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Drug Discovery

4
Modern drug discovery-is a tedious process that is

often limited by th@(pense and time of
screening a ’ga@

Computatkg} drug discovery provides an

alternsf%method for generating hits to a target,

So far, the link between actual effica ®
predicted free energy by PyBrella.isinsufficient
since more data are necessar@ nfirm a
correlation, though there is.an expected trend.

There are still large s & of error, for example
in bias inherentin t D trajectory or distortion
of the protein or structure.

b Ing: .
y 9 Molecular dynamics (MD) is the simulatio molecular motion that accounts for positions‘a% ectories.

pid screening, since c?om.putatlona.l | @ ¢ We used the MD package AMBER12‘to$imulate the removal of molecules from proteins@kered molecular
technology and speed is still advancing; There is a surprisingly large reliance on the choice

dynamics (SMD):
@Q 06 @K for the ur@ la sampling force constant,
o

Pr:oteins frorlrlw the CSAR datgt were pr?IF.)ared \]/cvith various |igandsfer?ca|:|)sglath a periodic 20 A water box, sugge dd behavior by WHAM since the ‘
then were allowed to m@uze and equilibrate for 1 nanosecond of simu a’u@tlme. Pl\@buld ideally be independent of the force

A pair of atoms Wa§ cted from the protein and the ligand in prepa&or applying a pushing force to onstant. . AQ
| § \
ds

f th for the ligand.
ensure a ree§h&a o the figan /1 The availability of more data in the longer rWﬁg

not necessarily better, since several com@]
received uncharacteristic PMFs, but this
determination is still inconclusive. K

[/

enormous numbers of compounds, b
searching huge databases and usi
combinatorial chemistry for new ecules;
and less effort and cost, by
purchase of compound

iring less

4
equipment. %‘
Constraints werée added to the protein backbone to disallow d@(t n, and a simulated force was applied on the °

protein@éand until they were 20 A apart, allowing the %'

Umbrella O T TR e ’ @
Sampling 'w q & "J e ’ B ' . | :'7: ' .‘.“!;U. _. ‘:‘.& ”‘l o l a - b el s = R :'.* «' = "
Simulated Molecular ; . A e T ¢ eI by, AP TR o SR N g
: Docking Dynamics M T T Ay Ol - .S | S\ Cisiia eXt INNT
E: tational analysis usually consists of: . aa 4 PN T 69

pacial and electrostatic docking and matchi
of a potential compound,;

to escape into free solution.

Pharmacophore @' Scoring
Matching ®d Functions

Investigate use oa‘\’ﬁ'\er force constants and begin
to develop a g@l method to determine force

constants fo compound

brief scoring and ranking of a com OCA'S
predicted efficacy;

and in-depth evaluation of ifgw\dual molecules

deemed of sufficient qual@

\

Images of the simu@ process, from the starting water box to the final exit of the molecule

Umbrella Sampling with PyBrella

‘ N/
We used the t@mque of umbrella sampling, which: Finally, we use the Weighted Histogram Analysis

Test erarger collections of shorter runs instead
of Io@r runs to improve speed and reduce error

..
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= Apply const on
e, backbone to §¢e that

\@?\d to more compounds in the CSAR da’ca560

Thls |a.st Step IS, pal.’tlcul@res.ou.r(.:e and tlm.e- , M d (WHAM) to recover the PMF of the reaction. | 0 B N - DT h
intensive, making |t®ﬂen the limiting factor in uses sn ots throughout the SMD trajectory as % AP g 1\ e Cco

drug screening. St©@30ints for new simulations; é D\OOO Umbrella samples : N - d Y S i
We seek to lop an effective and economical quires local force restraints, to weakly hold the * 0 75000 w # h Oy = “.i- ] ¢ DR = 2
methoc&e lably correlate the actual rate of A mpound in place, and coverage of all distancév C o <G b )T/ < &tl’ucture: PDB 4G&N

dissociation with a calculated trajectory of system and is slower if implemented in a naive fas)&
en r potential of mean force (PMF).

)
[/
\ To implement the method, we develope erogram
@ PyBrella, which extracts frames from S

assigns constraints, controls simul

und exits
of bending
the protein
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osing to avoid simple single-point calculati
/yallows us to consider the full protein-water%{em
and increase overall prediction accuracy.
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distances receive \ \
sampling to a minimum threshold, avoiding U j

extraneous sampling. Thﬁs@compares the first 80% J 0\ 12

to the last 20% of eac 'N{ to determine convergence, istance (angstroms) s Biology at the University of Pittsburgh

original runs : : :
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7 umbrella samples in each stage ¢
resources. 6*

dynamically adds new runs so tha

The study uses the dataset CSARZOQ hich
includes numerous test protein t@e s and
associated known active/inag’{@ mpounds.
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Results and Analysis

~t N
Two main &ers have been under investigation: The correlation between the measured Ky a%y\ Refe rE; )\ Ces

) @
: _ . S\\'A predicted free energy is the determinant of success, and
the %\Qe of longer runs (10 ns) or collections of shorter ru;:s\' for every distance position;

(b. tentatively there is an expected correlation; using the

&Q short runs with k=5. O

%&Iysis is shown for a limited set of CSAR. Generally, IQ runs produce unsatisfactorily flat and uninformativegd curves. Shorter A lower dissociation constant @ponding to a
. Jruns yielded higher PMFs and more appropriate curves. Likewise, the smaller force constant k=5 showed drastically improved  stronger attraction, does ine@:ause a higher PyBrella
results over k=50, with much higher PMFs. Since@% CS260, and CS262 all have high actual affinitie igher PMF is expected. PMF across four comp @ C. Walker. R @ microsecond molecular dynamics
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Potential of mean force: lon ort runs

Potential of mean fo@erent force constants
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