(Retice Mingtics)

. Multidomain )
nonpeptide
domain
(Chen et
a., 1992).
(Marshal & al., 1978).
(Fauchre,
1987; Hruby, 1987). (Hruby
et al., 1987). ,
Peptidomimetic
N-Methylated
1 :
peptidomimetics
1.1 N-Methylated
N-Methylated
( cyclosporin).
pepti- N-Methylated
domimetics . amide

peptide



(Peptide Mimetics)

. N-Methylated amide cis
trans . Dipep- tide
Sar-Sar(l) (Sar =sarcosine  or  N-Me-
thylglycine)
cis Ikcal/ mol
(Toniolo, 1990). N-
Methylation residue
( prdine residue
JHoward & d. 1973)(Yamazeki & d., 1993).
N-Methylated opioid pep-

tide(Manavdan & Momany, 1980; Morley, 1980),
bradykinin(Kawai et al., 1990), TRH (Filaova et
al., 1986), angiotensin (Bovy e a. 1989),
CCK(Hruby et al., 1990b)

12 a -Alkyl
o -Alkyl a-
. N-G (@)
Ca -CO)W)
. Glycine
(Ala) 70%

(Aib, a -amino isobutyric acid)(2) glycine
20% (Degrado,
1988; Paterson & d., 1981). Aib(a - amino-
isobutyric acid o - methylalanine)
a -Alkyl . Aib residue
o 3whdix
(Karle & Balaram, 1990; Tonido &

Benedetti, 1991). Aib residue

enkephalin (Balaram
& Sudha, 1983; Nagarg & Balaram, 1978),
angiotensin (Samanen e al., 1991),
bradykinin (London et al., Balaram, 1990)
. Toniolo a -

isovaline (I-a -ethyldanine) (3), a

-methylvaline (4), methylleucine (5), a
-methylphenylalanine (6) (Ton- ido «
a., 1993). X-ray

crystallography ‘H-NMR

Type
Type B -turn
(=180 , Y=180" )

o -amino cycloalkanecar- boxylic acids (7)

Type (3w ) (Di Blasio
e 4a. 1992). diethylglycine (8)

dipropylglycine (9) (0} 1] 18
0° (Benedetti e al.,

1984; Marshall et al., 1988). Diphenylglycine

(Crisma & al., 1990).

13N - C

N® -C proline
Tertiary amide

cis-trans amide

conformer
(12 kcal/mal)
(2 kcal/ma)(Creighton, 1984).
Prdine (0] 1T}
(residue -1
+1 ) TypeNoG ' CGle G
14 Peptoids
biopolymers . Pep-
toids(10) N-substituted glycine d-
igomer (Simon et a.,
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1992). Nowick opiate receptor

oligourea scaffold

(1)(Nowick et al., 1992). oligocar- ,

bamates(12)(Cho et al., 1993), polypyrroli- 20

nones(13)(Smith  et., 1992) vinylogous po-

lypeptides(14)(Hagihaara e al., 1992)

polyamide backbones 2.1 Screening

15 Isosteres peptide ligand

nonpeptide
amide isostere screening
ligands
endogenous peptide ligand
, recepter-based sc-
topochemeical reening
CCK-A CCK-B mimetics .
. retro- benzodiazepine (15)
inverso [NH-C(O)] (Chorev & Goodman, (Bock e al., 1993), B -carbdine(16)(Evans &

1993), amide [CH2-NH] (EI Masdouri a., 1993) diphenylpyrazolidinone(17) (Ho-

et a., 1988), thiomethylene [CH2-S] (Spatda wbert et al., 1993) het-

& Edwards, 1986), oxomethylene [CH2-Q] erocyclic an-

(Rodriguez et al., 1990), thioamide [C(S)- giotensin antagonists| losartan(18),

NH] (Jones e a. 1973), trans-adefin Pd-123319(19)] (Mantlo et al., 1994 re-

trans- fluoroolefin [CH=CH CF=CH] (Cox ferences therein) neurokinin antagonists

et al., 1980; Felder et al., 1992; Spaltenst- (20, 21)(Advenier et d., 1992; Lowe et 4a.,

en e al., 1987), ketomethylene (Jennings- 1993; Watling, 1992) .

White & Almquist,1982; Vara prasad & neuropeptide Y (Doughty e d., 1992),

Rich, 1990), fluoroketomethylene [C(O) Cha(Lanza et a. 1992), glucagons (Cdlins

-CFR, R = H F] (Damon &Hoover, e a., 1992), mdaoin(Yous e a. 1992),

1990; thaisrivongs & al., 1991) oxytocin(Evans & al., 1992; Salituro et al.,
1993), vasopressin(Otsubo et a., 1993), bo-
mbesin(Vaentine et a., 1992), growth hor-

2 Nonpeptide Mimetics mone-releasing peptide(Smith et al., 1993a),
neurotensin(Snider et a., 1992) non-

1975 endogenous opioid pentapeptides peptide ligand
methionine  leucine enkephalin (Hughes et
a., 1975) peptidomimetics
. pen- nonpeptide
tapeptides condensed heteocyclic  species mo- ligand

rphine
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structure activity rdati- onship

. Nonpeptide
mimics topology

(Pierson & Freer, 1992; fortoghese et 4.,
1988)
receptor mutation

(Fong & 4. 1992;
Gether e al., 1993). Peptide mimetics
mutation  endogenous peptide ligand

ligand
receptor ,
residue
. Screening G-pratein
couple serpentine receptor (7- hdix
transmem- brane spanning) (antagonist)

receptor  lipophilic
ligand- receptor

screening ?
Peptidomimetics
pep-
tidomimetics pharmacophore
amide bond
peptide receptor
ligand

mimetics

3. Combinatorial Screening

(libraries) ligand

. (6-7
) (Fodor et
a., 1991; Geysen & Mason, 1993; Houghten
et a., 1991; Lam ¢ al., 1993).
16 10
pool

screening

cyclic peptides nove biopolymers
nonpeptides  library
identify
. Kerr library pool
peptide seg-
uence code convential pep-
tide sequencing
Binding ligand coding peptide
branched polymer

200 decapeptoids
Code library .
nonpeptide  library  tracking
coding . Nidsen  (1993)
Neededs  (1993) PCR coding
sequence oligonuclectide cod-
ing system . Ohlmeyer
(1993) tag dectron capture capillary gas
chromat ography encoded
library
Chen (1993) libraries
. hex apeptides
cyclic hexapeptides library
PI3  kinase SH3 domain
ligands . , polyprolin motif

biased library
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nonpeptide  combina-
torial synthesis
. Library
screen
biostability
. Bunin  Ellman
(1992)  14-benzodiazepines
solid phase method

Dewitt  (1933)
diversomer .
solid phase approach 40 hyda-
ntoins 40 benzodiazepines

library construction  screening

. Hydantoins  be-
nzodiazepines

4. Design of Nonpeptide Mimetics

(Fauchre, 1986). Mimetics

, Spectroscopy, computational che-
mistry
ligand rece-
ptor mimetics

1

(de Vos et a., 1992; Milner-White et al.,
1988).
(conformational constraints)

ligand
anaogues
receptor entropy cost

pharmacophoric residues

(Miklave et d., 1987).

analogues

sdectivity
(Veber et a., 1979).

4.1 Secondary Structure Approach

Peptidomimetics

building brocks(a - hdix,
- sheets, reverse turns)

. building block
Peptidomimetic
- (st-
ructure-function reationship)
nonpeptide
, peptide
(Kahn, 1993).
42 Reverse Turn (3 -turns and y
-turns)
turn
critical pharmacophoric residue
(Rose et a.,
1985). Reverse turns 3 residue
y -turns(C7 conformation )
4 B -turn

(C10 conformation) .a-Hdix B
- sheet B -turn X
-ray crystal structures

backbone conformations
(lexis & a., 1973; Perczd e a., 1993;
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Venkatachalam, 1968; Wilmot & Th- ornton, 1988,
1990). B -Turn 4
a -carbon 7
nonhelical region
(Lewis et a., 1973). B -Turn
residue  backbone
(Wilmot & Thornton, 1988).
B -turn backbone
side chain
B -turn
B -turn
single torsiona parameter 3
. B rev-
rse turn
side chain
(Bal e a 1990,
1993). Ball Alewood(1990) review  rev-
erse turn mimetics

Endogenous( ) tripetide
Pro-Leu-Gly-NH:(22) CNS dopamine rece-
ptor . NMR (Hig-
ashijima et a., 1978) X-ray(Reed & Joh-

nson, 1973) Type B -turn

(23-29)(Genin et 4.,
1993ab; Sreenivasan e al., 1993; Subashi-
nghe e a., 1993). y -Lactan Leu-Gly

analogue (23) tripe-

ptide 10,000 dopamine agonist
ADTN lactam
chirdity (23-29)
. Type ' B -turn
(Nagai & Sato, 1985) 55-hicyclic
thiazolidine lactam system 65-bicyclic th-

iazdlidine lactam system(3031 3233 )
PLG (2-5 )

MM2 force fied (Allinger, 1977)
Random conformational search pro- gram(ferguson

& Raber, 1989) 30 32 3032
@2, P torsional angle
( 120° 80° ).
(R)-44 5A4-spirdactam systems PLG sequence
B -turn (34, 35)(Genin & 4.,
1993a). X-ray crystallography
, Type B -turn
(Genin et al., 1993b). Ward  (1990) neurokinin
an- tagonists extended confor-

mation  (R)-44-spirolactam systems

NMR spectros- copy

(S)-44-spirdactam DMSO Type
B -turn
series analogues
bicyclothiazolidine lactam  spirolactam

spirobicyclic system
(36)(Genin & Johnson, 1992).
molecular modeling NMR (temperature
coefficient of amide hydrogen and NOE)
torsional angles(@ 2, Y2 @ s;

Type B -turn root mean sguare
0.16 ) 3
CDCls Type B -turn
DMSO mim-
etic amide hydrogen tempera-
ture coefficient , B -turn
Ps
. Andogue modulatory activity
linear PLG 1y M dopamine receptor
6% ADTN
u M 40%
. PLG bioactive co-
nformation  Type B -turn . ,
()
B -turn
(buttre- ssing
group) peptide backbone
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Beca (1993) HIV-1 protease Gly-16

Gy- 17 Type ' PB-tun Naga Ty-

pe ' thiazdidine lactam [ -turn mimetic
.B-Turn mimetic
. Nic-
olaou  (1990) 3-deoxy-P -d-glucose(37)
somatostatin(38) B -turn

(Phe7, Trp8, Lys9, Thri0) recep-
tor nonpeptide analogue

. (pituitary gland) somato-
statin receptor 1Go value 13u
M . fuctional assay mim-
gic 3uM agonist activity

peptidomimetics

benzodiazepine peptidomimetic(39)
Ras farnesyl transferase

. Benzodiaze-
pine system CAAX seguence
B -turn (James et
al., 1993). IGo 1InM

(40) angiotensin converting enzyme
(potent inhibitor)
tripep-

tide (Z)Phe-His-Leu (restr-
icted mimetic) (Flynn et a., 1937).

metalloproease

enzyme-bound substrate
(extended structure)

analogy

43y -Turns

y -Turn residue carbonyl ox-
amide hydrogen

.y -Turn

ygen +1 residue
inverse

y -turn  classic y -turn

backbone structure .
X-ray crysta structure 54

, 10 classic y -turn
B -hairpin
chan reversa . Inverse y
-turn classic y -Turn 6
chain kink( )

chain reversal

(Milner-White et d., 1988). (inverse y -

Turn 61 1) ,
cyclic peptide
y -turn (Bienstock et al.,

1993; Bogusky et a. 1993; Di Blasio et
a., 1993; Pavone et al., 1992; Stroup e
al., 1992). Trans-olefin C7 mimetic (42)

RGD sequence Asp residue vy -turn con-
formation (Callahan
et a., 1992). fibrinogen re-
ceptor (gp- b Q)
(platelet aggregation)  thrombus
. Cyclic pep-

tide Ac-c[Cys-NMeArg- Gly- Asp- Pen]- NH:
NMR, X-ray crystalography, molecular

modeling RGD region extended
Gly  aspartic acid residue y -turn

. mimetic RGD
analogue(42 43, R=CHs Ph)

, in vitro in-
hibitor , human gp- b
a receptor nano mole affin-
ity . cyclic pe-
ptide , linear peptide

2 . Retro amide mimetic
(44) Asp residue vy -turn conformation
RGD peptide sequence
retro amide mimetic(45)  human
gp- b/ a receptor in vitro

(Cdlahan ¢ d., 1993). carbony! group
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mimetic

RGD conformation
. echistatin

kistrin(Ader e al., 1991; Chen et d., 1991)
loop RGD seguence

.B-Turn confor-
mation (Reed et 4d.,
1988). peptidomimetics  ser-
ies( 46 )

(Barker et al., 1992; Hirschmann
et al., 1992; McDowell & Gadek, 1992).

gp- b a RGD analogues
guanidinium  carboxylate

moieties .
scaffolding

Trans-olefin mimic enkephalin  (H-

Tyr-Gly-Gly-Phe-Leu-OH)  active conform-
ation (Tourwe e a., 1992).

y -Turn  Gly-Gly-Phe Gly-Phe-Leu Tyr-
Gly-Gly
enkephalin  analogue fuctional
activity o M opioid receptor
. Tyr-Gly-Gly mimetic analogue
, leucine ende-
phalin(® -receptor ) 1%  affinity
mouse vas deferens
O -receptor analogue
o) M opioid receptor Leu- endephain
y -turn

6-Membered lactam ring(47)(Ri=H, Rs=

CH:Ph) nonapeptide bradykinin(Arg- Pro-

Pro- Gy-Phe- Ser- Pro- Phe- Arg) . Re-
sidue 6-8 y -turn  bioactive
conformation (Sato et
al., 1992). Diastereomer Ser-6

Pro-7 side chan

bradykinin receptor (micromole)
reve-

rse turn(y -turn B -turn)

44 a -Hdix

Helix  globular protein
residues 13
(Barlow &Thornton, 1988). a -Helix

4 residue amide
hydrogen  carbonyl oxygen backbone hy-
drogen bonding

. a-Hdix  Pauling(1951)
(hallmark)
protein folding
folding unit intrasegment
partner (Kim &

Baldwin, 1984; Presta & Rose, 1988; shoe-
maker ¢ al., 1987). Helix

(Blaber et al., 1993; Chakrabartty et
al.,, 1991, 1993; Hermans & a., 1992; Ko-
meiji e a. 1993; Padmanabhan e 4.,
1990; Padmanabahan & Baldwin, 1991).

Kemp  Curran(1988ab)

hdical template
12
helical peptide
. a -Hdix initiation  propaga-
tion . a -helix
mimetics N-termina initiation
motif . Arrhenius  Sat-
terthwait  hydrazone- ethylene bridge
o -Hdix 1 5-1 backbone
cyclic peptide (Arrh- enius et

a. 1987; Arrhenius & Satterthwait, 1939). Methyl
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ester  amide CDCl; DM SO-ds cis trans ( helix
NMR  spectroscopy random coil ratio ) solvent
1D NOE measureme- nts DMSO (Kemp & 4d.,
cis -N-methyl peptide bond 1991b).

conformation CDCls equilibrium cyclic triproline hdix
mixture . template hydrogen bond donor site
macrocyclic co- mpound o -Helix 4 (50)(Kemp & Rothman.,
conformation macrocyclic 1992). X-ray NMR template
template  carboxy pentapeptide nonhdical conformation
(Ala- (Glu-y -ethylester).- ethyl ester) helical conforma-

(48). macrocyclic template tion 4kcal/ mole mole-

pentapeptide conformation

NMR . *J
constant  deuterated trifluoroethanol

proton NOE

.38 Hz ®J coupling constant (Pardi

coupling
amide
H/D excha- nge rate

et a., 1984)
exchange rate

alanine re- sidue
o -Hdix

receptor

hdix nucleation template
proline
ring thiamethylene bridge

template (49)

Hédix pitch
amid carbonyl (Kemp &

Curran, 1988). CDCls acetyl methyl
proline a H NOE
acetyl group

tricyclic
right-handed a -
space

, N-terminus carbonyl
oxygen (
cis ). carb-
onyl dipole-dipoe repulsion
, template
NMR

acetamid bond intr-

polyaanine  CDCls

trans- N-terminal

amolecularly hydrogen bond cis confo-

rmer non- hydrogen bond
conformational  equilibrium

(Kemp et d., 1991a). polyaanine oligomer

cular mechanics calculation
template  polyalanine(n=1-3) seque-
nce 3w helical confor-
mation
carbonyl oxygen
template  Mller

(1993). electrocyclic addition reaction
cage compo-
und . cage compound
nonapeptide(Ala  Aib  mixture) CD sp-
ectra -TFE 1:1 solution
linear nonapeptide o -Hdicity
. nonapeptide(
carbonyl group Iéft-handed helix

)  enantiomeric template

helicity
. 222nm CD dipticity a -
hdicity , N-Boc protected linear
40%, right-handed conjugate(51)  70%,
left-handed conjugate(52) 2% Mller et
al., 1993).
45 B - Sheet

enzyme inhibitors(Borkakati et al.,
1994), antigen presentation(Bjorkman e 4.,
1987), disruption of dimerization(Schramm,

1991, 1993) second messenger sigha-
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ling(Waksman e al. 1992)
mimetics

B - sheet

unaggregated form
B - sheet B - sheet
. B -
sheet  extensive hydrogen-bond network
side chain side chain interaction
hydrogen bond do-

nor  acceptor side chain functional

groups (Kemp
et al., 1991c).

Kemp diacylaminoepindolid-
ione template B - sheet

template dipeptide Pro-

d-Ala link , B -turn confor-
mation . urea
( peptide chain )

antiparalle sheet structure
(53)(Kemp & Brown, 19883, b, 1990; Kemp
et d., 1991c). Urea parale
B -sheet B4 (Kemp ¢ a., 1991c).
B - Sheat DMSO glycine apha
hydrogens H-1 epindolidione
N-methyl groups H-10 epinddlidione
NOEs . amide

proton chemical shift temperature depen-

dence gemina coupling constant
. B-Turn antiparalld B -sheet
B -turn Pro-d-Ala sequence
Sar- Gly polarity
THF DMSO poarity
asymmetric center  epindolidione
interaction

(Kemp & Bowen,
1990). Epindadlidione antiparalle 3

- sheet

pararelle
nucleation  stabi- lity
, side chain fuctionality

template (
)
epind- odlidione .
NH group 35-linked pyrralin-4- ones
(Smith et al., 1992, 1993b).
modeling B -strand
conformation
X-ray crysta sturcture B -strand
side chain orientation  angiotensin na-
tural B -strand
. unit cell mimetic
dimer  antiparalle B -pleated sheet

Aspartic proteinase inhibitor
analogues inhibitor
pyrrlinone template
example transport property
binding affinity  sdectivity
(Smith e al., 1994).
B -sheet conformation
Martin

Peptide backbone
trisubstituted cyclopropane  rennin inhibi-
tor . Vinylogous polypeptide
peptide backbone structure

(Hagihara et al., 1992). side
crystal
parald B -sheet
. Elongated vinylogous polypep-
tides helical formation

chain substitutent
antiparallel

. vinylogous polypeptide
Cyclotheonamide B

thrombin
flexibility hydro- gen

bond donor- acceptor capacity

(Fusetani e al., 1990).

B -Turn template(55) dibenzofuran
Kely B -sheet nucle-

ae (Diaz et d., 1993;
Tsang e al., 1994). tricyclic xan-

thene template flavoridin(56) B -



15 2 (2002. 6) 13

loop . analogue
linear peptide fibrinogen re-
ceptor gp- W a affinity 50

(Mller et a., 1993).
hydrogen bonding net-
work , turn template
hydrophobic clustering 3 - sheet
nucleate
(Tsang & al., 1994).

5. (Reverse Turn
Mimetics)

Reverse turn mimetic system
- B
(diverse group
. B-Turn +1

-Turn
of structure)
+2 residue @ U}

turn type( , Y, , Y, , ', , , & & &
) C: C:
+3 4-7 (Wilmot - &
Thornton, 1988).
turn
side chain

receptor group

pepti-
domimetics fuctional group
mimetic
reverse turn
pharmacophoric information
asymmetric center  stero
enantiomer
non- peptide
peptide
structure - activity
relationship
series

peptidomimetics

structure-function peptidomi- metics

. Peptide
Merrifiel so- lid phase
format (Merrifidd, 1985).
1985 Novd . Pepti- domimetics

modular com- ponent nature
solid phase peptide

peptidomimetics

library
) retrosynthetic
stratege
Reverse turn mimetic
solid phase syn-
thesis protocol
modular co-
mponent (A) peptide chain (B)

amino terminus  coupling
(C) coupling, protecting group P!

, modular component

(D) coupling B -turn (E)
macrocyclizat -
ion reaction activated ester
azetidinone (Wasserm-
an, 1987). Nucleophile X azetidinone
nucleophilic
amino acid terminus
X-group linker
rigidity  flexibility
. st- ereogenic
center chiral pool . |

d configuration
amino acid side chain function- ality
modu- lar component (D)
y -turn mimetics (Sato
et al., 1992).

immunoglobulin gene superfamily
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structure-function relationship
3 mimetic system
. Immunoglobulin  loop an-
tiparalel B -pleated shegt  series
(Amzel et a., 1979; Kabat, 1978).
complementarity
determining regions(CDRS) sequence
(Chothia ¢ al., 1989; Martin
et al., 1989).

Monoclonal antibody 87.926(mAb 87.92.6)
antiidiotype antibody
celular receptor

alysis receptor
inaceous ligand

type 3 reovirus
. Seguence an-
prote-
homology
(Saragovi et al., 1991).
mAb 87926 light chain CDR-2 region
type 3 reovirus  hemagglutinin
primary sequence homology . V. CDR
-2 reverse turn conformation
. reverse turn
mimetic (57) Y SGSS
(Saragovi et al., 1991). cd-
mAb 9BG5
binding property ,
antibody 87.926

lular reovirus receptor
cdl prdiferaion
CDR-

55 kD dl-
helper class

human CD4 region
2 mimetic . CD4
ycoprotein , T cdl
affinity (Ka ? 1-4nM)
virus glycoprotein(HIV gpl20) ,

human immunode- ficiency

mutagenesis(Ashkenazi et al., 1990; Landau
et a. 1988) peptide mapping (Jameson et
al., 1990) CD4  CDR-2-like domain
40-55 amino acid region  gp120 binding
X-ray

crystalographic analysis residue GIn40

Phed3 c C B -strand
highly surface exposed B -turn
region mimetic(58)
. NMR  molecular modeling
analysis ten-membered  ring
system(58) loop  conformation

HIV- 1( B) gpl20 CD4

250u g/ml syncytium 50%
(Chen et al., 1992).
morphine
enkephalin
Enkephalin framework  mobility,
in vivo (Rogues & al., 1976),

multiple receptor subtype
(Mansour et al., 1988; Rapaka et a., 1986)
conformation

. pe-
ptidomimetics(Bdanger e al., 1982; Hansen
& Morgan, 1990; Schiller 1990; Su & 4.,
1993) .
turn conformation  computationd modd (Ch-
ew et al. 1991; Hassan & Goodman, 1986;
Petit & a., 1991; Smith et a., 1991) X-
ray crystallography (Aubry et al. 1988; Gr-
iffin & Smith, 1988), spectroscopic

(Hruby et al., 1988; Mosbherg et d., 1990; Picone

e al., 1990) .
1976  Bradbury Pheé NH Tyr!
c=0 B -bend
modd Phe' aromatic ring
Tyr'  tyramine segment
. morphin ana-
logue PEO
conformation
confor-
mer enkephalin  analogue [dAl&,

Met’]  energy calculation
(Balodis e al., 1978; Jumblet & Decoen,
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1977; Manavalan & Momany 1930).
residue 2 3 turn
Freidinger (1981),
Schiller  Dimaio (1983) 4-1 3 -turn
13 14
cyclic analogue conforma-
tion andysis .
4.1 B -turn mim-
etic (59- 62) . en-
ergy conformer  ten-membered ring system
Type ' B -turn(6 atom rms devi-

ation 0.22)

Phe' aromatic ring PET  tyramine mo-
iety . bio-
logical activity . loop
structure 14-membered ring analogue

M receptor binding activ-

ity . enkephalin
4.1 [ -turn conformation

5.2 enkephalin

B -turn mimetics analogue
reverse turn an-
alogue
multiple peptide synthetic strategies
reverse turn con-
formation receptor

cDNA

(EPO, tPA )

1

nonpeptide

peptidomimetics
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