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Simulating the Formation and Evolution of Dwarf Galaxies on a 
Next-Generation National Supercomputer 

Yonghwi Kim1*, and DARWIN Collaboration 

1 Korea Institute of Science and Technology Information (KISTI), Daejeon 34141, Republic of Korea 

Corresponding author (Electronic mail: yonghwi.kim@kisti.re.kr) 

Dwarf galaxies present a profound challenge for numerical simulations. Their shallow potential wells 
are highly susceptible to stellar feedback, necessitating that kiloparsec-scale outcomes be modeled 
alongside parsec-scale physics. Bridging this gap requires a spatial dynamic range of six orders of 
magnitude— a major computational and astrophysical challenge. This effort is timely, as dwarf galaxies 
are a primary observational target for upcoming next-generation telescopes. 

We report the status of DARWIN (DAzzling Realization of dWarf galaxies In the Next generation), a 3-
step cosmological simulation campaign achieving this dynamic range via nested refinement. The 
framework couples adaptive mesh refinement hydrodynamics with particle-mesh gravity, multi-band 
radiative transfer, and stiff thermochemical networks tracking over 12 species. Thus, computational 
costs are dominated by operator coupling and load imbalances inherent to this multi-physics system. 
DARWIN-1 evolves a 65 Mpc volume at 0.5 kpc, reproducing observed scaling relations across stellar 
mass, halo mass, chemical abundances, and central black hole mass. In DARWIN-2, 24 sub-regions 
were resimulated at 62.5–125 pc, yielding 243 dwarf galaxies and demonstrating environmental 
regulation on gas accretion: chemically pristine systems decrease tenfold near massive neighbors. 
DARWIN-3 reaches a 3.9 pc resolution across 16 zoom-in targets, resolving early star formation and 
gas stripping.  

Since each stage incurs a computational cost 500 times greater than its predecessor, standard CPU-
only architectures cannot sustain this scaling. Future progress necessitates utilizing the KISTI-6 
national flagship supercomputer, HANGANG, and its accelerated solver, serving as the primary 
motivation for the numerical work presented separately at this conference. 

 

Figure 1 3-Steps of DARWIN Simulations 

Acknowledgments This research is supported by the National Research Foundation of Korea (NRF) 
grant funded by the Korea government (MIST) (No. 2022M3K3A1097104). This work is also supported 
by KISTI under the institutional R&D project (K26L1M2C3). 
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Effects of Rain-Gauge Network Variability on CycleGAN-Based 
Precipitation Estimation 

Hyojin Kim 1*, Wonsu Kim1 

1 Korea Institute of Science and Technology Information, Daejeon 34141, Republic of Korea 

Corresponding author (Electronic mail: hjkim@kisti.re.kr) 

Accurate reconstruction of spatial rainfall patterns from sparsely distributed ground observations 
remains challenging. To address this problem, a CycleGAN-based approach was developed to learn 
spatial precipitation characteristics from radar data while retaining rainfall information observed at rain 
gauges. The effects of changes in the available gauge network were further investigated by evaluating 
model performance under varying rain-gauge network configurations. Rain-gauge precipitation and a 
station-location mask were used as inputs. The model generally achieved higher CSI values than radar 
and IMERG at gauges excluded from the input. Model performance deteriorated as the number of input 
gauges decreased below that used during training, particularly for intense precipitation. To improve 
applicability to different observation environments, diverse gauge configurations were incorporated 
during training. This strategy reduced performance degradation in a new region with a sparse gauge 
network and achieved performance comparable to a model trained directly on the target region. These 
results suggest that considering diverse gauge-network configurations during model training is 
important for practical application. 

 

Figure 1 Schematic of high-resolution rainfall field generation from AWS and radar data 

Acknowledgments This work was supported by the Korea Institute of Science and Technology 
Information (K26L4M1C1). 
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Fichera-corner First-passage Algorithm 

Jae-ho Lee2, Sungwon Cho3, Geonho Hwang1*, and Chi-Ok Hwang1† 

1Department of Mathematical Sciences, College of Natural Sciences, 

 Gwangju Institute of Science and Technology, 

Gwangju Metropolitan City 61005, South Korea 

2Department of Physics and Photon Science, College of Natural Sciences,  

Gwangju Institute of Science and Technology, 

Gwangju Metropolitan City 61005, South Korea and 

3Department of Electrical Engineering and Computer Science, 

College of Artificial Intelligence, Gwangju Institute of Science and Technology, 

 Gwangju Metropolitan City 61005, South Korea 

*Corresponding author (E-mail address: hgh2134@gist.ac.kr) 

†Corresponding author(E-mail address: chwang@gist.ac.kr) 

 

In Diffusion Monte Carlo simulations, the “Walk-on-Spheres” (WOS) algorithm requires an absorption 
ϵ-layer to terminate diffusion near boundaries, inevitably inducing artificial truncation errors. This 
inefficiency is especially magnified near complex geometries like edges and corners. Exploiting the 
electrostatic-diffusion isomorphism, exact boundary-specific algorithms like Walk- on-Plane and Walk-
on-Infinite-L-shaped (WOIL) have been developed. Extending this approach, we introduce a novel 
Walk-on-Infinite-Fichera-Corner (WOIFC) first-passage algorithm. By deriv- ing the exact first-passage 
probability distribution on an infinite Fichera-corner (cubic trihedral) boundary, we developed an 
acceptance-rejection sampling method for exact random walk jumps. To demonstrate this, an 
application combining WOIFC with WOS and WOIL to sample first-passage collision points within a 
finite cube is currently in progress. 

Keywords: Monte Carlo, First-passage, Fichera-corner, Acceptance-rejection sampling 
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Artificial Intelligence-Fokker-Planck Equation Hybrid for Optimal 
Descriptor Identification and Prognosis of Patient Fate Dynamics 

In-Chun Jeonga,b,c, Ji-Hyun Kima,b,c,*, Jaeyoung Sunga,b,c,* 

aGlobal Science Research Center for Systems Chemistry, Chung-Ang University; Seoul 06974, 

Republic of Korea. 
bCreative Research Initiative Center for Chemical Dynamics in Living Cells, Chung-Ang 

University; Seoul 06974, Republic of Korea. 
cDepartment of Chemistry, Chung-Ang University; Seoul 06974, Republic of Korea. 

*Correspondence should be addressed to jihyunkim@cau.ac.kr (J.-H. Kim) and 

jaeyoung@cau.ac.kr (J.S.). 

 

 

 

Sepsis is a life-threatening critical illness that poses formidable clinical challenges. Its abrupt onset and 
heterogeneous pathophysiology impede early diagnosis and timely therapeutic intervention. In the 
absence of a gold standard for early sepsis diagnosis, deep learning (DL) approaches have been widely 
explored for both diagnosis and prognosis; however, a unified artificial intelligence (AI) framework that 
delivers accurate diagnostic and prognostic predictions for sepsis patients remains lacking. In this talk, 
we introduce an artificial intelligence-Fokker-Planck Equation (AI-FPE) hybrid framework for the 
construction of an effective descriptor characterizing a patient’s clinical state and the prediction of 
clinical outcomes based on the probabilistic dynamics of this descriptor. From the AI module of this 
framework, we derive the Septic Infection-Related Risk Index (SIRRI), an interpretable descriptor that 
effectively represents the pathological severity of sepsis patients. The Fokker-Planck Equation-based 
prognostic module further predicts the temporal evolution of SIRRI distributions, time-dependent 
mortality and recovery rates across different clinical stages. Improving this framework, we are currently 
developing AI-based multidimensional representations of patient state, where distinct dimensions 
encode complementary aspects of the pathological state and disease progression of patients. This 
project requires systematic exploration of large-scale clinical datasets and diverse model architectures, 
integration with transcriptome analyses to establish biological relevance, and rigorous validation across 
independent external cohorts. 
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Test Vector Generator for the ALMA Wideband Sensitivity Upgrade: 
Application of NVIDIA DOCA GPUNetIO 

 
Jongsoo Kim 

Korea Astronomy and Space Science Institute 

 
The Atacama Large Millimeter/submillimeter Array (ALMA) is undergoing its Wideband Sensitivity Upgrade 
(WSU) to significantly enhance its scientific observing capabilities. In the upgraded system, each antenna 
produces four high-speed digital data streams. Digitized at an ultra-high rate of 40 Giga-samples per second 
with 6-bit resolution, each stream generates a payload data rate of 240 Gbps (40 GSPS x 6 bits/sample), 
totaling nearly 1 Tbps per antenna. Developing and validating the downstream GPU-based real-time 
processing pipelines requires realistic input signal streams; however, relying on physical telescope 
digitizers or dedicated hardware fixtures during development is inflexible and cost-prohibitive. 
 
 
 
To solve this challenge, we developed the Test Vector Generator (TVG)—an autonomous, software-defined 
signal generation system implemented on the NVIDIA GH200 Grace Hopper Superchip using NVIDIA 
DOCA GPUNetIO. TVG synthesizes realistic astronomical noise signals, encapsulates standard network 
packets directly within GPU High Bandwidth Memory, and streams them over 400 Gbps Ethernet links with 
zero host CPU involvement. By leveraging GPU-initiated transmission and hardware burst pacing on the 
NVIDIA ConnectX-7 network adapter, the system eliminates operating system jitter and delivers 
deterministic, line-rate packet streaming with nanosecond precision. 
 
 
 
Benchmarking on the GH200 demonstrates that TVG achieves sustained generation and transmission 

speeds exceeding 270 Gbps per stream (accounting for protocol overhead) with substantial real-time safety 

margins. TVG provides a versatile, cost-effective test platform that successfully verifies high-throughput 

astronomical signal processing pipelines without specialized hardware. 
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Size-dependent free energy of micelles extracted from their size 
distribution and development of novel, efficient free energy 

calculation method 

jinwon Park1,2, Minho Lee1,2, Donghee Kim1,2, Ji-Hyun Kim1,2 and Jaeyoung Sung1,2* 
 

1Department of Chemistry, Chung-Ang University, Seoul, 06974, Republic of Korea  
2Creative Research Initiative Center for Chemical Dynamics in Living Cells, 06974 Seoul, Republic of 

Korea 

 

Micelles are widely used as membrane-mimetic systems for structural and functional studies of membrane 
proteins [1]. Micellar assemblies have also been extensively investigated as carriers for therapeutic drugs. 
As their size can significantly affect drug accumulation, tissue penetration, and therapeutic efficacy [2], 
understanding and controlling the micelle size distribution is important for both fundamental studies and 
practical applications. Recently, a statistical-thermodynamic theory for mesoscopic nucleation systems was 
developed, which successfully explains the equilibrium size distributions of nanoparticles and biological 
condensates [3]. However, corresponding understanding and prediction of the micelle size distribution have 
yet to be achieved for lack of accurate information about the size-dependent free energy of micelles. In this 
talk, we will introduce a new method to extract the size-dependent free energy and chemical potentials of 
micelles from the experiments or large-scale simulation results for the equilibrium size distribution of 
micelles. Time permitted, we will also talk about an alternative free energy calculation method that is free 
of the charging process and far more efficient than the thermodynamic integration or free energy 
perturbation methods.  
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3257 (2019). 

[2] J. Wang, W. Mao, L. L. Lock, J. Tang, M. Sui, W. Sun, H. Cui, D. Xu, and Y. Shen, “The Role of Micelle 
Size in Tumor Accumulation, Penetration, and Treatment,” ACS Nano, 9, 7195–7206 (2015). 

[3] J. Kang, D. Kim, S. Song, J. Han, Y. Jung, S. Yoon, Y. Ryu, S. Kim, B. H. Kim, J.-M. Choi, M. Yang, J. 
Jang, T. Hyeon, J. Park, J.-H. Kim, and J. Sung, “Supersaturation, Nucleation, and Phase Separation of 
Mesoscopic Systems,” Journal of the American Chemical Society, 147, 46976–46985 (2025). 
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Toward Multimodal AI for Drug Discovery: From ADMET 
Prediction and Molecular Generation to Foundation Models 

Herim Han1, Sunghwan Choi2, Jin Hee Lee1, and Min Sun Yeom1* 

1NamuICT R&D Center, NamuICT, 41 Magok Jungang 8-ro, Seoul 07793, Republic of Korea 

2Department of Chemistry, Inha University, 100 Inha-ro, Michuhol-gu, Incheon 22212, Republic of 
Korea 

Corresponding author (Electronic mail: ms.yeom@namuict.co.kr) 

 

Artificial intelligence has been increasingly applied across various stages of drug discovery, from 

molecular property prediction to de novo molecular generation. Among these applications, accurate 

prediction of ADMET properties directly from molecular structures has remained a major challenge in 

drug discovery. To address this challenge, we developed a AutoML-based predictive models for 11 

ADMET endpoints using SMILES-derived molecular descriptors and fingerprints [1]. Automated 

optimization of algorithms and hyperparameters achieved AUC values above 0.80 across all endpoints, 

with model generalizability further evaluated through cross-validation and external validation. Beyond 

property prediction, we explored molecular generation with an improved molecular representation [2]. 

Although SMILES is a widely used and general representation of chemical structures, its atom-level 

representation has limitations in distinguishing identical atoms in different chemical environments. To 

address this limitation, a hybrid SMILES and atom-in-SMILES (AIS) representation was introduced to 

incorporate local atomic environment information. This representation improves token diversity and 

reduces token imbalance, providing a more informative representation for molecular generation. 

Extending these efforts, we introduce a new multimodal foundation model that aligns three 

complementary molecular views—SMILES, property, and distance features—through contrastive 

learning, enabling its application to diverse downstream tasks.  

 

 

Acknowledgments This work has been carried under the support of Korean Society for 
Computational Science and Engineering and Korea Institute of Science and Technology Information 
(KISTI).  
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[2] Han H, Yeom MS, Choi S (2025) Hybridization of SMILES and chemical-environment-aware tokens 
to improve performance of molecular structure generation. Sci Rep 15:16892. 
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Q-CAR: A Noise and Congestion-Aware 
Deployment Scheme for Quantum Job Scheduling 

on Slurm Clusters 

Jiwon Ha†1, Sookyoung Park†2, Hyeonsang Eom1, and Yoonhee Kim2* 

1 Seoul National University, South Korea ({jwh0245,hseom}@snu.ac.kr) 

2 Sookmyung Women’s University, South Korea ({blue,yulan}@sookmyung.ac.kr) 

† Contributed equally. * Corresponding author (Electronic mail: yulan@sookmyung.ac.kr) 

 
NISQ-era quantum computing increasingly requires resource managers to schedule jobs across 

heterogeneous backends with different noise levels and queue conditions. Although noise-aware 

placement can improve execution fidelity by assigning sensitive circuits to low-noise devices, 

concentrating many such jobs on a premium backend can create severe queueing and increase overall 

makespan. This work presents Q-CAR (Congestion-Aware Quantum Resource Allocation), a 

lightweight adaptive scheduling policy for Slurm-managed heterogeneous quantum clusters. Q-CAR 

follows a three-stage approach: it first restricts each job to a candidate set according to per-instance 

noise sensitivity, then selects a node by minimizing a composite cost that combines expected waiting 

time, service time, and fidelity loss, and finally allows a one-tier escape when congestion on the 

premium node exceeds a threshold. We evaluate Q-CAR on a real Slurm resource-management layer 

with per-node Qiskit Aer GPU simulators configured with three controlled noise tiers. The workload 

consists of five MQT Bench circuit families over 2-16 qubits, and congestion is varied by changing the 

density of noise-sensitive jobs. Compared with a fidelity-aware baseline that sends all high- and 

medium-sensitivity jobs to the lowest-noise node, Q-CAR reduces makespan by 49% and 60% at 50% 

and 75% noise-sensitive job density, respectively, while limiting the loss in noise-sensitive fidelity to 

approximately 0.04-0.05. The throughput advantage remains consistent under different arrival patterns. 

These results show that separating fidelity-oriented candidate gating from congestion-aware allocation 

is an effective way to balance fidelity and throughput in the evaluated heterogeneous quantum-cluster 

environment. 

 
 

 
 
Acknowledgments This work was supported by the National Research Foundation of Korea (NRF) 
grant funded by the Korea government (MSIT) (No. RS-2025-24534879) and by BK21 FOUR 
Intelligence Computing (Dept. of Computer Science and Engineering, SNU) funded by the National 
Research Foundation of Korea (NRF) (4199990214639). 
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DeepKinomeWeb: a Quantitative, Panel-Level Platform for 
Kinase Inhibitor Screening and Selectivity Profiling 

Hyeonsu Na1,2, Jisu Eun1,3, Yeeun Lee4, Seunghoon Yang1,2, Donghwan Choi1, 
Hyeyun Cho1,2, Seungyoon Nam4,5*, and Jinhyuk Lee1,2* 

1 Bio-design Editing Research Center, Korea Research Institute of Bioscience and Biotechnology 
(KRIBB), Daejeon 34141, Republic of Korea 

2 Department of Bioinformatics, KRIBB School of Bioscience, University of Science and Technology 
(UST), Daejeon 34141, Republic of Korea 

3 MolCube, Inc., 3F IT Tower, 43 Hyoryeong-ro, Seocho-gu, Seoul 06694, Republic of Korea 
4 Department of Genome Medicine and Science, Gachon Institute of Genome Medicine and Science, 

Gachon University Gil Medical Center, Gachon University College of Medicine, Incheon 21565, 
Republic of Korea 

5 Department of Health Sciences and Technology, Gachon Advanced Institute for Health Sciences 
and Technology (GAIHST), Gachon University, Incheon 21999, Republic of Korea 

Corresponding authors (Electronic mail: nams@gachon.ac.kr; jinhyuk@kribb.re.kr) 

Protein kinases constitute one of the largest enzyme families in the human genome and remain among 
the most important therapeutic target classes in oncology [1, 2]. In early-stage drug discovery, however, 
identifying potent and selective inhibitors is constrained by the cost of competition-based high-
throughput screening and by the difficulty of reading selectivity across an entire kinase panel rather 
than kinase by kinase. Few available tools combine panel-level screening, quantitative affinity 
estimation, and off-target assessment in a single workflow. 

To address this gap, we developed DeepKinomeWeb, an integrated web platform for quantitative kinase 
inhibitor screening and selectivity profiling [4]. It builds on DeepKinome, a 20-layer convolutional neural 
network regression model trained on LINCS KINOMEscan data that predicts binding affinity as a 
continuous percent inhibition value (RMSE = 1.157, PCC = 0.743, R² = 0.535) [3]. Compounds 
submitted as PubChem identifiers or SDF files [7] are screened against a 229-kinase panel, and results 
are returned on one interactive page: an affinity heatmap, two selectivity indices (SI_mean, SI_worst), 
promiscuity/specificity radar plots, optional AutoDock Vina docking with a 3D viewer [5], and ADMET 
profiling [6]. 

In a case study of three FDA-approved ATP-competitive inhibitors absent from the training data, the 
platform recovered their known profiles: brigatinib gave a sharp, spike-like specificity profile toward ALK 
(SI_mean = 4.6934), whereas ponatinib (1.7903) and sunitinib (0.9928) were broader, and the docking 
poses matched their reported Type I and Type II binding modes. Validation against DrugBank sets 
showed SI_mean shifted upward for approved on-target pairs (n = 422; Wilcoxon P = 2.48 × 10⁻⁹), and 
DeepKinome ranked approved targets above AutoDock Vina. The server is freely available at 
https://str.kribb.re.kr/deepkinome. 

Keywords kinase inhibitor, deep learning, binding affinity prediction, selectivity profiling, drug discovery 

Acknowledgments The authors thank members of KRIBB and Gachon University Gil Medical Center 
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KBDS-0069, and KBDSC-2025-KBDS-0119 to SN). 
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pH-dependent membrane insertion and folding of the Caveolin-3-

derived peptide Cav3(7–26): an all-atom molecular dynamics study 
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¹Bio-design Editing Research Center, Korea Research Institute of Bioscience and Biotechnology, Daejeon 

²Department of Bioinformatics, KRIBB School of Bioscience, University of Science and Technology, Daejeon 

³Department of Manufacturing Pharmacy, College of Pharmacy, Chungbuk National University, Cheongju 

 

Caveolin-3 (Cav3) is a muscle-specific scaffolding protein of caveolae whose flexible N-terminal region is 

intrinsically disordered in solution yet undergoes a pH-dependent conformational switch at membrane-mimetic 

interfaces [1, 2]. Circular dichroism and NMR show that acidification promotes α-helix formation in the Cav3(7–

26) peptide, most strongly at anionic membrane surfaces, but ensemble spectroscopy cannot resolve the time-

ordered, residue-level pathway by which the peptide approaches, inserts into, and folds within the bilayer, nor 

which residues initiate the transition. To obtain this atomic-resolution mechanism, we performed all-atom 

molecular dynamics (MD) simulations. 

Cav3(7–26) was placed at a mixed DMPC/LPPG bilayer interface and simulated for ~10 µs each under fixed 

protonation states approximating pH 3 (folding) and pH 7 (control) using GROMACS with the CHARMM36m 

force field [3–5]. At pH 3 the peptide followed an ordered, partly overlapping insertion-and-folding pathway: N-

terminal residues made first interfacial contact (~0.8 µs), a short helix was seeded (~1.8 µs), and the peptide 

settled into a stable 11–17 α-helix buried beneath the lipid phosphates (~6.5–10 µs; modal helix content ~35%). 

An amphipathic hydrophobic face (Leu9, Ile13, Val14, Ile17) led insertion, with N-terminal residues initiating 

contact and central residues providing the deepest, most persistent anchor (deepest ~6.5 Å  from the bilayer 

center). At pH 7 the peptide remained disordered in solution (~0% helix), matching the neutral-pH random-coil 

signature. 

To test the role of the flexible termini, the truncation Cav3(10–24), lacking N-terminal 7–9 and C-terminal 25–

26, was simulated under the same pH 3 protocol. It formed no 11–17 helix (~0% helix content) and failed to 

insert (deepest ~19.3 Å , short of the ~17.3 Å  bilayer half-thickness), with the deepest position shifting from the 

helix core to the truncated terminus. This confirms that the terminal residues are essential for the pH-

dependent insertion-and-folding transition, consistent with the reduced helical CD of the truncated peptide. 

Together, the simulations provide a residue-level mechanistic model that unifies the spectroscopic 

observations and suggest that local acidification, such as lactic-acid accumulation during intense muscle 

activity or ischemia, could modulate the conformational ensemble of the Cav3 N terminus. 
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The PNPLA3 I148M variant is a major genetic risk factor for metabolic dysfunction-associated steatotic 
liver disease (MASLD) and accumulates on the lipid droplet surface due to reduced ubiquitination and 
proteasomal degradation [1]. PF-07853578 has been reported to covalently bind to the catalytic Ser47 
residue, promoting the dissociation of PNPLA3 from lipid droplets and subsequent protein degradation 
[2]. In this study, we aimed to identify novel covalent inhibitor candidates by considering both Ser47 and 
the local environment surrounding the mutation-specific Met148 residue. 

WT and I148M receptor models were constructed from the AlphaFold-predicted human PNPLA3 
structure (UniProt Q9NST1). In 1,200 ns MD simulations, the global Cα RMSD was 0.48 Å, while the 
residue 148–Ser47 OG distance increased from 4.41 Å  in WT to 5.27 Å  in I148M, indicating a localized 
active-site difference. Stepwise virtual screening of 24,959 compounds from PF-07853578-based 
PubChem, amine-ring-expanded, and REINVENT4 de novo libraries yielded 551 candidates for 
AutoDock4 Flexible Side Chain covalent docking [3] and WT/I148M selectivity assessment. The top-
ranked candidate showed an adduct interaction energy of −9.66 kcal/mol with complete pose and 
energy convergence but dissociated from the catalytic pocket during 100 ns non-covalent MD (ligand 
RMSD, 12.47 Å ; COM displacement, 10.37 Å ). In contrast, PF-07853578 remained stable (2.04 Å ; 1.56 
Å , respectively), while additional top-ranked candidates are currently undergoing MD validation. 

This study established an integrated PNPLA3-I148M-targeted virtual screening workflow combining 
compound filtering, covalent docking, and MD-based validation. The results obtained to date suggest 
that a high docking score alone does not ensure dynamic binding stability and that MD evaluation 
incorporating both reactive geometry toward Ser47 and binding stability around Met148 is important for 
prioritizing candidate compounds. 

Keywords  PNPLA3-I148M, covalent docking, flexible side chain method, molecular dynamics, Ser47, 
virtual screening 
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Adeno-associated virus (AAV) is widely utilized in gene therapy due to its efficient transduction, 
favorable tissue tropism, and low immunogenicity. Despite its growing therapeutic relevance, the 
structural basis of its interaction with cellular receptors remains incompletely understood. 

To elucidate the mechanism of cellular entry and receptor recognition, we determined the cryo-electron 
microscopy (cryo-EM) structure of the AAV serotype X (AAVX) capsid in the complex with its cellular 
receptor, receptor A, at a resolution of 2.66 Å. CHARMM was used to derive an energetically optimized 
structure with maximal density map–to–model correlation., which provided energetically favorable 
conformations for the complex, guided initial model construction. Subsequent structural refinement was 
performed using Phenix real-space refinement and manual corrections in Coot. Interaction analysis 
provided to identify key contact residues involved in receptor engagement.  

This high-resolution density map allowed accurate atomic modeling of the AAVX–receptor A complex, 
revealing detail interface characterization. These structural insights provide a foundation for 
understanding the unique receptor engagement of AAVX. 
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