
No. K23-3095

研究課題名 Prediction	and	monitoring	of	SARS-CoV-2	emerging	lineages

研究代表者 Zahradnik	Jiri	(	カレル大学・Principal	Investigator	)

研究組織

受入教員 佐藤	佳	(	東京大学医科学研究所・教授	)

分担者 Ruojin	Tian	(	カレル大学理学部生化学学部・大学院生（博士課程1年）	)



(Form 2) 
Principal Investigator 

Jiří Zahradník 

 

IMSUT International Joint Usage/Research Center Project <International>  
Joint Research Report (Annual/Project Completion)   

 Annual Report  

Report  
 

Introduction 
 
Coronaviruses harbored in wild animal populations constitute a persistent and evolving threat to hu
man health, owing to their zoonotic potential and capacity for rapid human-to-human transmission. 
The global crisis precipitated by SARS-CoV-2 has starkly illuminated the critical importance of pr
oactive surveillance systems and mechanistic insights into host–pathogen interplay. In response to t
his ongoing challenge, sustained international collaboration across disciplinary and geographic boun
daries is indispensable for timely scientific advancement and effective public health preparedness. 
In this context, we reaffirm our commitment to reinforcing the collaborative partnership between P
rof. Kei Sato (IMSUT host researcher, Japan) and Dr. Jiří Zahradník (Charles University, Prague, 
Czechia), aiming to synergize complementary expertise in virology, molecular evolution, and struct
ural biology to elucidate the dynamics of coronavirus emergence and adaptation. 
 
Research Projects Overview 
 
Project 1:  Protein Engineering Applications for Predicting Future SARS-CoV-2 Spike Muta
tions 
 
This year, we focused in the project 1 to investigate how mutations in the linoleic acid (LA) bin
ding pocket affect viral infectivity and potential resistance to LA-based inhibition, aiming to evalu
ate the feasibility of targeting this conserved structural feature for therapeutic modulation. The kno
wledge about LA binding pocket evolution is also important to understand the emergence of Omic
ron as some of the key Omicron features lies in the LA pocket. In addition, some of identified s
ome of the high-risk mutations in the RBD of Banal-52, Banal-236, RaTG13, GX-P5L, and SAR
S-1 identified in our platform were further analyzed.  
 
This project was significantly advanced thanks to the research stay of PhD candidate Ruojin Tian
 from Dr. Jiří Zahradník’s team in Prof. Sato’s lab, where she learned the methodology and dire
ctly contributed to obtaining new results. 
 
 
Progress and Results: 
 
We have completed the first two rounds of linoleic acid (LA) addition experiments using a set of 
six RBD mutants targeting the LA-binding pocket, which is located on the apical side of the spik
e RBD. The mutants were successfully constructed and sequence-verified, and lentiviral pseudoviru
ses were produced in two batches, including 13 variants and no-spike controls. A total of three st
andard infectivity assays and two LA-treatment assays were conducted. 
 
Our results revealed distinct infectivity trends: specific mutations such as I358F and A363W result
ed in reduced infectivity in the XBB.1.16, JN.1, and XBB.1.9.2 backgrounds, consistent with a po
tential trade-off between structural stability and viral entry. Interestingly, the same mutations enhan
ced infectivity in BA.1 and BA.2 contexts, highlighting the interplay between local pocket architec
ture and lineage-specific structural constraints. 
 
However, LA addition experiments showed inconsistencies. In one replicate, we obtained reliable i
nfectivity suppression in the LA-treated group, but control groups were compromised. In a follow-
up attempt, vehicle toxicity caused widespread cell death, while LA-treated cells remained viable. 
These results emphasize the need for improved solubilization protocols and underscore the difficult
y of directly targeting the LA pocket in vitro. 
 
To address these challenges, we are optimizing LA solubilization conditions and exploring pH-mod
ulated pre-treatments using both pseudovirus and VSV-based systems. Parallel work will include c
onsideration of live virus systems to validate key findings. 



                                                                                                                        
 
These experiments will offer novel insight into the structural-functional consequences of pocket per
turbation and LA interaction in spike evolution, and may contribute to a mechanistic understanding
 of infectivity modulation across SARS-CoV-2 variants. These findings may lead to at least one p
ublication focused on LA-pocket-targeting mutations and their virological implications. 
 
The mutations we discovered using our platform were cloned by the student Ruojin into the orig
inal Spike proteins, and a pseudovirus assay was conducted, demonstrating that these mutations r
emain active even when the full Spike protein is reconstituted. This confirms the relevance of th
eir prediction. 
 
 
Project 2:  Monitoring and Virological Properties of New Emerging Variants of SARS-CoV-
2 
 
This ongoing project, jointly led by Prof. Kei Sato and Dr. Jiří Zahradník, focuses on the rapid 
characterization of emerging SARS-CoV-2 variants through integrated virological, structural, and i
mmunological assays. The project has yielded five high-impact publication, covering variants such
 as JN.1, BA.2.86, EG.5.1, and zoonotic precursors like BANAL-20-236. These studies establish 
a foundation for understanding the functional consequences of spike mutations, especially in the c
ontext of variant emergence, immune evasion, and public health relevance. 
 
The exceptional collaboration between the two laboratories resulted in the publication of five arti
cles in prestigious journals. 
 
Publications: 
 
Virological characteristics of the SARS-CoV-2 JN.1 variant (2024) – The Lancet Infectious Diseas
es, 24 (2), e82 
 
Virological characteristics of the SARS-CoV-2 BA.2.86 variant (2024) – Cell Host & Microbe, 32 
(2), 170–180.e12 
 
Virological characteristics of a SARS-CoV-2-related bat coronavirus, BANAL-20-236 (2024) – eBi
oMedicine, 104, 105181 
 
Induction of IGHV3-53 public antibodies with broadly neutralising activity against SARS-CoV-2 in
cluding Omicron subvariants in a Delta breakthrough infection case (2024) – eBioMedicine, 110, 1
05439 
 
Virological characteristics of the SARS-CoV-2 Omicron EG.5.1 variant (2024) – Microbiology and 
Immunology, 68, 305–330 
 
 
Anticipated Research Results 
 
Project 1: 
 
Elucidate how specific mutations in the linoleic acid (LA) binding pocket modulate SARS-CoV-2 
infectivity across diverse variant backgrounds. 
 
Clarify the mechanistic role of the LA pocket in stabilizing spike conformations and mediating vi
ral entry. 
 
Identify lineage-specific structural constraints that determine the differential impact of LA-pocket-t
argeting mutations. 
 
Provide a proof-of-concept framework for targeting the LA pocket in therapeutic design, with im
plications for pan-variant inhibition strategies. 
 
 
In parallel with the above mentioned projects, we will continue to serve as a responsive platform
 for rapid analysis of newly emerging SARS-CoV-2 variants. Future efforts will prioritize integrat
ion with structural predictions and antibody escape profiling, facilitating real-time assessment of g
lobal variant threats. Expansion into other sarbecoviruses and pre-emergent strains is also in the a



                                                                                                                        

 

dvanced stage of project design, enhancing our preparedness for future zoonotic spillovers. 
 
 
Future Plans 
 
 
Student researchers will continue to play an integral role in our projects, gaining experience in m
olecular cloning, pseudovirus production, and functional virology. The project will next focus on 
optimizing the solubilization and delivery of linoleic acid to ensure consistent experimental condit
ions. Additional infectivity assays under modified pH and entry-pathway conditions (including pse
udovirus pre-treatment and VSV-based systems) will be conducted to simulate endosomal environ
ments. 
 
The most informative mutants will be selected for further mechanistic analysis in Prof. Sato’s lab
oratory, where their virological behaviors—such as infectivity, entry route preference, and potentia
l resistance to LA modulation—will be systematically evaluated. These experiments are expected t
o refine our understanding of how perturbations to the LA binding pocket affect viral entry and 
structural dynamics and may contribute to the development of pan-variant strategies targeting con
served vulnerabilities in the spike protein.  
 
 
Conclusion 
 
Our collaborative research continues to advance, yielding mechanistic insights into how structural 
features of the SARS-CoV-2 spike protein govern viral entry and adaptability. Through targeted e
ngineering and functional assays, we are uncovering how specific mutations alter infectivity in a 
context-dependent manner. In the coming year, we aim to expand these efforts through deeper an
alysis of variant-specific vulnerabilities, broader application of cross-lineage comparisons, and incr
eased student involvement. These efforts are expected to enrich our understanding of spike evolut
ion and contribute broadly to virology and therapeutic research. 
 
 
 
 
 
 


