


Published online 4 May 2023 Nucleic Acids Research, 2023, Vol. 51, Web Server issue W289–W297 

https://doi.org/10.1093/nar/gkad324 

KVFinder-web: a web-based application for detecting 

and characterizing biomolecular cavities 

Jo ̃  ao V.S. Guerra 
1 , 2 , † , Helder V. Ribeiro-Filho 

1 , † , Jos ́e G.C. Pereira 
1 ,* and 

Paulo S. Lopes-de-Oliveira 
1 , 2 ,* 

1 Brazilian Biosciences National Laboratory (LNBio), Brazilian Center for Research in Energy and Materials 

(CNPEM), Campinas, S ̃  ao P aulo , 13083-100, Brazil and 
2 Graduate Program in Pharmaceutical Sciences, Faculty of 

Pharmaceutical Sciences, University of Campinas, Campinas, S ̃  ao Paulo, 13083-871, Brazil 

Received March 04, 2023; Revised April 03, 2023; Editorial Decision April 12, 2023; Accepted April 17, 2023 

ABSTRACT 

Molecular interactions that modulate catalytic pro- 
cesses occur mainly in cavities throughout the 

molecular surface. Such interactions occur with spe- 
cific small molecules due to geometric and physico- 
chemical complementarity with the receptor. In this 

scenario, we present KVFinder-web, an open-source 

web-based application of parKVFinder software for 
cavity detection and characterization of biomolec- 
ular structures. The KVFinder-web has two inde- 
pendent components: a RESTful web service and 

a web graphical portal. Our web ser vice , KVFinder- 
web ser vice , handles client requests, manages ac- 
cepted jobs, and performs cavity detection and char- 
acterization on accepted jobs. Our graphical web 

por tal, KVFinder-web por tal, provides a simple and 

straightf orwar d page for cavity analysis, which cus- 
tomizes detection parameters, submits jobs to the 

web service component, and displays cavities and 

characterizations. We pr o vide a public l y a vailable 

KVFinder -web at https://kvfinder -web.cnpem.br , run- 
ning in a c loud envir onment as doc ker containers. 
Further, this deployment type allows KVFinder-web 

components to be configured locally and customized 

according to user demand. Hence, users may run 

jobs on a locally configured service or our public 

KVFinder-web. 

GRAPHICAL ABSTRACT 

INTRODUCTION 

Biomolecules, such as proteins, perform biological pro- 
cesses by interacting with other molecules at binding sites 
( 1 , 2 ). These sites are usually located in cavities distributed 

throughout the biomolecular surface, which exhibit specific 
physicochemical and geometric properties and ultimately, 
dictate the pr efer ence for molecules to bind into them ( 3 , 4 ). 
Thus, the detection and characterization of biomolecular 
cavities play an important role in rational structure-based 

drug discovery and design pipelines. Based on this, several 
in silico methods have been de v eloped to detect and describe 
binding sites, which are usually classified as evolutionary-, 
energy- and geometry-based methods ( 1 , 3 ). Unfortunately, 
these methods can be computationally intensi v e enough to 

hinder users who do not have local access to the necessary 
computational r esour ces. 

In recent years, w e b services communicating via Hy- 
perText Transfer Protocol (HTTP) w e b protocols have 

* To whom correspondence should be addressed. Tel: +55 19 3512 1267; Email: paulo.oli v eira@lnbio.cnpem.br 
Correspondence may also be addressed to Jos ́e G.C. Pereira. Tel: +55 19 3512 1255; Email: jose.pereira@lnbio.cnpem.br 
† The authors wish it to be known that, in their opinion, the first two authors should be regarded as Joint First Authors. 

C © The Author(s) 2023. Published by Oxford University Press on behalf of Nucleic Acids Research. 

This is an Open Access article distributed under the terms of the Creati v e Commons Attribution License (http: // creati v ecommons.org / licenses / by / 4.0 / ), which 

permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
a
r/a

rtic
le

/5
1
/W

1
/W

2
8
9
/7

1
5
1
3
3
8
 b

y
 U

n
iv

e
rs

id
a
d
e
 E

s
ta

d
u
a
l d

e
 C

a
m

p
in

a
s
 (U

N
IC

A
M

P
) u

s
e
r o

n
 2

0
 A

u
g
u
s
t 2

0
2
4



W290 Nucleic Acids Research, 2023, Vol. 51, Web Server issue 

become increasingly popular in cloud computing environ- 
ments. These services provide e xtensi v e access to data and 

processing r esour ces ( https://www.w3.org/TR/wsdl/ ). Sev- 
eral w e b services have been proposed for the detection 

and / or characterization of binding sites in biomolecules. 
Amongst them, we could cite FpocketWeb ( 5 ), GHECOM 

( 6 ), CaverWeb ( 7 ), CASTp ( 8 ), ConCavity ( 9 ), Depth ( 10 ), 
MoloVol ( 11 ) and 3DLigandSite ( 12 ). 
Recently, we have developed parKVFinder ( 13 ), a robust 

method for detecting and characterizing binding sites in 

biomolecules, using a geometric grid-and-sphere method 

and thread-le v el parallelization. Compared to other soft- 
ware for cavity detection, parKVFinder has an intuiti v e set 
of parameters and has been e xtensi v ely benchmar ked in the 
literature for detection and computational capabilities, de- 
li v ering accurate and robust performance with any type of 
protein cavity ( 1 , 2 , 4 , 13 ). Although other methods can also 

detect protein binding sites, each has its specific set of char- 
acterizations. parKVFinder stands out by combining ge- 
ometric and physicochemical characterizations of binding 
sites, effecti v ely aiding users to identify functionally rele- 
vant cavities and to study the molecular recognition process. 
Aside from parKVFinder’s advances in performance and 

usability, the installation and configuration procedures of 
our software, as well as other standalone cavity detection 

software, still pose a major barrier to users who lack the 
technical knowledge ideally r equir ed to perform them. Fur- 
thermore , scientists , educators , and students may not have 
the local computational r esour ces r equir ed for the calcula- 
tions, which can affect the proper use of cavity detection 

and characterization methods. In this scenario, we intro- 
duce KVFinder-w e b, an open-source w e b-based applica- 
tion of the parKVFinder software, consisting of a RESTful 
w e b service for cavity detection and characterization and a 
graphical w e b portal. Our w e b application aims to democ- 
ratize and expand even further the parKVFinder user base 
in the structural biology community. These users will be able 
to perform cavity detection on third-party computing plat- 
forms, such as institutional servers or cloud infrastructures, 
using parKVFinder as a service (SaaS). This can also ben- 
efit end users worldwide who lack either the necessary local 
computing infrastructure or technical skills. 

METHODOLOGY 

KVFinder-w e b is a pow erful w e b-based tool designed to de- 
tect cavities in a wide range of biomolecular structures, in- 
cluding but not limited to proteins and nucleic acids. It op- 
erates on a standard client-server ar chitectur e, which com- 
prises two independent components: a graphical w e b portal 
and a RESTful w e b service. The interacti v e w e b interface 
(KVFinder-w e b portal) provides users an easy-to-use plat- 
form to execute the parKVFinder software and analyze the 
results through any w e b browser. Supported browsers and 

operating systems are available in the Supplementary Ma- 
terial. Meanwhile, the w e b service (KVFinder-w e b service) 
itself executes parKVFinder ( 13 ) with its geometric grid- 
and-sphere-based method, as detailed in ( 2 , 4 , 13 ). To further 
enhance user experience, we also provide alternati v e client- 
side applications, including a Python HTTP client and a 
graphical PyMOL plugin (PyMOL KVFinder-w e b Tools). 

These provide users with additional ways to interact with 

the w e b service and analyze their results. To ensure more 
comprehensi v e characterization, KVFinder-w e b has been 

integrated with additional features, such as depth calcula- 
tion and Eisenberg & Weiss h ydropath y characterization, 
which are implemented in pyKVFinder ( 4 ). These features 
are now part of the latest version of parKVFinder (v1.2.0) 
and enable users to obtain more robust and detailed results. 

KVFinder -w eb portal 

The KVFinder-w e b portal (Figure 1 ; https://github.com/ 
LBC- LNBio/KVFinder- w e b-portal ), de v eloped using the 
Shiny R package ( 14 ) ( https://shiny.rstudio.com ), provides 
a simple and straightforward w e bsite for cavity analysis and 

visualization, requiring only a biomolecule in Protein Data 
Bank (PDB) format or PDB ID. The w e b interface is orga- 
nized into fiv e tabs, entitled ‘Run Cavity Analysis’, ‘Retrie v e 
results’, ‘Tutorial’, ‘Help’ and ‘About’ (Figure 1 A). 

Cavity analysis. The ‘Run Cavity Analysis’ tab features 
the major functionalities of KVFinder-w e b, in which users 
can load a target biomolecule, customize the cavity detec- 
tion parameters (‘Probe In’, ‘Probe Out’, ‘Removal Dis- 
tance’, and ‘Volume Cutoff’), and download and visualize 
r esults. To ex ecute KVFinder-w e b (Figure 1 B), users must 
first choose a biomolecule and then select an appropriate 
run mode. 

Step 1. Choose input. KVFinder-w e b allows users to sub- 
mit any kind of target biomolecule for cavity analysis (Fig- 
ure 1 B). This can be done by uploading a file containing 
a structure in PDB format or by informing a four-digit 
PDB ID. In both cases, the input will be checked for non- 
standard protein or nucleic residues, e.g. water, ligands, and 

ion molecules, and by default, these will be removed in fur- 
ther steps. Howe v er, users can use the ‘Include’ option to 

keep the non-standard residues in the cavity analysis. The 
fetching process and biomolecule structure preprocessing 
are performed internally using the Bio3D R package ( 15 ). 

Step 2. Choose run mode. Four cavity detection modes are 
available (Figure 1 B), to provide options that best suit to the 
users’ cavity analysis, that are: 

• Whole structure (default): detection of cavities through- 
out the whole biomolecular structure with preset detec- 
tion parameters. 

• Whole structure (customized): detection of cavities 
throughout the whole biomolecular structure with cus- 
tomizable detection parameters. 

• Around target molecule: detection of cavities within a ra- 
dius of each atom of a ligand or molecule in the target 
biomolecular structure with customizable detection pa- 
rameters. 

• Around target residues: detection of cavities within a cus- 
tom box, which is drawn by selecting residues of the target 
biomolecular structure and box padding. 

In each run mode, in order to optimize the cavity de- 
tection, except for ‘Whole structure (default)’, the user can 
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Figure 1. KVFinder-w e b portal. ( A ) Screenshot of the KVFinder-w e b portal main page showing the main tabs and the sections of target biomolecule 
input and choice of KVFinder-w e b run mode. ( B ) Detailed view of each step that users must complete before submitting the target biomolecule for cavity 
analysis. The first step comprises the selection of the target biomolecule which can be done by providing a PDB ID and fetching from the PDB database 
[1] or by uploading a PDB file [2]. After uploading the PDB, the KVFinder-w e b portal checks the PDB and informs non-standard residues detected [3]. 
In the next step, users must select an appropriate run mode [4] and customize, if necessary, the detection parameters [5]. 
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customize a set of detection parameters that include ‘Probe 
In’ size ( ̊A ), ‘Probe Out’ size ( ̊A ), ‘Removal Distance’ ( ̊A ) 
and ‘Volume Cutoff’ ( ̊A 

3 ) (Figure 1 B). Briefly, the ‘Probe 
In’ consists of a smaller probe that rolls around the target 
biomolecule, defining its molecular surface (usually defined 

as a sphere the size of a water molecule – 1.4 Å ), while the 
‘Probe Out’ is a larger probe that rolls around the target 
biomolecule , defining inaccessibility regions. Thus , cavities 
are defined as the regions accessible to Probe In, typically 
more inclusi v e, but not to Probe Out. ‘Removal Distance’ 
is a length (in Å ) removed from the cavity-bulk boundary 
to delineate the outer limits of the cavity. ‘Volume Cutoff’ 
is a cavity volume filter (in Å 

3 ) to exclude cavities with vol- 
umes smaller than this cutoff, probably functionally irrele- 
vant cavities. For a more detailed explanation of each pa- 
rameter, see ( 2 , 4 , 13 ). 
After completing these two steps, users submit the job to 

the KVFinder-w e b service by clicking the ‘Submit the job’ 
button. After successful submission, the w e b portal auto- 
ma tically upda tes a unique job ID and a ‘Check Results’ 
button on the screen. By clicking on the ‘Check Results’ but- 
ton, the interface displays the current job status - ‘queued’, 
‘running’ or ‘completed’ - together with the respecti v e re- 
sults when available (Figure 2 A). 

Step 3. Results and Visualization. The KVFinder-w e b por- 
tal provides an easy and interacti v e way to download and vi- 
sualize cavity detection results. For each cavity detected, the 
following properties are available to the user: three spatial 
cavity properties (volume, area and depth), and one physic- 
ochemical pr operty (hydr opathy) (Figure 2 A). Users have 
options to download the results as PDB files that can be 
visualized in biomolecular visualization programs, e.g. Py- 
MOL ( 16 ), ChimeraX ( 17 ), NGL Viewer ( 18 , 19 ) and VMD 

( 20 ), and download characterizations as a TOML file con- 
taining the volume, area, average depth, maximum depth, 
average h ydropath y and biomolecule residues that compose 
the cavity, as well as the parameters used to perform the cav- 
ity analysis (Figure 2 A). 
Users can also visualize the biomolecule 3D structure 

with the detected cavities by clicking on the ‘View’ but- 
ton. The biomolecule viewer uses the NGL engine for R 

( https://github.com/nv elden/NGLVie weR ) ( 18 , 19 ) and pro- 
vides users with various editing options to customize the vi- 
sualization style (Figure 2 B). These options include select- 
ing target cavities, zooming in on them, showing residues 
around the cavities, and changing cavity and protein col- 
ors, and cavity and protein r epr esenta tions. These fea tures 
enable users to generate high-resolution snapshots that are 
well-suited for cavity visualization in publications. Further- 
more, the depth of each cavity point, stored as tempera- 
ture factor (B-factor), can be visualized by clicking on the 
‘Depth’ checkbox, the h ydropath y, stored as occupancy fac- 
tor, by clicking on the ‘Hydropathy’ checkbox, and the in- 
terface residues, by clicking on the ‘Interface AA’ checkbox. 

R etriev e results. Users who have already submitted a job 

can check the job status, using the job ID they recei v e upon 

submission, and if completed, retrie v e the cavity analysis. 
This tab provides options for viewing the results online or 

downloading the result files. Ne v ertheless, users may share 
their jobs with colleagues by job ID using this tab. 

Tutorial, help and about. The ‘Tutorial’, ‘Help’ and 

‘About’ tabs contain tutorial, documentation and informa- 
tion about de v elopment and our cavity detection suite. 

KVFinder -w eb service design 

The KVFinder-w e b service ( https://github.com/LBC- 
LNBio/KVFinder-w e b-service ) is a RESTful service with 

a Web-Queue-Worker ar chitectur e. The ‘Web server’ 
module, de v eloped in Rust using the Actix frame wor k 

( https://actix.rs ), recei v es job requests in JSON format via 
HTTP POST. The recei v ed data must contain the molecular 
structures and parKVFinder detection parameters. The 
molecular structure of a target biomolecule and optionally 
a ligand or molecule are stored in the JSON keys ‘pdb’ and 

‘pdb ligand’ and the values are the conca tena tion of PDB 

file lines into a single string. If the HTTP request is valid, 
the w e b server returns a response with a unique job ID, 
created using a hash function based on the recei v ed data of 
the incoming JSON. Otherwise, it returns an HTTP error 
code with an error message. For more information on the 
JSON data structures, see Supplementary Material. 
Jobs accepted by the ‘Web server’ module are sent to the 

‘Queue’ module, an instance of the job queue server Ocypod 

( https://github.com/davechallis/ocypod ), where they wait to 

be processed by a ‘Worker’ module. The ‘Worker’ module 
communicates with the ‘Queue’ module and requests the 
next job to be processed by the parKVFinder software. Af- 
ter the job is completed, the cavity analysis (cavities and 

their characterization) is sent back to the ‘Queue’ module, 
updating the job status and r esults, which ar e made available 
to the clients via the ‘Web server’ module. To retrieve the job 

results, the client sends an HTTP GET request with a job ID 

and the Web server returns the current job status - ‘queued’, 
‘running’ or ‘completed’ - along with the respecti v e results, 
if available. Each job remains cached in the queue for one 
day after its completion (v1.1.0). Since the job ID is created 

by a ppl ying a hash function on the recei v ed data, the cached 

r esults ar e r eturned when the r equest is r esubmitted. 
Each KVFinder-w e b service module is packaged in a 

Docker container ( 21 ), making it available to run in local 
or cloud computing environments. These modules are com- 
bined in a Docker Compose file for ease of deployment. 
By default, only one w ork er is started, but the ar chitectur e 
is designed to allow multiple w ork ers to run concurrently. 
Besides our publicly available KVFinder-w e b service, a lo- 
cal w e b service can also be configured on third-party plat- 
forms, such as institutional servers or cloud services, using 
parKVFinder as a service (SaaS). 

Limitations. The KVFinder-w e b service has some limita- 
tions compared to a standalone version of parKVFinder, 
which are designed to pre v ent v ery demanding jobs from 

exhausting the w e b service. Ther efor e, some parKVFinder 
parameters are constrained or e v en predefined. 

Futur e w ork. The KVFinder-w e b application components 
(KVFinder-w e b service and KVFinder-w e b portal) will be 
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Figure 2. Results and visualization in KVFinder-w e b portal. ( A ) Screenshot of the results section of the KVFinder-w e b portal. A box highlights the status 
(green: ‘completed’; yellow: ‘running’ or ‘queued’; red: ‘canceled’) of the submitted job [1]. Upon completion, the w e b portal pr esents r esults in a data 
table , including volume , area, average depth, maximum depth and average h ydropath y of the cavities [2]. Users can download a ZIP file, containing the 
target biomolecule and cavity PDB files [3] or a TOML file with cavity characterization [4]. ( B ) The target biomolecule with the detected cavities can be 
visualized upon clicking on the ‘View’ button and users can customize the visualization of the biomolecule and cavities. 

continuously improved and updated to meet the needs of 
the scientific community, including new characterizations 
and performance enhancements. 

Client-side applications 

In addition to the primary interaction mode of KVFinder- 
w e b, w e also provide additional client-side applications, 
such as PyMOL KVFinder-w e b and an example of a 
Python HTTP client, which broaden the range of possibili- 
ties for user interaction. 

PyMOL KVFinder-web tools. For users familiarized with 

PyMOL ( 16 ), PyMOL KVFinder-w e b Tools (Supplemen- 
tary Figure S1; https://github.com/LBC-LNBio/PyMOL- 
KVFinder-w e b-Tools ), de v eloped in Python3 and Qt, in- 
tegrates the KVFinder-w e b service with the molecular vi- 
sualization software. This user-friendl y gra phical user in- 
terface (GUI) enables customization of detection param- 
eters for a target biomolecular structure and submits jobs 
to a configured KVFinder-w e b service (Supplementary Fig- 
ure S1A). As in parKVFinder PyMOL plugin ( 13 ), the 
search space can also be adjusted to a custom box (box 
adjustment mode) and / or a radius within a target ligand 

or molecule (ligand adjustment mode), instead of detect- 
ing and characterizing cavities throughout the biomolecu- 
lar surface (whole structure mode). After successful sub- 
mission, accepted jobs are routinely and asynchronously re- 
quested to the KVFinder-w e b service. When a job is com- 
pleted, the plugin automatically processes the incoming 
data, cavities and characterizations, to local files and makes 

them available in the GUI. This graphical plugin operates 
in a similar way to KVFinder-w e b portal, the characteriza- 
tions are shown in lists (Supplementary Figure S1B) and the 
cavities customized by their properties in PyMOL viewer 
(Supplementary Figure S1C and D). Ne v ertheless, submit- 
ted jobs in the KVFinder-w e b portal can be loaded in Py- 
MOL KVFinder-w e b Tools and vice versa. 

HTTP client. The KVFinder-w e b portal and PyMOL 

KVFinder-w e b Tools may not fully fulfill the needs of ad- 
vanced users. For this reason, we de v eloped an e xample of 
Python HTTP client script, written in Python3, to guide 
other de v elopers to create standalone clients according to 

their specific needs. This client operates using standard 

parKVFinder input syntax and provides tools to interact 
with a configured KVFinder-w e b service. 

RESULTS 

The KVFinder-w e b service is pub licly availab le at https:// 
kvfinder-w e b.cnpem.br , which is free and open to all users 
without login r equir ement. 

Case study 

As an illustrati v e e xample of KVFinder-w e b (Figure 3 ), w e 
detected and characterized the catalytic site of the Human 

Immunodeficiency Virus type 1 (HIV-1) protease bound to 

cyclic urea carbonyl oxygen ( 22 ), using KVFinder-w e b por- 
tal. Since the catalytic site is large and resembles a chan- 
nel, we adjusted the Probe Out size to 12 Å . Thus, we 
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Figure 3. Illustrati v e e xample of HIV -1 protease cavity detection. Molecular structure of HIV -1 protease (PDB ID: 1HVR) with detected cavities. ( A ) Cavity 
detection throughout the protein structure (cartoon). Cavity points are colored by depth (points colored in rainbow scale). ( B ) Hydropathy mapped to 
surface cavity points in the regions around the catalytic aspartic acids (left panel) and around the �-hairpins (right panel). Eisenberg & Weiss hydrophobicity 
scale ranges from –1.42 (highly hydrophobic) to 2.6 (highly hydrophilic). Protein is shown as a gray surface and interface residues are shown as atom- 
colored sticks. ( C ) Violin plot of acti v e site volume of HIV-1 protease structures from the RCSB PDB for the structures with ligands bound in the acti v e 
site (blue) and the structures without ligands (orange). The structures with a median volume and the corresponding cavity are shown as cartoon and 
surface, respecti v ely. 
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Figure 4. Effects of detection parameters on KVFinder-w e b service performance. Cavity detection was performed with a protein structure dataset from 

( 13 ), varying ‘Probe Out’ and ‘Removal Distance’. Elapsed time relati v e to the number of atoms in the target structure, varying ( A ) ‘Probe Out’ sizes and 
( B ) ‘Removal Distance’. The calculations were performed on a desktop computer with an 8-core 3.0 GHz AMD Ryzen 7 1700 processor and 32GB RAM, 
running Ubuntu 22.04 LTS operating system. 

successfully detected cavities throughout the molecular sur- 
face of the HIV-1 protease (Figure 3 A). Besides cavity 
detection and shape definition, KVFinder-w e b also pro- 
vides the volume, area, depth and h ydropath y of the de- 
tected cavities (Figure 2 ; cavity KAG). Often, the acti v e 
site is the largest and deepest cavity in the enzymatic pro- 
tein ( 23 ), similarly for HIV-1 protease, as shown in Figure 
3 B. In this sense, depth characterization can aid r esear chers 
to identify the acti v e site throughout the molecular 
surface. 

On the other hand, h ydropath y characterization gi v es 
valuable insights into the types of interaction and the wa- 
ter attracti v eness of the binding site. For instance, we hav e 
pr eviously compar ed the h ydropath y profile of an amphi- 
pathic pocket located between the E1 and E2 domains of 
alphaviruses ( 24 ), which suggested that a chemically simi- 
lar molecule (possibly, fatty acids) would bind to them. Ad- 
ditionally, we have analyzed the h ydropath y profile of the 
ADRP substrate-binding site of SARS-CoV-2 and a set of 
homologous proteins (other related coronaviruses and the 
human macroD1 and macroD2), re v ealing that the coron- 
aviruses’ pockets share a h ydropath y profile, while the hu- 
man proteins present a less hydrophobic profile ( 4 ). In this 
sense, we conducted an analysis of the h ydropath y profile 
of the HIV-1 protease acti v e site (Figure 3 C). Our find- 
ings showed that the acti v e site is mostly hydrophobic, es- 
pecially in the region near the �-hairpins, and ther e ar e few 

hydrophilic regions surrounding the catalytic aspartic acids 
(Asp-25 and Asp-25 ′ ). As expected, the S1 and S1’ subsites 
(yellow region) are hydrophobic, and the S2 and S2’ subsites 
are mostly hydrophobic (yellow region), except for Asp-29 
and Asp-30 (blue r egion). Furthermor e, we observed that 
the hydrophobic part of subsites S2 and S2’, which accom- 
moda te substra te P2 and P2 ′ , respecti v ely, tend to favor 
aliphatic side chains ( 22 , 25 , 26 ). 

Since HIV-1 protease is an effecti v e therapeutic target, 
this catalytic site is the target of se v er al antiretrovir al drugs. 
Howe v er, the catalytic cycle depends on the movements of 
�-hairpins, which control the accessibility of substrates to 

the acti v e site ( 13 , 27 ). Thus, we analyzed the structures of 
HIV-1 protease available in the PDB and compared their 
cavities (Supplementary Material). Based on the cavity vol- 
umes, we can clearly dif ferentia te structures with bound lig- 
ands from those unbounded (Figure 3 C), indicating a geo- 
metric complementarity between receptor and ligands, to- 
gether with a physicochemical complementarity, shown by 
the h ydropath y profile discussed earlier. 

Detection and computational performance 

The cavity detection implemented in the KVFinder-w e b 

application has been e xtensi v ely benchmar ked against 
other well-known cavity detection methods in the litera- 
tur e ( 2 , 4 , 13 ), pr esenting robust detection and computa- 
tional performance. In addition, we evaluated KVFinder- 
w e b computational performance with a protein structure 
dataset from ( 13 ), varying two major parameters related 

to cavity detection: ‘Probe Out’ and ‘Removal Distance’ 
(Figure 4 ). The systematic translation of ‘Probe Out’ in a 
Cartesian grid around the biomolecular structur e cr eates a 
coarser molecular surface, defining the boundary between 

the cavity and the bulk due to the restricted access to the 
empty space within the protein. Thus, greater ‘Probe Out’ 
sizes tend to reduce the degree of accessibility of the molec- 
ular surface created and ultimately, increase the elapsed 

time to perform calculations in KVFinder-w e b service (Fig- 
ure 4 A). On the other hand, the ‘Removal Distance’ re- 
moves cavity points within a given length from the defined 

cavity-bulk boundary. Thus, reducing the ‘Removal Dis- 
tance’ remov es fe wer points from the boundary, which helps 
to segregate sub-pockets and / or detect superficial cavities. 
As expected, Figure 4 B shows no clear relationship between 

elapsed time and ‘Removal Distance’, since ‘Removal Dis- 
tance’ routine is directly affected by the cavity-bulk bound- 
ary size and number of cavities, instead of the number of 
atoms. Finall y, independentl y of these parameters, the ex- 
ecution time increases almost linearly with the number of 
atoms of the target biomolecule inside the 3D grid. Hence, 
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the number of atoms can be controlled by a custom search 

box, which can reduce the elapsed time. 

CONCLUSION 

KVFinder-w e b provides simple access to a rapid and accu- 
rate method of cavity detection and characterization in any 
type of biomolecular structur e, r egardless of the molecule’s 
nature. The KVFinder-w e b portal provides a simple, easy 
and straightforward pipeline on any w e b browser with in- 
teracti v e visualization capabilities powered by NGLVieweR 

and DataTable. The graphical PyMOL plugin replicates the 
main features of parKVFinder PyMOL plugin with few 

limitations to avoid exhausting KVFinder-w e b service com- 
putational r esour ces and to ensur e a smooth and efficient 
operation for all users. Together with the KVFinder-w e b 

service, the KVFinder-w e b portal and PyMOL KVFinder- 
w e b Tools aim to democratize parKVFinder software and 

remove barriers for users who do not have the tech- 
nical knowledge to install and configure a cavity de- 
tection software, who have restricted computational re- 
sources, or who just want to perform a simple and quick 

analysis. 

DA T A A V AILABILITY 

The publicly available KVFinder-w e b service is accessible 
at https://kvfinder-w e b.cnpem.br . The corresponding open- 
source code of the KVFinder-w e b service, KVFinder-w e b 

portal, and PyMOL KVFinder-w e b Tools are avail- 
able at https://github.com/LBC-LNBio/KVFinder- 
w e b-service ( https://doi.org/10.5281/zenodo.7825790 ), 
https://github.com/LBC- LNBio/KVFinder- w e b- 
portal ( https://doi.org/10.5281/zenodo.7825788 ), and 

https://github.com/LBC- LNBio/PyMOL- KVFinder- 
w e b-Tools ( https://doi.org/10.5281/zenodo.7825798 ), 
respecti v ely. The complete documentation of the mod- 
ules of the KVFinder-w e b application is available at 
https://lbc- lnbio.github.io/KVFinder- w e b/ . 

SUPPLEMENT ARY DA T A 

Supplementary Data are available at NAR Online. 
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