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Sequence — Structure — Function
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COVID-19

mhedlth Food Fitness Wellness Parenting Vital Signs e LIVE TV Edition v Q

First human trial of potential antibody treatment for
Covid-19 begins

‘ By Jen Christensen, CNN
(O Updated 12:37 AM ET, Tue June 2, 2020

717

More from CNN

™ Anti-Trump Republican group
| attacks Trump on race in new
ad
Ostracized from party, Steve
% King faces tough primary

A NEW PODCAST

CORONAVIRUS:
FACT US. FICTION

WITH DR. SANJAY GUPTA

LISTEN ON

N @S

Scientists hopeful for monoclonal antibody treatment 02:26 OR WHEREVER YOU GET

If the trial ultimately shows the treatment is effective against Covid-19, it
could be available by autumn, according to the Indianapolis-based company.



University of Pittsburgh

Computational and Systems Biology

Primary Structure

D.  Amino Ackds with Hydrophobic Side Cham
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Tertiary Structure

TIM barrel fold beta barrel
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Quaternary Structure

domain swapping hemoglobin
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refinement

crystal

diffraction
pattern

F{e®)=6(f) = [g®e " dr
FHoU)= [6(edr = 50

electron
density map

atomic
model

x-ray crystallography

Computational and Systems Biology

Structure Determination

COSY

L 1
T

nuclear magnetic resonance
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Sequence — Structure ‘—‘ Function
Motion
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Molecular Dynamics

Give atoms initial positions =%  choose short At
|
— Get forces F=-V V(r?) and a = F/m
|
Move atoms: r"*") =) +v At + 1/, @ AF? + . _.

!

Move time forward: t =t + At

|
Repeat as long as you need

VM) =Y k(l—1)*+ ) ki(6—6)°

bonds angles

+ Z Z %Vn [1 + cos(nw — 7)]

torsions 7
N—-1

) ()] )
=1 i=j+1 AN Tij Ameor;;

https://en.wikibooks.org/wiki/Structural_Biochemistry/Molecular_Modeling/Molecular_Dynamics
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Molecular Dynamics
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Dynamics Analysis

ARMSF (Bound - Unbound)
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Protein Folding

3% § &E
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Homology Modeling

Find sequence alignment to template

HPRRLLLPNTLCLCRRRYSPYERSHCHENQMSRRASGCPNALLPAVCKDCFQVCMDVSQFKPNELTVKVVDNTV'
template NAFESVMKEMSAIQPREFH ELEYTQP~~~~CGELDFLKDAYEVCKDCRLEFKVYFNVKNFKAEEI "IKADKYNKL'

I-TAS S E R Global and local

e Structure assembly Structure reassembly structure matches

PDB library

REMO H-bond
optimization étructu ral analogy
EC classification
GO terms
Binding site
Template Cluster centroid Final model Function prediction

https://zhanglab.ccmb.med.umich.edu/I-TASSER/
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Homology Modeling

Find sequence alignment to template

HPRRLLLPNTLCLCRRRYSPYERSHCHENQMSRRASGCPNALLPAVCKDCFQVCMDVSQFKPNELTVKVVDNTV'
template NAFESVMKEMSAIQPREFH ELEYTQP~~~~CGELDFLKDAYEVCKDCRLEFKVYFNVKNFKAEEI "IKADKYNKL'

RMSD vs % sequence identity (target/best template)

[bins of 10%)]

x: ——— ~

' | ' I
25% ‘Twilight Zone’

| . ]

+

-t
d: ‘ ==
! I ! l

o—o 3djigsaw
=—a cphmodels
> esypred

&—a gdsc
SwissModel

~

'Major source of error: alignment
T

40 60
% sequence identity

http://swissmodel.expasy.org/

100

15



University of Pittsburgh

Computational and Systems Biology

—> dRMSD «—

— A*\/ ﬁ‘%

Existing Atoms Bond Bond Torsional
(Input) Rotation Extension Rotation

4 > coe —>» Output x_ qJT w
Nascent Structure (Torsional Angles) &\ |
A A

‘ g « T =
= - d) LA_ A CCJ ﬁ > N
A NN : - i 4 s
A | = <5 & Prior [ \\
Q| W -0 O | e< State / / 1
<> — —>
< — eee < /)i b N Next
' Internal State /' \/ State
J AR / [~ B —
| , A
» P o0 —p \\\ (\\ t/
A T T S
Protein Sequence o= Input

A | V] (Amino Acid)

https://www.biorxiv.org/content/early/2018/02/14/265231

Wean dRVISE (A)

Best CASFL1 Servar dRMSD (A)

Server dRMISD (&)

Ecst CASPLI

Learning to Predict Structure

A

FM TBM
14
8 T
;1
"
FM CASP11 Targats
TOR - .7
11 N setzar s
12 .
— S ors
TOE32 ~ T m Ao TOTS1
R . = Tow6
10] 763 19751
TO78S - a— TO771
- L
al TORIE —a
_ 083"
.
, 371
10827
L
2 a4 6 ‘ 3 10 o J 711 7
HGN dRIASD (4)
HM CASPTT largets
............ —
T083L
N aet=i Pl .
_foses
10318 —+ «—fors1
TOE30
# 10820 ™MEIN
1082 -""'39(_)%759
.- o L
'J/b/‘_‘/ . 107580
ks =, .
TEST T TO7SE
0es % . Mt '
T0763 T0820,¢  + TO72°
JoTmey . et e tosse
> Pl Tdea> *
B~ L. o 0812
3 TO76 ] -

/TD?ZM T (T
’

Ttl854 ’P'. - * —3792.. T['?]C
.-I ;’ ats  * 10/eL »
10700 THIS

RGN dRIMSD | 5:;
16



University of Pittsburgh Computational and Systems Biology

AlphaFold

T0954 /6CVZ T0965 / 6D2V T0955 / SW9OF

Proteln Sequence

SQETRKKCTEMKKKFKNCEYRCDESNHCVEVRCSDTKYTL

!

Neural Network $ < @ Databases
Distance
Predictions

Score \\\h

l Gradient Descent

Ground truth

Angle
Predictions

Average predicted distance

T0954 / 6CVZ T0965 / 6D2V T0955 / SWOF

Structures:
Ground truth (green)
Predicted (blue)

Structure

https://deepmind.com/blog/alphafold/ 17
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AlphaFold
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BASIC DRUG PRE- FDA HOST,ARRROMAL

: CLINICAL TRIALS RESEARCH &
ESEARCH DISCOVERY CLINICAL REVIEW MONITORING

PHASE | PHASE I PHASE Il PHASE IV

1 rpa-
APPROVED
MEDICINE

POTENTIAL NEW MEDICINES

$2.6
BILLION

NUMBER OF VOLUNTEERS
HUNDREDS THOUSANDS

NDA/BLA SUBMITTED

IND SUBMITTED
FDA APPROVAL

Source: Pharmaceutical Research and Manufacturers of America (http://phrma.org)
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THE BIOPHARMACEUTICAL RESEARCH AND DEVELOPMENT PROCESS
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Drug Discovery

i' TIHLR S
Target - Lead L ead
[ dentification Screening dentification Optimization
: === Clinical
Compounds Hits Leads Candidates
Cost
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Computational Drug Discovery

Virtual Modeling

any, /
a :

=== Clinical

Compounds Hits Leads Candidates
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Ligand Based Drug Design

\

Fingerprint Methods | /@\§
- map molecules to a descriptor space: N

1D: molecule weight, #h-bonds, etc.
2D: paths, bond distances between atom-pairs
Example: Daylight/FP2
* all paths up to 7 bonds long
* each path corresponds to a bit
- similarity is “distance” between descriptors O=CN-C
- for bit vectors, Tanimoto distance used 0=C.0 \ 0O=N-O

|A (B | o l N-C-C-C-C-C=

fingerprint;

AU B] ccc .

T(A,B) =
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Ligand Based Drug Design

\

Fingerprint Methods | /@\§
- map molecules to a descriptor space: N

1D: molecule weight, #h-bonds, etc.
2D: paths, bond distances between atom-pairs
Example: Daylight/FP2
* all paths up to 7 bonds long
* each path corresponds to a bit
- similarity is “distance” between descriptors O=CN-C
- for bit vectors, Tanimoto distance used 0=C.0 \ 0O=N-O

|A (B | o l N-C-C-C-C-C=

fingerprint;

\
|A B | C-C=C-C =

T(A,B) =
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Ligand Based: QSAR

Computational and Systems Biology

Quantitative Structure/Activity Relationships
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Structure Based Drug Design

Unlike ligand based approaches,
generalizes to new targets

Requires molecular target witn
known structure and binding site

24
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Structure Based Drug Design

Virtual Screening Lead Optimization
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Structure Based Drug Design

Virtual Screening Lead Optimization
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Protein-Ligand Scoring

AutoDock Vina

a_(

gauss,(d) = Wguass, o~ (d/0.5)?
goauss,(d) = Wgme (@I
: Wre ulsiond2 d <0
repulsion(d) = { P
0 a0 0.1
o |
( whydrophobic d<0.5 0|} S —
hydrophobic(d) = ¢ 0 d>15 g |
| Whydrophobic(1.5 — d)  otherwise £ =
§ 015} | . steric ——
~ J/ stenc+hydrophob-c S
( Whhond d < —0.7 02 | \ /,’ steric + H-bond -
hbond(d) = « 0 d>0
Wibond (—22d)  otherwi X 0 1 2 8 4 8§ .

Surface distance (A)

O. Trott, A. J. Olson, AutoDock Vina: improving the speed and accuracy of docking with a new scoring
function, efficient optimization and multithreading, Journal of Computational Chemistry 31 (2010) 455-461 26
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Pharmacophore

[UPAC: The ensemble of steric and electronic teatures that is necessary to
ensure the optimal supra-molecular interactions with a specific biological
target structure and to trigger (or to block) its biological response.

Common Features:
aromatic ring
hydrophobic area
positive ionizable
negative ionizable
hydrogen bond donor
hydrogen bond acceptor

27
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nttp://pharmit.csb.pitt.edu

4PPS
DUDe ER alpha benchmark
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Metrics

sensitivity, recall, hit rate, or true positive rate (TPR)
TP TP

relevant elements
[ |

false negatives true negatives

TPR = — = =1 — FNR
true positives false positives P TP + FN
specificity, selectivity or true negative rate (TNR)
TN TN
TNR = — = =1 — FPR
N TN + FP
precision or positive predictive value (PPV)
TP
PPV = =1 — FDR
TP + FP
accuracy (ACC)
selected elements TP - TN TP TN
P+ N TP + TN + FP + FN
eme e | Mome e e F1 score
Is the harmonic mean of precision and sensitivity
7 PPV - TPR 2TP
ision = = —— = 4 =
Precision =~ | Recall = : PPV + TPR = 2TP +FP +FN
o
https://en.wikipedia.org/wiki/F1 score
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