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Garlana marshail torms the image ot a molecule while Douglas Covey studies it

CHEMISTRY

DESIGNING DRUGS
WITH COMPUTERS

By creating images of molecules on the screen, chemists
are leaming to tailor drugs to diseases

by MARCIA BARTUSIAK

hemist Douglas Covey felt very

much at home in his laboratory

at the Washington University

School of Medicine in St. Louis. The
maze of glass tubes, whirling centri-
fuges, and bubbling flasks seemed to
be all he needed to carry on his work,
the creating and testing of new drugs.
Then three years ago he met Gar-
land Marshall, a professor of biophysics
at Washington. Marshall told him
about a totally new way to confront
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his molecules: face to face on a com-
puter screen. Covey was skeptical.
“"Computers have absolutely nothing
to do with my work,” he said. Today
he admits that he was dead wrong.
He has become a true convert to com-
puter chemistry.

Part of Covey's research is now done
in front of a cathode-ray tube, where he
manipulates a joy stick and the comput-
er keyboard as though he were playing
some sort of electronic space game. At

the flick of a wrist, lines of red, yellow,
and green turn and twist before his
eyes, each image conveying a bit of in-
formation about the electrical charges,
structure, and volume of the molecule
he may later make in the laboratory.
Covey is one of many scientists in uni-
versities and drug companies across the
country who use computers before turn-
ing to their test tubes. On glowing
sereens, they not only create blueprints
for new drugs but also analyze in mi-

47

known), rotating the models
on the computer screen to
see them from every possible
angle. On the simplest level,
a drug and its receptor must
fit together like pieces of a

for this purpose is shown at
the bottom of these pages.
At the left, the red lines rep-
resent the intricate links be-
tween the carbon, oxygen,
and hydrogen atoms found
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Bilgisayardan Hastalara

Teropatikalan DSt A0 0ANBY Lisans Sahibi . Pt 1t OPY
losartan (Cozaar®) tansiyon Dunciaet al. Merck 1995 | | LIPdlldubstisgee SNX SOUGANAKRE AYSaA
. . . FarmakofoModelleme&
zolmitriptan Zomig®) migren GlaxoWellcome AstraZeneca 2003 Farmokinetikoptimizasyon
QSAR
norfloxacin Noroxin®) antibakteriyel KyorinPharmaceutical Merck 1986  6-,7- or 8monosubstitutedkarboksilik
asitler

~

Liganddo I T £ P &dwSESYIISNI & LJIPAP o0Af AyYSI

Teropatikalan DSt A0 0ANBY Lisans Sahibi . Pt 1t OPY
o Kompleksy LJPt I NPy Nad Nadas
indinavir (Crixivan®) HIV Merck Merck 199% BENT SOGANRE AVYSHA
rilpivirine (Edurant®) HIV Tibotec Janssen 2011 Molekiilerg | y I & (doekily) |
Nelfinavir {iracep®) HIV AgouronPharmaceuticals  HoffmannLa Roche 1997 De novdigandii I & I NP Y P

YagPp Ol T f PceSFBIUYE SINE I LIPAP O0Af AY A NJ

Athanasioy Christina, and Zo€ournia "From Computers to Bedside: Computational Chemistry Contributing to FDA
Approval.”. A2 Y2t SOdzf F NJ { AYdz | GA2Yya (2018): {68208Hz00G dzNBEm. F SR 5NHz3 5Aa02 GSNE
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Nokta mutasyonlarA ilac direnci
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Yeni nokta mutasyonlar
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Nokta mutasyonlara direng

Location of Mutation Mutation IC,-fold increase (WT = 1)

Imatinib Bosutinib Dasatinib Nilotinib
Parental 10.8 383 568.3 384

P-loop M244VY

Ponatinib
-Molekilere | Yy I 0
-Molekllerdinamik

C-helix D276G

ATP binding region v2g9L

SH2-contact M343T

Substrate binding region F359|
F359V
A-loop L384M
H396P
H3%6R
C-terminal lobe F486S
L248R 1 F3s581

Sensitive
Moderately resistant 2.1-10
Highly resistant

Eiring Anna M., and Michael W. Deininger. "Individualizing kifasgeted cancer therapy: the paradigm of chronic myeloid
leukemia."Genome biolog$5.9 (2014): 111.
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dzl 1 1Ay P (irr:ect:t?nci)b) (po:nc:i(r)nb)
wWT 260 0.5
T315A 5 970 16
32 S 9 5200 14
H396P 18 850 16
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WTve {AYNEF &g e e
Y dzi | YMID H kiimeleme 51 LIPE |
AAYNE | analizi - .
el yIoup
4 mutant 12 serbestaseti
S _ _4500 kompleks
2 ilag 4 6rnek n ool etlyvyl oPP SR
o 60FEELFYYlF L®2IT dz
IC50 t IC50 t
dzl + 1A P&matlnlb) (kcal%mol) (ponatinib) (kcat;emol)
wT 260 -30 0.5 45
T315A 5 970 24 1.6 40
S22 9 5200 26 14 41
H396P 18 850 26 16 40
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Ehrlich, P. Chemotherapy (Pergamon Press, London, 1960).
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M1=6QH, 5L7H
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(0] (6)
HO HO |
“'OH o)

M3=27J, 4AMG8

M2=06H, 3R91

M4=ZER, 3WZW

(0]

e

M7=CY9, 3EKS

FYEOUPNYL

PDBkodu ligand

t N2 G217 2

proteina PY PT P { |

6QG MR2 signaling protein

06H Hsp9®

transferase

27J ER hormone receptor

ZER IMDH oxidoreductase

58T MTHZE

hydrolase

LAR Alphaactin contractile protein
CY9 Actin5C contractile protein
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b)

combine ,
trajectories
(750 ns) %
_—
+
cluster %
analysis ﬂ
extract 5
conformations

broad sampling

e) d) 250 x 5 poses
are seleted for
OPMD

combine
and rank

cluster
analysis

shifts

during OPMD
The best ranked pose

from cluster 0 = best structure
(RMSD < 1.8 A)

~80 x 5 poses
are classified as
succesful

Ugur, llke, et al. "Predicting the bioactive conformations of macrocycles: a molecular dyAzas&g docking procedure with
DynaDocK Journal of molecular modelirgb.7 (2019): 413.
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Total Syntheses and Biological Evaluation of Miuraenamides**

Lisa Karmann, Katharina Schultz, Jennifer Herrmann, Rolf Miiller, and Uli Kazmaier*

Abstract: The miuraenamides, relatively simple representa-
tives of a class of cyclodepsipeptides with high antitumor
activity, can be easily and flexibly obtained by the concept of
peptide modification. A reaction sequence consisting of an
aldol reaction, oxidation, and methylation of the glycine
subunit of the cyclodepsipeptides allows the incorporation of
the unusual a,-unsaturated dehydroamino acid in one of the
last steps of the synthesis.

Because of their interesting biological activities, cyclic
peptides and depsipeptides are excellent candidates for drug
development.”) Many of these natural products are isolated
from marine or terrestrial (micro)organisms. The cyclodep-
sipeptides of the jasplakinolide type are an especially
interesting group. Jasplakinolide (jaspamide)® and the struc-
turally closely related geodiamolides® were isolated in the
1980s from sponges and found to be highly cytotoxic
metabolites (Figure 1). Owing to their interesting biological
activities, the first total syntheses of these compounds were
published shortly thereafter.*) For jasplakinolide, in partic-
ular, a series of very nice syntheses have been developed in
the meanwhile, which were covered in a recent review.”) By
far the most biological studies have also been carried out with
this natural product. Most biological effects can be explained
by a stabilization of the actin skeleton,” which induces
apoptosis in a wide range of tumor cell lines.” The situation is
very similar for the geodiamolides.*!

In 1995, Hofle and Reichenbach reported the isolation of
the chondramides, which are structurally closely related
compounds.”! These compounds have also been successfully
synthesized in the meanwhile, and their biological activities
have been investigated.'” Like the two other compound
classes, the chondramides also bind to actin."'!

Interestingly, the chondramides are not produced by
sponges, but by myxobacteria. Although myxobacteria had
been presumed to be terrestrial microorganisms for a long
time, a few marine myxobacteria could be isolated and
characterized during the last years.? For example, a halo-

[*] L. Karmann, Dr. K. Schultz, Prof. Dr. U. Kazmaier

Institute for Organic Chemistry, Saarland University
P.O. box 151150, 66041 Saarbriicken (Germany)
E-mail: u.kazmaier@mx.uni-saarland.de
Homepage: http://www.uni-saarland.de/lehrstuhl fkazmaier
Dr. ). Herrmann, Prof. Dr. R. Miiller
Helmholtz Institute for Pharmaceutical Research Saarland (HIPS)
and Institute of Pharmaceutical Biotechnology
Saarland University Campus, Building C2.3
66123 Saarbriicken (Germany)

[**] This work was supported by the Deutsche Forschungsgemeinschaft
(FOR 1406, Ka880/11-2).

@ Supporting information for this article is available on the WWW

under http://dx.doi.org/10.1002/anie.201411212.

Wiley Online Library

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

from sponges:

o o
HN_ o HN._O
NN NN
Jasplakinolide Geodiamolide A: R=Me, X=I
B: R=Me, X=Br
C: R=Me. X=Cl
from myxobacteria:

C: R=H, X=I (E)
D: R=H, X=

Figure 1. Cyclodepsipeptides of the jasplakinolide type.

P P

philic myxobacterium of the species Paraliomyxa miuraensis
SMH-27-4 was isolated from soil samples of the Japanese
coast; these myxobacteria produce halogen-containing miura-
enamides, cyclodepsipeptides that are closely related to the
previously mentioned representatives.™” The miuraecnamides
show antimicrobial activity and inhibit NADH oxidase. First
studies have also indicated that the miuraenamides also
stabilize actin filaments"¥ which is not really surprising in
light of their closely related structure.

Biosynthetically, the cyclodepsipeptides are produced by
multienzyme complexes that contain polyketide synthetases
(PKS) as well as nonribosomal peptide synthetases
(NRPS)."“5 The “polyketide fragments” of jasplakinolide
and geodiamolide are identical, varying slightly from those of
the chondramides and miuraenamides, whereas the latter
incorporate the simplest hydroxycarboxylic acid by far. The
tripeptide fragment also seems to be rather conserved,
especially at the N terminus. Adjacent to the N-terminal
alanine, an N-methylated halogenated aromatic amino acid is
incorporated. The greatest difference is found at the C termi-
nus of the miuraenamides, where an aromatic f-methoxy-
acrylate unit is incorporated instead of B-tyrosine. This
structural motif is a known pharmacophore of fungicides,
addressing the mitochondrial cytochrome be,. This unit is
probably responsible for the antimicrobial activity,'**!% but
its influence on actin binding is still unclear. Miuraenamide E

Angew. Chem. Int. Ed. 2015, 54, 4502 —4507

Miuraenamide
C aktin
stabilize ediyor
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Wang,ShuaijunUgurl. et al. "Actin stabilizing compounds show specific biological effects due to their binding nSadmtific
reports9.1 (2019): 117.
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