|. BAZ2IKE2 APXEZ YITEPMOPIAKHZ XHMEIAZ

[Mapadciyyara onuavTikwy YTTEPUOPIAKWY 2UCTNHATWY
|. DNA

H ooun g 0mmAng EMKag TpokOMTEL 0O TO GLVOVAGHO TV dVO AVTUTOPIAANA®V
EMKOELODOV TTOAVVOVKAEOTIOIKDOV AAVGIO®V 01 0TTO1EG GLVOEOVTAL LE DEGLOVG
VOPOYOVOL UETAED CevyDV PAcewmV
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|. BAZIKEZ APXEZ2 YITEPMOPIAKHZ XHMEIAZ
[Mapadciyyara onuavTiKwy YTTEPUOPIAKWY 2UCTNHATWY
. K* xavaiao,

O pOAoG TwV KavaAIwV KATIOVTWY €ival va dnNUIoupyouV Kal va Kateubuvouv Ta
NAEKTPIKA CNUATA TTOU YivovTal QITia TT.X. va OUCTEAAOVTAI O1 HUEG, VA XTUTIA N
KapOIA KAl VO OKEPTETAI TO JUAAO...

Extracellular

media
T K* out

Ot oAoKANpouEVEG TOAVUEPELS
LeuPpovikéc mpmTeiveg mov
pvOuilovv TV TodTOTN KO LE
EKAEKTIKOTNTA KIVNOT TOV 10VT®
K* and to xvttopoéOTAacUO GTO
eEoruTTapiko puéco. O
OYMNUOATIGUOC KOATOAAANA®V
«oOpoV» neyéBovug mov va
TAPLALEL ATOKAEIGTIKA GE QVTO
tov K* eivatl anotéleopa puag
avto-opydvwong (self-assembly
Process) o€ £vo, VIEPUOPLOKO

K*in
GOGTNA cytoplasm



|. BAZIKEZ APXEZX YIIEPMOPIAKHX XHMEIAZ
Mapadeiypata onUAvTIKWY YTTEPUOPIOKWY 2UCTNHATWY

[11. Tetpddeg yovavoaoivng (G-quartets) 0
KatdAoima yovovosivig Hmopovv va GuvovacsToOV 2 \ T)H\NHz
N

(ne Hoogsteen H-bonding) npog oynuatiopd Kukikay Ho— N
TeTpoUEPOV YVOOoTOV ¢ G-Tetpdoec (G-quartets). —%—7

OHOH

a Watson-Crick

Chemical structures for
Watson-Crick and
Hoogsteen AT and G<C+
base pairs. The ; ;
Hoogsteen geometry can T ;

be achieved by purine (anti) k{ (anti) (anti) k{ (anti)
rotation around the
glycosidic bond (x) and
base-flipping (0),
affecting simultaneously
C8 and C1' (yellow)

Hoogsteen

BAETE




|. BAZ2IKE2 APXEZ YITEPMOPIAKHZ XHMEIAZ

MNapadeiyparta - I, Tetpdoeg yovavooivng (G-quartets)

KatdAowta yovavosivne umopodv vo cuvovactovv (pe Hoogsteen
H-bonding) tpog oynuoTIGUd KUKAIK®V TETPOUEPDV YVOOTOV MG
G-Tetpddeg (G-quartets).
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Loop 2

G-quadruplexes formed in nucleic acids by sequences that are rich in guanine. These
structures are four stranded helical structures and occur naturally in nature. They are
normally located near the ends of the chromosomes or the better known as the telomeric
regions and in transcriptional regulatory regions of multiple oncogenes.


https://en.wikipedia.org/wiki/Guanine

|. BAZ2IKE2 APXEZ YITEPMOPIAKHZ XHMEIAZ

Mapadeiyparta - I, Tetpdoec yovavooivng (G-quartets)

Structure of parallel quadruplexes that

can be formed by human telomeric DNA



|. BAZ2IKE2 APXEZ YITEPMOPIAKHZ XHMEIAZ

Mapadeiyparta - I, Tetpdoec yovavooivng (G-quartets)

Av10 mapatnpeital ota teAouepn. 'Eva tehopepéc etvarn pio meploym
enavonmtikov DNA 610 T€A0C TOV YpOUOGOUATOV TOL TPOGTATEVEL TO TEAEI® U
TOL YPOUOGOUATOC ot TNV Katactpo@r). H aAiniovyia ota telopepn oapépet
amd €100¢ 6€ €100¢ AL YEVIKA Lo dAVGIO TOVG Elval «TAOVGIO GE YOLAVOGTVN.
Avtég o1 G-rich aAAnAovyieg umopovv va oynuaticovv four-stranded dopég (G-
quadruplexes), 6mov o1 tetpddec Twv G-Pdoewv GuYKpOTOLVTINL GE EMITESO KO

uetd otolpalovron n i Tave otnv GAAN pe wvta Nan K avéueco ota enineoa
quadruplexes.

Human chromosomes (grey) capped by telomeres (white)



http://en.wikipedia.org/wiki/G-quadruplex
http://en.wikipedia.org/wiki/Chromosome

. BAZIKEZ APXEZ YIIEPMOPIAKHZ XHMEIAZ

Mapadeiypata onUAvTIKWY YTTEPUOPIOKWY 2UCTNHATWY

V. Evloua

Example: Active site of /7
carboxypeptidase-A comprises:

-{(His),(Glu)Zn(OH,)} unit
-Substrate Binding Pocket




|. BAZ2IKE2 APXEZ YITEPMOPIAKHZ XHMEIAZ

Mapadeiypata onUAvTIKWY YTTEPUOPIOKWY 2UCTNHATWY
V. Kpbvotairot (vypoi, ctepeot)

O KpOotaAhog eivor piol vTepUOPLOKT) OVTOTNTO GYNUATIGUEVT] OO
EKATOUUDPLN LOPI®MV GE Lo TTEPLOOIKT] OLATAEN TTOV EXLTVYYAVETAL LECH TMOV
AETTAOV 1IGOPPOTLAOV TOV OLUUOPIOKDV OAANAETIOPAGEDV

The Single Crystal as a Super
Molecule;
C. Pascard.

Crystallography of Supramolecular
Compounds

Proceedings of the NATO Advanced
Study Institute

Series: NATO Science Series C, Vol. 480
Tsoucaris, Georges; Atwood, J.L;
Lipkowski, Janusz (Eds.) 1996, pp.127-

141


http://www.springer.com/series/5658
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Mapadeiypata onUAvTIKWY YTTEPUOPIOKWY 2UCTNHATWY

(I“_H_, «
CH
COOH

Ee

U HE—C

VI. Aigoopaipivn

H doun Tng aipng

Gy
C—C
/ \g —CH
\T/ /C\ /(’ZH_i
o]
I\|] \(3/(\&1
|
/ \c —cn  Ch
C=—C
(f/H’ \(IH% ]
CH. Aipn

[~
COOH

H aipoo@aipivn
atroTeAcital Ammd TnVv
TPWTEIVN g@aipivn
XNHIKA EVWHEVN HE
4 pépia aipng

Aipn: emitredo XnAIké
oUuTTAOKO Tou Fe?* ue
TTopYUpPIVN
(TeTpadovTIKOG
UTTOKATACTATNG)



|. BAZIKEZ APXEZ YIIEPMOPIAKHZ XHMEIA%

Mapadeiypata onUAvTIKWY YTTEPUOPIOKWY 2UCTNHATWY

VI. Aigoopaipivn
To ouptrAoko Fe — O, oTnV dipn
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Mapadeiypata onUAvTIKWY YTTEPUOPIOKWY 2UCTNMATWY

VI. Aigoopaipivn
2 UVEPYIOTIKA TTPO0dECN OCUYOVOU OTNV AIMOCPAIpivN




|. BAZIKEZ APXEZX YIIEPMOPIAKHX XHMEIAZ
[Mapadeiyyata onUAvTIKWY YTTEPUOPIOKWY 2UCTNMATWY

VII. 18-crown-6 coordinating a K+ ion

O
O
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12-crown-4, 15-crown-5, 18-crown-6, dibenzo-18-crown-6, and diaza-18-crown-6



|. BAZIKEZ APXEZX YIIEPMOPIAKHX XHMEIAZ
[Mapadeiyyata onUAvTIKWY YTTEPUOPIOKWY 2UCTNMATWY

VIII. KAAIZAPENIA

Macrocycle

Dumbbell shaped molecule

poTtagavio




|. BAZIKEZ APXEZX YIIEPMOPIAKHX XHMEIAZ
[Mapadeiyyata onUAvTIKWY YTTEPUOPIOKWY 2UCTNMATWY

VII. ZOpTTAOKO aVTIYOVOU-AVTICWMNATOG




Antigens AvTiyovo:H ¢€vn ouaia TTou TTPOKaAEi TNV

- w W avooofioAoyIKh atrokpion (IKavoTnTa TOU
g opyaviouou va avayvwpicel oTtoladATIoTE EEVN TTPOC
AUTOV ouadia Kal va avTidopd TTapAyovTag
Antigen eCEIOIKEUMEVA KUTTAPA KOl KUTTAPIKA TTPOIOVTA (TT.X.

N /mgen_bindinggite QVTIOWHATA), WOTE VA TNV ECOUDETEPUITEI )

Q)¢ avTiyovo utropei va dpaaccel:

- €VOG OAOKANPOG HIKPOOPYAVIOHOG (T1.X. 16G, BakTripIo K.4.),

- éVa THAMA JIKPOOPYAVIoUOU

- TOCIKEG OUCTIEC TTOU TTAPAYOVTAl ATTO PIKPOOPYAVIOUOUG.
- N yupn, (0AAEPYIKEG aVTIOPATEIQ)

- OIAPOPEC PAPMAKEUTIKEG OUTIEC,

- OUOTATIKA TPOPWYV,

- KUTTOPA ) 0pOG aT1rd AGAAa dToua ) (wa K.4.

Antibody

Avtiowparta j Avoooo@aipiveg

[MpwTEiveC peydaAou popiakou BAPOUC TToU TTapAyovTal KAl EKKpivovTal atrd Ta
gvepyotroinuéva B-Agd@okUTTapa (TTAGOUATOKUTTAPA) WG ATTAVTNON OTNV
EMPAVION EVOC AVTIYOVOU.

E¢e101keupévn dpaon:

KaBe avtiowpa ouvOEeTal EKAEKTIKA OVO UE TO CUYKEKPIMEVO AVTIYOVO TTOU
TTPOKAAECE TNV TTapaywyr) Tou. OTTwe KABe KA€Idi avoiyel Yia OUYKEKPIPEVN
KASIOODIA.



|. BAZIKEZ APXEZX YIIEPMOPIAKHX XHMEIAZ
[Mapadeiyyata onUAvTIKWY YTTEPUOPIOKWY 2UCTNHATWY

VII. ZOPTTAOKO aVTIYOVOU-AVTIOWMNOTOG

Aopyn avriowparoc

antigen- antigen-
binding site binding site
H2N NH2

hinge
regions

light chain light chain

heavy chain heavy chain

HOOC COOH




Baoikég Asitovpyiec TV VTEPUOPLIKAOV GUGTIUATOV

H npd6deom vrootpdpatog (substrate: o) otov vrodoyEa Tov
(receptor: p) odnyei otn dnuovpyio Tov veppopiov (supermolecule:
PG) LECH LAC OLOOTIKOCIOC LOPLAKHS AVaYVMPLoHC.

Edv, emmpocOitmc tmv meEPLoy®v TPpOGOECTS, O VTOOOYENC UTOPEL VL
npokalEécel yyuiko ustacynuaetiouo (Chemical tranformation) oto
TPOGOEIEUEVO DTTOGTPOUA AEUE OTL GLUTEPIPEPETAL GOV EVOL
VTTEPLLOPLOKO OVTIOPUGTIPLO 1] VITEPLOPLOKOS KATAADTTG.

‘Evac Amopihoc, nepppovo-otaivtodc (membrane-soluble) vrodoygoc
umopel va suumepipepbel m¢ uetapopéac (carrier) mov Tpokaiel TV
translocation (uetapopd, dtopetddeon, airldbeon) Tov
TPOGOEIEUEVOD DTTOGTPMOLUOTOC.




MOPIAKEY MHXANEXY

ITio oOvOeTec Aesttovpyiec umopoHv vo. TpokLYoLV ord T diddpoon (interplay)
OLOLPOPDV VTTOUOVAI®V TPOGIEGTC EVOS TOAVTOTIKOD cuvvTodoyEo (polytopic
coreceptor)

Edv oplopéva vepuopio, e 0E00UEVES AEITOVPYIKES IKAVOTNTEC GLVOVAUGTOVV GE
opyavouéva toAvuoplokd cvykpotinuato (polymolecular assemblies) umwopovv va
00N YNoOoLY oTNV avdmTuén uoprarxmy unyavaoy (molecular devices).

CHEMISTRY
MOLECULAR SUPRAMQOLECULAR

POLYMOLECULAR

B Orgamized

Assemblies

/
™~ SYNTHESIS
~ =|RECEPTOR
Covalent

T\ wonas

RECOGHNITION

f l MOLECULAR AND

SUPERMOLECULE = TRANSFORMATION ) ===> | SUPRAMOLECULAR
\ DEVICES

COMPLEXATION

intermolecular
Bonds

TRANSLOCATION

SUBSTRATE




To medio ¢ vreppoproknc ynueiag, (Lehn: the designed chemistry of the
Intermolecular bond) sivai tepdoTio Kot avarTHGGETOL d10PKMG Kol TAYVTATO TPOG
OAeG TIC KATELOVVGELS TOL APOPOVV GTO PLUGIKA Kl BLOAOYIKE QOIVOUEVOL TNG

LLOPTOKNC EMIGTHUNG.

Ou eCetdoove HEPTKEC LOVO OYELC 0LTOD TOV TTEDIOL OKOAOVOMVTAC Lo
KOLT'YOPLOTTOiNGm mov oyeTiCeTon TEPLGTOTEPO LE TO UEYEDOC TOV TEMKOD
VITEPLOPLOKOD cuoTiuatoc o¢ eEng [Ariga & Kunitake, 2006]:

(i) Mopokn avayvopion (ynueia Eeviot-Eevilouévov). Ev yével &xetl va kdvet pe ta
UIKPOTEPD, VITEPUOPLUKE CUGTNLLOTO KOl TEPLYPAPEL TIC AAANAETOPAGELS LETAED
Ayov popiov.

(i1) Xnueio apyITtEKTOVIKNG VIEPUOPIOV GE CUYKEKPILEVA GYNUAT (LOPIOKES UNYOVEC)

(i) Xnueio toAvTANO®OV poplakmv cuykpotnudtwyv (molecular assemblies)

Small Large
Supermolecules Supermolecules
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Topology of Molecules

Molecular Recognition Molecular Assemblies



Small Large
Supermolecules Supermolecules

Topology of Molecules

Molecular Assemblies

Molecular Recognition

Technologies for Future Sophisticated Supermolecules
Developed in the Past

Carbon Nanotube ’;\:nggtlion
Cell Membrane

Nanotechnology I Bio-Supermolecules

Specimen
Target



Dimensions of biomolecules, particles and cells

atoms macromolecules particles cells
molecules resolution of
light-optical
C-C bond hemoglobin microscopes erythrocyte
glucose ribosome bacterium
| wl ] Y 1 | -~ | ¥
0,1 nm 1 nm 10 nm 102 nm 103 nm 10% nm
10°0%m 109m 108%m 107m 10%m 105 m

1um



A 6" man is 1.62 moters tall
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National Nanotechnology Initiative — http://www.nano.gov



NavoemoThuec kai NavoTexvoAoyia

Kataokeurj SopwyV Kail IaTACEWY VAVOOKOTTIKWY OIA0TACEWV
2 TIPOCEVYIOEIg

- OTTO TTAVW TTPO¢ Ta KATW (top — down) MIKpONAEKTPOVIKI O€ VAVODIQOTACEIG
* GwtoAiBoypagia (photolithography), AiBoypagia déounc cwuatidiwy (particle
beam lithography)
* Mopiakn emitagia d€oung (molecular beam epitaxy, MBE)
* EKTUTTWOON ME Wekao Mo (inkjet printing)
* NIBoypagpia akidag odpwaong (scanning probe lithography)

- ATTO KATW TTPO¢ Ta Travw (bottom - up)

* AuTO — ouvapuoAdynon (self-assembly) douikwyv aTOIXEIWY
TEPTYPAPEL TNV AVLTOVOLT OPYAVAOGCT] QOUIKDOV GTOLYEIMV 0€ HLoTiPa 1 OOUES YmPic eEMTEPIKN
nopEuPaocn kot propet va mopatnpnbel oe OAeC TIG KAIHaKES peyebmv

* AuTO — opyavworn (self — organization) cuoTAPATOG
TEPTYPAPEL EV YEVEL TI] GLALOYIKT] GLUTEPIPOPE. QOLUKDOV GTOLYEIDV GOV ATOTEAEGLLOL TNG
aAnAeniopaonc petadd Toug



O oxedlaouoc TEXVNTWY, ABIOTIKWY UTTOOOXEWV IKAVWYV VO CUUUETEXOUV
o€ d1adIKaagieg eMMOEIKVUOVTAC TNV uwnAoTepn duvarn
QATTOTEAEOMATIKOTNTA KAl EKAEKTIKOTNTA ATTAITEI TO CWOTO XEIPIOPO TWV
EVEPYEIAKWY KAl OTEPEOXNMIKWY XAPOAKTNPIOTIKWY TWV UN-OUOIOTTOAIKWY,
OlAOPIOKWY AAANAETTIOPACEWY YECA OTO TTAQICIO MIAC TTPOCDIOPICHEVNG
MOPIAKNC APXITEKTOVIKNG.

(Avaykn akpiffouc oTtepeodOUNC — KPUOTAaAAoypagia)

An Introduction to the Crystallography of Supramolecular Compounds; J.L. Atwood.

Crystallography of Supramolecular Compounds

Proceedings of the NATO Advanced Study Institute
Series: NATO Science Series C, Vol. 480

Tsoucaris, Georges; Atwood, J.L; Lipkowski, Janusz (Eds.) 1996, pp.1-6

['10 TO OKOTTO AQUTO, KATTOIOC UTTOPEI VO AVTANOEI EUTTVEUON ATTO TNV
TTPWTOTUTTIA KAI TNV «ETTIVONTIKOTNTA» TWV BIOAOYIKWYV dIEPYATIWV
KaBwC¢ Kal va TTapadEIYUATIOTEN atTd TNV UWNAR aTTOTEAEOUATIKOTNTA,
EKAEKTIKOTNTA KaI TTOIKIAIQ TTOU QUTEG €Xouv. H xnueia, opwg, 0ev
TTEPIOPICETAI OE CUOTHAUATA TTAPOUOIA JE AUTA TTOU MEAETA N BioAoyia
aAAQ gival eAeUBepn va dnNUIoUPYNOEl Kavoupyla €idn Kal va avakaAUWEl
KaIvoUpyYIEC DIadIKAaieG (Brouiuntikn).


http://www.springer.com/series/5658

AUTO-CUVOPPOAOYNON KOl QUTO-0PYAVWON

XAPOKTNPIOTIKO TWV OIEPYATIWYV QUTWV €ival N EAAEIPN KEVTPIKOU EAEYXOU TTAVW
oTa pépn. AvtiBeta o0 ‘€Aeyxoc’ NG dOPNG €ival dlavepnUEVOG o€ OAO TO cUOTNUA.
OAa 1a yépn TTapoAo TTou AAANAETTIOPOUV JOVO PETALU TOUG CUVEICPEPOUV
eCioou OTNV AQUTO-OPYAVWON TOU CUCTAMNATOG.

[lapadeiyua

H ep@avion auBopuntnG payvATIoNS TwV O1dNPOHayVNTIKWY UAIKWV KATW aTTo
UNOEVIKO payvnTIKO TTEdio o€ XaunA£EC BeppoKpaTiec KaBWGS Ta spin
OpYyavwWvovTal JETALU TOUC.

Ta o1V aAANAETTIOPOUV PNETAEU TOUC O€ TTEPIOPICHEVN XWPEIKNA €KTAOoT. QOTOOO,
TO TEAIKO UAIKO oav ‘OAoV’ epgavilel KATWw ATTO TO KPIiOIUO onUEio yayvATion,
XOPAKTNPIOTIKO TO OTTOI0 OEV AVAPEPETAI OE KATTOIO OTTIV EEXWPIOTA.

EmitTAéov, TO QUTO-0PYAVOUUEVA CUOTHMATA EUPAVICOUV OUVOAIKA VEEC IOIOTNTEC
g€ KGO ETiTTed0 0pyaAvwWanc EV OUYKPIOEI UE TO AUECWC TTPONYOUUEVO ETTITTEDO.
H autoopydvwaon Kal auTto-ouvapuoAdynon ITTopouv va Trapartnendouyv o€
TTOAAQTTAQG TTITTEQA. AOUEG OI OTTOIEC TTPOKUTITOUV HE QUTO-0PYAVWON TWV
MEPWYV EVOC OUCTAMATOC ATTOTEAOUV TIC DOMIKEC NOVADEC YIA €K VEOU QUTO-
opPYyavwon € AVWTEPO ETTITTEDO.




Science, (1991), Vol 254, Issue 5036, 1312-1319

Molecular self-assembly and nanochemistry: a chemical strategy for the synthesis
of nanostructures

GM Whitesides, JP Mathias, and CT Seto

Mopiakn auro-cuvapuoAoynon €ival n aubopuntn cuvapuoyn
LHOPIWV KATW aTTO OUVONKEC I00PPOTTIAC TTPOC OXNUATIONO
OUCOWMNATWHATWY TTOU CUYKPATOUVTAI [UE UN-OUOIOTTOAIKOUG
dETUOUC.

H pyoplakn auto-ocuvappoAoynon €ival Kupiapxn o€ OAa Ta
BIOAOYIKG OCUCTAMATA KAl ATTOTEAEI TN BAON YIO TO OXNUATIONO
EUPEIAC TTOIKIAIOG TTOAUTTAOKWY BIOAOYIKWYV OOHWV.

H karavonon tnG auto-cuvapuoAOynong Kal TwV JN-OUOIOTTOAIKWYV
AAANAETTIOPACEWY TTOU AauBAvouv Xwpea Kal OuvOEoUV
OUMTTIANPWUATIKEG MOPIOKEG ETTIPAVEIEC TTPOC OXNMATIOHO
BIOAOYIKWV CUCOWUATWHATWY gival BepueMdOUC onuaaciag yia Tn
douIKn Blroxnueia.



Science, (1991), Vol 254, Issue 5036, 1312-1319
Molecular self-assembly and nanochemistry: a chemical strategy for the synthesis

of nanostructures
GM Whitesides, JP Mathias, and CT Seto

H auto-cuvapuoAoynon, €1miong, avaduETAl WG MIA VEA OTPATNYIKN
oTn XNMIKA oUvBeon TToU UTTOPEI va 0dNyNoel o€ PUN-BIOAOYIKEC
Oouéc pe dlaoTtaoelc 1 ewc 102 vavopetpa (e poplakeEC padleg 104
to 1010 daltons). O1 yeyaAuTepec aTTd TIC DOPEC TTOU AVAKOUV O€
QUTA Ta OpIa Eival ATTPOCITEC NEOW XNMIKNG ouvBeonc. ETTouEvwg,
N IKAVOTNTA TTAPACKEUNC TOUGC AVOIYEl Eva OPOMO Yia TNV
TTPOCEYYIoN OOUWY CUYKPIOIMWY O€ PEyeBOC (kal TTiBava
OUNTTANPWMATIKWY WG TTPOC TN AEITOUPYIa) YUE QUTEC TTOU
TTapaockeuadovTal e MIKPOAIBoypa@ia KAl AAAEC TEXVIKEC
microfabrication.



H popirakn auvro-cuvappoAoynon (molecular self-assembly)
avaAlapBavel To pOAO TNG dNMUIOUPYIOC CUCCWHATWHATWY HOPIWV TTOU
epgavifouv TTpooavatoAiopd uwnAng TaENG o€ pia, dUOo 1 TPEIG
Ol0OTACEIC.

Ta ouocowpatwuarta (assembles, aggregates) cuykpaToUuvTal PE
OMOIOTTOAIKOUG OECOUG
 KATA KAVOVA JE UN OMOIOTTOAIKOUG OTTWG

de0o oI UdPOYOVOU,

duvauelc Van der Waals

N MEOW QAANAETTIOPACEWV NAEKTPOVIWVY TT-TT.

EmTAEov, onuavTIKO POAO OTN dNMUIOUPYIa TWV CUCCWHATWHATWY
TTaidel KAl TO OXNMOA TWV JOPIWV Ta OTToIa TTPETTEI VA Egavi(ouV
OUMNTTANPWHATIKOTATA WC TTPOG TN YEWMPETPIA TOUC.



Alauoplakec aAAnAenidpaosic

HAEKTPOOTATIKEC AMNnAentibpoaon petaL avtiBetwv
AUVAELC NAEKTPLKWV popTiwv
Agopol Yépoyovou datopa udpoyovou potlpalovtal HeTay

NAEKTPAPVNTIKWY ATOUWV

Auvdp,slg Van der Waals | AvtiBetn nmoAwon YELTOVIKWY OTOUWY HEOW
TWV NAEKTPOVLOKWYV VEDWV

Y&podoPec AUVAUELC AnwOnon popiwv vepou HeCW TNG CUPPONG
LSpOdPoPwv opadwv




Poe o @

TOO0 o1 aAANAETIOPACEIC OO0 KAl TO OXAMA UTTOPEI va XapakTnpidovTtal atro
KAareuBuVTIKOTNTA KAl EKAEKTIKOTNTA XWPIC, WOTOOO, AUTO VA ATTOTEAEI TOV
Kavova. ['evIKA waTd00, KAMIa at1ro TIG OUO QUTEC TTEPITITWOEIC OE TTailEl
ONMAvVTIKOTEPO POAO aTTO TNV AAAN OTN OTABEPOTTOINON TOU CUCCWHATWUATOG.
O 6po¢ poprakn avayvwpion (molecular recognition) repiypdagel TRV apoiaia
avayvwpion Kal aAAnAetTidpaon (yia To oXNUATIONO CUCCWHOATWHATOS OTNV
TTPOKEIMEVN TTEPITITWOTN) DUO POPiIWV N OTToIa EKPEEI ATTO TA CUMTTANPWHATIKA
XOAPAKTNPIOTIKA TOUG OO0V apopa TO aXNMa Kal To €id0¢ TOUG.

H poplakr auto-cuvapuoAdynon HECW N OUOIOTTOAIKWY OECUWY TTEPIYPAPETAI
at1rd TOV OPO UTTEPMOPIAKN auTo-ouvapoAoynon (supramolecular self-
assembly).

H avriorpswiuornra Tou Tpoc@EpETal aTTd TNV AoBev pUON TWV N
OMOIOTTOAIKWYV OECHWYV ETTITPETTEI OTA POPIA QUVANIKA va BEATIOTOTTOINOOUV TIG
O£0¢€IC TOUC UE akpiela TTPOC Wia oTaBepr], KOAWG OPICHEVN, VAVOOKOTTIKI)
QPXITEKTOVIKI). ETTITTAEOV, OI QUTO-CUVAPPOAOYOUUEVEC DOMEC TEIVOUV va
QTTOMOKPUVOUV KABE aTeEAEIa ATTO TOV OYKO TOUC Kal va avadououvTtal KataAAnAa
o€ aANQYEC TOU €CWTEPIKOU TTEPIBAAAOVTOC O€ UIa TTPOCTIABEIA VA TTAPANEIVOUV
000 TO dUVATOV TTIO KOVTA OTO OnuEio BEpUOdUVAUIKAG IC0PPOTTIAC.



Three main themes outline the development of supramolecular
chemistry:

(i) Molecular recognition between artificial receptors and their substrates
relies on design and pre-organization and implements information
storage and processing.

(i) The investigation of self-organization relies on design for inducing the
spontaneous but controlled assembly of sophisticated supramolecular
architectures. It implements programming and programmed systems.

(i) The third, emerging, phase introduces adaptation and evolution. It
relies on self-organization through selection in addition to design, and
implements chemical diversity and “informed” dynamics.



Noncovalent interactions play critical roles in the biological world. Thus, with just
a few building blocks, strands of nucleic acids allow huge amounts of information
to be stored, retrieved, and processed via weak hydrogen bonds.

Similarly, a large array of signaling molecules within cells recognize subtle
differences in protein surfaces.

Supramolecular chemistry has implemented these principles of molecular
information in chemistry.

Through manipulation of intermolecular noncovalent interactions, it explores the
storage of information at the molecular level and its retrieval, transfer, and
processing at the supramolecular level via interactional algorithms operating
through molecular recognition events based on well-defined interaction patterns
(such as hydrogen bonding arrays, sequences of donor and acceptor groups, and
lon coordination sites).

Its goal is to gain progressive control over the complex spatial (structural) and
temporal (dynamic) features of matter through self-organization. This has first
involved the design and investigation of pre-organized molecular receptors that
are capable of binding specific substrates with high efficiency and selectivity.
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Molecular Recognition

Supramolecular chemistry first harnessed
preorganization for the design of tailor-made
molecular receptors effecting molecular rec-
ognition, catalysis, and transport on a variety
of substrates, from metal 1ons to anions and
chiral molecular substrates (/, 2). It also
opened new vistas to chemical synthesis, es-
tablishing procedures for the construction of
supramolecular entities and providing su-
pramolecular assistance to synthesis in which
noncovalent positioning of the components 1s
followed by covalent bond formation (/.
6—5). Both arecas will continue to provide
access to highly sophisticated noncovalent
and covalent entities.



Self-Organization

Bevond preorganization lies the design of
programmed systems that self-organize
through explicit manipulation of molecular
recognition features, thereby directing the
buildup from their components of supramo-
lecular species and devices ([, 9-/3). Such

molecular recognition—directed self-organi-
zation has given access to a range of su-
pramolecular entities of truly impressive ar-
chitectural complexity, making use of hydro-
gen bonding, donor-acceptor interactions,
and metal coordination interactions for con-
trolling the processes and holding the com-
ponents together. Examples are inorganic and
hydrogen-bonded multicomponent entities
(6—15) and interlocked mechanically linked
compounds (//, /6) that would otherwise
have been too difficult to construct. In these
programmed systems, the components must
contain the information required for their as-
sembly nto a well-defined supramolecular
entity through the operation of specific rec-
ognition algorithms. Understanding., induc-
ing, and directing such self processes are key
to unraveling the progressive emergence of
complex matter. Self-organization is the driv-
ing force that led to the evolution of the
biological world from inanimate matter (4,
5). The mclusion of dissipative nonequilib-
rium processes, like those present in the liv-
ing world, constitutes a major goal and chal-
lenge for supramolecular chemistry.



Self-Organization Through Selection

Supramolecular chemistry 1s dynamic by na-
ture because of the lability of the interactions
that connect the molecular components ot a
supramolecular entity. The reversibility of
the associations allows a continuous change
in constitution, either by internal rearrange-
ment or by exchange, incorporation, and ex-
trusion of components. Thus, supramolecular
chemistry 1s a constitutional dynamic chem-
istry (CDC) generating constitutional diver-
sity. It enables selection of a given constitu-
ent, made up of a well-defined set of compo-
nents, from a pool of compounds with all
possible constitutions, under the pressure of

internal factors [intrinsic stability of the spe-
cles, as in helicate self-recognition (/7)] or
external factors [interaction with species in
the environment, as in anion binding by cir-
cular helicates (27)]. CDC may also be mo-
lecular; in this case, the components of the
molecular entity are linked by covalent bonds
that may form and break reversibly.

A specific expression of CDC is dynamic
combinatorial chemistry (28—30). It rests on
the dynamic generation of molecular and su-
pramolecular diversity through the reversible
connection of covalently or noncovalently
linked building blocks, which gives access to

the full set of all combinations that may
potentially exist. Addition of a receptor dis-
places the dynamic equilibrium toward the
preferential formation of the best-binding
constituent, in a target-driven selection of the
fittest. This approach opens wide perspec-
tives in a variety of areas of science and
technology, such as the discovery of biolog-
ically active substances and of new materials.

CDC introduces a paradigm shift with
respect to constitutionally static chemistry.
The latter relies on design for the generation
of a target entity, whereas CDC takes advan-
tage of dynamic diversity to allow variation
and selection (317, 32).

The implementation of selection in
supramolecular chemistry introduces a fun-
damental change in outlook. Whereas self-
organization by design strives to achieve
full control over the output supramolecular
entity by explicit programming, self-orga-
nization by selection operates on dynamic
constitutional diversity in response to ei-
ther internal or external factors to achieve
adaptation mn a darwinistic fashion.



