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® Dis Popddbindung im Sinne Fischers
ddrfte nicht ausreichen, um aile
physikali; ”  und hemi:

Eigenschatten der Proteine zu erkiren,
Deshaib hat man einiger theoretischer
Begritta und Anschauungen ber das

ke ) B,

gedenken.”

Xip der Proteine zy

Max Bergmann, 192¢.

PEPTIDE AND PROTEIN CHEMISTRY : PAST AND PRESENT

HISTORICAL SURVEY OF SYNTHESIS AND CONFORMATIONAL
ANALYSIS OF PEPTIDES AND PROTEINS

1750 - 1800 :  Chemustry becomes a “Science* (Cavenaish. Priastiay, Lavoisier,
Berzenus)

1828 i Woenlsr's Syntnes:s of urea

1838 :  Berzebus inroquces tne term “protein”

1848 - 1860 :  Pasteur discovers the ogutca: actvity and the first -amuinoacio as
component of protens

1889 - 1920 :  Funoamental contributons of Emil Fischer

1802 :  Peptide pond in Proteins is postuiatec

1806 : Term "Polypeptde” estabished

1807 :  Syntnesis of a 18-peptide (E. Fiscner)

1820 - 1825 ©  Staudinger's hypothesis of ‘macromoiecules”

1830 : VSt of the U0 Detween conformanon and

: properuves of peotdes

1831 - 1836 D D of as C8 Of O
ransmons (Pauung); X-rity of psptices (Corey and Pauing)

1845 - 1955 : Smenmibtmtovnpmwymoﬁm

1853 : DuVigneaud's syrthes:s of Oxytocin

1960 : m‘&dtmawmmnofmqbbnby?emmw“

1962 © Anfinsen’s GeNanXBUON / rBNELIBEON ExDenMents of rbonuCiease

1963 : Merifieid's solid-Dhase peptide syntnes:s; Hypothes:s, that the natve

) Of protens wthe of the free

energy (Scheraga, Anfinsen)

since 1963 N o energy 13, foiding studies, investigaton of
model pepuces

1958-1870 Primary sequence ot several hunareds of protems dstermined

1970 - waay DNA recombnant tschnioues
1h»cmwmmnmmmomm
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Perspectives of Peptide Synthesis

DNA-Recombination Chemical
Techniques Synthesis

W PA-cood H-ZIT W A }-COoR
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Enzymatic
Methods
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DESIGN OF AMPHIPHILIC HELICES

“Aeaigmeis Hels Mot: Clsanes arxd Properiies’
AP Segena el PROVENS |, 100 (1900)

S OO

Coulomb j.a

E KA

Helical Wheel

“Peptides as Contormanonal Swiich: Meaum-induced Contormational Transiuons ot i i .
Desgned Pepboes” Conformational predictions : Pa > 1.0

M. Mutter, R. M . Angew. Chem. Int. Ed. Engl. 29, 185 (1990) )
eraoarger HaN-E'-A-L-E-K-A-L-K-E-A-L-A-K- - OH

Lo a-helix Structural stabilization : C%-Me-aa
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B-bilayer hetical - bundle random-coil , (&)
1 I 1t

FM-mer: 4A,4L,3E,3K]

CRITICAL CHAIN LENGTH FOR SECONDARY STRUCTURE
1213 403 87 8 TR e FORMATION

|

Il : Ac-ELALKAKAELELKAG-NH; i
Sequencas 1t : Ac-EALEKALKEALAKLG-NH;
Hl: Ac-ELLAKKALEAEALKG-NH;
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CONFORMATION-DEPENDANT PROPERTIES OF PEPTIDES

M. Mutter et al. in PEPTIDES, 1885
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CHARACTERISATION OF PEPTIDES

Amino Acid Analysis
Sequencing

Peptide Maps

Rev. Phas-HPLC

Thin Layer Chromatography
lon Exchange Chromatography
Mass Spectrometry

Capillary Zone Electrophoresis

Synthetic pepticies can be more versatie
than nawrsi peptides. and represent a
wey Dy which chemists wil be capebie of
e80my the inms of biotechnology”
n:'rmumsmmu)

3. DRUG DESIGN, PEPTIDE MIMETICS

Stare of Art Generation of graphical modeis
i with cata

SUQQests new experiments

Brasent —experimentai data are scarce
Umitatons ~software
Itends Better ing of drug

- rapid growth of X-ray (NMR) data of
pnarmacologically imponant compounds

- advances in moiecular dioiogy and protein
engineenng technigues

0 ility ot ing toois to
experimentahists :

- faster experi teedb; tfor
assisted cesign

NEW ASPECTS IN PEPTIDE SYNTHESIS
(21st EPS, 1890)

L. BOP Family

It New Soivent Systems

L. New Resins

v. Enzymes, Catalytic Antibodies

V. Tempilates, Handles

V1. Protecting Groups, Coupling Reagents
Vil.  Recombinant Methods

VL. Design of:
- Immunogens, hormones etc.

- Specific conformations

IX. Cheaper Synthesis

Substrate-Receptor Interaction

Hormone
Pharmaceutical

O =[D]— D=

Receptor

inactive Conformation Active Contormation R C

On the importance of peptide conformation

mo () = @

van der Wasly

H-Bead

Electrostatic

Water

Conformauonsl Change
4G = aH - TAS

Molecular Recognition (S.M. Ropernts, Ed) 1990




CHEMICAL SYNTHESI!S IN PEPTIDE RESEARCH

Peptides n research
synthetic anatogues (n < 20 residues)
screening of Structure-activity relatonships
Syntnesis of peplice mimeucs
main chain modifications
unusuai sice chains

DRUG DESIGN
Ciassical Aporoach
Synthesis of a set of peptide anaiogs —~ Structure-Activity
Reiationships (SAR)

- Shortening of the natwural peptide ssquence: finding the
minimal chain—ength for full biological activity

- Side and main chain modifications

- Corrsiation of structure with activity

Bational Qrug Desion

Bioactive Moiscule

4
LThru-Dumonsxonal Slruclurc.‘l

Contormation in Solution
[

A ing of A A F
Design of Mimetics

]

Chemicai synthesis

)

Quatitative SAR
Quantitative SAR

cesion of ’

9ing

contormanonal,
288, 248-262 (1990)

“The molecuie knows nhow o fokl. $0 we

may ream how it coes 1~

<. T. Edsall, 1968

4. PROTEIN FOLDING

PEPTIDE ANALOGS AND MIMETICS

Unusual a-aming acids
- (D) a-amino acids
- dehydro a-amino acids
- non proteinogenic «-amino acids

Amide bond mimetics

g Q P
-C-NH- —— -C-CH,- ; ~-CH=CH- ; -C-NH-

Introduction of conformational constraints
- cyclization
- dialkyl amino acids (®, ¥ - restrictions)
- B-turn mimetics

nthe Deotide igands:
. 10DOGrapncal aNd CyNamic CoNsIOarabons” V. Hrudy et al., Biochem. J.

contormation which is at once

to piace polar side chains on the exterior

giobular proteins atone.”

1969.

"The capability of adopting a dense giobular

space filiing, nonoveriapping, free of residue
conformations of high energy, and so arranged as

are characteristics peculiar to the chain molscuies of

P.J. Fiory, in “Statistical Mechanics ot Chain Molecules®

Backbone modifications
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THE FOLDING PROBLEM
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REFINED CONCEPT OF PROTECIN FOLDING

PARALLEL DISULFIDE-

cﬁ/%-mms F-DOHA!NS

ANTIPARALLEL ANTIPARALLEL

Ch, ~DOMAINS & METAL-RICH

DOMAINS

S8 o 254 o <&

N % I, Grovth asd

e &) N L e

< < < Eg te form
=

Qs
A
cBy

< < gt <

(éfl.: A II Readjustment

~ 4 i siaoiiy

S =3
< T o

£

2 & 8=

£y 2

MODELS FOR THE INITIATION OF PROTEIN
FOLDING

1)  Hydrophobic Collapse (*molten globuie")
2) Formation of Secondary Structure
3) Specific interactions

R.L Baidwin, TIBS 14, 291, (1889)

*Dornant Forces in Protsin Foiding” KA. Dill, Biochemstry 28, 7133 (1880)

“Pieces of the Folding Puzzie® R.L Baldwin, Nature 348, 405 (1880)

Model of the Folding Mechanism of Proteins

o= —
AN
E unfolded Lnucleation native conf.

cont. short range long range
— /\
\/ \/¢1

STABILITY OF PROTEINS

AGe, = AH-TASg - T4 S,

Factor (n = 100) A G (Keat mol'")

Contormational Entropy + 330/ + 1000

Untavorabie i.a. in F + 200
Hydropnobic i.a. - 264
Van der Waals i.a. - 227
H-Bonds, other -49 /- 718
-5/-10

Observed A G,

PROTEINS, 1984; T.E. Creighton




5.

TOPOLOGY OF

PROTEINS

“1o be astonished is the first
step for a discovery".
L. Pasteur

PROTEIN TOPOLOGY

Hierarchie der Proteintopologie

Primarsequenz .O—O—O—O—O—O-

}

Sekundar -
strukiur

Supersekundar-
struktoe 2
Failungseinheiten

'

anen
Dom A c 5
‘ e dat von Baf-F avs 2
Globuldres unterschiediichan Proteinen :
. O A : (S)-Lactal Dehydrogenase (D47-084)
Protein B : {L)-Arabinose-Blnding Prolein (L3-P41) |
C : Ueberlappung von A und B. ,
|
| Py in Globular PROTEINS
(Levitt, 1976)
Class 1: Alta
Class 11: Allg

Class IH: asf

e

Class [V: a/p

E

RUB {1GC, IGV, PBN,
SDM, CON,CHT)

RNS (INS,CBS,PTI,

LZM,SNS,L24,
PAP,TLS)
“Wer immer nur nach cem Zweck de
TRX (FLN, ADH, AKN, Dinge iragL. wird inre. Schénnei o
PGM TIM SUB, entoecxen
CPA ,LDH,PGK, Halicor Laness
GPD,HKN )

6. PROTEIN ENGINEERING, DE NOVO DESIGN OF PROTEINS

THE PHILOSOPHY OF
ARTIFICIAL PROTEIN DESIGN

- Synthesis of new and interesting macromoliecuies
- introduction of functian in tertiary structures

- Test of our knowiedge of proteins
- Learn apout tolding, structure, function

“The cs novo design of proten structures®

J.S. Richarason, 0.C. Richarcson TIBS 14, 304 (1889)

»*"——*



TOPOLOGY FOLDING
MECHANISM
Fotding Unils
Domains T 20 =3
PROTEIN
ENGINEERING
CONFORMATIONAL PEPTIDE
STUDIES SYNTHESIS
Mol Modeling Chemical Synth.
Empir. Predictions Semisynthesis
Energy Calcutations Recombinant DNA

NEW_PROTEINS

LPROTEIN ENGINEERING

3-D~Structure

|

AA - Substitution

Structure «— Function

DE NOVO DESIGN

Design of
3-D-Structure

l

Sequence

Structure +— Sequence

RULES OF PROTEIN STRUCTURE

Hydrophobic interior

Hydrophilic residues on surface

2/ -angles in favourable area of map

Conformational preferences, eg. ELAIN &

Interior closely packed

FOLDING CODE AND
PROTEIN DESIGN

Structure Sequence

Folding
Code?

3D 1D

3D De Novo

10

Design

.- Sequence Space
£" (10" sequences)

QAIRHN
QS

SRR
.:' =+=== One Sequence

" Sequences which code for
One Native Structure

Lau & Dill, 1990

) - =
Structure @\N — | Function
|

! !

———
' Motecular |
| Modeiling|
—_—

Primary
Seauence

OO0 00 T v—t—tr -

THE CONSTRUCTION OF NEW PROTEINS

T |
* 20000
I

=y l'

Faltungsschema kiinstlicher Faltungseinheiten ( A o Polypeptid-
kette in der r.c.-Konformation ) : la ersten (Nukleations-)
Schrite (I ) komst es zur Ausdildung stadiler amphiphiler Se-
kundiirstrukturen als Nukleationszentren ( B ). Die Haupttriedb-
kraft zur intramolekularen Faltung ( 11 ) erwichst sus der Ae-
phiphilie der Sekundirstrukturblcke, die unter Erhdhung der
Wasserentropie zur Ausbildung eynes hydrophoben Kerns der kinst-
lichen Supersekundirstruktur ( C ) flinrt.

A




How does a PEPTIDE become a PROTEIN ?

Amphiphllic Structure as Driving
Force for Seli-Assembly

\\I

o H
e ==
ééé TFE
Ty
a
K diss
—
I ——
(a) La

AG =RT In Kdiss

Strategies for the 'De Novo Design' of Proteins

Fotding TASP
— s ————
Unit

«l

What can PEPTIDES tell us about
PROTEINS and vice-versa ?

Protein's Gordon Conference, 1988

TEMPLATE-ASSEMBLED SYNTHETIC PROTEINS (TASP)

)
S A

A (hemical Approach to Protein Desiga—
Template-Assembled Syoibetic Proteins (TASP)

By Manired Muiter * sad Stéphane Yuilicumier

A Chuss ne. & gt 3 (1909 313 330




A GENERAL STRATEGY FOR THE DE NOVO DESIGN
OF PROTEINS-TEMPLATE ASSEMBLED
SYNTHETIC PROTEINS

Kant bz ALTuann and Massatu MUTTER®

S A
0'-» ET Ay L L A
Joi

T,-l4al

Tg-2(4a)

-
4 Tg-l4a) (4 B)

TEMPLATE

ASSEMBLY

T,- (4B)

NATURE'S RULES AND CHEMIST'S TOOLS

Thoen PROTEIN Sslguz?:zé
STRU

TOP: Y

oFoLos FOLDING FORMATION

CONFORMATIONAL
PREDICTIONS

PEPTIDE AND
PROTEIN DESIGN

SYNTHETIC
TOOLS

EVIDENCE FOR FOLDED STRUCTURES

spectroscopic functional
g  evigan . | N R
N probes roups 4
- Circular gicnroism . overall contormation. s
contormauonal transitions

- intrared . seconcary strugture peptide — —
- NMR : NOE : aistances mimetics t— *—  crosslinks !
2H.NMR : side chain mobilities i
- R . cnarge (D-A) : -> distances ‘ |
. . i
- X-ray solig-state® conformation unusual template
nysioo ual | _avigen B >
amino acids - meolecuie

- Gel permeation cnromatograpny @ Stokes radius, - @ k
moiecular weight. aggregation 1
< Light scantenng : <r>, <S>
- Kerr effect: diooie orientauocn
piotogucal avigenge
- Binaing (ligand, substrate) 4
- Catalytic activity

unnaturai i

archetecture 1

——

M Mutter | TIBS 1982 i

Inzredulase
Just a cautionarv reminder that not all ap-
parentiy piausibie protetn structures will tum out 10

work.




7. APPLICATIONS AND PROSPECTS

"As we learn an increasing amount about
the redesign of secondary structural
regions in molecules where tertiary
structure is important, we are moving
closer to the time ... that we can consider
the construction of whole enzymatic
systems with new structural features and
catalytic functions”.

E.T. Kaiser, Angew. Chem. 1988

| ASP-vVarnatuons

Channels

Surfmics

From Structure to Function

® Binding Protein

® Enzyme-like
Catalysis

® Membrane Channeis

® Immunology

® Biological Activity

Tg-2(4B)

Vaccines
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Nature’s rules and chemist's
tools: a way for creating novel
proteins
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DESIGNED PEPTIDES AND PROTEINS
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