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We can also model Pathogenic genomes

Here is a protein, SAR0276, a
putative membrane protein within
the genome of the methicillin-
resistant- Staphylococcus-aureus
species MRSA252. Docked into
it is a molecule of the ARB
Olmesartan. In an upcoming
paper: “Molecular Genomics
identify ARBs as a new class of
Antibacterial - it’s all a matter of
dose,” we showhowthis ARB
can be expected to inhibit the
actions of SAR0276, and thereby
disrupt the funcion of the
MRSA252 organism.

G-Protein Coupledmembrane Receptor- GPCR

In order to make iteasier to see
the structure of very large
proteins, arepresentation
which highlights helices, folds
andflaps, hasbeen developed.
We let the computer remember
where each atom is located,
andfocus onthe overview: The
previous slide showed just the
upper righthand corner of this
same GPCR, butherethe ARB
canbe more clearly seen. This
protein is the CCR2b receptor,
which allbws monocytes to
migrate toregions of infectious
and physical frauma.

Some HIV strains can enter the
phagocyte through CCR2b.

There are very few things which we know, which are not
capable of being reduced to a Mathematical Reasoning,...
and where a Mathematical Reasoning can be had, it's as
great folly to make use of any other, as to grope for a thing
in the dark when you have a Candle standing by you.

“Of the Laws of Chance.” John Arbuthnot (1692)

As we enter the 21st century, mathematical reasoning
(embodied in Molecular Biology) has advanced to the
point where we know the precise location of atoms in
certain keymolecules which control the human body, and
we can use the Genome to predict the location of atoms in
manyother molecules; predict with sufficient:accuracyto
understand the precise interactions between drugs and
those molecules, an understanding which has often
proven elusive in the clinical environment.

G-Protein Coupledmembrane Receptor- GPCR

Marshall TG, Lee RE, Marshall FE: Common angiote nsin
receptor block ers may directly modulate the immune system
via VDR, PPAR and CCR2b. The oretic al Biology and Me dical

Modelling. 2006 Jan 10; 3(1):1 PubMed ID:1640 3216

2-dimensional
Molecular
Representations

Here is the same ARB,
in the same CCR2b
binding pocket,
showing the detailed
atomic interactions

Agonism or
Antagonism?




Do the ARBs only affect AG2R1?

(est. Ki, nmol) AG2R1 CCR2b VDR PPARg
(putative) (putative)

Candesartan 1.5 39 30 61
Irbesartan 0.17 9 10 6
Losartan 0.5 25 74 3
Olmesartan 0.1 9 10 12
Telmisartan 0.1 25 0.04 0.3
Valsartan 0.3 22 14 12
Atorvastatin 2 61 no 4
Fluvastatin 4 no no 12
Lovastatin 1 16 10 0.2
Pravastatin 0.2 38 62 21
Rosuvastatin 0.9 no no 24
Simvastatin 0.4 23 4 0.3

*** It’s all amatter of dose ***

AT2R1 mutation — Bos taurus & Cavia porcellus
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Correct operation of the VDR is key to both the
endocrine and immune systems.

Some functions of VDR include:

Decreases PTH transcription (PMID: 2174913)

Regulates TLR2 and TLR4 expression, bacterial response

Trancribes CAMP (cathelicidin antimicrobial peptide)(antiLPs)

Regulates TACO gene (/M.tb intraphagocytic survival)

VDR/RXR binds IL2 promoter

Promotes transcription of Insulin Receptors

Cofactors SRC-1, SRC-3, (inhibited byp65 (NF-kappaB)),
GM-CSF-2 (granulocyte-macrophage stimulating factor)

Smad (regulates TGF-beta signaling) and DRIP coactivators,
which regulate cell differentiation and apoptosis

More at http://www.ihop-net.org/UniPub/iHOP/gs/93053.html

Putative vs Xray-Structure Receptors

There were a number of surprising results from our
study. Firstly, we were amazedtofind that there were no
accurate molecular structures of human GPCRs
available. An entire class of drugshadbeen built on
decades-oldfoundations.

Then, when we managed to construct a viable putative
AG2R1 model, we found that NDA in-vitrowork had been
done with Bovine and Guinea-pig tissue, and that there
were two key binding-pocketresidues (Isoleucine 193
and Leucine 205) which differed between theanimal
genomes and the human genome -thus equivocating any
quantitative assays.

Butthe biggest surprise was the high affinity the ARBs
hadfor VDR and PPAR-gamma, Nuclear Receptors which
are key tothe immune system. While itwasreasonable
thatthese very flexible, highly polar, ligands (ARBs and
Statins) might verywell have an affinityfor GPCR
membrane receptors other than AG2R1, their high affinity
for the Nuclear receptors was a surprise.

VDR and PPAR-gamma are located in the nucleus of
cells, and are some of the moleculeswhich co-operate,
using a complex interplay of dimerization, with activation
by a variety of ligands, totranscribe genesfrom the host
DNA into mRNA. In turn this mRNA will be translated by
ribosomes into protein strands, which willthen befolded
by enzymes (and, putatively, by other nuclear receptors)

PPAR affects generation of Lipids
and transcribes key immune system genes

PPAR-gamma: originallydiscovered as a pivotal regulator
of adipocyte differentiation .. intimatelyinvolved inthe
regulation of expression of myriad genes that regulate
energy metabolism, cell differentiation, apoptosis and
inflammation. (PMID: 11900961)

Due to the links with fat-cell development, insulin and
glucose metabolism, drugs which affect this receptor are
likelyto profoundlymodulate the lipid metabolism.

But PPAR-gamma also modulates the immune system,
especially vascular inflammation (PMID: 12215484)

http://mwww.ihop-net.org/UniPub/iHOP/gismo/91205.html




PPAR affects generation of Lipids
and transcribes key immune system genes

PPAR-alpha:

Through cholesteryl ester h ydrolase (CEH), involed in
macrophage cholesterol homeostasis (PMD: 11409902)

Stimulates keratinocyte differentiation

Attenuates development of hypertension, and of oxidaive
stress (PMID:12468571)

And additionally of resulting vascular complications
(PMID:11026267)

Linked with insulin and corticosteroid metabolism
(PMID:9610365)

http:/mww.ihop-net.org/UniPub/iHOP/gismo/91202.html

Of .. Nuclear Receptors, Homodimers,
Heterodimers, Co-activators,
Interdependence and Redundancy...

Nuclear Receptors are responsible for transcription of
DNA genes to strands of mMRNA, which are then translated
(in the ribosomes) into proteins.

A simplified set of Flash animations, which visually
explain the transcription process, can be found online at
URL: http://www.johnkyrk.com/

We will now look at some simplified 3D animations of the
transcription molecules, enough to give an overview of
what these receptors do, and of howthe Corticosteroids,
ARBSs, and Statins, affect gene transcription.

(This slide will hold some real-time 3D views of the
GCR onthe previous slide, so that theycan be rotated
and visualized interactively)

The last few slides have described many of
the effects of ARBs and Statins which are
creating surprise in clinical trials

So let s take a closer look at this
Nuclear Receptor Type 1 family

KeyNuclear Receptors with known structure models:

VDR (Vitamin D Recepton) Progesterone Receptor
PPAR-alpha Receptor
PPAR-gamma Receptor Thyroid-alpha-1 Receptor

Androgen Receptor

GCR (glucocorticoid receptor) Thyroid-beta-1 Receptor
MCR (mineralcorticoid receptor)

Close-up view of GCR Homodimer ‘zinc fingers’

PDB: 1R40, PubMed ID: 7664096

Drug displacement of activator from receptor
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Estimated Ki for ARBs and Statins into NRs

Drugest. Ki VDR PPARGPPARAGCR MCR PR AT Estimated Ki for Steroids into NRs

Candesartan 30 61 3 () 16 7
Irbesartan 10 6 0.9 .8 47 4
Losartan | | 74 3 4 0.6 : Drugest Ki VDR PPARGPPARaGCR AT BT

0

4
Olmesartan 10 3 1 0.3
Telmisartan 0.04 07 2 ha VitaminD3 0.3 3 0.7 0.04 l 0.02 0.02
1

pp it s 4 1,25-D3 003 05 05 0.04 A 0.006 0.002
Cortisol ol gl lla.al | Noks 16 |l 1

Atorvastatin no Gi no Prednisolone 3 13l 2 e 31 6

Fluvestatin  no 1 13 Dexamethasone 7 2 0.6 0.8 no 30

Lovastatin 10 i 19 0.5
Pravastatin 62 2 P

Rosw astatin no 18 14
Sinwv astatin 4 4 0.4

How can FDA use this new technology?

Bypredicting what (if any) biological molecules a
particular drug is going to target, so that the clinical
researchers can be guided as to what side-effects to look
for, as to what metabolites to measure, in order to get the
best overview of dosage and efficacy profiles.

Additionally, in-vitro testing is not very selective. Adding a
drug to a cell-line might affect dozens of different
metabolic pathways at once (eg: Telmisartan s partial
PPAR agonism ). Modeling isveryprecise, and will i solate
likely effects to the level of the individual molecule. The
two techniques have to be viewed as complementary,

each reducing the need to grope in the dark.

Let s look at two example case studies

Rimonabant with Cannabinoid Agonist

: - This is a Cannabinoid CB1

GPCR receptor partial
model, kindly supplied by
Tiziano Tuccinardi, PhD
Student,Dip. Scienze
Farmaceutiche, PISA, Italy.
(PMID:16451064)

Shown is Rimonabant
docked (Ki=5nmol) (green)
superimposed on a docked
WIN55212-2 CB1 agonist.

The configuration of
Rimonabant is most
probablyas an antagonist.

Ezetimibe (Zetia) & Rimonabant (Acomplia)

| was watching an advertisement on TV showing some
persuasive animations purporting to demonstrate how
Zetia reduces the absorption of fat fromthe Gl tract.

Knowing tha much of the lipid and cholesterol metabolism
traces back to VDR & PPAR, it occurred to me to look at the
NDA hmm  unknown mechanism of action

The next day Reuters carried a news article about a study
with Rimonabant, and | also took a quick look at that drug

Drugest. Ki VDR PPARPPARaGCR MCR PR AT BT
Ezetimibe 30 7s 16s 6s 47 22 20 47

Rimonabant 19 6 7 no no no
s isomer 12 38 2 no no 72

One suggestion — A library of drug targets

There are several Protein databanks, and there is al so the
RCSB PDB structure databank, but there is no repository
specificallyfor drug structures, and no repository of
receptors/enzymes which are (tested) drug targets.

The RCSB PDB structure databank is supported bythe
NSF, NIGMS,DOE, NLM, NCI, NCRR, NIBB and NNDS.

Maybe some of these organizations might join FDA to help
gather together a databank which would allo wstudents
and scientists to more easilystudythe actions of
pharmaceutical drugs. So much research energyhas been
expended on the ACEI vs ARB controversy, and better
research data would have hastened resolution.

Such a database would also allow rapid anal ysis of
reported side-effects, and unexpected drug interactions.




