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A Career in Structural Biology with a 
passion for viruses
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OUR RESEARCH



Our research: from patients to atoms
… to translational research
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Our Lab
Focus on T cells & viruses
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INTRODUCTION



How to ”see” atoms: X-ray crystallography

• Atomic resolution microscopy

• Proteins interaction

• Protein with different ligands



Cells
10,000 times smaller
than tennis ball

Virus
1 million times smaller
than tennis ball

 
Immune system molecule
10 million times smaller than tennis ball100 million times smaller than tennis ball

Water        Aspirin     Antibody     Virus     Bacteria     Cell                                  Tennis Ball

10-1  1 10                  102                      103                104                  105               106         107  108

nanometers

Things we are looking at?



X-ray crystallography: step by step

Protein Crystallisation

Crystal 
= 

signal amplification



X-RAY CRYSTALLOGRAPHY
APPLIED TO HEALTH RESEARCH





Host genetic & disease outcome

Role of HLA molecules & T cells?



HLA hold peptide in their pockets
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Nguyen AT, Szeto C, Gras S. Biochem Soc Trans. 2021. DOI: 10.1042/BST20210410 
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TCR recognition and diversity

~1020 unique TCR 
structures 

(one hundred 
quintillion)

TCR

MHC (major histocompatibility complex)

peptide

TCRs are 
extremely 

diverse

TCR binding site



T cell

T cell receptor (TCR)

Antigen 
presenting 

cell
(APC)

peptide

Human Leukocyte antigen 
(HLA)

~1020 possible
~107-108/individual

Infinite number

Each new virus = new peptides

25,000 HLA class I
Up to 6/individual

Complexity in diversity



X-ray crystallography: revealing T cell binding

Figure 1!
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WHY COVID-19 BENCHED YOU 
BUT NOT YOUR CO-WORKER



Why are we not all sick with COVID?

19

< 20%

~70%

~10%

~5%

How some 
people 
dodge 

COVID?

Luck & genetics ?



Danillo G Augusto and Jill A Hollenbach, Current Opinion in Immunol, 2022 

HLAs and COVID



Cohort of ~30,000 donors HLA typed

Augusto*, Murdolo*, Chatzileontiadou*, Nature, 2023

1,428 SARS-CoV-2+

Asymptomatic
~ 10%
(136)

Symptomatic
~ 90%
(1,292)

National Marrow Donor Program 
(NMDP)

UCSF Citizen Science study: 
smartphone-based app
questionnaire
track COVID-19 symptoms
 July 2020 – April 2021

29,947 individuals enrolled 

HLA typed individual
HLA-A, -B, -C, -DRB1 and -DQB1

UCSF Citizen Science 
study (n=1428)

asymptomatic 
odds ratio (OR)

HLA-B*15:01 2.40

HLA-B*15:01/15:01 8.58



How HLA-B15+ individuals dodge COVID?

HLA

T cell

T cell

HLA



What did we know?

Four T cell epitopes from SARS-CoV-2
 
CVADYSVLY (Spike)
NQKLIANQF (Spike)
RVAGDSGFAAY (M)
HVGFIPVAY (ORF1)

T cell

Activating T cells
In COVID recovered donors



The Immune system remembers!
Pre-existing immunity to SARS-CoV-2

9 HLA-B15+ donors from USA
Blood collected in 1990’s (before 
COVID)

NQK peptide is recognised by 
memory T cells! 

Memory T cells able to “see” SARS-
CoV-2 spike peptide 

before COVID-19 pandemic !!! 

MEMORY T CELL



Why memory T cells are important?

NAÏVE T CELL MEMORY T CELL

EFFECTOR T CELL
Faster & better at killing target

MEET THE ANTIGEN !



What did T cells see prior to COVID?



Origin of pre-existing immunity
seasonal human coronaviruses

OC43 HKU-1 229E NL63

Seasonal coronaviruses
(common cold)

SARS SARS-CoV-2

Epidemic/Pandemic 
coronaviruses

(severe disease)

NQKLIANQF  (NQK-Q8)NQKLIANAF (NQK-A8)



NQK PEPTIDES



How do NQK-A8 and NQK-Q8 peptides look like?

Same stability

NQKLIANAF (NQK-A8)
OC43/HKU-1 

NQKLIANQF (NQK-Q8)
SARS-CoV-2



Resolution: 1.65 Å

Resolution: 1.85 Å

NQKLIANAF (NQK-A8) 
NQKLIANQF (NQK-Q8)

How do NQK-A8 and NQK-Q8 peptides look like?
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HLA-B15 (white cartoon) in complex with NQK-
A8 and NQK-Q8

Same structure

How do NQK-A8 and nNQK-Q8 peptides look like?



NQK-SPECIFIC T CELLS



Position 8 is 
often 
contacted by 
T cells

Can T cells can “see” both NQK-Q8 and NQK-A8 ?

NQKLIANAF (NQK-A8) 
NQKLIANQF (NQK-Q8)

CD8+ T cells

→Same T cell receptor (TCR)

OR

→TCR specific for each peptides

8

Szeto et al., IJMS, 2021 

TCR-peptide-MHC-I



Can T cells can “see” both NQK-Q8 and NQK-A8 ?

HKU-1 SARS-CoV-2

NQKLIANQF 
(NQK-Q8)

OC43

NQKLIANAF 
(NQK-A8)

? ?



Can T cells can “see” both NQK-Q8 and NQK-A8 ?
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T cells able to bind to both peptides
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Cross-reactive T cellsT cell specific for 
NQK-Q8 only
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NQK-specific T cells share the same TCRs 

D5A TCR

D9A TCR

Donors Sample

R24# Infected + vax 1 dose

R9# Infected + vax 2 doses

R10# Infected only

N9# Vax 2 doses (only)

GR81* unexposed

R1# Infected only

SG133* unexposed

VAC62* Vax 3 doses

# Minervina et al., Nature Immunology, 2022
*Augusto et al., Nature, 2023

Donors Sample

R8# Infected + vax 2 doses

GR29* unexposed

VAC62* Vax 3 doses

SG133*  unexposed

Found in 8 donors
across USA and AUS

Found in 4 donors
across USA and AUS



Same TCRs can “see” both NQK-A8 and NQK-Q8
Surface plasmon resonance

Shared TCRs has similar affinity for both peptides

D5A TCR

D9A TCR

500 litres of LB later ….



HLA-B15+ individuals can 
dodge COVID 



NQK-specific shared TCR binding is unusual

Unpublished data

TCR Canonical binding

Crystal structure of TCR-pMHC-I Shared TCR-HLA-B*15:01-NQK-Q8



HLA-B*15:01-NQK-Q8

TCRβ

Solved @ 2.7Å

NQK-specific shared TCR avoid the P8 residue

TCR⍺
NQK-Q8

TCRβ

TCR⍺



Unique pHLA-TCR interaction

NQK-Q8
NQK-A8

Resolution: 2.7Å Resolution: 3Å

TCRβ

TCR⍺

TCRβ

TCR⍺



Conclusion & Future directions

• First genetic link between HLA and asymptomatic COVID

• Strong memory T cells may provide protection

• Other protective HLAs? 

• Towards a pan-coronavirus vaccine: the role of T cells



Using Synchrotron technique for Medical research 

Understanding T cell response at the atomic level:

 - impact of viral mutation and basis for viral escape (help with surveillance)

 - role and mechanism of pre-existing immunity (help design better vaccine)

 - fundamental concept of T cell biology (help design new drug to block or activate immune system) 

T cells can protect from infection BEFORE the infection occurs

T cell response can increase upon vaccination (potential vaccine target)
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Innovative Programming
• Public lecture by a Nobel Laureate, Plenaries, Keynotes, Symposia

• In conference day-long symposia; Technical workshops

• Meet the editors session; Art meets science events

• Outreach events; Academia/ Government/ Industry forum

• Career development events

Conference Themes
Cell, Developmental & Stem Cell Biology; 

Biotechnology & Synthetic Biology; Microbial World; 

Cell Signalling & Metabolism; Genomics, Gene 

Regulation & Epigenetics; Bioinformatics, 

Computational Biology, ‘Omics; Structural Biology & 

Biophysics; Molecular Basis of Disease; Molecular 

Physiology; Indigenous Pathways; Education

In-Congress 

Focus Days

• RNA Technology 

• Gene Editing

• Climate Change

www.bmh2024.com Scan the QR code to register your interest



To join the study and 
receive more information

scan the QR code

Or go to 
https://graslab.com.au/covi
d-19-study/
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