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Suppose you have a new
chemical that could be a
drug and don’t know what it
can do?

e Efficacy?

* Toxicity?



Presenter
Presentation Notes
Does it treat a disease? (That’s efficacy.)
Does it have side effects? (That’s toxicity.)
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Suppose you thought
you had a new

drug...
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Suppose you thought
you had a new

drug...

...but it has bad side
effects.



Presenter
Presentation Notes
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Suppose you don’t have a drug
...and nobody does.

o Lou Gehrig’s Disease (ALS)

o Parkinson’s Disease



Presenter
Presentation Notes
because your brother has a dread disease and there is no cure.

Lou Gehrig’s Disease (ALS),
Parkinson’s Disease.
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Computational Medicinal Chemistry

m Inexpensive

s Accurate



Presenter
Presentation Notes
Computational Medicinal Chemistry
should be able to address all of these situations because it is�- Inexpensive (not cheap): there are no experimental animals, no lab instruments to be used.�- Fast: computer calculations instead of lab experiments
- Accurate: steps are taken to maximize accuracy.
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SDAR Modeling: A New Way to Test Molecules

Spectral
Data—
Activity
Relationships

Albert Einstein Max Plank


Presenter
Presentation Notes
SDAR computer modeling, invented by FDA scientists, uses principles discovered by Albert Einstein, Max Plank and their colleagues. 
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SDAR Modeling: A New Way to Test Molecules

Albert Einstein Max Plank


Presenter
Presentation Notes
It allows us to understand and test molecules without actually doing chemistry at the bench.
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What Does a Drug Look Like?

* Most are small molecules, atoms held Hﬁ o

together by chemical bonds. N\g
Cl

Diazepam (Valium)


Presenter
Presentation Notes
But what about drugs?
Most drugs are small molecules, a collection of atoms held together by chemical bonds.
And while one often sees simple line drawings…
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What Does a Drug Look Like?

e Most are small molecules, atoms held
together by chemical bonds.

e But far from flat

Diazepam (Valium)


Presenter
Presentation Notes
The real shape is far from flat	
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What Does a Drug Look Like?

e Most are small molecules, atoms held
together by chemical bonds.

e The electrons of each atom
determine the biochemical reactions
that the molecule will have when
used.

Diazepam (Valium)


Presenter
Presentation Notes
We can also show molecules as ball and sticks, and colored lines, but what’s important is the electron cloud around the nucleus of each atom.
This is what the physicists of Einstein’s era taught us.
The electron cloud, how thick it is and where it is, determines the biochemical reactions of the drug.
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SDAR Modeling:
A New Way to Do Computational Medicinal Chemistry

Uses signals from an NMR
machine, similar to an MR,
which gives spectra instead of
Images.



Presenter
Presentation Notes
We can get information about those electron clouds using the same principles that are used in a hospital MRI machine. In the laboratory, a related machine, called an NMR, gives us spectra instead of images.
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SDAR Modeling: A New Way to Do Computational
Medicinal Chemistry

2D structure NMR spectrum
(Androsterone) (chemical shifts)



Presenter
Presentation Notes
And while most computer modeling approaches use 2 or 3 dimensional structures, 
SDAR uses the information in the electron clouds that we learn from NMR spectra.
Of course, size and shape are important for biochemical reactions as well, but the electron clouds are key.
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SDAR Modeling: What Are We Trying to Do?



Presenter
Presentation Notes
What are we trying to do?
Most drugs have their effect by locking onto some protein in the body, such as a protein in a cancer cell, or even a protein on a bacteria.
You might think of the task as similar to parking a vehicle in a garage ..but a specific garage.
And like that, some vehicles will fit, and some will not.
In this case, we’re looking for a perfect fit.


®

Biological/Chemical Underpinnings

Drug molecule w

5 ™

R -



Presenter
Presentation Notes
So like the vehicle and garage example, 
to have biological activity, the drug molecule has to fit into the binding site of protein,
with the electron clouds playing an important role in that fit.
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Example: Phospholipidosis (PLD)

Jaundice

Normal Fatty



Presenter
Presentation Notes
Let’s talk about phospholipidosis, or PLD for short.
Here, the biological “activity” is toxicity.
PLD is a drug-induced fat accumulation.
When accumulation occurs in the liver, the result is a fatty liver, which can lead to liver problems such as jaundice. 
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SDAR Modeling Phospholipidosis (PLD)

Known
compounds

Some cause PLD.
Some don’t.

SDAR I\/Iodel


Presenter
Presentation Notes
An SDAR model is first created by using the data from a number of drugs and chemicals where you know whether or not they cause the biological effect, in this case phospholipidosis.

The “model” that results is, in essence, a computer program that describes molecules causing PLD.
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SDAR Modeling Phospholipidosis (PLD)

New
compound

RS SDAR ' Prediction:
“fx{"\ ¥ - Model PLD, Y/N?


Presenter
Presentation Notes
With such a model, or computer program, a new compound, or potential drug, with unknown properties can be tested for its ability to cause PLD.
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SDAR Uses

* Predict activity of new compound.
o |f “activity” is toxicity, avoid it.

e |f “activity” is therapeutic (e.g., antibiotic), enhance
important features via a new candidate.

 Design effective new drugs that avoid typical
toxicities.


Presenter
Presentation Notes
Where and how will SDAR be used?
If the activity is a toxic effect like PLD, we can see what parts of the molecule were correlated to the toxicity. 
Then we can tell a synthetic chemist to avoid those parts in a new drug.
If the activity is therapeutic, like an antibiotic, we can tell from the SDAR model the size, shape, and electron cloud features of a new drug candidate that will have the best effect.
If we have both therapeutic and toxicity SDAR models, we test for new drugs that avoid typical toxicities of their class.
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Drug Efficacy Bottom Line
That’s how you...
e Test new drugs
e Repurpose old drugs
 Address orphan diseases



Presenter
Presentation Notes
That’s how you …
 Test new drugs
 Repurpose old drugs
 Address orphan diseases
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Drug Safety Bottom Line
That’s how you...

o Test for side effects and toxicity.

An FDA reviewer of a new drug application
could use the SDAR model to detect whether
PLD was a likely effect.



Presenter
Presentation Notes
An FDA reviewer of a new drug application could use an SDAR model to test whether PLD was a likely effect. 
He/she would run the new drug’s information through the PLD SDAR model. If the model predicted PLD, the reviewer could ask for more information to further understand the drug’s safety.
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The SDAR Team

 Richard Beger, Ph.D. < Jon Wilkes, Ph.D.
e Daniel Buzatu, Ph.D. ¢ Svetoslav Slavov, Ph.D
e Steven Harris, M.S. e Steven Harris, M.S.

e Naomi Kruhlak, Ph.D.
e James Willard, Ph.D.
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hank you!
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