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Structure Based Drug Design




University of Pittsburgh

v
6

//
S TIN AX
KA

SAF AT NS N\
KA/ \\\&\4!)”/ WA il;l\ N \ 7
\y;ll/ ‘)\\3:\ 5&( ‘)\\z%l( \\‘\;0(‘\\",1‘\\1

A O O X

w‘e«g \\'5‘%'& /i \s'é‘ﬂ /i \V%\w't \é‘@

RURLE WIRIRE XN NCOARRE ALK
(R O R S WY

KON XV MO IV N

RS M o s s

WS RY AR K IR KX
a0 9,09 ,0,0

BRSSP LS T<S

‘

%,
\/

I AAN

”‘\\ ///z“

N\
A\ ///,‘\

/8
/

I\
e70%e

AN

Deep Learning

\

\\\‘///

Computational and Systems Biology



University of Pittsburgh Computational and Systems Biology

9

|

Deep Learnin

o> 0w®
\~

. . ""."". l l
WAL WAL Y
“\V{'l:f & 4 A:‘ ;; ;:l ;,/ \ \“\Y ;:2,/ \'/‘\ //

:lfj‘\\\)@:

~~~~~~

AV

IR Ao . DO S0 &
(O ‘»;’:.gOg':o;/ ‘»;::.g%:&/ gyl

AN RN A ) I\

RO ;o:'«.%‘a%é::. KO &%‘»*‘tf. K5 4‘&3 ;'q‘;‘a‘v X

PO IR SRR PDRY P9

AVAVAY YNAN YNAN [N/ /N AVA

00O @

///o:“\wli'ﬁ /N5

RS LIRS )
\9.9.07

‘

a computer
1p

n
champion

.l — rogram that
\ S 10 player PAGEdg4
- B\ ’ H
o fi -
1N ¥ /R .
ey vy
L) gl ’ \
| 3 !
“ . L )\ \ - . /
2 | )
A - I. ‘ e -
. N ' A .
» L ' v \
— ) : P LRSI & 3

FERLIU - [FLT RS ETES R B LM
3 D WHEN GENES b
s PAT Y GOT 'SELFISI!
v o € ’ 1 Prat s calinyr ”J
' ' il i wrese
iy " A I'.H'll 3



University of Pittsburgh Computational and Systems Biology

()L L
79 %aYaNeYa¥e

/]
W

—>

N

LN

—>

—>

N
o = (W7o 0 o' ()
WA
‘Q“»t‘"‘ )
J
\ A

OAX/
; OL oL
"‘?’A X
V4 ()

can beat a champion Go player raceass

I
—— = a1 and — = ¢
N\ 6fwl. .
/
\ 7/ N ///; W

SO/

J abl J
KON
‘ﬁ‘\‘\ /\\

ALL SYSTEMS GO

LUV (R SIPE IR 61 (R LLE RSk S : r -
SONGRIRDS SAFEGUARD WHEN GENES
ALACARTE TRANSPARENCY GOT 'SELFISH!
Worn'iermesrofmfee v rhrgwrenac ook fin Prat s calinyr

A




University of Pittsburgh Computational and Systems Biology

Convolutional Neural Networks

) )

Dog: 0.99
Cat: 0.02

\——/ N/
Convolution Convolution Fully Connected
Feature Maps Feature Maps Traditional NN



University of Pittsburgh Computational and Systems Biology

Convolutional Neural Networks
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Sunseri J, King JE, Francoeur PG, Koes DR. Convolutional neural

network scoring and minimization in the D3R 2017 community challenge.

Journal of computer-aided molecular design. 2019 Jan 15;33(1):19-34.
Hochuli J, Helbling A, Skaist T, Ragoza M, Koes DR. Visualizing Ragoza M, Hochuli J, Idrobo E, Sunseri J, Koes DR. Protein— Sunseri J, Ragoza M, Collins J, Koes DR. A D3R prospective
convolutional neural network protein-ligand scoring. Journal of ligand scoring with convolutional neural networks. Journal of evaluation of machine learning for protein-ligand scoring. J
Molecular Graphics and Modelling. 2018 Sep 1;84:96-108. chemical information and modeling. 2017 Apr 11;57(4):942-57. Comput Aided Mol Des. 2016 Sep;30(9):761-771.



https://www.ncbi.nlm.nih.gov/pubmed/27592011
https://www.ncbi.nlm.nih.gov/pubmed/27592011
https://www.ncbi.nlm.nih.gov/pubmed/27592011
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Protein-Ligand Representation
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Protein-Ligand Representation
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The only parameters for this
representation are the choice of
grid resolution, atom density,
and atom types.
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Affinity Results
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Beyond Scoring
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Beyond Scoring
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Beyond Scoring
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https://research.googleblog.com/2015/06/inceptionism-going-deeper-into-neural.html
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Deep Dreams of Molecules

v

184l
10



University of Pittsburgh Computational and Systems Biology

Deep Dreams of Molecules

v

184l
10



University of Pittsburgh Computational and Systems Biology

Beyond Scoring
o V‘\ \V\ W :

Py oL 9Gi oD
oA i€Gs 9G, oD 0A

11



University of Pittsburgh Computational and Systems Biology

Beyond Scoring
o V‘\ \V\ W :

Py oL 9Gi oD
oA i€Gs 9G, oD 0A

11



University of Pittsburgh Computational and Systems Biology

12



University of Pittsburgh Computational and Systems Biology

12



University of Pittsburgh Computational and Systems Biology

MSCBIO2065: Scalable Machine

Learning for Big Data Biology

Fall Semester
WF: 1:30 - 3pm
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