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208 B.M.  K A n O Y A A  ~ a i  E.  T X A M n E P H  

NANA(2-8lNANA(2-3)Gal(1-3)6al~c(1-4)Gal(1-4)G1c(l-1)Cer 

(a 
NANA 

WNA(2-3)6al(1-3)6alNAc(1-4)Gal(1-4)Glc(l-1)Cer 

(3 
NAHA(8-2)NANA 

NANA(2-8)NAW(2-3)Ll(1-3)LlNAc(l-4)Gal(1-4)Glc(l-l)ter 
19, 

~ K E ~ U ~ O ~ & U ~ ~ ~ I V I K ~  dEd (NANA) uuppolilerar pi NewAc ~ a i  rd ~ ~ l l u ~ o l u l o v ~ u p a p ~ v ~ ~ d  dtli pi NcuGc '0 
dprBpdc popiwv v~upaprvr~oi, ard pdpro roi, yayyllrolirq auppoliikrar pi Evav dprepqrr~d d ~ i ~ r q  (71.x. 
NcwAc)J. ' H  &uq a6vdcaqc roii'NeuAc urijv d l l y o u a ~ ~ a p r ~ i j  dhui6a uup/?oli&rar pi rodc pwpar~olic 
cipr8po6c. I. II. III, IV,. . (cipxilovrac dxd rd i i ~ p o  no6 aov6ierar p i  rd Ccv). Cv6 tj Biuq roij G~apoii roii 
NeuAc Ipi rd dvriaror~o ud~xapo  auppollilerar pi Evav dpr8pqrr~d C~Birq. Z.X. IV3 yd v6 d&Kq &I 56 
NaAc uuvdi&rar pi rde divepa~a 3 r@c d~paiac bpddac gahI~rdcqc. nod 56v dpr6'pd IV "Erur o f  
yay)~llrolirtc CM!. GI)I~,  ~ a i  Dlh ov,upoMovrar dvriurorxa pi I13,Nc~uAc-G.yOte4-Cer. IF (NeuAc),-GpOte, 
Cc.! ~ a i  V13 NcuAc. /I3 NcwAc-G,yOw,-Ccr 
** Zrij /lr/Irlroypaqia dvapipovrar ~ a i  Mlla pdpra :tzyylroirr6v. 5xmc 7t.x. 

117 NeuGc-Lac-Cer ij 61 ,, INGI ( ~ a ~ r i  Wiegandt ) ,&vr imo~  706 G\& 
II' NeuAcMeuGc-Lac-Cer i j GI ,,2NeuAc/NeuNGI ( > >  Go: 
117 (NeuGc),-Lac-Cer ij GI ,.2NeuNGI ( > >  ,, W ,, 
IV7 NeuAc-nLcOse,-Cer ij GI ,,,,, laNeuAc (.. = l .  G\II  
IVh NeuAc-nLcOse,-Cer ij GI ,,,., lbNeuAc ( S , ) -- 
IV2 Fuc,I13NeuAc-GpOse,Cer ij Gc,I,,, 1NeuAc ( ,, ). -- 
IV-' NeuAc-nLcOse,-Cer --- p -- 



TATTAIOZITEZ: X H M E I A  KAI BIOXBMEIA 

yhu~o<trt~06q 8sop06q. 
rayyhto<irsq E~ouv P ~ \ E ~ E ?  or6v ky~kcpaho ( 1 )  ~ a i  0 6  dhha dpyava roij 

dv0phaou, ~ a 0 h q  ~ a i  oE ahq0oq dhhwv 6pyavtopQv. ' H  yvhoq paq a6vroq ytb 
rrjv cpuotohoyia rouq B ~ 6 p a  oypavz t~iq  Mhsiyatq. Msza56 r6v dhhwv 
hiysrat brt p s d ~ o u v  or6v o~qpartop6 r6v vsuplwOv p~pppav6v ~ a i  rOv 
ouvaart~6v E~acp6v (2) ~ a i  brt auo~sri(ovtat p6 r j v  psracpopk rqq vsupt~qq 
6oqq (3) .  ' A ~ 6 p a ,  bawq bhsq oi Evhost~ a06 or6 p6pt6 rouq asptE~ouv o k ~ x a p a  
Kai a06 ppio~ovrat orrjv ~ u r z a p t ~ r j  Extcpcivata, nai(0vv p6ho ortj p60ptoq rqq 
d v ~ t y o v t ~ q q  Gpaoqq (4) ~ a i  zqq ~ u t ~ a p t ~ q q  Gtaipaaqq (5).  

' H  6aaptq yayyhto<trOv orrj cp6oq &va~ah6cpeq~s ~ a r a  rrj Ptoxqpt~fi iipauva 
pspt~Ov &a6 riq aa0ohoyt~iq ~amoz&ostq,  nod ~apa~rqpi(ovrat  oav &t6ruaq 
vEupohtat6hostq~~, b a q  oi dlpaupcort~6q iGtoriq ~ a i  oi do0kvstsc Niemann-Pick 
~ a i  Tay-Sachs. "Oaoq Gqhhvst uai 26 dvopa rouq, o r i ~  aa0ohoyt~kq ahEq 
KWaWkJ&tq E ~ X E  8taato~o0q &a6 TOGS v~upoaa0oh6youq 6~1.  ora yayyhtava 
K6T~apa ouoowpa6ovrav poyrihsq noo6rqrsq Ataost86v. ' 0 Klenk (6,7) P ~ ~ K E  btt 
orq Niemann-Pick yivsrat ouoohpauoq ocptyyopuahivqq, EvO rtjv Tay-Sachs 
xapa~ztjptSs Eva v60 dyvooro ocptyyohtaost6kq (8,9,10,11). 'Avdpsoa orb 
apoibvra rijq 66p6huoqq zoij ocptyydtaoat6oijq abroij 6 Klenk dvixvauoa htaapd 
6&a, ocptyyooivq, E&<aq ( ~ u p i o q  yaha~t6<q) Kai p~0oeu-vaupaplvt~6 656. 
AtaoatSfl roij IGtou r6aou sixav 4611 ouvavrrjost oi Levene ~ a i  Landsteiner (12) ob 
vscpp6 Bh6you ~ a i  6 Walz (6)  oE oahtjva ~ a i  Ey~Ecpaho roB'ibtou (hou. ' E t  dhhou, 
r6 1938, 6 Blix (13) P ~ ~ K E  9% '0co<apivq oE htaost66q Ens~spyaopEvo bpota pE 
E K E ~ V O  to6 Klenk. A k ~ a  xpdvta bpy6rapa Ppkeq~s 6~1. fi Eeo<apivq Jjrav D- 
yahaKro<apivq (14). 

mri l Kotv6~pqorq' Ovopaoia 

Gal (al-4) Gal (PI-4) Glc rhoporpta6cq 
3alNAc ($1-3) Gal (al-4) Gal ($1-4) Glc rhoPorsrpa6cq 

Gal (al-3) Gal (PI-4) Glc 'Iooyho$orpta6<q 
SalNAc (PI-1) Gal (al-3) Gal ($1-4) Glc 'Iooyho$orsrpa6cq 

Gal (01-4) Gal (Pi-4) Glc Murospta6<q 
Gal (pl-3) Gal (pl-4) Gal (PI-4) Glc Mu~orerpa6cq 

GlcNAc(P1-3) Gal (PI-4) Glc Aarro~p1a6Cq 
Gal ($1-3) GlcNAc (PI-3) Gal (P 1-4) Glc Aarrorarpa6<q . 
Gal ($1-4) GlcNAc($I-3) Gal (PI-4) Glc N~oharrorzrpa6~q 

GlcNAc ($1-4) Gal (pl-4) Glc rayyhtorp~a6cq 
Gal (pi-3) GlcNAc(P1-4) Gal (01-4) Glc rayyhtorsrpa6<q 

Gal (al-4) Gal TahaPt6cq 
Gal (1-4) Gal (al-4) Gac raharpta6cq 

GalNAc (1-3) Gal (1-4) Gal (al-4) Gal N-'A~~ruhoyaharro- 
captvdhorpta6cq 

GbOse, 
GbOse, 
iGbOse, 
iGbOse, 
McOse, 
McOse, 
LcOse, 
LcOse, 
nLcOse, 
GgOse, 
GgOse, 
GaOse* 
GaOse, 
GalNAc( 1-3) 
GaOse, 
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"Erot, p i  t6. napancivo 6~6opfva no6 kntPePatheqKav ~ a i  ovplthqphequav 
&py6r&pa &n6 Gthcpopovq Epeuvqdq, oi yayyhtorirsq ~aeopiorquav nt6 henrope- 
p&taK& obv ~~yhu~oocptyyohtno~t6fl,  no6 n ~ p t f ~ o v v  or6 p6pto 20vq E56Ceq, 
o t a h t ~ b  65fa ~ a i  N - & r ~ r v h o s ~ o ~ a p i v p .  nap' 'bha a674 or4v oivoyfveta r6v 
yayyhtokr5v E X E ~  Eat~parrjost v6 6x&yovrat knioqq ~ a i  6ptopQva ovyyevfi p6pta 
htno&t66v, no6 6Qv napt f~ovv Ecocapivq, oi aipa.ro[i.rcg. 

Oi yayyhto(irsq no6 npofp~ovzat &n6 6tacpopsq nqyfq 61.acp4povv pezaC6 
rovq (55 ap6q ro6q t6novq r6v htnap6v dCQov, ~ c t B &  ~ a i  r6v htnap6v &ptvo- 
ahuooh6v (ocptyyooivqq uai napayhyov 4 &vah6yov rqq), 6qha64 cSq npb5 ro6q 
T ~ K O V <  r6v ~qpapt8vhop68ov Z O ~  popiov ZOvq. Oi K U ~ ~ ~ T E P E <  b p ~ q  Gtacpopfq 
rovq &vacpQpovrat ordv Bptep6 ~ a i  26 ei60~ r5v 66a~avOpaut~6v ~ O V ~ ~ W V ,  no6 
ciaapricovv 26 6 h t y o o a ~ ~ a p t ~ 6  zpijpa roB popiou zouq Kai no6 ~pqotponotoBv- 
,rat oav P6oq ytb r6v ~ a p a ~ r q p t o p 6  rovq. 

Oi ~vpdrspo l  -7cooortua- yapyhtorireq roB KNC ~ a i  t 6 v  n~ptoootQpov 
6hhwv iorOv neptQ~ovv ovvljewq Eva 066frepo 66azavepa~tu6 ~oppdr t ,  r6v 
zetpaoarxapirq: 

Gal-P(1-3)GalNAc-P(1-4)Gal-P(1-4) Glc- 

no6 eivat Evopfvo< or6 a- 66po@hto rfiq N-&~uho-ocptyyooivw (~qpapt6iov) p i  
P - Y ~ v K o ( ~ T ~ u ~  6 ~ 0 ~ 6  ( o ~ f i p a  1 ) .  'Opa6~q otahtK06 d&05 ~ f v a t  kvwpkv&< 
U E T O ~ ~ T ~ K ~  6 ~ 0 ~ 6  $it& 860~) 3 T ~ G  pt&q 4 K ~ C  T ~ V  660 yaha~rocuhopa6ov ~ f l q  
napaxavo &huooi&aq, &re ozlj OQoq 8 pt& tihhqq otahvhop66aq, Bvopfvqq p f  
yaha~t6cq. "Erot, rb poyah6z~po yayyhto(trtc6 &to, or6 h o i o  ~ah6nrovrat 
b h a ~  oi aapaaavo 6vvar6rqte<, eivat Eva~ zarpaotaho-yayyhto<itq~. 

NANA (8-2) NANA NANA (8-2) NANA 

"Oha 76 6n6hotca p6pta r6v yayyhtoCtr6v pnopoBv v6 B~opqeoBv o h  
npo'i6vra ora6ta~flq cinoi~o66pqoqq zoB nt6 d v w  popiov ( n i v a ~ a q  I).  

"Ooov &cpopE rljv dvoparohoyia, ytb TO% yayyhtoc?rs< E~ovv neptypacpq 
Enra ovorfpata dvoparohoyia~. 'An6 abrci, t15 rfooepa no6 E~ovv kntKpa~3jo~t 
o v v o ~ i ~ o v m t  or6v n i v a ~ a  1 uai mptypacpovrat napa~hro.  ' A ~ 6 p a ,  6 niva~aq I 
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Z ~ q p a  1. E~~p~oxqprzcd~ r h o ~  TOO povoorano-yayyLro[iq GM, (ijnov R,=H, R,=H) ~ a i  r6v Blchov 
yayytoctr6v fiinou R,=H 5/ NANA K U ~  R,=H fi NANA f j  NANA-NANA). 
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ypappa G. 'A~ohouesi  E v a ~  dpt0p65 no6 dvaqbparat 0 t h  o tah t~c i  65fa ~ a i  E v a ~  
~ E ~ K Z T ) ~  a q b nob npooGtopil& trjv 0Soq 706 o t a h t ~ 0 6  6eioq oz6 p6pto to6 
yayyhtocitq. 

y) CupjloA~apdc ~ a n i  Wiegandt: '0 ouppohtop65 a h 6 5  ~ t v a t  zpononoiqoq 
.c06 rpoqyo6p~vou no6 np6tatva 6. ' i 6 to~  6. Wiegandt (18,19,20) npooapp6covra< 
tov otrjv bvopatohoyia t q ~  IUPAC-IUB (21,22). Zuy~euptpkva, &v&hoyq p8 t 6  
CV 26 o t a h t ~ 6  656 atvat N-d~etuho-v~upaptvt~b q N-yhu~ohuho-veupaptvt~d, 
npootS0q1ca I) EvG~t5q NeuNAc ~ a i  NeuNGl dv t io to t~a .  

6) Z u p ~ o l z a p d ~  ~ a t a '  Korey ~ a i  Gonatas (23): MS t6'ypcippa G ouppohi(ata1 
~ E V ~ K &  6 yayyhtocitq~. '0 ~ E ~ K Z ~ G  It06 & K O ~ O U ~ E ~  (0,1,2,3,4, K.Ax.) ~ E ~ X V E ~  tq  
08oq to6 yayyhto&q otrj xpopazoypacpia h sn r i i~  ottpciGa<. Oi Gtaqopq OEoay 
tQv otahtrQv 65Sov ouppohi[ovzat p i  A ij B. 

COOH 
1 
C=L) 
1 

f H2 
0 H-C-OH 
I, I 

CH3C-BN-C-H 

HO-&H 
H-C-OH 

l 
CHOH 

I 

H-C-OH 
I 

CHZ-OH 

~ - h ~ ~ r u ~ o - v c u p u u ~ v ~ ~ 6  653 

'AhGoht~Ij oupnd~vwoq p ~ t a c 6  N-tz~aruho-pavvocapivq~ K a i  nupootacpu- 
h t ~ 0 6  65605 p65 6iva1 z6 nt6 ~ a p a ~ r q p t o r t ~ 6  o u o ~ a t t r b  tQv yayyhtocttQv, t 6  
NANA. Ztrj yvoorrj xqpaia tQv otahtrQv 65fwv (24), t 6  p6vo o~ozs tv6  oqpeio 
bni jp5~ fi o t ~ p ~ o ~ q p t ~ r j  Gtapbpcpooq otIj  0Eoq C,. '0 Kuhn ~ a i  oi  ouvapyaraq 
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zov (25, 26) EG~ttav 6rt fi 66potvhopa6a ro6 C, & h a t  6~5tci oz6 npoPohtc6 
povrkhho zo6 Fischer ~ a i  6x1 dptorspci 6nw< EIXE npora0q vop i r~pa .  A h 6  
hP&Path8qK& k ~ i o q <  Kai 8x6 pshkrsq O X E T ~ K ~ <  p8 ~ t j  P ~ O C J ~ V ~ E G I ~  TOE NANA. 
"Erot, oro6g i o r o 6 ~  tQv 0qhaortKQv, oi  nhqotboz~pq np68pop&< Evho~t< TQV 
otahtK6v 6@ov &bat r6  cpoocpo-~voho-nvpooracpuht~6 be6 ~ a i  fi NId~ervAo- 
pavvocapivq (27,28). 

'H dvzioro t~q  ~ t o o v v e s z t ~ t j  nopsia cazahberat 13x6 zpia Ev@pa: Mta 
~ r v a o q ,  Eva O U ~ ~ U K V W T ~ K ~  ~ a i  Eva drcocpoocpopvh1or1~6 Evcvpo: 

N-brarubo-D-pavvorapivq 

KIV~OT) rij; 
N - ~ K E T u ~ o - ~ ~ v v o ~ ~ ~ ~ v ~  

H+ +ADP 
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' E ~ r 6 q  &n6 rrjv ocptyyooivq, z& cpuot~15 ocptyyohtnost6q nspt8~ouv ~ a i  dhhsq 
&v&hoysq Pciostq p6 nsptoo6rapa 4 hty6zapa dzopa dvOpa~a (C,,-, C,,- 
ocptyyooivq ~.hn.)  4 ~ a i  napayoya rqq K ~ V O V L K ~ ~  Clg-ocptyyooivqc,, bnoq fi 
6tu6po- ~ a i  fi 6~ij6pocpuroocptyyooivq. "Eva 8p6hoyo rqq ocptyyooivqq, fi 
iooocptyyooivq, p8 20 aropa avOpa~a (42), P ~ ~ O ~ K E  076 K h b p  r@v ocptyyoht 
noat6@v ro6 bh6you ~ a i  roil poGto6, cinozshai 68 fi popcpfi adzfi 26 50% nspinou 
rqq ouvoht~fiq ocptyyooivqg no6 n ~ p t 8 x ~ ~ a t  orobq yayyhtociraq ro6 Ey~acpdhou 
ro6 p06106 (43). T6 dp6hoyo a h 6  68v &vt~va6Oq~e or6v dvephntvo Ey~icporho; 
llapdthhqha oi Stanacev ~ a i  Ghargaff o8 a~tpdtpara rovq ~ a i  adtht ok Eywkcpaho 
So61oi3, ppq~av brt fi ouvohwtj ocptyyooivq cinorsh~irat &a6 50,096 ocptyyooivq, 
3,496 61u6poocptyyooivq ~ a i  46,596 C,,-ocp~yyooivq. Tkhoq, mpatqpt jeq~s ~ a i  
p l ~ p q  noo6rqra C2,,-6~v8poocptyyooivq~. 

Zt6 p6pto rqq ocptyyooivqc,, Evopdvo p8 rrjv a-dptvop66a Ppio~srat r6 
pdpto 706 htnapo6 d&oq nod n&pti~ouv oi yayyhtociraq. ' H  Evooq abttj 
6vopdcszat ~qpapi6to (ZX. 1) .  

Azaapd d&a: Tb Atnap6 656 no6 p p i o ~ ~ z a t  o8 pyah6zspq noo6tqra or6 
~ h d o p a  r6v yayyhtoctrfiv ZOU &vOphatvou Ey~kcpahou ~Tvat r6 o ~ ~ a ~ t K 6  656 (40). 
'Avah6oatq p i  zqv T E X V L K ~  rqq &iptaq xpoparoypacpiac, E6~t@m btt, npaypa~t, 
b n 0 2 ~ h ~ i  rb 80 p8~pt 90% r@v dhtr6v htnap@v 656wv o6v yayyhtoctrQv 706 
Ey~scpcihou (43,44,45,46), ~ a i  pcihtora b ~ t  p6vo r6v 8qhaott~@v &AA6 ~ a i  dhhov 
onov6uhot6v (46). '0 Trams ~ a i  oi ovvspy6rsq rou Givouv r6v n a p a ~ a ~ o  n i v a ~ a  
htnap6v b&ov r@v yayyhtol;tz&v Ey~scpdhou (43): 

'Avah6ostq p6 rrjv 76ta tqvtcrj ~ @ v  yayyh~ol;tr@v r6v Epubpo~utrdrpwv 706 
o~dhou  ~ a i  ro6 &h6you E6stSav brt 26 h t y v o ~ q p t ~ 6  656 &nozehei 76 75% r@v 
d h t ~ @ v  htnap@v dT;8ov z@v yayyhtoctz@v roU &h6you, &V@ oz6 o ~ 6 h o  bnspto~6st 
t6  vsupovt~6 no6 paci p8 26 hqyvo~qp1~6 ,  &norsho6v r6 80% T@V bhtK@v 
htnap@v d&ov  (47, 48). Kai oriq 660 neptnzhosy pp8Oq~av oqpavrt~kq 
~ C O ~ ~ T ~ T E <  ~ ~ E X E V ~ K O ~  6&0<. 

'Avcihoyq dvat fi napouoia r6v htnap@v 656wv ~ a i  oro6q bn6hotnou~ 
iotobq. 
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MovoaraSo-yayylrocitw G,, 

'0 Svennerholm (49), per15 dn6 Sjnta iittvq 66p6huoq TOO GtMI , P ~ ~ K E  660 
Gtoa~xapire< no6 nsptaixav yaha~rocapivq. Taut6xpova ~ a i  Chha Epyaorfipta 
(16, 53) dnop6vooav ~ a i  P p q ~ a v  btt 6 Evas dn' a6ro6<, no6 E ~ X E  dvayoyt~kq 
i616rqre<, Ex&t ~ f i v  Ecq< 60pfi: O-~-D-yaha~toxupavo~o(l-3)-2-d~&rap160-~- 
6sotu-D-yaha~r6cq. 'H Gopfi abrfi qrav Y6ta p8 Ev6< Gtoa~xapirq,  no6 E ~ X E  

pps0q or6  alpa (54). 'An6 ~ 0 6 ~  G t o a ~ x a p i t q  a 6 r o 6 ~  b Svennerholm, dcpo6 np6ra 
dxopa~puve 26 NANA, P ~ ~ K E  T ? ~ V  d~6hou0fl dhhqhouxia zq< o a ~ x a p t ~ q q  

' bhuooibaq .so6 GMI :Gal-GalNAc-Gal-Glc-I Sph, no6 dvat  ~ o t v f i  yta bhou< 
rod< yayyhtociksc,. 

'Ap~s r i i  bpoq 6~6op8va no6 npoqy?jeqlcav pofi0qoav fi psraysv8orspa 
EnlPsPaiooav tfi 6opfi a6rfi. '0 Bogoch (50) psza dn6 6o0ovij 65tvq 66p6huoq 
zo0 GM, naparfipqos brt dnshsu9sqhverat naptoo6zspq yaha~rocapivq dn6 
yaha~rbcq .  Oi Klenk ~ a i  Gielen (51) dnop6vooav Eva Gtoa~xapizq no6 nsp t e i~s  
Etocapivq ~ a i  26v ra6rtoav p8 r6v GalNAc(1-3) Gal, no6 &E v o p i t ~ p a  
dxopovoOq dn6 7065 Cote ~ a i  Morgan (52). 

Oi Kuhn ~ a i  Wiegandt Epyac6pvot navo or6 'i6to 08pa, psza 6x6 
d~ez6huoq- to0 G M ,  p8 piypa 6Ct~oB 6@0<-6@~00 dvubpitq ~ a i  p t ~ p q q  
noo6rqra< 0 ~ 1 1 ~ 0 6  65805 (16), Gtaxhptoav r o 6 ~  6h tyooa~xap iz s~  no6 R E ~ ~ E ? X C L V  
NANA. 'An' a6ro6< r6  NANA dnoonaozq~s  p8 finta 8Ctvq 66p6huoq ~ a i  
dnopovh0q~av Erot oi  6htyooa~xapizsq ro0 n i v a ~ a  [V. M8 Xaproxpoparaypa- 
cpt~f i  psh8rq rQv npo'i6vriuv abr6v rii< 66p6huoqc,, Pp89q~e 621 z6 NANA sivat 
EvopCvo p8 Eva zerpaoa~xapizq (yayyhto-N-rsipa6cq), 660 rptoa~xapizs< 
(yayyhto-N-zpta6c~< I ~ a i  11), 660 Gtoa~xap i rq  (yayyhto-N-Pdcq I ~ a i  11), 
h a ~ r 6 c q  K a i  Eva povooa~xapirq,  no6 Pp89q~s knioq< pera dn6 d~s r6huoq  
otahuho-ha~r6cq< no6 6nopovh0q~s &n6 npor6yaha 6yeh66aq ~ a i  6v0phnlvo 
yaha (55, 56). T6 NANA or6  o tahho-povooa~xapkq a h 6 v  qrav EvopEvo oz6 
C, z q ~  yaha~r6cq<.  

nINAKAZ IV. 'O/ lyoua~~apir&g a06 ~ ~ Z O ~ O V C ~ @ ~ K ~ V  per6 dad 66pd/lvuv roii GM, 

Gal (1-3) GalNAc (1-4)Gal (1-4) Glc 
Gal (1-3) GalNAc (1-4)Gal 
GalNAc (1-4)Gal (1-4) Glc 

Gal (1-3) GalNAc 
GalNAc (114)~al 

Gal (1-4) Glc 

Z ~ f i  ouvExsta, napatqp@3qra b ~ t  € 6  t 6  NANA p ~ 0 p 0 6 o ~  ~ 6 ~ 0 h a  va 
dnoolraorq dxS mj otahuho-har.t6(q p8 nj pofiesta a06 hcupou c n d t 6 b q ,  6x6 
P a ~ r f p t o  Vibrio Cholera, JI dn6onaoq ytv6rav 6 6 o ~ o h a  15x6 zq otahiAo- 
yayyhto-Ptbcq 11, r i ~  otahuho-yayyhto-rpta& I ~ a i  I1 ~ a i  zti otahuhoyuyylhto- 
rezpa6cq. M8~arepyaoia ro6 G ,  ~ a i  rq< yayyhto-N-zerp6cq~ p8 h e p t o 8 t ~ 6  
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ocptyyootvo-hawz6~q, wai ~~uho-ocptyyootvo-yhu~6~q,  r6v bnoiov oi z& Rf 
firav 'i6tsq p8 xp6~unov Evhoaov, no6 npoflh0av dn6 26v G,, (15,49). Zztjv 
dvahuoq F8v pp8Qqws & ~ u h 0 - o c p 1 y y o o t ~ 0 - N - 2 ~ ~ p a ~ ,  ysyov6q no6 oupcpov~i p8 
26 zdno G,, 

'An6 26 orpapa r6v kpu8p0~~22apwv to6 &Adyou &nopovh0qw~ (47,48,59) 
Evaq yayyhtorirqq, 6 aipato<i.sqq, no6 ~ E ~ I ~ X E L  ?map6 656, ocptyyooivq, E56rq 
wai NANA 08 kvahoyia 1 :  1:2: 1. "Evaq yayyhto<itqc p8 ttjv 'i6ta o6omoq 
ppC0qws oz6v onhtjva (57), 26 ouahzt wai 26v Eywkcpaho &vOphnou (15).  

Z8 ~ h a o p a  no6 nap~ai~a rode G,,,, G,,, wai GTI p s ~ a  bn6 kni8paoq 
otaht66oqq 6x6 Pawttjpto Vibrio Cholera, oi napanavo yayyhtorirq pszarpa- 
nqwav noooztwa oz6v G,, (15,16,49). 'An6 t6  natpcipara cphvqws 621 6 G,,, 
6SpoA6stat noM ypqyop6zspa &n6 26v G,,, ~ a i  dw6pa 6zt 6 G,, 6bpohdezat 
npBra o8 G,, ,  wai paza oB GM, (15,16), EvQ ptwpbq noo6rqzs~ to6 G,, 
pstazpBnov~at 08 GDl, ( 1 5 )  (Xxflpa 2). 'YGp6huoq 706 G,, p8 &oQsvfl 658a (0,OlN 
66po~hwpt~6  656, ppaop9~ yta 10 min) iibwos 'ioaq nspinou noo62q2sq G,,, wai 

6n6t3~oq 621 26 660 Eni nl.80~ p6pta NANA (dn6 26v G,M,) sivat Evwpiva p8 
~8zoto rp6no nod npoop6hhovzat aiiwoha kn6 ~a i6vra H@+ . Zwkcprqwav hotn6v 
621 np8nat va aivat Evopkva 0 8  Ftacpop~~~wa &+opa avepawa rflq ET;6<qq ytb v6 
E5qyqQfl ?i psybhq Ftacpopa rax6rqzaq ottjv &n6onaotj zouq. '0 Gauhe ~ a i  oi 
ovv~pyoits~ TOU (58) &nop6vwoav otahuho-(2-6) ha~r6rq wai iiFat5av 621 p8 7tjv 
'i6ta otaht66oq fi ra&q.ra &n6onaoqc 706 NANA sivat ptwp6zspq &E' bzt ortj 
otahuho-(2-3) h a ~ ~ 6 r q .  "Ezot, 6noz80qws 621 ot6v G,, ,  26 F E ~ T E ~ O  NANA 
np8net vb &hat Evopivo p8 26 C ,  rflq dwpaiaq yaha~t6rqq, ot6v G,,, 026 C ,  wai 
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oz6v Gil  o ~ o d q  C, ~ a i  C, tqq yaha~z6cqq odpcpova p i  26 q q p a  2 (15): M s p t ~ a  
8x6 213 oupnspaopaza 2Qv nstpapbzov adz8v bvaOsoptjOq~av. Tci oqpsptvci 
6~6opEva ytci ziq OEootq o\ iv6&~qq zQv popiov 206 NANA or6v z s r p a o a ~ ~ a p i r q  
zQv yayyhto(tz6v napouotci(ovzat o r 6  n i v a ~ a  1 .  

O i  onouGat6~apsq bn6 riq cpuot~kq ~ a i  ~ q p t ~ E q  iGt6zq.rs< rQv yayyhtocttliv 
ouvoyi(ovmt n a p a ~ a ~ o :  
I .  ME 26 vsp6 o~qpaz i (ouv  ~ o h h o s t 8 q  Gtahrjpata, oE ouy~svtphostq p 6 ~ p t  ~ a i  

10%. "Ozav d v a t  GtahupEvot o r 6  vsp6 Gkv nspvo6v 8x6 i jptnspa~t j  pspppcivq. 
2. AtaWovtat s i j ~ o h a  06 piypaza ~hwpocpoppiou-p~Bav6hqq ~ a i  fkvl;ohiou- 

psOav6hqq, hiyo ottjv b h ~ o 6 h q ,  & b a t  0 ~ ~ 6 6 ~  dGt6hutot ozfiv b ~ s t 6 v q  ~ a i  
b6tahuzot ot6v aiOEpa ~ a i  z6v 6 5 1 ~ 6  aiOuheorEpa. 

3. AEv bvayouv 26 cpshhiyy~to dyp6. 
4 . 'Anav~pa~hvov2a t  s 6 ~ o h a  p i  bpata bv6pyava b@a. 
5. Aivouv O E Z L K ~ ~  T ~ V  bvri6paoq Ehrlich. 
6. ME 26 &v.vztbgaotfpo Bial Givouv ~ a p a ~ 2 q p t , o t t ~ 6  K ~ K K L V O  ~ p Q p a .  
7. Elvat Evhostq bptozsp6orpocpsq. 
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rQv yayyhtoctzQv. C' abzlj, 26 6 h t ~ 6  E~xbhtopa zQv htnost6Qv zonoesz~izat 0 6  
ozljhq ~uzzapivqq, h' dnou z6 psyahdtapo p6poq zQv ahhov htnost6Qv 
k~horjsrat p6 piypa ~hwpocpoppiou-ai0av6hq~-vspo6, 8vQ oi yayyhtorizsq 
napapkvouv ozlj ortjhq ~ a i  pnopo6v va k~houozo6v p i  Gtacpopou< 6tahb.c~~ 
EpnhourtopBvouq o i  qi0av6hq ~ a i  vsp6. Mi rlj p60060 abrlj yivs,zat ~ a i  Eva~ 
psptK6S Gta~~ptop6< TQV yayyhtoctrQv 06 ~ h a o p a  nhoQoto o i  NANA ~ a i  06 
Khaopa cprwx6 o' abr6. ' H  p60060q a624 kpapp6ozq~s Enavsthqppiva p6 Kah& 
&norshiqpaza (48,67). 

' A ~ K E T I ~  ~ a h 6 q  6ta~wptap6q ok povo-, 61- ~ a i  zptotaho-yayyhtoci~s< iiylvs p6 
napaoKsuao~t~.lj ~apzo~pwparoypacpia (paper roll column), Kai p6 Gtahbpaza 
&vanzu5q< piypam nponav6hqq-vspo6 (15). 

' H  xpopa'coypacpia o i  oztjhq nuptn~06 65605 ~ a i  p i  6tahbzs< piypaza 
~hwpocpoppiou-pseav6hqq dvat & ~ 6 p a  ~ah6zspq, &hha p6vo yta rljv &nop6vooq 
~ a i  26 ~a0aptop6 povo- ~ a i  Gtataho-yayyhtoct.ci3v (68). 

Tihoq ouvqekoza~q p60080q 6ta~optop06 ~ a i  ortj ouvixsta R O O O Z I K ~ <  ~ a i  
aotoztcfiq &vahuoqq &ptyQv yayyhtoctzQv &hat .li T.L.C., 8nou Gtaxwpicovzat 5 
fi ~ a i  6 Evchostq, TQV bnoiov oi rtpkq Rf E~ouv Ppsefi ytci p s p t ~ 0 6 ~  6x6 206~ 
n~ptoo62spo ~otvo6q Gtahbzs< (15). Cav ouozljpara Bvanrucq~ ~pqotponoto6v- 
Tat ouvljBw< piypaza: 
a) Xhopocpoppiou-poOav6hqq-vspo6 o i  &vahoyis< 60:35:8 (v/v/v)  fj 50:50:8 
(v/v/v) yta 206~ povootaho-yayyhto<izsq. 
p) ~ponav6hq<-vspo6 06 dvahoyisq 7:3(v/v) f j  3:l(v/v). 
y )  Xhopocpoppiou-psBav6hqq-7% &ppwvia< fj 2,5% '06pocst6iou ro6 &ppoviou, 
o i  6tbcpopsq &vahoyis<. 

Zuvlj0oq dpoq ytci 26v nhtjpq 6ta~optop6 zQv yayyhtoctzQv ~pqotponoto6v- 
m t  nsp1oo6rspa &n6 Eva ouoztjpaza &vcinru~q<. 

Ei6t~a &vvzt6paoztjpta ytb zljv Epcpdvtoq zQv Kqhi60v 26v yayyhtoct~ii)~ 
sivat fi 6p~tv6hq (51), fi paoop~tv6hq (15) ~ a i  fi n-6tpa0uhaptvoPsvcah6~66q 
(16). Oi nhft~&< p7~0p06~ & ~ 6 p a  V& ~ E K ~ O T O ~ V  p i  26 ysvt~ci &v.cdpaozljpta TQV 
htnost6Qv npiv f j  psza 26 yrk~aopa p6 26 s i6 t~6 yt6 26 NANA &vtt6paozljpto. 

Oi napancivw p60060t ~ i v a t  abzi< nob ~pqotponoto6vzat ouvlj0wq yta ztjv 
&nop6vooq ~ a i  26 ~aeaptop6 TQV yayyhtoctzfiv. @uot~ci fi iipsuva navo or6 
06pa~a abrri ouvs~icezat ~ a i  nohhi< ~atvo6pyts< f j  nahttq pi0080t no6 ii~ouv 
pshttoeq, ~pqotponoto6vtat, d n q :  
- Kaeaptop6~ 0 6  ozljhq Sephadex G-100 (69). 
- ICa0aptop6< ~ a i  6ta~optop6q o i  orljhq DEAE-~unapivqq, p6 6tah6paza 
6ct~oU &ppoviou o6 psOav6hq (70) f j  651~6 656 (71). 
-Ata~optop6< p6 ~apzo~poparoypacpia ~ a i  pk '6tah6paza &v&nzucq< piypaza 
nupt6ivq<-6[t~o6 aieuh&or6pa-6~t~o"u~fo<-vspo6 ob &vahoyis< 6ylcwv 5:5:1:3 fj 
55: 1:4 (72). 
- Ataxwptop6~ o i  orilhq piyparoc nuptzt~o6 6@o< ~ a i  ~ u ~ t a p i v q ~ ,  ~ . h n .  
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Oi p ~ y a M r s p ~ 5  ouyrsvzphost~ yayyhto<trQv &navro6v 026 V E U ~ L K ~  o6orfl- 
pa t 6v  8qhaoztr6v r a i  r6v nouht6v, Ev6 oi ptrp6rsps5 or& Epns~a, rci &pcpiPta 
r a i  tc i  vapta. Mshfts5 of psptrci &on6v6uha, dnoq 26 ~ z a n 6 6 t  r a i  6 &orar6q, 68v 
E ~ E L ~ ~ V  &vt~vsdotpq noo6rqra yayyhtoctr6v o ra  vs6pa rai t d  yciyyhta, Ev6 
p t r p ~ j  n o o 6 r q ~ a  & ~ O ~ O V ~ ~ T ) K E  &n6 2a pazta TOO rcipoupa (18). Tsh~uzaia, 
& v t ~ v s 6 ~ q ~ a v  yta nphrq cpop6 yayyhtocirq of bpyavtopod< nod ~ T E ~ O O V Z ~ L  
vsuptro6 ouorfiparo5, dnw5 t 6  npor6(oa Tetrahymena pyriformis r a i  Crithidia 
fasciculata (77,78). 

'An6 26 vsuptr6 o6ozqpa r6v 6tacp6pov 6pyavtopQv, o ~ 6 v  Eywfqaho 
Gncip~st 26 odvoho q ~ 8 6 v  ZQV yayyhtoctt6v(IIiv. V, Va). Zztj cpatci o6oia to6 
&v@xhtvou ky~sqahou 4 ouyrfvrpooq ~ 6 v  yayyhto~tr6v &vrtxpoooxs6~t 
nspinov .c6 6% t6v  ouvohtr6v h~noat66v, Ev6 or4 h ~ u ~ f i  o h i a  n ~ p t o p i ~ ~ ~ a t  ( ~ 2 6  
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'An6 Epauvsq ob E y ~ i q a h o  &poupaiwv PpiOqlcs 6t.t ~ a r a  rqv EpPpu'i~q q h l ~ i a  
~ a i  r i ~  npQzs< 20 pips5 park rq  yivvqoq rous, r 6  no06 zQv yayyhto[tr6v 
ouvs~Qq p~yahhv&t  ~ a i  ozq ouvix&ta 4 pivst oraesp6 4 p t ~ p a i v s t  (97). 
n a p d h h q l a  o i  Svennerholm (98) ~ a i  Suzuki (99) naparqpqoav 621 oi &vOphrctvo 
E y ~ i q a h o  h d p x s t  aijtqoq NANA 15x6 rq yivvqoq p O ~ p t  r 6  8 npQra ~ p 6 v t a  r45 
[ofis ~ a i  or?i o u v i x ~ t a  r6 n0o6 r00 NANA ~ B V E I  ~ ~ a e & p 6 .  M ~ h ~ r h v z a ~  6pos  r i ~  
~ u y ~ ~ v ~ p h o & t <  T ~ V  yayyhto[trQv t&xwptotd, p p q ~ a v  & ~ K E T &  6tacpopi5 nod 
ouvowil;ovrat o r 6  rc iva~a Va.IIaparqpo0ps 6rt  EvQ orqv & p ~ q  6 n ~ p ~ y d o u v  o i  
o u y ~ s v t p h o s y  rQv GDlb ~ a i  GM,, r s h t ~ d  &K&~VOI. nod 6 ~ 1 ~ p a r o G v  sivat o i  G,,, 
~ a i  GTI. 

"AV ~ a i  E ~ o u v  y i v ~ t  psydilq npoond0~tsq ndva iipsvva r i j ~  P t o o 6 ~ 8 ~ o q q  
rQv yayyhtoctr6v, r 6  K&cpdhato a676 E X E ~  & ~ 6 p a  nohhiq Ehhsiymc. T6  
p toouvesr t~6  ~ o v o n a r t  nod E X E ~  ~ ~ ~ a e a p t o r f i  p i ~ p t  o ~ j u s p a  (100) ~ a i  r d  Ev[vpa 
nod Karahdouv r i ~  &vrt6pdost~ Ptoo6ve&oq< ovvo~i[ovrat  o r 6  oxqpa 3 ~ a i  r6v 
n i v a ~ a  VI. 

IIINAKAZ VI. "Evrupa B1oolivIoqr]5 TOV yayyAiorlr6v. 

BA&& d a o ~ o s ~ a p r ~ d  
o ~ f i ~ a  3 ~asavopd /?IBA. 
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Gal-GalNAc-Gal-Glc-Cer 
I 11 

NASA-NANA NABx-NANA . *" - L 

C - C  1 1  
G ~ l a  I 

Gal-GauAc-Gal-Glc-Crr , - - - - - - - - - - - - ( 0  

1.  

N A N A - N A N ~  N A N ~  ! f Gal-GalNAc-Gal-Glc-Lcr 
e j j  .AN; N ~ ~ - ~ ~ h i I \  

Gal-GamAc-Lal-~lc-~ek 
/----- : 

/G~I-GalNAc-Gal-Glc-Ccr 

NANA NANA 

' X 1 (MP-NUA 

CMP-NANA . 
Gal-GalNAc-ial-GLc-Cer r Gal-Ga,NBc-Gal-blc-Czr 

I 11 UDP-Gal - 
Gal-Glc - L t i  

NANA-LfiLIA ' J  --- - 

A 11 "DP-GlC 

npiv popt~k xp6vta npoo6t6ptoav 6rt B xp6voq 6x6 rfi ptoodv0soq pCxpt t6 
~azapohtopb Ev6q yayyhtorizq, o' Evav ky~icpako nod &vam6oosmt, sivat 20-25 
p k p q  (101,102). 

' H  psyahrjropq npooa60sta pohirqq rGv p~povwpBvov Ev(6pov, no6 xai(ouv 
~ a n o t o  p610 or6 ~arapoh1op6 rGv yayyhtoQtGv, Eytvo oi: o ~ 8 o q  p8 t 4  pohitq 
rGv 6tacp6pwv ysvsn~Gv htat6hosov (ph. Keq. rayyhto@oq ~ a i  6o06vetsq). T6 
~upt6rspo or66to ro6 ~azaPohtopo6 dvat 4 &no~onfi 6x6 r6 &to 706 
yayyhtol;irq rQv popiov NANA ( C ~ q p a  4). T6 Evrupo ~ 0 6  ~azahbst rfi 6tspyaoia 
atmj 6vopci<szat vsupaptvt6acy otaXt66oq (neuraminidase fi sialidase) ~ a i  
cpaivsrat va &hat 8~~181~supi:vo yt' ai)~il rfi 6pkoq (103). IIotpapara 6pwq ahhov 
EpsuvqrGv (104,105), or6 &vriotoqo Ev<upt~6 Khdopa to6 xoipou ~ a i  706 
poGto6, ESstEav 6 t ~  imap~st  Evrupo no6 66poh6st t d  p6pta ro6 NANA d o 0  6x6 
to6q yayyhtoriror,, 600 ~ a i  &x6 d h h s ~  Evhostq 7~06 rcspti:xouv NANA xwpiq v6 
ohat yayyhtortrsq. "EXEI 6 ~ 6 p a  6 s t ~ t f j  6 n  6 G,,, ikipoh6orat pi: neptoo6rspo 
bpy6 pu0p6 &a6 206s ahhouq cpuot~odq yayyhtortrsq (104) ~ a i  a676 ytari r6 
NANA, no6 dvat EvwpBvo pi: 2-8 yhu~oot81~6 6sop6 &hat 7csptoo6zspo ora0sp6 
15x6 26 NANA, 26 kvwpivo pi: 2-3 8sop6 6 m q  0 2 6 ~  G,,,. T6 Evrupo act6 ppi:Bq~& 
or6 Khaopa rQv ouvamooopatov (106,107), or6 Ephtqpa 6poq av r6 Evrupo 
fi~av nmypart ouvamoowpart~6 f j  p7jaoq huooowpatt~6 &bat 66o~oho v6 
brcavtrjooups pi: psPat6zqta, ytari i)nap~&t fi n ~ p i m o o q  p6huvoqq 706 Ev6q 
~haoparoq &n6 26 ahho. 
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6paort~6zqza ~ a i  h 6  E K E ~ V ~  z06 cphotoO 706 Ey~scpkhou. Oi Ohman ~ a i  
Svennerholm (109) ii6stCav brt 6paozt~6zqza vsupaptvt66oq< i)ncip~&t ot6v 
ky~kcpaho 706 &v0phnou 6x6 z?jv t p p p u l ~ ~ j  fihl~ia z8v 15-20 EpGop66wv. 'An6 
z?jv fihtcia abr?j fi 6paort~6rqra .c06 kv(6pou abS&v&t ~ a i  yivsrat pkytozq oz6v 
Ey~kcpaho zo6. Evljht~a. lIap6pota nsptypacpfi E X E I  yivq ~ a i  yta z6v ky~bcpaho z8v 

vsupaptvt66oq< abC6vst o u v s ~ 8 <  pi: r?jv fihtda. 
Z' bnotaG?jnoz~ nspinzooq n&vzw< d v a ~  ysyov6~ 6tt Eva iiv(upo p6vo 6pvd 

ytb rtjv 6n6onaoq zo6 NANA 6x6 za p6pta z8v yayyhtoQt8v, Ev8 ytb r?jv 
d~c6onaoq r8v o a ~ x a p t ~ 8 v  popiwv ~psta(ovzat nsptoo6zsps< 6x6 pia yhu~oot- 
Gaoq. Zdpcpwva pi: pta nahtci 6n6O~oq navo o' a6t6, ptb p6vo yhu~oodboq 
&bat  k ~ ~ i v q  no6 ~arah6st r?jv 66p6huoq zq< y&u~6(qq Kai zq< yaha~t6(q<. 
'Avriesza pi: ztjv 6n60~oq abrfi, b Gatt (111,112) d z u p  v6 Gtappioq Eva 

yayyhto(izq. 
Xi: 6vziesoq pi: ztj vsupapwtG&oq, no6 Ppio~srat ~ u p i q  oza ouvaxrooh- 

para, fi  'P-yhu~ootGcioq, f i  P-yaha~z.ootiiaoq Kai ?i P-N-d~~zuho-E~o(aptvt6aaq 



226 B.M. KAllOYAA ~ a i  E. TZAMnEPH 

psza@ zQv 660 ~atqyoptQv Evcdpov: 'EvQ J\ 6paoztu6zqza zqq vsupaptvt66oqq 
ad&v&t p8 26 ~p6vo  uai cpzcivat 0.56 p8ytozo zqq oz6 t~h~ tono tqp8~0  Eyuicpaho, 4 
6paort~6zqta z6v yhuuoot6aoQv dvat 'i6ta o' dhsq ziq fihtuisq zQv Chov no6 
t&I5orquav (109). 

T6 zehsuzaio ozI56to to6 uazapohtcipo6, 4 GtI5onaoq zo6 uqpapt6iou p8 
ocptyyooivq ~ a i  htnap6 bC6, uazah6szat 8x6 26 &[up0 ~qpapt6aoq ( Z ~ q p a  4). 
' H  6paoztu6rqza rot3 Ev@pou a6zo6 afi&vw p6 rtjv tjhttia dnwq ~ a i  rqq 
vsupaptvt6I5oqq ( 1  13), p 8 ~ p t  zhpa dpwq 6Ev Ppbequs f i  dno~utzaptutj zonohoyia 
tou. 

Aizia zQv &vephntvwv ocptyyohtntbhoaov slvat 4 ouoohpsuoq yayyhto[t- 
zQv, ~upiwq ordv Ey~Lcpaho, h6yw rqq houoiaq ~I5nolou uarapohuco6 EvcrSpou. 
' H  Ehatyq ahfi E X E ~  ysvsztufi npokhsuoq uai 66qysi o8 Papstd vooqpaza, no6 
Eu6qhhvovzat oro6q nphzouq pqvaq zqq cofiq. 

Oi htnt6hoetq xopi[ovrat 08 rpsiq r6nouq, 6vI5hoya p8 z6v yayyhtocitq no6 
ouooopsbazat ~ a i  no6 ouvfieoq dvat b G M I ;  6 Gh12~ ~ a i  6 Gm.  

' H  yayyhtocirwoq .tot3 Ghll ,  pnopsi V& ~optozf i  08 660 Bni p8pouq 
yayyhtoctzhosy (121), 74 ysvt~supivq (generalized) uai zfi nat6wtj (juvenile) 
GMI-yayyhto[izooq. llp6ocpaza ~a€hcphBquav zpia PtoxqptKa ~pttqpta ytb 26 
6taxoptop6 zQv G M I  yayyhto~tzho~ov (121). AIM clvat, fi ouoohpsuoq zo6 G M I  
or6v EyuEcpaho uai rI5 onhci~va, f i  ouoohpeuoq Evbq ~havvonohuoa~~apirq,  no6 
potb[st p8 esttufi uspazivq uai fi Ehhatyq P-yaha~root6cioqq. 

' H  ysvt~supkvq yayyhtocfzooq ijtav nphrq no6 napatqpfiequs (122). ' H  
Epcpbvtoq zQv oupnropdzwv &pxicst 8n6 z q  vqntaa.lj fihtda, npiv 8x6 ttjv Ght~ia 
t6v  Eeq pqvtiv, p8 peraPohEq ot6 oush~f6 ,  t6 np6oon0 uai 76 p8yseoq zQv 
onkcixvov (123). ' H  noo6rqra ro6 G M ,  ~ a i  ro6 ~hsvvonohuoau~apirq ( G A I )  
(124) otiq n~ptnzhoey a M q  d v a ~  IOnhI5ota zqq cpuatohoytuqq (125) uai 
bcpsiharat uupiwq orqv dnovoia zo6 ~azapohtuo6 EvS6pou P-yaha~zoot6cioq 
(126). "Eytva ptci npoonI5Bsta v15 Pps&j 4 h c u p a ~ t ~ q  Gtacpopk rQv 6\50 
yayyhtoctrhoswv ~opicovraq z6 Evcupo @yahautoatGI5oq or& zpia 8opt~b  
ouozartu~ zoo, no6 ~apaurqpicovrat pE rci ypI5ppara A,B uai C (127). 

' H  nat6tufi G M I  yayyhtocitooq 6taKpivszat &n6 rq ysvt~fi oz6 dzt zdl 
oupnzhpata napouotb<ovzat oty&oty&, ot6 rEhoq zqq vqnta~fiq nept66ou (127). 
Oi noo6rqteq tQv G M I  uai G ~ I  dvat nepinou Iosq uai otiq S60 popcp8q (127), 
&hh& 6 G M ,  68v E X E L  t i~6pa Ppeefi otI5 onh&xva (l21), dnoq ouppaivst orq ysvtcfi 
yayyhtocizooq. 

OI GM?-yayyhtoctzhostq nepthappcivouv rpsiq v6oouq: Ttjv vdoo Tay-Sachs, 
zqv v600 zo6 Sandhoff uai zfiv nat6tuTj Ghq2-yayyhtoci~@oI'). 

' H  ~ 6 ~ 0 %  Tay-Sachs nsptypcicpqua np6za &n6 z6v Klenk t6 1942 (128) yevtud 
oI5v ouoohpsuoq yayyhtoctzQv uai h 6  z6v Svennerholm 26 1962 (129) oI5v 
ouoohpeuoq zo6 GM?. T6 zoo6 706 GM? ot6v EyuEcpaho ozfi nspinrooq ahtj 
slvat 100-300 cpopbq psyahbtspo &n6 r6 cpuotohoytcb. ' A ~ d p a  b G*? (dlVdhoyoq 
706 G A I )  f@iou&zat 08 20nhciota noo6z11za o8 o ~ 8 a q  p6 '56 cpuotohoyt~6 (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 anticholinesterase 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 concl~sions:',~ 

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

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

C) The presence of a positively charged nitrogen 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 containing a 
cationic nitrogen atom, since similar compounds have been previously reported as 
AChE  inhibitor^.^,^" In this communication we describe the synthesis of three new 
series of compounds of the general formulae I, I1 and 111, together with some 
preliminary tests on the activity of their salts. 
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Chemistry 

The preparati0.n of I was carried out through the intermediate P-dialkyl- 
aminoethoxy phenols (W) which were prepared by known  method^^.^,^ outlined in 
scheme 1 (Methods A and B). 

Pyrocatechol derivatives were prepared using exclusively Method A, since 
reaction of pyrocatechol with 1,Zdibromoethane in alkaline media leads 
predominantly to 1.4-benzodioxane7. 

In .the final stage the phenols IV reacted with dimethylcarbamyl 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 I1 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 KIX affording the methyl dimethylcarbamoxyphenoxyacetates (VI), 
which were subsequently hydrolyzed by eqcess concentrated HCI to yield the 
corresponding acids (V111 / 
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The target compounds I1 were prepared by reaction of the appropriate P- 
dialkylaminoethanols withe the chlorides of the acids VII. The obtained bases were 
purified by means of their salts, since most of them decompose during distillation in 
vacuo. The properties-and elemental analyses of compounds I1 and their salts are 
summarized in Table 11. 
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PHENOLS 

The synthesis of compounds 111 was attempted via three different pathways 
(Methods D,E and F. schemes 3 and 4). 

Following Method D, which is valid for para derivatives only, 

p-hydroxyphenyl chloroacetatey (VIII) was treated with secondary amines, which 
as a rule caused aminolysis of VII110,1',13 to regenerate hydroquinone. However 
reaction with diethylamine afforded p-hydroxyphenyl diethylaminoacetate (IX, 
R=C,H,), which in turn reacted with dimethylcarbamyl chloride to yield IIIpara 
iR=C,H,). 

Method E involved chloroacetylation of V with either chloroacetyl chloride" 
or chloroacetic acid and POCI,", 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 IIIpara (R=C,H,). as above. 

Finally Method F was applied, by treating X with tertiary amines and thus 
three more-products of the general formula 111 were obtained in the form of 
quaternary ammonium salts, listed in Table 111. 
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Experimental 

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

Dimethylcarbamoxyphenyl /l-dialkylaminoethyl ethers (I) 

To a solution of a hydroxyphenyl P-dialkylaminoethyl ether (0.019 mol) in 
acetone was added K,CO, (0.019 rnol), 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 (Vpara) 4 

To a freshly prepared solution of Na (0.25 mol) in 250 ml absolute ethanol 
under N, was dissolved hydroquinone (0.25 rnol), 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). 

Analysis calcd. for C,H,,NO, : 
Found 

m-Hydroxyphenyl dimethy~arbamate (Vmero) was similarly prepared in 70% yield as a 
white solid, m.p. 98O C, from benzene-ligroin. 

Analysis calcd. for C9HblN0, : C.59.7 H.6.0 N.7.7 
Found : C,59.8 H.6.1 N,7.6 

o-Hydroxyphenyl dimethylcarbamate (Vorrho) 

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 kyer was acidified with conc. HCI and the 
precipitate was recrystallized from benzene-ligroin to give white crystals m.p. 118' 
C (24% yield). 

Analysis calcd. for C,H, ,NO, : (39.7 H.6.0 N.7.7 
Found : C.59.7 H.6.2 N.7.8 

Methyl p-dimethylcarbamoxyphenoxyacetate (VIpara) 

To a solution of p-hydroxyphenyl dimethylcarbamate (0.053 mol) in 150 ml 
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ethyl methyl ketone was added khydrous K,CO, (0.053 mol). A mixture of methyl 
chloroacetate (0.79 mol) and K1 (0.5 g) in 20 m1 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 evaporated in vacuo. The residue was dissolved in 
benzene, washed.with 10% Na2C0, (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 calcd. for C12Hl,N05 C.56.9 H.5.9 N.5.5 
Found C.57.1 H.6.0 N3.8 

Methyl m-dimethylcarbamoxyphenoxyacetate (VImrra) was prepared similarly in 90% 
yield as white needles m.p. 7g0 C from benzene-ligroin. 

Analysis calcd. for C,,H,,NO, C.56.9 H.5.9 N.5.5 
Found C.57.1 H.6.0 N.5.8 

Methyl o-dimerhylcarbamoxyphenoxyacetare (VIortho) was obtained as colourless 
viscous oil b.p. 100•‹/2 mm Hg, in 80% yield. 

Analysis calcd. for C12Hl,N05 C.56.9 H3.9 N.5.5 
Found C.56.7 H.5.9 N.5.2 

p-Dimerhylcaabamoxyphenoxyaceric (VIIP,,,.) 

Methyl pdimethylcarbamoxyphenoxyacetate (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. HCI. The acid was filtered, dried and recrystallized from 
dry toluene to give white crystals m.p. 139 C (83% yield). 

Analysis calcd. for C, ,HI,NO, C.55.2 H.5.4 N.5.8 
Found C.55.7 H.5.7 N.5.4 

m-Dimerhylcarbamoxyphenoxyacetic acid(VIIn,,,r0) was obtained as a white solid m.p 
95" C from ethyl ether (72% yield). 

Analysis calcd. for C,,H,,NO, C.55.2 H.5.4 NS.8 
Found (35.4 H.5.4 NS.9 

o-Dimethylcarbamoxyphenoxyacetic (VIIortho) was shnilarly prepared as a crystalline 
solid m.p. 105" C from toluene. Yield 64%. 

Analysis calcd. for C,, H, ,NO, C.55.2 H3.4 NS.8 
Found C.55.3 H 5 8  NS.8 

p-Dialkylaminoerhyl dimerhylcarbamoxyphenoxyacetates (II) 

0.016 m01 of an acid V11 was refluxed with excess SOCI, for 30 min. The excess 
SOCI, was rem'oved in vacuo and the residue was dissolved in dry benzene. After 
cooling in ice-bath, a P-dialkylaminoethanol~(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 
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solvent was removed in vacuo. The oily residue was fractionally distilled under 
reduced pressure to yield 11. Note: Since the majority of products I1 decompose 
upon distillation, the purification of the crude bases was made by means of their 
salts. 

p-Hydroxyphenyl diethylaminoacetate (IX. R=C,H5) 

A solution of 0.02 rnol p-hydroxyphenyl chloroacetate (VIII) and 0.04 rnol 
diethylamine in 50 ml dry benzene was gently warmed on a 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=lO) 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 Cl~HlxCIN02: ' C.55.2 H.6.9 N.5.4 C1.13.7 

Found C.55.2 H.7.0 N.5.3 C1.13.3 

p-Dimethylcarbamoxyphenyl chloroacetate (Xpara) 

To a solution of 0.024 rnol Vpra and 0.48 rnol pyridine in 100 m1 dry acetone 
which was cooled in NaC1-ice, was added 0.048 m01 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 vatuo and the residue was triturated with ice-cold 10% HCI, The 
resulting mixture was extracted with ether. the ethere'al solution was washed with 
2k50 ml icecold 10% NaOH. then with cold water until neutral and it was dried 
over MgSO,. After evaporation of the solvent the solid residue was crystallized 
from dry ether (or benzene-ligroin) to give white leaflets m.p. 980 C (79% yield). 

The same product and yield resulted when the reaction was carried out 
employing chloroacetic acid and POCI,, instead of ClCH,COCI, as described by 
N.H. EINHORN". 

Analysis calcd. for C,,H,,CINO, : C.51.3 H.4.6 N.5.4 
Found C.51.5 H.4.7 N3.3 

m-Dimethylcarbamoxyphenyl chloroacetate (Xmeta) was similarly prepared as an 
amorphous white solid after distillation in vacuo at 16-1" C/2 mm Hg or as white 
crystals after recryst from benzene-ligroin. m.p. 69O C. Yield 60%. 

Anal. calcd. for C,,H,,CINO, : C.51.3 H.4.6 N.5.4 
Found C.51.5 H.4.7 N.5.0 

o-Dimethylcarbamoxyphenyl chloroacetate (Xortho) was prepared as a colourless 
viscous oil in 42% yield. B.p. 130" C/2 mm Hg. 
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Anal. calcd. for Cl,H12CIN0, : 
Found 

p-Dimethylcarbamoxyphenyl dimethylaminoacetate (ZZlpara. R=C,Hd 

a) Method D 

A solution of 0.04 mol IX (R=C2H,), 0.012 m01 pyridine and 0.013 m01 
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 confirmed by elemental 
analysis of its picric salt (111-2) 

b) Method E 

A solution of Xpara (0.019 mol) and diethylamine (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% 
HCl 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-Dimethylcarbamoxyphenyl trimethylammonium acetate chloride (111-I). Method F. 

In a 50 m1 round-bottomed flask with ground stopper was placed a solution of 
0.01 l m01 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-~imethylcarbamoxyphen~l ethylpiperidinium acetate chloride (111-3). Method F. 

A solution of 0.019 mol Xpara and 0.028 m01 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 crystalline precipitate was filtered off and recrystallized 
from dry acetone. 

o-Dimethylcarbamoxyphenyl trimethylammonium acetate chloride (111-4) was prepa- 
red as 111-1. 

Spectral analysis 

The infrared spectra of the final products I, I1 and 111, in the form of their 
salts, showed characteristic urethane C=O absorption bands between 1720 and 
1700 cm-l. 

Additional bands were recorded for compounds I1 and 111 between 1770 and 
1750 cm-', assigned to ester C=O 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 bromideI3. From the compounds so far tested. m- 
dimethylcarbamoxyphenyl P-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. 
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; 

Dose (y/ml) 

5.10 and 20 
20 and 40 
20 and 40 

---- 
20 and 40 

10.20 and 40 
20 and 40 

---- 
20 
20 

20 and 40 

LD,, (gr/kg)* 

0.05 
0.05 
0.25 
0.2 
0.2 
0.25 

> 0.5 
> 0.5 
> 0.5 

--- 

Effect on ileum contraction 

Decrease 
Inactive 
Inactive 

-- 
Decrease 
Decrease 
Inactive 

---- 
Slight increase 
Large increase 

Decrease 
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NOUVELLES BASES DE MANNICH DERIVEES DE CERTAINS 
TETRACYCLINES 

G. PAPAIOANNOU 
Laboratoire de Pharmacie Chimique de I'UniversitP ciAlhenes, Athenes (Grece). 

(Recu le 18 Mai. 1979). 

Resume 

L' auteur prepare de nouveaux derives des tetracycline, chlorotetracycline. oxytetracy- 
cline et methacycline en faisant reagir leur fonltion amide selon Mannich. Certains de ces 
derives ont ete soumis a une etude pharmacologique preliminaire afin d' examiner leur 
toxicite et leur activite anti-microbienne. Les resultats ont montre que ces derives ont une 
activite antimicrobienne comparable a celle de la tetracycline et sont bien supportes par les 
animaux. 

Terminologie: Derives des tetracyclines. 

Partie Theorique. 

La grande valeur therapeutique des tetracyclines a pousse les chercheurs a 
porter des transformations chimiques ' t 2  dans leurs molecules; ceci a conduit a 
l'obtention d'un grand nombre d'antibiotiques hemisynthetiques. 

Le but de ces transformations est 1' amelioration de 1' activite antimicrobienne, 
l'augmentation de leur solubilite dans 1' eau pour favoriser 1' administration 
parenterale, 1' augmentation de la resistance chimique ainsi que les changements 
d'absorption et d' elimination. 

L' application de la reaction de Mannich sur la fonction amidique des 
tetracyclines a fourmi des derives qui sont doues d'une solubilite dans l'eau 
remarquable et dont le plus interessant est la Reverine 3*4ts . 
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Cette derniere conserve 1' activite antimicrobienne de la substance mere et en 
meme temps, en raison de sa solubilite dans l'eau, elle est particulierement 
concenable pour une administration parenterale sans qu'il soit necessaire d'etre 
transformee en sel. Ses solutions aqueuses sont presque neutres et tres peu irritantes 
pour les tissus par rapport aux sels des tetracyclines naturelles. 

Le but du present travail est la synthese de nouvelles bases de Mannich 
derivees des tetracyclines, qui, mis a part les avantages cites precedemment, 
presentent, peut-etre, une plus forte activite antimicrobienne a cause de 1' * 

incorporation dans la chaine laterale de la fonction R-S (R=alcoyles inferieurs et 
superieurs). 

Les produits ainsi obtenus qui se forment en faisant reagir les tetracycline, 
chlorotetracycline, oxytetracycline et methacycline avec le paraformaldehyde et 
une variete des S-alcoyl cysteamines et homocysteamines, rependent aux formules 
generales: 

n = 2 . 3  
R = CH,.C,H,,C,H,. CH(CH,), (cH,),cH,. ICH,),CH,. iCH,I,CH,. C IW,. CHiCH,)CH,CH, 
R, = R, = H S6rie 1.  

R, = CI R,=H Serie II. 
R.= H R,=OH Serie III. 

ou n et R sont les memes que precedemment, serie IV. 
La synthese des ces derives a ete effectuee selon le schema: 

Les S-alcoyl cysteamines 1, n =2 et S-alcoyl homocysteamines 1, n=3 que nous 
. avons utilisees comme matieres premieres, ont ete obtenues comme suit: les S- 
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alcoylcysteamines par ouverture du cycle de l'ethylene-imine par un mercaptan'": les 
S-alcoylhomocysteamines par action de 1' acrylonitrile sur un mercaptan approprie 
en presence d' ethylate de sodium, puis reduction de 1' alcoyl-3 th i~~ro~anen i t r i l e '~ '  
(If) avec le LiAIH. 

Pour la reaction de Mannich nous avons suivi d'une maniere generale la 
methode de L. Cheney et coll.(') en utilisant 1' ethanol absolu comme solvant; 
toutefois, nous en avons apporte quelques modifications afin de transformer les 
produits definitifs en dichlorhydrates qui cristallisent mieux en augmentant a la fois 
le rendement. 

Partie Exjerimentale. 

S-alcoylcysteamines: 1, n=2, R=CH,("), C2H,("), (CH,),CH('), CH,(CH,),("), 
CH,(CH2),('O), CHdCH,),("h 

Nous les avons preparees selon T. Wieland et coll. et les rendements varient 
entre 48-69%. 
S-alcoyl thi~propanenitriles(~): II, R=CH,, C,H,, (CH,),CH, CH,(CH,),, CH, 
(CH-).,, CHICHICHCH,, (CH3)1C, CH,(CH,)4, CH,(CH,),. 

Nous les avons prepares selon C.Hurd et coll. ' et les rendements varient entre 
91-96%. Parmi les produits synthetises les suivants n'avaient pas encore ete signales 
dans la litterature chimique: 
n-propylthio-3 propanenitrile (R=CH,(CH2),) 
Eb20=123-1250C. 
Analyse: Calc.% pour C6HliNS, N:10,84 

Tr. % 10.63. 

n-pentylthio-3 propanenitrile (R=CH,(CH2),) 
Eb20=143-1450C. 
Analyse: Calc.% pour C,H,,NS, N:8,91 

Tr. % 9.10. 

n-hexvlthio-3 propanenitrile (R=CH,(CH2),) 
EbZo= 159- 161•‹C. 
Analyse: Calc.% pour CyH17NS, N:8,18 

.Tr. % 8.32. 

S-alcoyl homocysteamines: 1, n=3, R=CH,(11,12), CzH,('0*13), CH3(CHr)r, (CH,)? 
CH("). CH4CH-)dlo), CHICH2CH-CH3, (CH3)1C, CH,(CH2)4(10), CH1(CH2)5('O). 

Nous les avons obtenues a partir des- nitriles correspondants par action de 
LiAIH,. Les rendements varient de 50 a 81%. Parmi les produits synthetises les 
suivants sont obtenus pour la premiere fois: 
S-n-propyl homocysteamine (R=CH1(CHI)I) Eb,0=100-20C 
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Analyse: Calc.% pour C,H,,NS N:10,51 
Tr.% 10.32 

S-isobutyl homocysteamine (R=CH3CH2CHCH,) EblO=l 19-20•‹C 
Analyse: Calc % pour C7H17NS N:9,51 

Tr.% 9.68 
S-tertbutyl homocysteamine (R=(CH,),C) EblO=l 14-5'C 
Analyse: Calc.% pour C,H17NS N:9,51 

Tr.% 9.35 

N-(methylthio ethylaminomethyl) tetracycline: A, Rl=Rl=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 tetracycline, 0,23g de paraformaldehyde (soit 
0,00775 mole de formaldehyde). 0.52g (0,0057 mole) de S-methyl cysteamine et 65 
ml d' ethanol absolu. Apres avoir ajoute 0,23g de paraformaldehyde on chauffe de 
nouveau pendant 2h. Puis on acidifie avec une solution ethanolique d' acide. 

TABLEAU 1:N-(alcoylthio alcoylaminomethyl)-tetracyclines 

Analyse 
R n x NO du F o d e   FOC'^) - 

% produit brute Calc. % Tr.% 

C H  N C H N  

(a) Rendement en dichlorhydrate. 
(b) Les points de fusion ont ete pris dans un appareil de Buchi et ne sont pas corriges (recnstallisation 
dans un melange ethanol abs.-ether abs.). 



NOUVELLES BASES OF MANNICH DERNEES DE CERTAINS iETRACYCLINES 247 

chlorhydrique et filtre. Le filtrat est dilue avec deux volumes d'ether et le precipite 
qui se forme est filtre et recristallise dans un melange d' ethanol-ether.-Nous avons 
obtenu 2,6g de dichlorhydrate de la base formee soit un rendement de 85%. F. 223- 
5 O C .  

En utilisant la meme methode nous avons obtenu tous les produits dont les 
analyses elementaires et les constantes physiques sont indiquees dans les tableaux 1. 
II, III et IV. 

TABLE AU I I :  N-(alcoylthio alcoylaminomethyl)-chlorotetracyc/ines. 

Analyse 
ta) 

R n R~I. N O ~ U  Formule  FOC'^! ~ a l c  % TT,% 
% prcuuit brute 

C H N C  H N 
- 

CH, 2 8 0  T4519  C2eHuCIsN,08S 201-203 47.68 5.23 6.42 47.37 5 5 2  6 1 8  

C,H, 2 7 4  T 4 5 2 0  C,H,,CI,N,O,S 202-205 48  47  5 42 6.28 47 99 5 41  6 0 4  

(CH,),CH, 2 6 4  T4521  C,,H,CI,N,O,S 216-218 4 9 9 7  5 78  8 0 3  49.98 6 0 1  5 02 

ICH,I,CH, 2 77 T4522  C,,H,CI,N,O,S 208-210 5 0 6 7  5 9 5  5 91 50  50  fi02 G 1 4  

(CH2).CH, 2 68 T4523  C,,H,,Cl,N,O,S 214-217 5' 35 6 '2 5 8 0  5 0 9 9  5 74  5 68 

CH, 3 7 4  T 4 5 1 0  C,,H.,CI,N,O,S 2 1 9 2 2 1  48.47 5.42 6.28 4 9 0 0  5 7 8  5.03 

C2H, 3 7 6  T4511  C,,H,,CI,N,O,S 217 214  4 0 2 4  5 6 1  6 1 5  4 8 9 1  5 0 2  566 

(CH,),CH, 3 78 T4512  C,,H,CI,N,O.S 234-226 49.97 5 78 6 0 3  49  92 '-4 - i79 

CHICH,), 3 71 T4513  C,BH,,C!,N,O,S 226-228 49 97 5.78 6 0 3  43  5 2  6 03 3 5% 

(CH,),CH, 3 52 TA514  C,,H,,CI,Y,O,S 242-244 6 0 6 7  5 9 5  5 9 1  50?.> 5 7 3  598 

(CH,),CH, 3 68 T4617  C,,H,CI,N,O,S 229 231 51 35 '  6 12 5 6 0  5 0 9 7  5 l<S 5 64 

(CH,),CH, 3 45  T4518  C,2H,sCI,N,0,S 244-246 5 2 0 0  6 2 7  5 69 51 57 5 92 s '7 

(a) Rendement en dichlorhydrate. 
(b) Lespoints de fusion ont ete pris dans un pppareil de Buchi et ne sont pas corriges (recristallisation 
dans un melange ethanol abs. - ether abs.). 
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TABLE AU II  1: N-(alcoylthio alcoy1aminomethyl)-oxytetracyclines 

Cli) 

Analyse 
R n NO du Formule  FOC!^) mlc.% 

% produit brute Tr.% 
C H N C H N  

(a) Rendement en dichlorhydrate. 
(b) Les poinds de fusion ont ete pris dans un appareil de Buchi et ne sont pas corriges (recristallisation 
dans un melange ethanol abs. - ether abs.). 

Spectres 

Les spectres IR ont ete faits soit en dispersant les composes dans le Nujol soit 
sous forme de pastille dans le KBr. Les spectres obtenus ont ete compares a celui 
de la morpholine-methyl-tetracycline qui a ete etudiee par W. Gottstein et coll.('). 

Les spectres des composes obtenus donnent, d'une maniere semblable, une 
double bande vers 6 . 5 3 ~  et 6 . 5 8 ~  qui est caracteristique de 1' amide monosubstitue. 
Par ailleurs. on n' observe pas de difference entre les tetracyclines et nos produits en 
ce qui concerne les bandes OH et NH qui apparaissent vers 3p. 
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TABLEAU 1 V: N-(alroylthio alcoylaminomethylj-methacyclines. 

APalyse 
n ~ d ! ~ ) ~ f  du M d e   FOC'^) 

% proauit brute Calc. % R. % 

C H  N C  H N  

CH, 2 63 

C,H. 2 93 

(CH,I,CH, 2 51 

(CH,I&H, 2 63 

(CH,IsCH, 2 58 

CH, 3 68 

C,H, 3 56 

iCH,),CH, 3 78 

CH(CH,I, 3 69 

(CH,),CH, 3 70 

(a) Rendement en dichlorhydrate. 
(b) Les poinds de fusion ont ete pris dans un appareil de Buchi et ne sont pas corriges, (~ecristallisation 
dans un melange ethanol abs. - ether abs.). 

Partie Pharmacologique. 

Parmi les produits obtenus les six siivants ont ete soumis a ,une etude 
preliminaire afin d'en reveler leur action anti-microbienne et leur toxicite: 



250 G. PAPAIOANNOU 

a)  Determination de la concentration minima de chaque antibiotique qui pro- 
voque une suspension de 1' activite d'une variete des bacteries pathogenes. 
La comparaison a ete effectuee avec le chlorhydrate de tetracycline. 

Technique , 

1) Chacun des produits a etudier est dilue avec de 1' eau distillee et sterilisee de fa- 
con a obtenir une solution de 1000y/ml. 

2) On partage la culture des vicrobes 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 a etudier dans les tubes prepares precedem- 
ment. On obtient finalement dix (10) tubes ayant les concentrations d' antibio- 
tique suivantes: 100y/mI-50-25-12-6-3-1.5-0.7-0, 3-0.15. De plus on utilise un 
tube temoin avec la culture des microbes, sans antibiotique. 

4) Incubation a 37'C. 
- Comme concentration suspensive minimum est prise celle du dernier tube a 

gauche dans lequel on n'observe pas de developpement des microbes. 
Les resultats sont portes dans le tableau V. 

TABLEAU V:CONCLUSIONS. 

Concentration suspensive minimum (ylml). 

Tetracycline 

HCI 14504 T.4505 T.4506 T.4507 T.4508 T.4509 

Staphylococcus Oxford 0.3 0-3 0,3 0,3 0,3 0,3 0,3 

Streptococcus Faecalis 50 50  50 50 50 50 50 

Streptococcus Sp. 100 100 100 100 100 100 100 

Escherichia Coli 25 0,7 1,5 1.5 1.5 1.5 1,5 1.5 

(8 de cc& du Laboratoire) 
Salmonella Typhi 9 0.3 0,7 0.7 0.7 0.7 0.7 0.7 

(8 a, c~ae CIU Laboratoire) 

Corynebacterium Diphteriae 0.15 0.15 0.15 0,15 0,15 0.15 0.15 

Bmcella Suis S6 0.15 0.15 0.15 0.15 0,15 0.15 0.75 

Candida Albicans Resist. Resist Resist. Resist. Resist. Resist. Resist. 
a a a a a a a 

200 200 200 200 2 m  200 200 
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b) Examen de toxicite 

Technique 

Pour chaque substance etudiee on a utilise cinq (5) petites souris blanches d'un 
poids qui varie de 18 a 25g. On leur administre par voie intraveineuse 1 mg de 
substance (soit 0.5 ml de solution dans l'eau contenant 2 mg/ml) et par la suite on 
les met sous surveillance. 

Resultats. 

1 

Tous les animaux ont bien supporte la dose administree des produits a etudier. 
L'etude 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 tetracycline, 
chlorotetracycline, oxytetracycline and methacycline. These products are prepared 
from suitable tetracycline, formaldehyde and different cysteamines and homo- 
cysteamines. Some of these products were submitted to pharmacological evaluation 
for their antimicrobial action and toxicity. 

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

The pharmacological student is continued. 
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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 
poly'electronic processes otherwise noninterpretable by the usual stepwise mechanisms'. 

Key words: "Electrode Reaction Kinetics of Hydrogen". 

Introduction 

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 reaction. Of the numerous 
theories which have been proposed to explain the overtension of hydrogen, there 
are three theories contained in the textbooks at this moment3. 

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 determined 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 W-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 Kouteckyx, and several other variations 
of the mathematical modes concerned with the relation between the velocity of the 
electrochemical reaction and the activation energv. Several of such esuations 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: 

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 e  + H-- I/2H2+H AG0m = AG'(6)-AG0(7) =-F.0.83 
By such a course of the electrode 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 oher  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 previouslyh. 
The following text contains a presentation of its application on the experimental 
results obtained in this work. 

Experimental 
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 elecrrode, a scrapulously clean mercury was a prerequisite, and according the 
purification was done with great care. 

The Hg was purified firstly in a "Mercury oxidizer" by bubbling air trough it 
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 did not form ring sediments on 
glass containers. 

The Hg-electrode had the following characteristics: m = 1.59 mg S-', t = 5,37 S, 

in 10-l M KCI. 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. A11 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, 
forining a merging wave at very negative  potential^. 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 

FIG. I .  A polarographic wave of I&' M HCI. FIG. 2. A polarographic wave of 4 . W  M HcI 
in 10-1 M LiCI. 
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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-LiCI 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 Cl- 
ions. (Fig. 4. e)' and d.). However, each difference in the current intensity is 
paralleled by a shift of the E,/,.  with a compensating effect for the rate constant 
calculations. 

FIG. 3.  Polaro~raphic waves 08 
a) I P  M LiCl 
6) " 

c) " 

c/) " 

e} 70-' M LiCl + 0.3 M N(CH&J 

FIG. 4. A polarographic wave 01' 
a) 4.10m4 M HCI + I M LiCl 
6)  " + 10-I M L ~ C I  
c) " + 10-' M LiCl 
c/) " + 10" M LiCl 
e) 4. M HCI 0, + IF-! M LiCl 

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

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 measurements5. 

Preceding electrode reactions can also alter the height of the first wave by 
increasing or decreasing it, e.g. when the solution contained the TI' 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. 

FIG. 5. A polar~~qraphic wPaw qf 4. IF' M HCI in 1s' hh N(CH J,J. 

FIG. 6 .  Polaro,~raphic waves 01:. 
a) IO*' M HCI 
h) IO-, M HCI + 4.1(r4 M TINO, 
c) 10-A M HCI + 10r4 M TINO, 

The ~olutions contained 10-I M LiCl as ~upporting elec?rolvte. 

Similar effects are mentioned in the l i tera tud,  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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FIG. 7 .  i-t clia~prams 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. 
c) 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 

(-2,0 V). 
C) A potential corresponding the small second hydrogen wave at (-2,3 V). 

The evaluation of the instantaneous current-time dependance gavk the 
following results: 

a)  i = k. t3/' (diffusion-kinetic wave) 
b) i = k. t 2 P  (diffusion-kinetic wave) 
C i = k. t 2 P  (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: 

(L~+)(H+)(H+)(L~+)(L~+ 1 

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, o r  by a tangential, simultaneous transfer of electrons by the aid of the . 
neighboring Li' ion. The corresponding free energy changes are: 

(9) H' + 2 e - H- AGO = + F.2.34 + F. 3.17 = 
= + 2.F.2.75 

( 6 ) ~ '  + e - - H  AGO = + F.2,34 
(10) H' + e - 1/2 H2 AGO = + F. 1.50 
(11) Li '  + e - Lio AGO = + F.2,32I1 (approximate value) 
(12) Lio + H -- Li + + 1/2H2 AGO = + F. 1.50 - F.2,32 = -F.0,82 
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When the transfer of electrons occurs by the mediation of ~ i +  ions, the energy 
gain AGO = -F.0,82 enables the reduction of the fl ions already at a potential of: 

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' 
ions. 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 ~ i '  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. Such 
experimental evidence is indicating the following mechanism of the Li' reduction: 

(11) Li' t e - Lio AGO = + F.2.4 (estimated value from 
Fig. 3. e). 

(13) LiO +H,O - Li' f OH-+H AGO = + 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, reaction (9) sets in, and the disproportiona- 
tion reaction of LP 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 

reaction described above, was derived previo~sly:~ 
p = n.F.C.K\. I0 -nF/2.3 R.T.2 (Es-E + 0,0592 log cl+) 

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

H- + H' - H? 
I < 

The notation has the following significance: 
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 

El/, of the prewave at -2.34 V, formed without the mediation of the 
Li* ions. 

Es = the potential of the small prewave -2.34 V. 
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E = The half-wave potential of the hydrogen evolution, with differente 
concentrations of Li' ions in the solution, o r  with different concentra- 
tions of the H' ions in the solution. 

' I , +  = the concentration of the supporting electrolyte LiCl, influencing the 
energy of activation. . 

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

C C EIIZ I I K\ 
M HCI M LiCi V P A pA.cm-' cm.s-l 

6.0.1 0-4 
3.4. 10-4 
4.8.10--' 
no wave 
2.1.10-A 
7.4.1 0-.' 
7.4. 10-" 
7.0. 10--' 
9.2.10-~ 

The values of the velocity constants are concurring, although the half-wave 
potentials and the lim~ting currents vary considerably 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 tybe: 

n = const. + b log / I-/ 

where b is -2.3 RT/0.4 F.The value 0.4 does not represent a thermodynamical! 

nondefined transfer coefficient, as with other.theories. but is clearly defined as the 
number of electrons transfered effectively per each hydrogen ion reacting a t  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. Bockris7. The resulting equilibrium current I" is of the order of 
value 10-b - 10+ A.cm+, in accordance with the values resulting from the 
electrochemical theor?. 

However, the electrode reaction steps proposed by other scientists can nor 
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): 

leaving the particles of the same charge influenc~ng 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 
electtachemical 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. 
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Summary 

Gentamicin-acetyltransferase and gentamicin-adenylyltransferase were obtained by 
sonibation of E.coli K12 cells carrying the plasmid PK S37 originating from a gentamicin- 
resistant Pseudomonas aeryginosa 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. 
Eyidence for the purity of the two enzymes was provided by disc electrophoresis. Substrate 
profiles of both enzymes indicated the gentamicin-acetyiating enzyme as AAC(3)I and the 
gentamicin-adenylating as AAD(2"). The aminoacid composition of the gentamicin- 
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 de~endance  on M ~ + +  
' 

Key words: Enzyme pnriK&ation, 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. D e p a m  of Physiology. Medical School. Patras Grrece. 
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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 urine 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-@). 

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 Trypticase soya broth (BBL) at 37OC. 
Cells of overnight cultures were obtained by centrifugation at 7,000g for 15 min at 
4OC. - 

Purification of the enzymes: the cells (lg) were suspended in 5ml of Tris-HCI 
buffer lOmM pH 7.6 (standard buffer), sonicated for 4' at 1.5mA and centrifuged 
at 23,000g for 1/2 h. 

- 

All purification steps after sonichtion were performed at +4OC. 
The supernatant crude enzyme preparation was fractionated by (NH4)?S04 

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) Icm X 6 cm. 150mg of gentamicin C,a was coupled to 2g of activated 
CH-Sepharose 4B in the presence of carbodiimide (EDC) (4). 

Disc-electrophoresis was conducted in a Canalco electrophoresis apparatus 
according to the procedure described by Gabriel(5). 7.5% polyacrylamide Wasused 
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, [l-I4C] 
acetylcoenzyme A. 60pci / pmole (Amersham) was used, and for the adenylylating 
enzymatic activity 18-'4C]~ ATP. 60pci / pmole (Amersham). The assay 
technique was as follows: For the acetylating enzyme: 2 nmoles of substrate. 
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2 nmoles of ~ - ' ~ ~ - a c e t ~ l  coenzyme A, 1.2 pmoles of Tris HCI pH 7.8, 
0.18 pmoles of MgCI,, 50 nmoles of dithiothreitol. and 40p1 of enzyme containing 
0.03-0.12 enzymatic units. Total volume was 120 pl and incubation at 37OC. For the 
adenylylating enzyme: 2nmoles of substrate. 2 nmoles of 8-I4C-ATP, 2 pmoles of 
Tris HCI pH 7. 0.24 pmoles of MgCI,. 50 nmoles of dithiothreitol. and 40 p1 of 
enzyme containing 0.03-0.12 enzymatic units. Total volume was 120 pl and 
incubation at 37T.  1 unit of enzyme is the amount of enzyme which modifies 1 
pmole of substrate in 1 hour (15). 

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

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 adenylyl- 
transferase. coded by the single plasmid PK 237 and detected in the crude enzyme 
preparation (9) were studied for substrate profile using fourteen am'inoglycosides. 
Comparison with the substrate profile of the gentamicin-acetyltransferase 
characterized by Smith et al (10) and Brzezinska at al_(l l )  allow us to assign our 
own enzyme to gentamicin-acetyltransferases AA(3)I (Table I). The substrate 
profile using the same 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 gentamicin adenylyltransferases AAD (2') (Table 11). 

Purification of the enzymes: The first step of purification uses (NH4),S04 fra- 
ctional protein precipitation of the crude enzyme preparation. The acetylating and 
most of the adeny'lylating activity were in the 2594-5097 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 purification a good separation of the two enzymes was 
achieved by elution from a DEAE-cellulose column with aN&CI gradient from O- 
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,CI (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 J R  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 snowed 
after DEAE-chromatography a 5-fold purification remained stable for many 
months at -20•‹C. 
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TABLE I. Substrate profie of gentamicin acetyltransferases 

Substrates 

Gentamicin 

U 

U 

\ 

" 
Tobramycin 
Sisomicin 
Kanamycin 
3'.4' Dideoxy-Kana- 
mycin 
Amikacin 
Neomycin 
Lividomycin A 
Butyrosin A 

B 

* Reference: Brzezinska et a1 (l  l )  
* * = : Smith et a1 (10) 

Acetylatioo relative to gentamicin C,a (%) 

Crude preparation 
f E. coli K12+pPK237 

Acetyltransferase 
3f PS. aeruginosa 

'strain 130' 

Acetyltransferase 
of PS. aeruginosa 

strain GRJ** 

FIG. 1. Chromatography of DEAE cellulose-column (2.1X9 cm). The redissolved 25-50% fraction of 
ammonium sulfote precipitate. 3.5 m1 ([M 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 mlperrrrinute 
and the fractions of 5ml volume. The plots represent: (X) = protein 
(0) = gentamkin-acetylating enzymic activity 
(0) = gentamicin-adenylating enzymic activity 
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. TABLE 11. Substrate profile of gentomicin adenylyltransferoses. 

Substrates 

Gentamicin 

* . 
Tobramycin 
Sisomicin 
Kanamycin 
3 '.4 ' Dideoxy-Kana- 
mycin 
Amikacin 
Neomycin 
Lividomycin 
Butyrosln 

Reference: Kabins et al (12) 

Adenylylation relative to gentamicin C,a (%) 

Crude preparation 
r E. coli K12+pPK23 

* * : Benveniste and Davies (13) 

4denylyltransferase 
of 

'S. aeruginosa strain 
POW* 

idenyltransferase 
of Klebsielfa 
mumoniae strain 

3033* 

The final step for the acetylating enzyme purification was affinity chromato- 
graphy. The ~ ~ ~ ~ - c h r o r n a t o ~ r a ~ h ~  fractions containing the acetylating activity 
were used after dialysis against standard buffer; a sample of 13m1(2.6mg protein) 
of the dialysate was applied on a gentamicin C,a CH-sepharose 48 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 (IS) 
were used. First, standard -buffer containing 1mM EDTA and 20mM (NH4),S04 
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. I M (NH4),S04. 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 111). 

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 Worthrop (15). The differences in the aminoacid 
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TABLE 111. Purification of gentamicin acetyltransferase [AAC(3)4 coded by pPK237 

Total Protein Enzyme Special Purifica- Recovery 
Purification volume h p )  activity activity tion (%) 

step ( W  (toial (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 5.4 186 34 126 31 

FIG. 2. Aflnity chromatography of the gentamicin-acetylafing enzyme AAC(3) coded by pPK237 on 
:qentamicin C,aCH - Sepharose 4B column IXbcm. I3 m1 (2.6 mg protein) obtained by the DEAE 
chromatography step were a d M  on the column. Fractions 1-18 were eluted with standard b u ~ e r  containing 
0. I mM EDTA. fractions 19-28 with the same butfer containing 2OmM (NH&SO, and fractions 29-38 with 
0. I M potassium acetate buffer pH 4.6 containing 0. I M (NHJJO,. The flow rate was 0.4 m1 per minute 
and the volume of the,fractions was 2.3 m/. The pH of the samples was immediately corrected to 7-8 with 2M 
Tris-HCI bufier. 
The plots represent: 
(X) = protein 
(0) = 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 IV). 
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TABLE If.': Aminoacid composition of gentamicin-acetyltransferase AAC(3)l. coded by plasmid PK 2.37. 
in comparison with the aminoacid composition of gentamicin-acetyltransferase I, coded by plasmid JR88 

Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine ' 

lsoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Lysine 
Histidine 
Arginine 
Cysteine 
Tryptophane 

Residues per histidine in gentamicin-acetyltransferases 
coded by 

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 ca4+ or 
~ g + '  at a concentration of 1mM. 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 purificatiori 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") 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 protein) of the 2550% (NH4)2S04 
fraction was applied on the affinity column and elution was performed with a KC1 
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 
(NH4),S04. 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 elut~on 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 

FIG. 3. Affinity chromatography of gentamicin adenyltransferase AAD(2") coded bv pPK 237 on 
~entamicin C,aCH - Sepharose 4B column IX6cm. I m1 (24 &protein) of redissolved 25-50% fraction of 
ammonium sulfate precipitation were added to the column. Fractions 1-32 were eluted with ~rarlient KC1 0.- 
0.8M in standard bufler and fractions 33-60 with potassium acetate buner 0. >M pH 4.6 containing 0. IM 
(NHJ,SO,. The flow rate was OSml per minute and the volume of the,fractions 1-32 was 5ml and 33-60Jml. 
The plots represent: 
(X) = protein 
(0) = gentamicin-acetylating activity 
(0) = ~entamirin-aclenylylatin~ 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 profiles0f 
€he two purified enzymes were basically the same as in the crude preparation, with 
differences of the order of k 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,\nd 3.4 
Dideoxy-Kanamycin B and lower activity for Kanamycin A. 
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'Anopdvoaq ~ a i  Ka8apl~pdg pldg oi~&ruAorpavoq?&p&qg ~ a i p l d g  dbevuAuAozpav- 
q m p a ' o ~  rijc y~vrapz~ivqc, a06 ~odz~oaozoGvza~ dad zd nAaapiblo PK 237. 

A60 Evrupa, pia & K E T U ~ O -  ~ a i  pia &6&vuhuho-~pavocpspdoq zqq yavraptci- 
vqq, &nopovh9q~av 6x6 Kd2rapa orsh5youS rqq E. coli K 12, nod Ecpsps 26 
nhaopi6to PK 237, 26 6noio E ~ X E  npoBh9st bn6 ~ T E A E X O ~  Y&u60pova6aq, 
~ V ~ E K Z ~ K ~  024 y&vTaptKivq. rta 26 &KETU) ,~W'C~K~ Evrupo ~ I E ~ T E ~ X ~ ~ K E  Kdkpt- 
op65 126 cpopkq, p i  KhaffpaTtKfi KaraKpTjpvtoq p5 9 ~ 1 1 ~ 6  &ppOvto, iovroavzah- 
h a ~ r t ~ t j  ~poparoypacpia uai ~poparoypacpia ouyyivstaq. T6 b6svuhton~6 
Evrupo ~ a 9 a p i o r q ~ s  pk xpopazoypacpia ouyykvsta~, p s ~ a  6x6 ~ h a o p a r t ~ f i  
Kara~pfipvtoq p6 9 ~ 1 1 ~ 6  bpphvto. * H  ua9ap6zqta 26v 660 kvr6pov ~ E ~ X T ~ K E  p i  
disc - tiha~rpocpbpqoq. T6 & K E T U ~ L O T ~ K ~  ~ a i  26 66svuhtott~6 Evrupo XapaKtq- 
p io rq~av ,  dvriototxa, cSq AAC(3)I ~ a i  AAD (2") bn6 26 cpuopa t6v  
bnoorpwpbzov no6 b6pavonoto6v. T6 b ~ ~ t u h ~ ~ z t ~ 6  %vI;upo 7106 b ~ o p o v h 9 q r ~  
ozfiv xapo6oa Epyaoia Ehos Gtacpopsrtub dnozshEopaza orqv bvkhuoq 

' dptvo&wv 13x6 16 AAC(3)1, no6 ~aeapiozqlcs dn6 iEhhou~ Epeuvqrb~. T6 
bGevuk~oztu6 Enioq~ Evrupo Jjtav 6tacpopszt~6 dn' ~Tjv AAD (2") no6 
~a9apiorqwa brc6 dihhou~, ytari per& r6v ~a9op tap6  Jjrav Eeatpszt~& doza96~ ~ a i  
6 p a o z t ~ 6  p6vo napoutria Mg " . 
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Summary 

An extension of a previous hole theory for monolayer adsorption is made to multilayer 
physical adsorption of qoble 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 sibilar 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 adsorption of Argon on graphite and boron nitride at different 
temperatures. 

Key words: Argon. Hole Theory. Physical Adsorption. 

I. Introduction 

In a previous paper', which is referred to as I, the hole theory of the liquid state 
was extended to describe the monolayer physical ad'sorption 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 twb-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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sohd adsorbent has not been solved, and simplifications must be introduced. 
Hitherto. the theoretical approach to the problem was mainly ad-vanced by 
studying "physical m0dels"'.~1". 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 
a t  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 theoryh d t h e  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 experiment7. Among the lattice models only the significant 
structure theory4 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 
@NI. 

11. 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-l. This value is small in comparison with kT. even a t  F 6 6 "  
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. 



STUDY OF MULTILAYER PHYSICAL ADSORPTION USING THE HOLE THEORY 275 

w e  consider that the adsorbed phase comprises N molecules of which NI 
constitute the first layer of adsorbate and the remaining (N-NI) are in subsequent 
layers. The partition function for the first layer molecules forming a two- 
dimensional liquid like phase is given by'. 

where = N,/N, and No 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. model2. Thus, the partition function for 
the (N-NI) molecules is given by2 

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 . 

where n = N if N is less than No and n = No if the total number of molecules exuccu~ 
the number N,,. 

It is a sufficiently good approximation to  set 1nZ equal to the logarithm of the 
largest term in the sum. The value of N, which corresponds to the maximum term is 
obtained from 

From Eq. (4) it can be shown that 

,where N, is related to N by the equationI0. 

and X is the relative pressure (P/P,,). 
The equation for the adsorption isotherm obtained by substituting Eq. (6) into 

Eq. (5 ) .  
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where 0 is the surface coverage (N/N,). 

TABLE I. Molecular properties anrl parameters ,for Ar aclsorption on graphite anrl BN 

System Ar-P33 Ar-BN Approximation ....................................................................... 
Property U ,  U2 - Yl/k C U1 U 2  -Yl/k C 

cal/mol calLmol ------------------..-------------- 
~ q .  (3) 2150a 1 0 0 0 ~  568,0C - 1 8 9 4 ~  1 0 0 0 ~  568,0C - j2=j,=xw.qvi, 
B.E.T. 215oa 1 0 0 0 ~  - 3425.4 1 8 9 4 ~  1 0 0 0 ~  - 375.4 c = e x p u e  

(71.11%) ( 7 5 . m  

a. See Ref. ( I )  in text. 

b. Determined for the best fit of data. 

c. Mean value from Ref. (1). 

Figures l and 2 compare the theoretical isotherms resulting from Eq.(7) with 
the ordinary B.E.T. isotherms2. The values of the molecular parameters used are 
given in Table I. It is noticeable that the two isotherms have similar plots. Since the 
only difference between the two models is in the first layer, the form of the 
isotherms should be mainly defined by the model of the higher layers. 

FIG. I .  Calculated and experimental isotherms o f  Argon on BN. The solid lines represent the calculaterl 
isotherms using Eq. (7) while the clotted line gives the results ofthe B.E. T. model. The open circles and filled 
circles represent experimental data with Cin.ml(STP)/g = 5.69. 5.10. r e ~ ~ e c t i w ~ ~ .  ,fi.om rclf: (11). 
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FIG. 2. Calculated and experrrnental rsotherms o f  Argon on P-33. The solid line gives theoretical 
talculatrons usrng Eq. (7) at T = 71.II"K. while the clotted lrne ~ i v e s  the results o f  the B.E.T. model. The 
open crrcles ancl trllecl crrcles represent experrrnental clata at T = 71.1I"K. 78.47'K. respectively, fkom re/: 

f 12). 

The similar plots of the two isotherms lead t o  the conclusion that both of them 
will be applicable o r  not for the same experimental systems. F i g u r ~  1 shows the ex- 
perimental data obtained by R.A. Pierottill 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, H.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 molecules in the upper layers are not 
taken into account. 

In figure 2 the theoretical 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. Halseylz. In this case, there is a deviation 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= 7 1.1 1•‹K at 0 = 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. 

111. A mobile model - model B 

A more realistic model, which will be capable of describing the experimental 
results even at very low temperat'ures 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). 

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 

N.B.I. (0) 
- 1 2 1  =p (-P- 2kT l 

where 8,=N,/N,-t the degree of coverage of the i layer and Yi (0) 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 layer 
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 a s  well defined as the first layer. 

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 m&olayer 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 formed 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-l) layer. We have N'i N i-I 

The partition function Zi for the ith adsorbed layer will be1 

where aj, is the free area of an adsorbed molecule. The meaning of the other 
symbols is given in part I of this series. a 

In the case of monolayer adsorption (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 k d e  theory' (m* -- l. l.), this linear 
approximation is only good fbr small values of 0. Figure 3 shows the variation of 
the free area of an adsorbed 

CELL 

WALL 

VACANT l 
CELL / 

FIG.  3. Linear variation o$ftee area in a two-dimensional hexagonal close packed lattice. The shaded area 
represents the increase in /bee 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 (0 > 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: ' 

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

and is the same with the experimental surface coverage 0 which is usually detincd as 

where Vads is the "olume of gas adsorbed and V, is thk volume of gas needed to 
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completely fill the first layer. 
When 9 becomes greater than 1.5 the values of 9, increase in particular those of 

the first layer. So 0, approaches l ,  while 8, exceeds the value of 0.6. Since the linear 
approximation is not valid for values of 0, greater than 0.6, the quantitative 
theoretical description of the multilayer phase for values of 9 > 1.5 becomes 
impossible using this approximation. 

2. The distance between the adsorbed layers' (2.9R ) 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 at with 9i, even for very small values of 9i. 

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) - 
FIG. 4. Throrrtical and rxprrimental isotherms of Argon on BN. The solid lines give throrrtical 
ralculations. Circles are dara ,from ref. (11). 

step in the second adsorbed layer. This abrupt jump in the values of 9 IS observed at 
low temperatures and has the features of a phase transition with 9c = 1.5. If this 
step is attributed to a phase transition which occurs in the second layer, we should 
conclude from Eq. ( l  1 )  that the critical experimental value'of 9Jies between 0.5 and 
0.6. This value is far from the value of 0.31, which is the critical theoretical value of 
€l2, when af is linearly dependent on the number of neighbouring holes. 

Therefore, the equation' 
ar(0)=9ar( o )+( l-8)w (13) 

which gives the'linear dependence of the free area of an adsorbed molecule on the 
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FIG. 5. Theoretrcal and experimental isotherms 01' A r ~ o n  on P-33. The solid lines ~ i v e  theoretical 

toltulfrtrons. Crrcles are experimental clatn 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 8, but this 
dependence should be weaker than the linear and should result in value of 8ci  

around 0.5. 
The general dependence of ar on 8 can be written 

The various approximations which h a d  been introduced hitherto for the 
dependence of at on 8 can be expressed in the form of assumptions for the values of 
a"t and y.So the linear approximation is taken when 

W 
ao=a ( 0 )  f f and y=ln[et(l-e).i(,,] (1 5 )  

The de Boer's approximation'' 

an = af (0) and f y-lalnap J)  8,1=1 ( 1 6 )  

has the main features that we are looking for; that is the weak dependence of ar on 0 
and 8c = 0.5. 

Introducing the de Boer's approximation in Eq. (10) we have 
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N; N ; Y ~ ( O )  
--I__ 

Ni-, N i q 2 k T  
(17 )  

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

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 

and therefore 

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

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

Qi (i = l,...j). Therefore, for every value of the pressure P we will have j different 
values of 0i and from these values we can calculate the total 8. 

In the present treatment the number of adsorbed layers was restricked in three. 
The resulting equations are 
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IV. COMPARISON WITH EXPERIMENT 

The theoretical adsorption isotherms forthe adsorption of Argon on P-33 and 
BN were based on values resulting from Eq. (22). (23). (24) and ( l  l). Table I1 gives 
the molecular parameters used in these calculations. All molecular parameters, 
except Ui. are taken from bibliography. 

TAB L E I I. Moli~cular properties and parameters for Ar adsorption on graphite and BN. 

Property Ar-P33 Ar-BN 

10-'%.sec-' 4" 4" 
U, .cal/mol 2 1 SO" 1900' 
U,.cal/mol 1464~ 1476~ 

U ,.cal/mol 1395" 1417~ 

( ~ / k ) ' .  "K 108 108 
(dk), .  ( dk ) , .  "K 122' 112' 
Vmdml (STP) /g 3.563' 5.823' 

o.A 3.46' 3.46' 

a. See in text. 
b .See ref. (1) in text. 
c .See ref. ( I )  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, Yi 
(0). was calculated from' 
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where ~ / k  is  the potential minimum and w*  the reduced cell area for an adsorbed 
molecule. 

The calculation of Yi (0) was based on the approximate value w* = 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 = 
4.101%ec-l 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 and 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 ig 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 theoret~cal partial (for the first, second and third layer) and total 
adsorpt;on isotherm for the system Ar - P33 at T = 71.1 1•‹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 

FIG. 6. Theoretical isotherms of Argon on P-33 at T = 71. I IUK. Solid lines represent the partial isotherms 
while dotted line gives the total isotherm. 



STUDY OF MULTILAYER PHYSICAL ADSORPTION USING THE HOLE THEORY 285 

phenomenon of multilayer adsorption. It is noticeable that the predicted isotherms 
describe well the second as well as the third adsorbed layer (8 ~2.5)al though there 
is a restriction of the adsorption to only three adsorbed layers. 

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 exiskence 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: l .  The molar site 
energy U 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 berween the various layers in this way, the total 
energy of the adsorbed phase is given by 

where EvIMI), Etr;ln\(~) are the energies of vibration and translation respectively of the i 
layer. 

The canonical ensemble partition function Z of the whole multilayer phase 
becomes 

= ~ ~ ~ l l w l l  
M d k q  ~ v a l ~ q c ;  ~tpoapov,?@wc; p6 t $  8cwpia dz6v. 
II. l70/2vpp~alctj npoopdpqaq n4vo & bpoyev~ig t z~qa 'vez~~ .  
Ctrjv Epyaoia adtrj p~Ast8ral  p6 Pdroq tq Bsopia bm5v r i j ~  6 y p i j ~  

~araotdosoq J1 TCok~popta~~  1cpoop6cpqq dbpav6v &&piwv x6vo 06 dpoy&v~l< 



E A ~ ( ~ ~ v E I E <  G T E ~ E ~ V .  

'H ovvapzqoq ~azavopijq ro6 1r0h~p0ptaK06 orphparoq npoopocp-rjosoc 
npoo6top<a~at p8 zrj Oahpqoq ~ a i  mj oza~tczzM 9appo6uvapt~q dvcihvoq 660 
T C ~ ~ T V K ~ V  (p0~28hov) R ~ o o ~ o ~ ~ ~ ~ E w C , .  

226 np6zo np6runo 4 ~cohvpopta~fi cpaoq EXEI x a p a ~ t q p t o u ~ a  Ev6q 
np6~unov B.E.T., E~z6q drn6 zqv nphrq oztpa6a nod Oaopaitat odv bypq. 'H 
io68appq npoopocpqoaoq nod npo~dn t s t  E X E ~  Z ~ V  16ta popcpfi p8 ~ f i v  io68appq 
B.E.T. ~ a i  dr~ohouOaT p6vo XOIOTIK~ 515 n a t p a p a n ~ 6  6~6opEva z6v ovotqpazov 
EKE~VOV, ytii ra 6noia i o ~ d a t  ~ a i  4 io6Oappq B.E.T. 

226 Gadzspo np6zvno fi ?Toh~poplaKq cpaoq Oaopaitat &v Eva odorqpa 
rpt6v 6t6tuozazov byp6v cpaosov. Oi dhhqhantbpdosy paza@ ~ 6 v  npoopocpq- 
pkvov oztpa6wv 206 nohupopta~o6 otphpazoq hapPQvovzat bn61yq p8 660 
p a o t ~ f q  npooayyioaq: a) p8 ~ f i v  dhhayq rqq oxkoswq rijq EhedOapqq htcpdv~ta< 
~ t v f p e o q  z6v npoopocpqpbvov popiwv drn6 ypappucq 08 EKOEZIKT~ popqnj, ~ a i  
p) p8 rqv sioayoyq r6v  E v E ~ ~ E ~ ~ K ~ v  6pov Ui ytci trjv naptypacpq z6v 
drhhqhsntbphoaov rijq i onpoibaq 2600 p8 zie (i-l) ozlj%i6~c nod p p i o ~ o v ~ a t  ~ d . s o  
dn6 adzq, boo ~ a i  p8 26 bx6orpopa. 
'H io68appq R ~ o C S ~ O ~ ~ @ J E O I <  nod T E ~ ~ K &  ~ ~ 0 ~ 6 7 ~ 2 ~ 1 .  X P T ) C J ~ ~ O R O ~ E ~ T ~ ~  yla Z ~ V  

npooappoyfi z6v aatpapartci5v 8~60p8vov ~ i j q  i p o o p ~ ~ ~ j o ~ o q  206 dSpavo6q 
drapiov Ar advw 08 P-33 ~ a i  BN. 'H .napatqpodpavq ovpcpovia p ~ ~ a c d  
nstpapazt~6v ~ a i  g a o p q ~ t ~ i 3 v  ~ E S O ~ ~ V W V  O a o p ~ i ~ a t  crav nohd i ~ a v o n o t q r t ~ q .  

Tta zqv npooappoyq 26v O E O ~ ~ T ~ K ~ V  p8 26 R~tpapazt~ci  6~60p8va 6hsq oi 
p o @ a ~ &  napaP&ipot n a p e q ~ a v  15x6 zrj PtPhtoypacpia, EKT& &n6 rfiv EvPpyata 
dAhqhent6paosoq pazac6 npoopocpqpkvov popiov rijq 6adzepqq ~ a i  ~p izqc  
ortpa6aq p8 26 ozspa6 6n6paOp0, fi baota 6nohoyioOqrs O E W ~ ~ T I K ~ .  
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PREPARATION OF '3'I-AMINOGLUTETHIMIDE 
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(Received July  23, 1979) 

In 1970 first Goldman' referred to the uptake and release of 14C-isoxasole, an 
enzyme inhibitor, in the adrenals. Later on, Beierwalter et a12 have studied the 
adrenal accumulation of a series of tritiated and iodinated enzyme inhibitors and 
among them of aminoglutethimide. The last presents a satisfactory 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 Ciba-Geigy ~harmackutical Co. 
Carrier free '''INa was supplied by CEA-IRE-SORIN. The other used solvents 
were of analytical grade purity. For the labelling of ~mino~lutethimide 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 NaI 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 Helmkamp4, to l ml of an 
ethanol solution of ~mino~lutethimide0.3 m1 of a pH: 8.4 borate buffer solution, 
containing the required 13'INa amount was added. Under gentle agitation the 
iodination was achieved by the addition of an iodine monochloride solution (0.081 
.mgr/ml). 

Since Aminoglutethimide has a rather low solubility in water ( l  mgr in 10 ml) 
the purification of the final solution from anionic iodine was achieved by 
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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 l paper, in Verona1 
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 
literature5 we have chosen the 5% Methanol in Benzene for routine use. The 
presence and localization of i'iI-Aminoglutethimide on the plate was demonstrated 
by exposing it to iodine vapours o r  by using a. U.V. lamp, wavelength 254 nm. The 
distribution of the radioactivity was dete~mined by an Actigraph 111 (Nuclear 
Chicago, USA) chromatographic scanner or by autoradiography. 

After the purification, the alcoholic solution of i3iI-Aminoglutethimide was 
diluted to a 10% sdution 'with physiological saline and 1% Tween 80. One ml 
aliquots of the above final solution were dispensed into 10 m1 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 35-39OC. One vial from each storage was periodically 
examined for radiochemical purity by electrophoresis or by TLC. 

Results of labelling are reported in Table I. 

TABLE I .  Labelling results by the chloramine-T and ICI methods under rlifferent conditions. Yields of 
labelling are the average of five determinations and represent the percent of labelled compoufid 

METHOD REAGENT CONCENTRATION REACTION YIELD SPECIFIC ACTIVITY 
(m& TIME % (mCi/mg) 

. (MIN) 

Chl. T Chl T=0.15 30 80.20 2 9.20 

The influence of the reagent concentration and the reaction time on the final 
yield has been studied. For the ICI 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 ICl 
method one minute was sufficient for a good tagging. In reference to the aniline 
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group iodine must be inserted to the ortho-position. 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.  

FIG. I : Radioactivity distribution of  TLC o f  unpurified "lI-Akrinoglurerhimide. Rfof 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 ''lI-Aminoglutethimide containing less than 2% of unbound ' ' [ I .  

Table I1 reports the results of the stability study of labelled Aminoglutethimide. 

TABLE 11.: Stability of l'lI-Aminoglutethimide stored at rlifferenf temperatures: the averages of frve 
determinationp of the free. iodine content (as percent) are given. 

TIME 
days 

All data have been normalized to a free iodine standard content of 0% a t  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 pos i t io~  2 occurs. Unreacted inorganic iodine is 
easily removed by water extraction. The radioiodinated Aminoglutethimide 
remains practically stable up to  three weeks when kept in refrigerator. 

Summary 

'711-Aminoglutethimide, 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. 
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