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A Crisis Is a Really Terrible Thing to Waste
Marie A. Chisholm-Burns, PharmD, MPH

The University of Arizona College of Pharmacy

In times of prosperity, it is more difficult to
engage interest in change and (frogress since
prosperity is generally equated with stability;,
affluence, and thriving. There is no need to
change or rock the boat.

Challenge to ‘business as usual’

A crisis forces a shift in mindset: to retain or
regain prosperity, change, progress, and
identification of new opportunities become a
necessity.



Masterpieces

Black Death, Florence, 1348

Giovanni Boccaccio: Decameron

plague; illumination of a French edition
of the Decamerone (c. 1485)

Bubonic Plague 1605-1606

William Shakespeare: ???
Macbeth ? King Lear ?
Antony and Cleopatra
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Antony and Cleopatra




Great Plague (Black Death) of London in 1665

Ancient version of social distancing

Cambridge -> Woolsthorpe Manor

The years of wonders
Early calculus, optics, apple tree ?



Publications/PDB/Google

PubMed title with
SARS-COV-2 > 27,000
COVID-19 > 125,000
SARS-COV-2 OR COVID-19 > 150,000

Structures in PDB > 1000

Google COVID-19 > 4,000,000,000

Google SARS-COV-2 > 290,000,000
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Publications/PDB/Google

We have vaccine !!
New drugs are on the way

limited medical and
limited virus knowledge
>266 million cases
>5.2 million deaths



Molecular Landscape: SARS-Cov-2
Fusion (PDB -101)

A. Pre-fusion state of the viral spike protein ( )

B. Viral spike protein S2 domain, after S1 is released.

C. Viral spike protein inserting into the endosomal membrane
D. Post-fusion state of the viral spike protein ( )

E. S1 domain of viral spike

F. Complex of viral M, E ( ), ORF3a ( ) and ORF7a ( )
G. ACE2 ( )

H. LAMP ( )

I. ABC transporter

J. V-ATPase ( )

K. Mucolipin ( )

L. Viral nucleocapsid protein ( )

M. Viral RNA genome

N. Ribosomal initiation complex

O. Translating ribosome

P. Nascent viral polyprotein




AAAS

Many (most?) people are getting their news from
biased sources.

Misinformation and distrust of science has led to
skepticism of the scientific community and its
motives.

So far we (scientists) have, failed to produce a single
message that everyone, even high school dropouts,
can easily understand.




Scientists role ?

Only two things are infinite, the universe
and human stupidity, and I'm not sure

about the former.

~ ' soDny




Single message that high school student
can understand ?

Correlation between New Cases and % Vaccinated (over time)

August 2, 2021

e July 20,2021
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Single message that high school student
can understand ?

New Cases vs % Vaccinated (County) September 1

* By highest # of new cases

By highest % vaccinated
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Structures

Median delay (days)

COVID-19 related depositions

°
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Data collection
Resolution (A) 88.12-1.17(1.23-1.17)
Wavelength (A) 0.91188
Space group P43
a, b, c(A) 88.12, 88.12, 39.08
a By (®) 90, 90, 90
Completeness (%) 98.4
Reflections used 100790
<I>/ <Sigma I> 34
Redundancy 6.3 (5.2)
Rmerge 0.532!
Rpim 0.231 (5.759) !
CC1/2 last shell 0.36
Wilson B factor (A?) 11.2
Refinement
Rwork / Rfree 0.201 /0.236
Resolution (A) 88.12-1.17
Reflections all 88766
Reflections for Rfree 4499, 5.1%
Bond lengths rmsd (A) 0.010
Bond angles rmsd (°) 1.12
Mean B value (A?) 18
Number of protein atoms 2581
Mean B value for protein atoms (A?) 15
Number of water atoms (expected) 472 (520)
Mean B value for water atoms (A?) 29
Number of ligand/ion atoms 16
Mean B value for ligand/ion atoms (A?) 24
Clashscore 3.07
Clashscore percentile (100) 74.8
Rotamer outliers (<1%) 0.70

Ramachandran outliers (<0.2%) 0.00

Ramachandran favored (>98%) 99.09
Residues with bad bonds (<0%) 0.00
Residues with bad angles (<0.1%) 0.45
MolProbity score 1.10




https://covid-19.bioreproducibility.org

Y
‘J‘ SARS-CoV-2 related structures

Validated SARS-CoV-2 related structural models of potential
drug targets

Rational drug design against emerging threats depends on well-established current methodology worked out by
structural biology to provide accurate structure models of the macromolecular drug targets. In the current COVID-19
crisis, the structural biological community has responded at once, presenting in rapid succession structure models of
CoV-2 proteins and depositing them in the Protein Data Bank (PDB), without time embargo and before publication
Since the structures from the first-line research are produced in an accelerated mode, there is an elevated chance of
mistakes and errors. Here, we provide a source of carefully validated PDB models of CoV-2 proteins, with the aim of

helping the biomedical community to establish a validated database

Structures

509 SARS-CoV-2 protein structures

Filters Active

X-tay/N-diffr

Search: ma Copy Excel CSV POF Print

PDB Ligand IDs Virus Pqi(PDB) - Issues Re-refined? Raw data Ref.

SARS-CoV-2 N/A

ZFEBS
Journal

Focen tanm COVE-10

A., Wlodawer et al.,(2020) FEBS |., 287, 3703-3718
L., Shabalin et al., (2020). IUCr]., 7, 1048-1058.
D. Brzezinski et al., (2021) Protein Sci., 30, 115-124

M. Grabowski et al., (2021) IUCr], 8, 395-407
M. Kowiel et al., (2019) Bioinformatics, 35, 452461




Ditticulties to distinguish particle images that
may belong to different conformations
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Renaud, J-P et al. Nature Reviews Drug Discovery (2018) 17, 471-492



Possible corrections

Non-standardized cell placement

Correctable rotamer outliers
Missing side-chains that can be
. . built
Borderline ligand quality

Outlier ligand
Incorrectly modeled buffer
components
Moderate Errors with covalently bound
sugars
Poor density for large fragments of
the protein
Weak ligand density

Biologically relevant corrections
Significant
Wrongly modeled or misidentified
primary ligand

Issues
none

minimal

moderate

significant

Protein
PLpro

Main protease

1.50 1.75 2.00 2.25 250 2.75 3.00 3.25
Resolution (A)

M. Grabowski et al., (2021) IUCr], 8, 395-407




Should we trust the model?
Should we blindly follow new methodology?

H,O,: is involved in a complex network of interactions,
mediating polar contacts between the catalytic His41, a conserved
Hisl64, and a conserved Aspl87 located in the domain II-III
junction. It is not unreasonable to suggest that this water may
play a role of the third catalytic residue, completing the non-

ARTICLE Boszes ) . A ] -
canonical catalytic triad in 3CL MP™ and acting to stabilize the

Structural plasticity of SARS-CoV-2 3CL MPro positive charge on His41 by mediating its electrostatic interaction
active site cavity revealed by room temperature with the negatively charged Aspl187 during catalysis. We note that
X-ray crystallography in some X-ray structures of the ligand-free 3CL MP™ from SARS-

50, Hugh M. O'Neilo ! Ro ) Stols?, CoV-2 (e.g, PDB ID 6M03) obtained at 100 K, this potentially

e
Paul Langan', Ar Leighton Coates "™ & Andrey

crucial water molecule is absent.




Should we trust the model
or check the map too?
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Should we trust the automation ?
PDB REDO
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Enemy of knowledge

The greatest enemy of knowledge is not ignorance,

but the illusion of knowledge
Stephen Hawking



Automatic Ligand Recognition
CMB server

Bioinformatics, 2018, 1-10

doi: 10.1093/bioinformatic s/bty626

Advance Access Publication Date: 17 July 2018
Original Paper

Structural hioinformatics

Automatic recognition of ligands in electron

density by machine learning

Marcin Kowiel ", Dariusz Brzezinski*?, Przemyslaw J. Porebski®*,
lvan G. Shabalin?*, Mariusz Jaskolski'® and Wladek Minor?**

ICenter for Biocrystallographic Research, Institute of Bioorganic Chemistry, Polish Academy of Sciences, Poznan
61-704, Poland, 2Department of Molecular Physiology and Biological Physics, University of Virginia, Charlottesuille,
VA 22908, USA, *Institute of Computing Science, Poznan University of Technology, Poznan 60-965, Poland, *Center
for Structural Genomics of Infectious Diseases (CSGID), University of Virginia, Charlottesville, VA 22908, USA and
SDEDEHIT‘IEI’]I of Crystallography, Faculty of Chemistry, A. Mickiewicz University, Poznan 61-614, Poland




Misidentified ligands replaced by
correct ones and re-refined

Table 3. Summary of refinement and structure quality statistics for original and re-refined structures

Pdb Wrong Resolution® R/Rge.” Clashscore® RMSD Pdb Correct Resolution® R/Rpec™ Clashscore® RMSD
code® ligand [A] bonds © [A] code® ligand  [A] bonds® [A]

2PDT  FAD 2.20 0.234/0.266 0.008 6CNY FMN 2.10 0.163/0.204 1. 0.014
IKWN TAR 1.20 0.127/0.145 4. 0.016 6COA TLA 1.20 0.103/0.117 0. 0.011
IFPX  SAM  1.65 0.218/0.235 8.: 0.021 6CIG SAH 1.65 0.146/0.174 4. 0.013
4RK3 GOL  1.80 0.157/0.200 1. 0.019 6CHK TRS 1.80 0.140/0.190 0. 0.014
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SA — application in medicine

Treatment of various diseases,
(e.g., burns, cirrhosis)

Blood
detoxification ,

Prognostic factor of
outcomes in patients

Czub M. P. et al,, J. Med. Chem., 63, 6847-6862 (2020).



Summary of known SA drug-binding sites

Drug-binding sites on SA

Czub M. P. et al,, J. Med. Chem.,(2020) 63, 6847-6862.



Summary of SA drug-binding sites and FDA-approved
drugs that were reported to bind in these sites

Drug site 1
‘(Sudlow site 1, FA7) -
Amantadine
(HSA)
Aspirin / salicylic acid
(HSA):
Azapropazone
[HSA)
Diclofenac
[HSA):
Diflunisal
(HSA)-
Etodolac
(ESA).
Halothane
“(HSA) -
Indomethacin
(HSA):
lodipamine
(HSA).
Ketoprofen
(BSA)
Naproxen. .
(BSA)
Oxyphenbutazane
[HSA)
Phenylbutazone
(HSA)
Thyroxine
(HSA)
Warfarin
[HSA)
Zidovudine
(HSA)

Drug site 2

(Sudlow Site Ii, FA3, FA4)

Aripiprazole
{HSA)
Diazepam
(HSA)
Diclofenac
(ESA,'OSA, CSA)
" Diflunisal’
{HSA)
Halpperidol
[ESA)
Halothane
[HSA)
Ibuprofen
“[HSA, ESA)
Ketoprofen
(HSA, LSA)

Nabumetone / 6-MNA

(ESA)
Naproxen
(ESA, BSA, LSA)

. Phenylbutyric.arid. .

(H5A)
Propofol
{HSA)
Suprofen
(ESA)
Thyroxine
{HSA)
Tolbutamide
(ESA)
Warfarin
(ESA)

Drug site 3
(FAL) -
Ampicillin
(ESA)
Azapropazone
(HSA)
Bicalutamide
[HSA)

" Diclofenac
[HSA, OSA, CSA)
Etodolac
(ESA)
Fusidic acid
[HSA)
Idarubicin

[HSA)
Indomethacin
[HSA)
Ketoprofen
(HSA)
Lidocaine
(HSA)
. Naproxen.
(H5A)
Salicylic acid
[HSA)
Teniposide
(HSA)
Zidovudine
(HSA)

. Drugsite 4

Cetirizine
{ESA)
Diclofenac
(OSA, CSA)
Ibuprofen
(ESA)

" Ketoprofen’

[ESA)
Progesterone

(ESA)
Testosterone
{ESA)
Tolbutamide

. Drugsite5 |

Etoposide
(HSA)

[ESA)

. Drugsite 6

Diclofenac
(ESA, OSA, CSA)
Ketoprofen
(ESA, LSA)
Nabumetone / 6-MNA

(ESA)
" Naproxen
(LSA) -
Oxyphenbutazone
(HSA) -

Drug site 7
- (FAB)
6-MNA
(ESA}

Ampicillin
(ESA}

Cetirizine
(ESAJ

" Déxamethasone

(ESA):
Diclofenac
(HSA, OSA; CSA)
Diflunisal
[HSA)
Etodoldc

~{ESA)
Halothane
(HSA)
Ibuprofen
(HSA, ESA)
Naproxen
(ESA, BSA; LSA)

Testosterone . .

(ESA)

Drug site 8
- (FAS) -
Fusidic acid
(HSA)
Praopofal
(HSA)
Thyroxine

(HSA)

Structures determined in my lab are shown in red

Czub M. P. et al., |. Med. Chem., 63, 6847-6862 (2020).

Drug site 9
(Cleft, FAS, FA9)
Diclofenac
(C5A)
lodipamine
[HSA)
Ketoprofen
[HSA)

" Thyroxine
[HSA)
Tolbutamide
(ESA)

Drug site 10
(FAZ)
Halothane
(HSA)
Ketoprofen
(ESA)
Tolbutamide

(ESA)

Journal of

Medicinal
Chemistry

™




Problem solving approach
Integration of Structure and medical data

e = 0.02*day + 37.20 g I’
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Figure 1
The overall structure of the ESA-dexamethasone complex. The elect .

(mF, — DF. map, calculated after ten refinement cycles without the ligai poaso ¢ 4
with Roman numerals and letters (e.g. [A). The dexamethasone molecule IK-K: Eg?rtrllglgg#ggse Outcome
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Figure 3

M. Schabalin et al., (2020) IUCr], 6,




Deletions
Mutations

Key mutations in
the Omicron spike

OMICRON

Key mutations in
the Omicron spike
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Targeting the receptor-binding domain -
RDB

Fig.1|Potency, escapabilicy, and breadth ofa
panel of RED antibodies.

esCapE mutal
mast escapable anti
ariability a

binding insecondary binding assay
Data Fig. 4a-f).

Starr, N. et al. (2021) Nature 597:97-102
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Article

SARS-CoV-2RBD antibodies that maximize
breadth andresistance to escape

Published Recommendation
View

https://doi.org10.1038/541586-021-03807-6  Tyler N. Star™™, Nadine Czudnochowski®™®, Zhuoming Liu™®, Fabrizia Zatta®, Young-Jun Park®,
Amin Addetia', Dora Pinto®, Martina Beltramello*, Patrick Hernandez?, Allison J. Greaney',

Recsived: 28 March 2021
eceive arc Roberta Marzi‘, William G. Glass’, lvy Zhang™, Adam 5. Dingens', John E. Bowen®,

Accepted: 6 July 2021 M. Alejandra TortoricF, Alexandra C. Walls®, Jason A. Wojcechowskyi?, Anna De Marco?,
. Laura E. Rosen?, Jiayi Zhou?, Martin Montiel-Ruiz’, Hannah Kaiser?, Josh R. Dillen?,
= Published anline: 14 July 2021 Heather Tucker”, Jessica Bassi', Chiara Silacci-Fregni®, Michael P. Housley?, Julia di lulio?,
’ alroards - - riele P o #|Check for updates Gloria Lombardo®, Maria Agostini’, Nicole Sprugasci’, Katja Culap*, Stefano Jaconi®,
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Luca Piccoli*, Fabio Benigni®, Johan Neyts®, Amalio Telent”, Florian A. Lempp®,
MatteoS. Pizzuto*, John D. Chodera’, Christy M. Hebner?, Herbert W. Virgin®®2,
Sean P. ). Whelan®, David Veesler®, Davide Corti*™, Jasss D. Bloom'®"** & Gyorgy Snell**

SARS-CoV-2 RBD antibodies that maximize breadth and resistance to
escape.

Starr TN, Czudnochowski N, Liu Z, Zatta F ... Veesler D, Corti D, Bloom JD, Snell G. 1+
Nature 2021 09; 597(7874).97-102

PMID: 34261126 | DOI: 10.1038/541586-021-03807-6

Recommended W W W
Wiladek Minor

Faculty Member

Faculty Opinions Structural Biclogy
University of Virginia, Charlottesville, WA,
USA.

Follow

3 Sep 2021 | New Finding, Technical Advance

This large international team of researchers (over 50 researchers from 14 institutions) report on a new therapy based on a natural antibody
discovered in the blood of a SARS survivor. This antibady called S309 neutralizes not only all known SARS-CoV-2 strains but also the origina
SARS-CoV virus. Combined X-ray crystallography and cryo-EM studies elucidated structural maps of how these antibodies bind to the SARS-CoV-
2 spike protein. Based on structural and other findings, researchers have designed a novel antibody therapy called sotrovimab. Sotrovimab has
recently received emergency use authorization from the FDA for the treatment of COVID-19




Check My Metal CMM

CheckMyMetal (CM etal Binding Site Validation Server

tion: (JSmol | Jmol)  Return format ion: (HTML

Input PDBID Test Data
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CheckMyMetal (CMM): Metal Binding Site Validation Server

PDB code: UNKNOWN (Click on Individual metal binding site to switch views)

CheckMyMetal(CMM) Home Report a Problem Save CMM report (HTML, PDF)

@ [Re  [wewm  Gcaweny | PEGS U SRS [Vacaney [ Gideriate [ Aot ]
BO2 B26 1 7.9° 5% 0

A:801 0.44 Tetrahedral
A8l MG Mg 1 25.3( / / Free N; N/A

Legend: Generate a model with alt.

Not applicable d e Acceptable Select the metal(s) ab ange Without Refin hange With Refinement
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Structural Basis for the Magnesium-Dependent
Activation and Hexamerization
of the Lon AAA+ Protease
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SUMMARY A LonA protomer contains three functional domains: (1) the

MN-terminal domain involved in substrate recognition, (2) the cen-
The Lon AAA+ protease (LonA) plays important roles  tral AAA+ module with ATP-binding and hydrolysis activity, and
in protein homeostasis and requlation of diverse bio-  (3) the C-terminal protease domain with a serine-lysine catalytic




The Washington Post
Democracy Dies in Darkness

Health

MOST READ HEALTH

\s covid persists, nurses are leaving staff jobs — and
tripling their salaries as travelers

er shots has exposed a fundamental

n the United States’ ability to respond to a public health crisis: The data is

Joel Achenbach, Yasmeen Abutaleb Washington Post, Sept 30, 2021



Software is easy ??

737mvax - we will tix software in 2 weeks (supervisor)

I can not do anything — this is computer fault
(employee)

-

Giving software its due

Software and algorithm development is crucial for scientific progress; we discuss how to improve the impact and
recognition of these tools.




Experimental data management

General-purpose modules

* Cloning * Projects
* Expression ¢ People
* Purification * Group

bidirectional
data transfer

¢ Chemicals
¢ Bottles
¢ Solutions

unidirectional
data transfer

automated
file import

Specialized modules manual

file import
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User effort
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Reproducibility

The unspoken rule is that at least 50% of the studies published even in top tier academic journals

— Science, Nature, Cell, PNAS, etc... — can’t be repeated with the same conclusions by an industrial
lab. In particular, key animal models often don’t reproduce. This 50% failure rate 1sn’t a data free assertion:
it's backed up by dozens of experienced R&D professionals who ve participated in the (re)testing of

academic findings. This is a huge problem for translational research and one that won't go away until we

address it head on.

NIH plans to enhance
reproducibility

Francis S. Collins and Lawrence A. Tabak discuss
initiatives that the US National Institutes of Health
is exploring to restore the self-correcting nature of

preclinical research.

d animal models.

Raise standards for
preclinical cancer research

4

Institutional incentives
35= Individual—career incentives

=== Raising the bar

— Believe it or not: how much can we

w

~
n

Submissions to Science
~
\
)

8 m re]y on publlshed data on pOtentlal umbers. Lots and lots of numbers. It is hard to
14 — find a paper published in Science or any other
0s drug ta rgets7 journal that is not full of numbers. Interpreta-

tion of those numbers provides the basis for the
conclusions, as well as an assessment of the con-
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Voo Florian Prinz, Thomas Schlange and Khusru Asadullah




Reproducibility and antibiotic resistance
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W) Crack for updates

Refining the macromolecular model - achieving the best
agreement with the data from X-ray diffraction experiment Contents lists available at ScienceDirect

Ivan G. Shabalin ©2-°, Przemyslaw J. Porebski ©2:® and Wladek Minor 2.2 Drug Resistance Updates

"Department of Molecular Physiology and Biological Physics, University of Virginia, Charlottesville, VA, United
States; "Center for Structural Genomics of Infectious Diseases (CSGID), Charlottesville, VA, United States journal homepage: www.elsevier.com/locate/drup

A close look onto structural models and primary ligands of metallo-[3-
lactamases™

Joanna E. Raczynska™', Ivan G. Shabalin™“', Wladek Minor”*, Alexander Wlodawer,
Mariusz Jaskolski™*




Categories of Data Resources

Repositories

Databases

Advanced

Information Systems
(AlS)

Complexity

Content

Searches and
Retrieval

Data mining

Data
validation

Data
architecture

Users [
Audience

Cost

Setup
Storage
Maintenance
Annotation
Curation

(deposited)
ith little or no

Data not necessarily
indexed, searching

Wery difficult

Mo validation

Mo organization;
typically just a set of
files

Usually limited to a
single lab or
institution

Lo
Low - Medium
Lowr
N/A
NSA

Probably include
some metadata

Data is indexed,
facilitating searches

Limited to basic
stafistics

Limited validation

Partial organization
[e.g. subfolders)

Collaborative /Public

aCCess

Medium - High
Medium

Medium - High
Medium - High
Low - Medium

Zheng H et al. (2017). Methods Mol. Biol. 1607, 643—665.

Extensively curated
metadata

Search usually driven
by a database (in a
technical sense)
Built-in data analysis
and report generation

Full validation

ctured and
maybe distributed

single lab,
Organization or Public

High

Medium

High - Very High
High

Medium - Very High

Extensively curated
metadata, integrated
with external
resources

Efficient search and
retrieval

Customizable tools
for analysis of user
data

Full validation;
Mechanism for
moderated user's
corrections

Data is structured and
maybe distributed

Organization or Public

Wery High
Medium

Wery High
Wery High
Wery High




Advanced Information Systems

" Databases of scientific

Published literature
experiments

Advanced Information Systems

Life Sciences information tool

Machine learning and Al Computational analysis




Clear communication problem




Tower of Babel

we need to understand each other
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Pieter Bruegel the Elder



A Prototype of
Advanced Information System

" Databases of scientific

~ Puplished literature
virusMED

experimen

=" \putational analysis

Zhang, H. et al. (2021) IUCrJ 8:1-12




virusMED
virus Vletals, [ pitopes, & ['rugs

‘ 25,306 Hotspots
‘ 7,041 Structures
‘ 805 Virus strains

‘ 75 Virus families

Zhang, H. et al. (2021) 1UCrJ 8:1-12



Browsing in virusMED

Browse by Hotspots

Epitopes ~

Browse by Viruses

Viral Hosts ~

Zhang, H. et al. (2021) 1UCrJ 8:1-12



Toward the optimal response

Structure determination
Use state of the art tools

to interpret biomedical

data Structure validation

Explain discrepancies
between structure and
ResearCherS biomedical results

Deposit structure to
PDB. Deposit original
images to public
repositories

Update PDB when
paper is published or a
better structure is
available

Deposit biomedical data
and results to FigShare
or similar

Set high priority for Multidisciplinary,
Advanced Information e

Systems (AIS) long-term project

Fu nding Keep widely used
agenCieS resources alive and well

Strongly support
scientific collaborations

Research
facilities,

Developers,
and Experts

Governing
bodies

Data processing

Request rigorous
deposition

Structure refinement

Offer expert assistance

Validation
Al assisted refinement,
validation, and
deposition

Complete metadata

Be prepared for worst
case scenarios

Work with
= the best
Be pro-active,
not reactive

Invest in research
infrastructure

Invest in and test
emergency systems

M. Grabowski et al., (2021) IUCr], 8, 395-407
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