Eq. (7) while the dotied line gives the results of the B.E.T. model. The open circles and filled
circles represent experimental data with Vm,mi(STP)/g = 5.~69, 5.10, respectively, Jrom ref. (11).
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2.5

2.0

P/ Py —

FIG. 2. Calculated am/ experlmcnlal isotherms of Arszon on P-33. The solid line gives theoretical
calculations using Eq. (7) at T = 71.11°K; while the dotted line gives the results of the B.E.T. model.-The
open circles and filled ciréles represent experimental data at T= 71.11°K, 78.47°K, respectively, from ref.
(12). '

The similar plots of the two fsotherms lead to the conclusion that both of them
will be applicable or not for the same experimental systems. Figure |1 shows the ex-
perimental data obtained by R.A. Pierotti'! for the adsorption of Ar on BN'and the
theoretical isotherms obtained from Eq.(7) and B.E.T. model. If the volume of gas
needed to completely fill the first layer, Vm, is adjusted for best fit of data, both Eq.
(7) and B.E.T. model give satisfactory results. However, this agreement is qualitative
rather than quantitative. Both, B.E.T. isotherm and Eq. (7) do not show the exi-
stence of a phase transition in the higher layers. This is due to the fact that in both
models interactions between the adsorbed mo]ecules in the upper layers are not
taken into account. :

In figure 2 the theore_tical isotherms resulting from Eq. (7) and B.E.T. model
are compared with the experimental results for the adsorption of Ar on P-33
obtained by C.F. Prenzlow and G.D. Halsey'2. In this case, there is a devnatlon of -
the theoretical isotherms from the experimental  results in contrast to the
adsorption of Ar on BN. The main cause of the disagreement is the existence of a
clear step in the isotherm of T= 71.11°K at 8 = 1.5. On increasing the temperature
(T = 78. 47°K) the step becomes weaker and the experimental results appear to be
closer to the isotherm obtained from Eq. (7).

In general, we can say that the applicability of the B.E.T. and modified B.E.T.
models is confined in multilayer systems which do not show a clear step in the
higher layers. The isotherm obtained from Eq. (7) gives a better picture of the first
adsorbed layer but not of the subsequent layers, which in fact determine the total
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adsorption isotherm.

I11. A mobile model - model B

A more realistic model, which will be capable of describing the experimental
results even at very low temperatures should take into account interactions between -
the adsorbed molecules. This is easily done if we consider that the multilayer
consists of j adsorbed layers. Then, the total partition function Z of the adsorbed
phase, can be written (see Appendix).

J
=nz. , ) (8)

Z .
ads i &

where Zi is the partition function of the i adsorbed layer. The interactions between
the Ni molecules of the i layer can be incorporated in Zi by introducing the
following term

Nev(o)

exp( 2k1 ) o \9)

. where 0;=N./Ni-1 the degree of coverage of the i layer and Wi (O) the energy of
interactions between the molecules of the i layer.

The statistical solution of such a general model is obviously dependent on the
evaluation of Zi, that is on the evaluation of a special model for the i adsorbed Iayer
and on the physical approximations needed for the model.

Theoretically and experimentally the formation of a mobile first layer with the
molecules arranged in the hexagonal close packed layer is favored. The formation
of second and higher layers with the same type of packing appears reasonable
although such layers- would not be as well defined as the first l':ayer.,

These data can be described by the following model of multilayer adsorption.
The adsorbed phase consists of j liquid like layers adsorbed on an energetically
homogeneous surface. As in the case of monolayer adsorption (part I) the
molecules of each layer interact (1) with the surface and (2) between themselves. -

. The adsorbate-adsorbate interaction, in any layer is assumed to follow a Lennard-
Jones potential function (see part I) and is assumed to be pairwise additive. The
adsorbed molecules vibrate normal to the adsorbing surface and each of them is
free to move in the cell which is fermed by the neighbouring molecules. The
number of cells of the i layer is equal to the number Ni-; of the adsorbed molecules
in the (i-1) layer. We have Ni < Ni

The partition function Zi for the ith adsorbed layer will be'

Ny N N,U, Ny 4t N, -N1‘!‘l(0) '
Zj=A qub(l) exp (7 ),Ni!(Ni__l-Ni)!'afi'eXP N, 2kT (10

‘'where af.is the free area of an adsorbed molecule. The meaning of the other
symbols is given in part I of this series.
In the case of monolayer adsorptlon (part I) the free area was considered to be
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a linear function of the surface coverage. As it can be seen from Fig. 3, for values of
the reduced cell area predicted by the hole theory! (w*=1.1.), this linear
approximation is only good for small values of 0. Figure 3 shows the variation of
the free area of an adsorbed -

w= 1,18

F1G. 3. Linear variation of free area in a two-dimensional hexagonal close packed lattice. The shaded arca
represents the increase in free area due to the linear approximation.

molecule; when a neighbouring hole is formed. The shaded area indicates the added
free area given by the linear approximation. It is obvious that for large 8 (8 > 0.6)
the linear approximation gives much greater free area than the real one. We reach
the same conclusion comparing the theoretical isotherms with the experimental
data in part I, which showed a satisfactory agreement for 8 < 0.55 and systematic
.deviations for 8 > 0.55. - - :

" A number of theoretical and experimental data support the view that the linear
dependence of the free area of the adsorbed molecules on the surface coverage is
not a satisfactory approximation for the multilayer adsorption. These are: ’

I. The total statistical coverage, 0, is given by

1 R N ~
'6=-N‘_; -E Ni=01+9192+813133+"" _ 1)

and is the same with the experimental surface coverage 6 which is usually defined as

A%
_.ads
~m

where Vads is the volume of gas adsorbed and V, is the volume of gas needed to
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completely fill the first layer.

When 6 becomes greater than 1.5 the values of 6; increase in particular those of
the first layer. So 8, approaches 1, while 8, exceeds the value of 0.6. Since the linear
approximation is not valid for values of 8 greater than 0.6, the quantitative
theoretical description of the multilayer phase for values of 8 > 1.5 becomes
impossible using this approximation. o

2. The distance between the adsorbed layers® (2.9A) is very smallo in
comparison with the distance of the adsorbed molecules in the same layer’ (~4 A ).
Visualizing Fig. 3 in space we will understand that the presence of molecules of
neighbouring layers in such a close distance has a negative effect in the linear
variation of ar with i, even for very small values of 6i.

3. The experimental isotherms for the adsorption of Ar on BN and P-33, Fig.
4 and 5, show the existence of a well-defined

_ P(mm Hg)

FI1G. 4. Theoretical and expcrimental isotherms of Argon on BN. The solid lines glve theoretical
calculations. Circles are data from ref. (11).

3

step in the second adsorbed layer. This abrupt jump in the values of  is observed at *
low temperatures and has the features of a phase transition with 6c = 1.5. If this
step is attributed to a phase transition which occurs in the second layer, we should
conclude from Eq. (11) that the critical experimental value of 6,lies between 0.5 and
0.6. This value is far from the value of 0.31, which is the critical theoretical value of
0., when ar is linearly dependent on the number of neighbouring holes.
Therefore, the equation’
ar(8)=0ar( 0)+(1-0)w (13)

which gives the linear dependence of the free area of an adsorbed molecule on the
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74.96°K

o 40 80 120 !
‘ P(mmHg) — l

FIG. S. Thmreli(‘al and experimchlal isotherms of" Argon on P-33. The solid lines give theoretical
calculations. Circles are experimental data from ref. (12).

surface coverage, can not be an acceptable approximation for the multilayer
adsorption. The free area should be dependent on the surface coverage 0, but this

dependence should be weaker than the linear and should result in value of O
around-0.5. ’

The general dependence of ar on 6 can be written
al(e,T,8)=a%-e¥ (170 o (14)
The various approximations which have been introduced hitherto for the .

dependence of ar on 0 can be expressed in the form of assumptions for the values of
a’r and y.So the linear approximation is taken when

a%=af(0) and Y=ln[9.+(1—9);;(“()'é—)] ' (15)

The de Boer’s approximation!'?

ag =a;(0) and y-(3lnag ) 4_q=1 (16)

has the main features that we are looking for; that is the weak dependence of ar on 0
and 6 = 0.5. ,
Introducing the de Boer’s approximation in Eq. (10) we have
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i-1 Ti-1

N U, N,
i .
InZ =N, In(AGy 4y o5y 22€) 57 kT +NJ.__]ln(1;I-;1 7} In(g—== Sy _N =}
2 N2 ‘
_ Ni -Ni‘l’i(O) an
N, N. ,2kT ‘

For the total partition function Z for all j adsorbed layers we have

1nzZ = Zlnzi . : . (18)
3

The theoretical adsorption isotherms are determined by finding the chemical
potential for the adsorbed molecules in each layer and equating these to each other
and to the chemical potential of the gas phase.

The chemical potential pi of the i layer is given by

u__i__ _ (Ban N
k__T‘ ANy Nk#i',T ’ (19)

and therefore

U; 6,Y¥,(0) 82 v (0))9(19 )
1 Uy O3% 1+1%141 141
k-r"'ln(*qub (1) af8) =g~ +1n[ = -8,
+204- °1+1 - : ' ' (20)

Assuming that the gas phase behaves like an ideal monatomic gas, the
chemical potential pe of the gas phase is given by

3

u : ‘
—%gﬁ=-1n(x3/2kT) + 1nP, 21)

where P is the gas phase equilibrium pressure.
Equating the chemical potentials yields j equations w1th_1 unknowns, that is the

©i (i = 1,..,j). Therefore, for every value of the pressure P we will have j dlfferent
values of 9| and from these values we can calculate the total 6.

- In the present treatment the number of adsorbed layers was restricked in three.
The resulting equations are

_ AyibD) U;=Uz _ o ¥3(0) ¥, (0) | ,2¥2(0) _ 2¥3(0)
1n(qvib(2)}* r L -t O e~ Oy

(22)

' 2 1-67) (1=83)3_
-2(91'.'92)+9§'03+1n J-(—T%'Léz—)zjl] =0
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. qv1b(2)} U5 _ ,22(0) 4 o, 2200 4 634300) _ 5 (0,-05) + 6}

2
Ayib(3) kT
(23)
L (1-02)83  _
+1n 82 (1-63) 0
1/2
1ne = (22K ) U2 6,220 4 00, win(523S) - (24)
Tvib(3 € it - 3 :

IV. COMPARISON WITH EXPERIMENT

The theoretical adsorption isotherms for the adsorption of Argon on P-33 and
BN were based on values resulting from Eq. (22), (23), (24) and (11). Table II gives
the molecular parameters used in these calculations. All molecular parameters,
except. Ui, are taken from bibliography.

TABLE 1. Molecular properties and parameters for Ar adsorption on graphite and BN.

Property- Ar-P33 . Ar-BN
10-!2v sec-! : a4 4
U,.cal/mol 2150° o 1900°
U..cal/mol 1464 - : 1476°
U,.cal/mol 1395 . 1417
(e/k),. "K : 108" 108°
" (e/K)s, (e/K)i K 122° 1z
Vmml (STP) /g 3.563' 5.823'
c.A" : 3.46° 3.46*
a. See in text.

b .See ref. (1) in text.

¢ .See ref. (1) in text.

d. Determined for the best ﬁt of data.

e. Experimental estimates range from 96 to 122: See ref. (14), (15).

f.. Adjusted value for best fit of data.

g. See ref.. (15) in text.

The energy of interaction between the adsorbed molecules of the i layer, Wi
(0). was calculated from!

(25)

¥4 (0) 18./‘e Nk
kT 16k

8
=% - o39)
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where &/k s the potentnal minimum and u)"‘ the reduced cell area for an adsorbed
molecule.

The calculation of Wi (0) was based:-on the approxnmate value o* = 1.55. This
value was chosen because de Boer’s theory for the liquid state gave satisfactory
results for values of w* around 1.6.

The frequency of vibration of an adsorbed molecule was considered, in first
approximation, to be the same for all layers. This approximation has been used by
other workers too in the study of the multilayer adsorption®. The value of v =
4.10"2sec”! used in the present work is slightly higher than the frequency used for
the monolayer adsorption'. Although there are no experimental data for the
frequency of vibration, we would expect an increase in its value for multilayer
adsorption due to the field effect of the molecules of the various layers.

"Figures 4 dnd 5 compare the theoretical with the experimental data for the
adsorption of Ar on BN and P-33 respectively. For both systems the agreement
between theory and experiment is excellent. Also the isotherm temperature
dependence is considerably good. At low temperatures, both theory and
experiment show a clear step in the adsorption isotherm for the second as well as
for the third layer. These steps become weaker as the temperature increases.

In Fig. 6 the theoretical partial (for the first, second and third layer) and total
adsorption isotherm for the system Ar - P33 at T = 71.11°K are given. We observe
that the steps in the total adsorption isotherm are due to steps in the partial
isotherms. The value of (¢/k)i determines the critical temperature in each layer and
Ui determines the position of the step on the pressure axis. -

In conclusion, the proposed mobile model describes very satisfactory the

P(mmHg) — =

FIG. 6. Theoretical isotherms of Argon on P-33 at T = 71.11°K. Solid lines represent the partial isotherm:
while dotted line gives the total isotherm.
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phenomenon of multilayer adsorption. It is noticeable that the predicted isotherms
describe well the second as well as the third adsorbed layer (0 =2.5)although there
is a restriction of the adsorption to only three adsorbed lavers.

APPENDIX

In the mobile model, the statistical thermodynamic description of the
multilayer physical adsorption was based on the assumption that the multilayer
consists of j adsorbed layers. This assumption (or better this approximation) was
expressed in Eq.(8). Equation (8) is strictly valid only when the adsorbed layers can
be considered as independent subsystems of the adsorbed phase. In the statistical
treatment of the mobile model we accepted the existence of interactions between
the adsorbed layers. Therefore, the question is, whether we can accept the validity
of Eq. (8) having accepted the existence of interactions between the layers.

The interactions between the adsorbed layers of the multilayer phase were
introduced in the mobile model in two basic approximations: 1. The molar site
energy Ui for an isolated molecule, in the ith layer was considered to be constant,
independent from the surface coverage, and 2. The de Boer’s approximation was
used - to express the variation of the free area with the fraction of vacant sites.

Introducing the interactions between the various layers in this way, the total
energy-of the adsorbed phase is given by

1 ‘ _
E= 2 Ceibeiy * Seransy * 7 Ni€3¥3(0) - MUy b = %ei . (a1
where &vibtir, Eransty are the energies of vubratlon and transiation respectively of the i
layer. a

The canomcal ensemble partition function Z of the whole multllayer phase
becomes

}l:{exp(—-e‘l/kT) b= ( z‘{exp(—al'l/ktr)}) . (Z{exp(—ezl/kT) })eee (A2)
t

or ‘ . i _
Z2= 132, o (8)

Mepidqyn
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Emoedveleg otepEdV.

‘H ovvéptnon xatavopfic tod ToAvpOpLaKoD CTPOUATOS TPOCPOPTIGENG
npoodopileton pé T Bedpnon kai otanorucn Oeppoduvapikn dvaivon dvo
npéTuneV (uovrakmv) npoopO(pﬁoamg
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¢keivov, y1d 16 6mola ioyvet kai 1) iodbepun B.E.T. '

Z16 Sevtepo npowno 1 moAvpoplakr @don Bewpeitar odv Eva cdoTnua
pLdV ddidoTatov uypmv eacemv. Oi dhinlemdpdoeig petald 1@V TPocpoOn-
pévov otifddev tod molvpopiakod oTpdpatog AapPdvoviar Hndyn pé dvo
Baocwkég mpooeyyiceis: a) pé v dAlayn Tiig oyéoenc Tiic #LebBepnc Emedvelac
kwijoewg THV npocpopnuévev popiov Grd ypapuiky of &kBetiky popen, kai
B) né¢ v elooyoyn v Evepysiakdv Spov Ui yid v népwpa(pﬁ v
ariniemdpdoeov tiic i oTifddag téoo pé tig (i-1) oTiPddeg mov Ppickoviar kdTw
ané avtr, 600 kai pé 16 LméCTpOua.
~ "H ic66epun npoopopriceng mod telikd TpokVOTTEL Y pNOCIHOTOIETTAL Yid THV
npoocapuoy| Tdv melpapaTik@dv dedopéveav g TPOGPOPTIoERS TOD Gdpavoi
depiov Ar méve oé P—33 kai BN. ‘H mapatnpovpevn ocvpgevie petd€d
nELPpApaTiK®V kai BepnTikdv 8880usvmv Gempeu:al -oGv oAV {kavomoimtikn.

I'é v npocappoyr tdv Bewpntikdv pé 1d nerpapatikd dedopéva Sheg ol
popiaxég mapépetpor napbnkav and 1 Piprioypagia, Exktég and Triv Evépysia
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PREPARATION OF "*'I-AMINOGLUTETHIMIDE

A. VARVARIGOU and M. VILLA

_Radiopharmaceutical Lab., N.R.C. “*Democritos”, Athens (Greece)
Laboratory of Clinical Physiology, N.R.C. Pisa and Sorin Biomedica, Saluggia (Italy).

(Received July 23, 1979)

In 1970 first Goldman' referred to the uptake and release of '*C-isoxasole, an
enzyme inhibitor, in the adrenals. Later on, Beierwalter et al? have studied the
adrenal accumulation of a series of tritiated and iodinated enzyme inhibitors and
among them of aminoglutethimide. The last presents a satlsfactory adrenal uptake
soon after the injection. :

The data reported by the above investigators have prompted us to a detailed
-study of the labelling of Aminoglutethimide with the y-emitting '*'I, in order to be
examined as a possible radiodiagnostic for adrenals. The procedures used for
labelling, purification and quality control as well as data on the stability of the
labelled compound are reported.

Aminoglutethimide was obtained by the Clba-Gelgy Pharmaceutical Co.
Carrier free ""'INa was supplied by CEA-IRE-SORIN. The other used solvents
were of analytical grade purity. For the labelling of Ammoglutethlmlde two
methods have been followed. _ ‘

A) Chloramine T Method: According to Greenwood® to 1 ml of an ethanolic
solution of Aminoglutethimide 0.7 ml of a Nal solution in phosphate buffer (pH:
7.6) was added. The reaction was started by the addition of 0.15 ml of a freshly
prepared Chloramine T solution (I mgr/ml) and -in predesigned time it was
interrupter by adding 0.05 ml of a sodium metabisulfide solution (2.5 mgr/ml).

B) Iodine Monochloride Method: According to Helmkamp*, to 1 ml of an
ethanol solution of Aminoglutethimide 0.3 ml of a pH: 8.4 borate buffer solution,
containing the required '*'INa amount was added. Under gentle agitation the
iodination was achieved by the addition of an iodine monochloride solutlon (0.081
‘mgr/ml).

Since Aminoglutethimide has a rather low solubility in water {1'mgr in 10 ml)
the purlﬁcatlon of the final solution -from anionic iodine was achieved by
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4

precipitation of the labelled compound with water and extraction with ethyl ether.
The ether layer was repeatedly washed with water and the solvent was expelled by
slight heating. The remaining crystals were dissolved in ethanol.

The final yield of labelling and the radiochemical purity after the ether
extraction was determined by paper electrophoresis and thinlayer chromatography
(TLC). Electrophoresis was carried out using- Whatman No 1 paper, in Veronal
buffer, pH: 8.5, for 45 min. at 250 volts. TLC was run on fluorescent silica gel G

_plates 0.25 mm thick (Merck, Germany). Among the solvent systems referred in

literature’ we have chosen the 5% Methanol in Benzene for routine use. The
- presence and localization of '*'I-Aminoglutethimide on the plate was demonstrated
by exposing it to iodine vapours or by using 2 U.V, lamp, wavelength 254 nm. The
distribution of the radioactivity was determined by an Actigraph I (Nuclear
Chicago, USA) éhromatograp'hic scanner or by autoradiography.

After the purification, the alcoholic solution of '*'I-Aminoglutethimide was
diluted to a 10% solution 'with physiological ‘saline and 1% Tween 80. One ml
aliquots of the above final solution were dispensed into 10 ml siliconized penicillin -
vials. The vials were capped with red butyl rubber stoppers. One vial was
immediately tested for the radiochemical purity. Groups of six vials were stored at -
-20°C, 2-8°C. 18-25°C and 35-39°C. One vial from each storage was periodically
examined for radiochemical purity by electrophoresis or by TLC.

Results of labelling are reported in Table 1.

TABLE 1. Labelling results by the chloramine-T and ICIl methods under different conditions. Yields of
labelling are the -average of five determinations and represent the percent of labelled compourd.

METHOD REAGENT ‘CONCENTRATION REACTION YIELD SPECIFIC ACTIVITY

(mg) ~ TIME % « (mCi/mg)
(MIN) . .
5 13920+ 5.30
ChL T Chl T=0.15 30 8020+ 9.20

A=3.0 _ . 5.0

' 60 7520 4.80 :
‘ . IC1:3.2X10-2 <6730 11.20
1C} - —
IC1:6.4X10- I 90.10 = 2.80

The influence of the reagent concentration and the reaction time on the final
yield has been studied. For the ICl method the amount of the reagent was
determinative for the tagging. For the Chloramine T method the reaction time was
important; maximum yield was obtained in thirty minutes, while for the ICI

"method one minute was sufficient for a good tagging. In reference to the aniline



PREPARATION OF BI-AMINOGRUTETHIMIDE 1 . 289

group 1odme must be inserted to the ortho- posmon The TLC mono- and bi-
.dimensional, has proved the existence of a unique labelled compound

Electrophoretic data on the amount of inorganic iodine, present after
labelling, are in good agreement with the TLC results. The Rf of the radioiodinated
compound is very similar to that of the inactive one, as determined by spraying or
by U.V. Reproduction of a characteristic TLC scan is presented in Fig. 1.

Rf=0 43

FIG. 1: Radiodctivity distribution of TLC of unpuriﬁed M I Aminoglutethimide. Rf of the inactive substance
is “also indicated (black spot). Unbound "*'I remains at the starting point.

The purification method described before allows one to obtain a final solution
of "*!'I-Aminoglutethimide containing less than 2% of unbound "'I.
Table 11 reports the results of the stability study of labelled Aminoglutethimide.

TABLE 11.: Stability of '*'I-Aminoglutethimide stored at’different temperatures: the averages of Sive
determinations of the free iodine content (as percent) are given.

TIME ‘ -20°C 2-8C 18-250C } 35-390C
days o . . : ’

0 . —_ —_ 0 ) : -_—

4 2.10 3.50 3.50 4.70
8 2.20 3.80 3.85 ! 6.50

15 2.30 385 - - 5.20 7.20

21 2.60 390 6.10 15.10

All data have been normalized to a free iodine standard content of 0% at zero
time. The storage temperature seems to be important for the stability particularly
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for long periods. Keeping of the labelled compound in a freezer would be advisable.
‘In conclusion, radioiodination of aminoglutethimide can be achieved in high
yield by both the Chloramine T and the Iodine Monochloride method. Direct
iodination .of the benzenic group at position 2 occurs. Unreacted inorganiciodine is -
easily removed by -water extraction. The radioiodinated Aminoglutethimide
remains practically stable up to three weeks when kept in refrigerator.

Summary

'“l-AminoQutethiﬁxide, a radiopharmaceutical proposed for adrenal scanning, was
prepared by two different methods. Yields up to 90% were obtained within some minutes.
- The stability of the labeled product has been studied under different conditions of storage.

IMepidnyn
Iapacicevr 13- Auvoylovtebipiong .

‘H &¢monpovon 1ic ~Apwoyhovtetpidng. pé I-131 pererdirar pé dvo
Srapopetikég pedddovg, pé 1ic dnoieg AapPdvetoanr dynir anddoon of Emionpa-
opévo mpoidv. I'd kdBe pia péBodo épevvdtar 7 émidpacn tod ypdvov
avtidpdoeng koi Tfig cuykevTpdGEnS THY GvTidpacTnpiny oty Tehiki anédoon.
Té 1ehkd mpoidv Gmardocetor andé Tiiv mapovoia &vopyavov iwdiov pé
txydhon. “H anddoon tiig dmonudvoeng kai 1 padioynpiky kabapdtta
npocdiopifovtar pé tic texvikéc tiic fAextpopopriceng kai Tfig ypopatoypagiog
Aentiic onifadac. ITpokeipévou va Sokipaoctel 1) véa padioiondiopévn Evoon otrv
axktivodiayvootikt Emveppidikdv nadricewv peretditon 1f cmeepornta g éni
21 Apuépeg of Beppokpaocieg and -20 dg +37°C. :
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