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Since the terrorist attacks of September 11, 2001 and the following wars in Iraq and

Afghanistan, biological warfare has emerged as a significant threat to U.S. national

security. In 2001, prominent U.S. government officials were the targets of bioterror in the

form of anthrax spores, which are produced by the bacterium Bacillus anthracis. Letters

containing B. anthracis spores sent through the mail not long after 9/11 resulted in five

deaths and seventeen non-fatal infections.

Anthrax is an acute infectious disease caused by the spore-forming bacterium

Bacillus anthracis. The lethal factor (LF) enzyme is secreted by B. anthracis as part of a

tripartite exotoxin and is chiefly responsible for anthrax-related cytotoxicity. As LF can

remain in the system for long after antibiotics have eradicated B. anthracis from the body,

the preferred therapeutic modality is the administration of antibiotics together with an

effective LF inhibitor. Although attempts have been made to develop small-molecule

inhibitors for use as drugs and/or mechanistic probes, all compounds published to date

have suffered from various pharmacodynamic and/or pharmacokinetic liabilities, and none

have made it to the market as therapeutics. Here, 9 lead compounds (shown below), with

at least micromolar-level inhibition of LF as determined by experimental High Throughput

Screening (HTS), were tested against virtual databases using programs such as Volsurf

(Tripos SYBYL) and QikProp (Schrodinger Maestro) to predict various pharmacokinetic

properties such as Blood Brain Barrier (BBB) permeability, percent Human Intestinal

Absorption (%HIA) and HERG K+ channel blockage (HERG).
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We have presented two methods used to predict pharmacokinetic properties of 9 lead

compounds with at least micromolar-level inhibition of the LF enzyme. The differences in the method

of calculation of prediction values allows for reinforcement of the predicted activity. Use of such

prediction methods during the development process could save substantial amounts of time and

money as these runs can eliminate inappropriate drug candidates with poor ADME properties before

they reach the later stages of development.
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Volsurf allows for prediction of many Absorption, Distribution, Metabolism and
Excretion (ADME)-related properties. Using 3D molecular interaction fields and
image processing methods to convert these fields into molecular descriptors, one
can predict key properties that relate to effective drug performance. Volsurf allows
molecules to be run against pre-computed models of known drug compounds and
their predicted pharmacokinetic properties. It also allows for creation of new
models. The resulting descriptors for most activity properties are on a scale from -
1 to 1 with 1 being a positive result and -1 being a negative result. For example, a
1 for BBB would indicate that the molecule is likely able to cross the Blood Brain
Barrier while -1 would indicate that it would not be able to cross. In testing the 9
lead compounds, a new model was created to predict human intestinal absorption
(%HIA). All other runs were performed against pre-computed models.
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Top 9 compounds showing at least micro-molar level inhibition of LF

The graphs shown below are generated by Volsurf. The predicted activity value for Graph

A shows %HIA for compound 5214109 based on the newly created model. The score of

79.57% shows that the compound is predicted to be readily absorbed in the intestines.

Graph B shows the predicted BBB permeability for compound 515533. The score of 0.60

indicates that the compound is predicted to be permeable through the blood brain barrier.
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QikProp also allows for prediction of many ADME activities. This method
generates many of the same property predictions as Volsurf in addition to other
properties and similar patented drug compounds. Unlike Volsurf, QikProp uses
fragment based modeling and a linear regression method.

Compound %HIA BBB Permeability HERG

Volsurf QikProp Volsurf QikProp Volsurf QikProp

7804531 54.51 63 -0.63 -0.428 1.26 -4.489

5155333 100.09 97 0.60 0.023 0.94 -6.529

5426202 86.43 100 1.35 1.298 -0.53 -5.589

5421384 60.23 100 1.13 0.618 -0.27 -5.739

5214109 85.58 97 0.09 -0.723 1.37 -4.408

5424487 95.45 97 1.27 0.263 0.79 -5.937

5428736 60.76 100 1.08 0.624 -0.35 -5.762

5419466 99.98 95 0.79 0.176 1.06 -5.352

5429838 70.35 73 -0.11 -0.618 0.61 -6.140

This table shows selected predictions for selected property; %HIA, BBB Permeability and

HERG. Values for HIA are percentages with values closer to 100 indicating high rates of

absorbance. For BBB, Volsurf descriptors range from -1 (not permeable) to 1 (permeable).

QikProp values range from -3.0 to 1.2. According to this scale a value of approximately -0.9

corresponds to a Volsurf value of 0. For HERG, Volsurf values again range from -1 to 1

while QikProp values below -5 are indicated as values of concern. It should be noted that

some values are outside of the presented ranges. This is due to the values being outside of

the percent error ranges in the way that they are calculated.


