NATIONAL HEALTH N
LABORATORY SERVICE ‘

The role of synchrotrons in African Bio-science

Thandeka Moyo-Gwete

Senior Medical Scientist

National Institute for Communicable Diseases
Johannesburg, South Africa

4 SYNCHROTRON TECHNIQUES
§ FOR AFRICAN RESEARCH
qg NATIONAL INSTITUTE FOR AND TECHNOLOGY

COMMUNICABLE DISEASES %
Division of the National Health Laboratory Service



https://events.saip.org.za/event/243/contributions/9284/

Who are we??

Medical Research Council Antibody Immunity
Research Unit

Based in Johannesburg, South Africa
Virology, Immunology and Structure

HIV, Influenza, CMV, SARS-CoV-2



Contribution of Light Sources to Biological and Medical Sciences

Structural biology helps us understand the structure and function of macromolecules
including proteins, DNA and RNA

Aids in vaccine design Provides information on protein-inhibitor interactions for drug,
herbicide and pesticide design
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Importance of structural biology in virology research:
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Neutralizing antibodies in HIV vaccine
development

* Broadly neutralizing antibodies (bNAbs) are required for an effective
HIV vaccine

* They neutralize various global HIV-1 strains and inhibit entry into cells

« However, HIV infection has shown us:

» Rare — 20% HIV infected individuals develop them
* Unusual features
» Take long to appear — chronic infection

 Therefore, studying bNAbs and their targets may aid in immunogen
design to elicit bNADbs



Importance of structural biology in bNAb research

Why we study the structure of antibody-HIV Envelope complexes?

-define novel epitopes targeted by bNAbs

-discover key residues important for the neutralization of HIV by bNADbs
-define structural attributes of “special” viral strains

-inform design of immunogens which will elicit bNAbs
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Technique to obtain the high resolution structure of
proteins:

CAP256-VRC26.03 (week 119)

Antibody structure HIV Envelope structure



X-ray crystallography pipeline
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Structural characterization of antibody lineages

from single donor

CAP314 — HIV-infected donor who developed bNAbs within 2 years post-infection

Isolated and characterized three antibody lineages (families)
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Breadth of the IGHV3-15 family based on heterologous viruses neutralized by the plasma (n=21)

20~ 19%
15+
-
whd
<]
©
o 10~
o0
X
5-
c T L} | | 1
100 60 87 88 20 52 93
mAbs

15-19% breadth



CDRL3 insertion (29 aa) associated with increased breadth
over time

3-15 lineage Deletion in FR1
Light Chain and CDRL1 29aa Insert in CDRL3
FR1 --CDRL1-- FR2 CDRL2 FR.
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Novel mode of binding to HIV CD4 binding site
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CAP314 WT vs CDRL3 mAbs (52)

— eey—

epitope (CD4 binding site) in a
unique way

T T
mAb52 wt  mAb52_mAb100CDRL3
mAbs

CAP314 WT mAbs

150=
® mAb100 WT
B mAb52 WT
100 _———— ]
50
—aag—
] ]
mAb100 WT mAb52 WT
mAbs
CAP314 WT vs CDRL3 mAbs (100)
150
®  mAb100 wt
® mAb52 wt Z 100+ ® mAb100_mAb52CDRL3
B mAb52_mAb100CDRL3 ]
3
© 50+

T T
mAb100 wt mAb100_mAb52CDRL3
mAbs



Using structural biology our lab can now:

1) Learn more about the structure and function of bNAbs — what
unusual features do they have? how can we elicit them in a vaccine?

i) explore vaccine elicited antibody responses — HIV trimer trials:
study the structure of these Abs and how they interact with full HIV
trimers and other immunogens

lii) Discover and characterize unique HIV strains — learn more about
unique features of Env strains that have enhanced capacity to elicit
bNAbs
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The answer to the vaccine question:
the spike protein

SARS-CoV-2 prefusion spike SARS-CoV-2 postfusion spike
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https://cen.acs.org/pharmaceuticals/vaccines/tiny-tweak-behind-COVID-19/98/i38



Using structural biology to make the

best vaccine candidate

Pfizer
Jnd
Novavax
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Isolation of a cross-reactive SARS-CoV-2 antibody

Sample ID SA-01-0084
Sex Female

Age 55-60

HIV status Uninfected
Days post-positive RT-PCR test 2 days

Date blood sample collected January 2021
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Isolation of a cross-reactive SARS-CoV-2 antibody

084 plasma
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Structure of 084-7D in complex with Beta RBD

084-7D
antibody

- Beta RBD

Frances Ayres



mAb 084-7D heavy chain

Gene usage

mAb ID

Isolated as

Cloned as VH D

V-gene
J Mutation
frequency

CDRH3
length

CDRH3 AA Sequence

084-7D

19G1, IgAT, IgM
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5.9% 13
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Is IgA more potent in other SARS-CoV-2 mAbs?
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CH1 domain appears to play a role in modulating antibody affinity as
a consequence of the greater CH1 alpha flexibility, which confers to
the IgA a higher kinetically competent form to bind the antigen
(Tudor, 2012, PNAS)

Greater hinge region flexibility due to O-linked glycosylation



Final conclusions

Structural biology is a key field for both virology and
immunology — without it we would not have a SARS-CoV-2
vaccine

Understanding the structure of a protein helps us understand its
function and how to manipulate the protein to get a desired
effect

Although there is still no HIV vaccine, major strides have taken
place over the last 40 years bringing us closer to this goal

Structural biology will continue to be a relevant even in the face
of the next global pandemic
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