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Why Peptidomimetics

! A major goal of chemists is fo design synthetic
molecules and materials that reproduce the
specificity and potency of proteins (and nucleic
acids).

! Such synthetic molecules could be designed that
avoid some of the short comings of peptides and
proteins (l.e. stability, oral availability and
protease resistance).

! Several peptide mimetic approaches to this
problem are being explored.

! Limited knowledge of molecular design principles:
I telationship between structure and function.
I factors governing three dimensional structure.



Classes of Peptidomimetics

* Modified peptides:

Incorporate non standard peptide
groups in order to mimic the peptide
back bone and peptide properties.

Modified Pepftides

e ID-Peptides

*IN-Methylated Amino Acids

e IPeptoids

oI" -Alkyl Amino Acids

*IN" -C" Cyclized Amino Acids
e l#-Amino Acids

e IPeptide Bond Isosteres



D-Peptides

D-amino acids and D-peptides are ele’y coy
enantiomers of naturally occurring L- *H3N+R R+NH3*
amino acids and peptides. H H

The three-dimensional structures ¢ ¢
formed by D-peptides and proteins

are the exact mirror images of the R R
corresponding L-peptides and ” N)Y " N)\H/o»
proteins. : ° I
D-amino acids are not coded for in L-Amino aC|d : D-Amino acid

fhe genome.
D-peptides can be assembled usmg Peptide

standard SPPS. . moH oo RoH O
The D-enantiomers of rubredoxin (45 ﬁN)\H/N\:)J\N)\H/N\:)J*
res.) and HIV protease (99 res.) hove DO A O

been synthesized.

D-Peptide
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N-Methylated Amino Acids

! N-Methylation:

I Eliminates the H on the main chain amide nitrogen.

I 1Often exist in equilibrium between cis and frans
configurations (Tkcal/mol difference in energy in
sarcosine dipeptides).

I Restricts conformational flexibility of the preceding
amino acid.

I Increases resistance to enzymatic proteolysis.

Proline

N-Methylated
Amino Acid N-Methylated Amino Acid

H O Proline H H :
Sarcosine(Sar) (il '

trans isomer CIS isomer



N-Methylated Amino Acids

! Commonly found in naturally Cyc'ospo""(CSA’
occurring peptide antibiotics. /(F

! Cyclosporins are fungal cyclic i
undecapepftides containing N—cHe o

*! N-Methyl amino acids have

7 N-methylated amino acids. Ay %r ﬁ*{\;

therapeutic applications.

*! N-Methylated amino acids
can disrupt backbone
hydrogen bonding.

eI The N-methylated amino

Extended ! -Sheet

acids have been
incorporated into peptides
that inhibit fibril formation in
At

! -Sheet | porating
N-Methyl Amino Acids

Peptoids

| Peptoids are peptide-like
molecules assembled from N- s
substituted glycine residues. .

! Like proline and N-methylated " 7* N
amino acids, peptoids lack o O Rpeptoi‘;
backbone hydrogen bond S—————— 5
donors (i.e. N-H).

! Peptoids tend to adopt a Type ziN/\"x

1 polyproline helix in solution.* L. e
«! Peptoids lack backbone chiral CHs (Sy-N-(1-cyclohexylethybglycine

. (Nsch)
centers, however chiral

cenfers may be incorporated e
in the side chains. (S)}-N--buyhglycine (Nssb) | &
! Handedness of peptoid CHa

sterechemistry of the side - OS T
chains. 3 (S)-NH( 'p(ﬁggee)t yl)glycine

helices is dictated by the *Nl/\n’“



HIV-1 Tat

HIV-1 replication depends on the ¥\

interaction of HIV-Tat protein (~11.5 kD) ) G {

and a 59-base RNA stem-loop structure, B Tf\ L )
 ~

located atf the 5’ end of HIV-T mRNA /RN i o8 5 \J
molecules. J SR
This stem-loop structure is known as the ¥ L& Y=y ( ) %

trans-activation responsive region (TAR). ~ 4 . | \
TAR binding primarily associated with 7\" \

residues 48-57 of Tat. il C \/
This region is rich in amino acids with L ( ‘
basic side chain groups. : CY
—
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A Peptide Mimetic Library
Klimkait et al. "o
Isgél'(])fld{/tg H/’l‘j)kOH D-Orn D-Arg D-Lys D-Pro D-Phe

pepTide MIMIC |D-Amino acids

that inhibited
Ta T/TAR HZNYNHZ* o

interactions. Ho._0 NH .
Generated a o, ~L/© H
e

library based ; ‘

on: NH,

- 5 D-amino RO i S lN N4
acids. Ao ) N

-1 15 peptoids Peptoids K

Represent a .
range of N (P
functionality ] ) (O

and flexibility. S ?@ = g O

Hamy, F. et al Proc. Nat. Acad. Sci. USA 1997, 94, 3548-3553..



ltferative Deconvolution
N0 00000000,

Klimkait et al. employed
iterative deconvolution in
generating a library of 9-

residue peptide mimetics:

-1 Positions 6-9 were fixed
with the sequence kkrp*
(D-amino acids) at these
positions.

- The library optimized
residues at positions 1-5,
using the 20 residues in
the previous slide.

Library designed to
exlplore contributions of
electrostatic interactions
between the mimetic
and RNA as well as
conformational
constraints.

TAR RNA-binding was
evaluated using a gel-
shift assay.

sequences each)

20 mixtures (8,000
sequences each)

20 mixtures (400
sequences each)

20 mixtures (20
sequences each)

20 sequences

Final Sequence

leed Positions

NCO0000000,

\V

CLOOO00 000

A

OO0 000

N

@000

OG0 0000

Inhibitors of Tat/TAR

*! Peptides with sequences based on that of the TAR-binding
region of Tat have proven capable of binding TAR RNA, but do
so with significantly reduced affinity and lower specificity.

! Binding of Tat and the smaller peptides results in a
conformational change in TAR.

! The library yielded a peptoid/D-peptide hybrid, CGP 6422, that
at 12 nM concentration inhibited Tat binding in in vitro

experiments.

ol CGP 6422 at 10-30 ! M concentrations also inhibited Tat activity
in cellular tfrans-activation assays and blocked HIV replication in
primary human lymphocytes.

H2N
CGP 6422:
peptoid/D-peptide
hybrid inhibitor of
Tat-TAR blndlng
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" -Alkyl Amino ACIdS

*!In " -alkyl amino acids, the

profon on the " -carbon is ?‘NH : ﬁz/ﬂj%
replaced by an alkyl group. U L
! Results in additional steric ocaminoacid { - o-alkyl amino acid
constraints around the C.-N ($) R.R'! H
and C.-C(O) (%9 bonds. HC, R ) ,
| IAla has ~30% the allowed Ky Re —CH (i)
conformation a space of Gly, and hoo —CH:CH,
Aib has ~10%. —CH(CHg),
I Rarely adopt extended —CHCH,(CHa),

conformations ($,%= 180°)

I 1Diethyl- and diisopropylglycine do
form fully extended structures ($,%
= 180°).

! In most cases tripeptides and
longer tend to adopt
conformations consistent with
Type | #-turns or 3,4 helices.

|
K,
b0

diethylglycine

)

¥~
b0

diisopropylglycine

N -C" Cyclized Amino Acids

I N"-C" cyclized amino acids
are similar to proline. H
! Like proline, N'-C" cyclized

amino acids lack peptide  canoad | protme
backbone hydrogen bond
donors (i.e. N-H). "o o

! Like proline, the tertiary
amide bond formed by N’ -
C" cyclized amino acids
may be in either the cis or
frans configuration (~2kcal
difference in energy).

*! Asin proline, N"-C" cyclized §~
amino acids have very
restricted backbone
conformational freedom ($/
9.

homoprollne

trans-4-hydroxyproline

o}
dehydroproline

benzohomoprollne

N

(o)
cis-4-aminoproline

.................................

pyrrolidine-3-
carboxylic acid



# AmMino Acids
zs:N/ng ﬁ,?,/\)?\( ?"Z,Tli/li( }('?'/\H?\‘(

: 1 -amino acid " -amino acid *3.amino acid "2_amino acid

ol #-amino acids can be singly or multiply substituted at
either or both the C2 or C3 positions.

! As with normal peptides composed of " -amino acids,
#-peptides retain a backbone hydrogen bond donor
(N-H).

! Depending on their substitution, #-amino acids can
provide backbone conformational flexibility or be
conformationally constrained.

! Side chain substituents and their positioning can affect
the local backbone conformation, thus influencing
secondary structure.

# Amino Acids
!-helix(als-hiM\

*! The enzymatic and H o

conformational properties ag'l“\)]\N/\n»l'\)kN/\"/'l“Q];i
of #-peptides suggest hooo Ao
potential biological
applications. 14-helix

o! #-peptides can form a i i i i
range of helical structures ﬁ”J\E/\)\E E/\)J}{

and hairpins depending on

the #-amino acid pattern

and position of their

respective side chains.. L2-helix

o! 14- and 12- helices have i i
been of particular interest. A‘J\E/\)k

L,




Magainins

! Magainin lis a 23-residue antimicrobial peptide
produced by Xenopus laevis (African clawed frog).
! Demonstrates broad antimicrobial activity.

! Low hemolytic activity.

! Magainin | and related peptides are unstructured in
solution, but form amphipathic helical structures in the

presence of membranes.

Gly-lle-Gly-Lys-Phe-Leu-His-Ser-Ala-
Gly-Lys-Phe-Gly-Lys-Ala-Phe-Val-Gly-
Glu-lle-Met-Lys-Ser

Hydrophobic

Zasloff, M. Proc. Natl. Acad. Sci. USA 1987, 84, 5449-5453

oliydoipAy

# Amino Acids at Work

3
A
H H H

n=2-4 n
NHz*
R S
H H H
n=2-6 n

! Amphipathic helices are a prominent
feature shared by a large class of
anfimicrobial peptides (magainins,
cecropins and others).

! DeGrado et al. engineered a series of #-
peptides that reproduced their

biophysical and antimicrobial properties.

! Utilized C3 substituted basic and
hydrophobic #-amino acids.

Peptides were designed to adopt a 14-
helix structure.

*HaN o *HaN o

13-HLeu 13-HLys

CH; O
H H

Liu, D. and DeGrado, W.F. J. Am. Chem. Soc. 2001, 123, 7553-9.

NHg*
50}\ O
N NH,
H
n=45 n



# Amino Acids at Work  1)f

! Gellman et al. used an alternate #-peptide architecture.

O
*! These peptides incorporated highly constrained #- trans-2-ACPC

amino acids: NH
-1 (1R,2R)-trans-2-aminocyclopentanecarboxylic acid _ 0
(ACPC). +H3NA2/(

-1 (3S,4R)-frans-3-aminopyrrolidine-4-carboxylic acid (APC). trans-3.4- APC.

*! Also incorporated more conformationally flexible
residues (#3-hLys and #3-hLeu).

*! The peptides formed amphipathic helices, adopting a
12-helix conformation.

Early generation of antimicrobial ! -peptide /=\)I\
[ : : /-\»J\ - ’

A very potent 17-residue )\ /;)]\
o

ant|m|croblal ! peptlde *HaN
—NHz —NH

N
|
H
Ac-ACPC-ACPC-! HLeu-APC-! HLeu-APC-APC-! HLeu-ACPC-! HLeu-APC-APC-! HLeu-APC-! HLeu-ACPC-APC-NH,
LePlae, P.R. et al. J. Am. Chem. Soc. 2002, 124, 6820-1.

# Amino Acids
at Work

! Like magainin, the peptides designed by

DeGrado and Gellman formed

amphipathic helices.

-1 DeGrado: a left-handed 14-helix

-1 Gellman: a right-handed 12-helix

Both groups produced #-peptides that

demonstrated potent antimicrobial

activity.

! DeGrado and Gellman found that the
amphipathic nature of the helix was
essential fo antimicrobial activity.

The actual periodicity of the helix was not
important.

DeGrado found that some of the
designed #-peptides showed significant
hemolytic activity, which could be
minimized by reducing hydrophobicity
(using #3-HAla in place of #3-HVall).

Hydrophobic
alydospAH

DeGrado

Hydrophobic

alliydoipAH

Gellman
[ ]

Hydrophobic

aliydoipAH

PC
APC  ApPC



