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Abstract | Cellvibrio japonicus produces carbohydrate-active enzymes involved in plant-polysaccharide uti-
lization,  but  predictions  of  protein–ligand  interactions  require  careful  consideration  of  enzyme  identity
and  ligand  chemistry.  This  exploratory  in  silico  study  aimed  to  assess  three  crystallographic  protein
templates and two PubChem compounds using molecular docking, two-dimensional contact analysis, and
coarse-grained  protein-flexibility  profiles.  The  Protein  Data  Bank  (PDB)  entries  5OYD  and  6HA9
represent  different  structural  states  of  the  GH5  endo-xyloglucanase  Cel5D  (CJA_3010),  whereas  entry
5I24  represents  the  GH31  α-transglucosylase  Agd31B  (CJA_3248).  The  analyzed  compounds  were  the
XXLG  xyloglucan  oligosaccharide  (PubChem  CID  52940123)  and  CID  16211032,  whose  PubChem
label  is  “DEAE-cellulose”  despite  a  displayed nitrogen-free  molecular  formula.  Structures  were  prepared
using  BIOVIA  Discovery  Studio  Visualizer  and  Open  Babel  in  PyRx;  docking  was  performed  with
AutoDock Vina. Retained poses were inspected in PyMOL and Discovery Studio, and protein root mean
square fluctuation (RMSF) profiles were assessed with CABS-flex 2.0. The reported docking scores were
−11.5  kcal/mol  for  5OYD–XXLG,  −8.5  kcal/mol  for  6HA9–CID  16211032,  and  −6.3  kcal/mol  for
5I24–CID  16211032.  The  shortest  tabulated  favorable  protein  contacts  were  ASN216  (2.20548  Å),
SER510 (1.95772 Å),  and SER198 (1.96980 Å),  respectively;  the 5OYD output also included a contact
with  crystallographic  sulfate.  The  available  RMSF  plot  showed  values  of  approximately  0.1–3.0  Å  over
indices 1–201, without a full-length or aligned comparison. The 5OYD–XXLG result supports a testable
structural hypothesis, but the data do not demonstrate substrate hydrolysis, comparative catalytic activity,
or  peatland  function.  Chemical  verification  of  CID  16211032,  chain-specific  residue  mapping,  pose
validation,  and  biochemical  assays  are  needed  to  test  these  predictions.
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Introduction

Tropical  peatlands  contain  large  reservoirs  of
partially  decomposed  organic  matter  and  make
substantial  contributions  to  regional  and  global
carbon  cycling.  Extensive  peat  deposits  occur  in
Indonesia,  including  Kalimantan  (Miettinen  and
Liew,  2010;  Page  et  al.,  2011).  Decomposition  of
plant-derived  cellulose  and  hemicellulose  depends
partly  on  microbial  carbohydrate-active  enzymes
(CAZymes),  which  differ  in  substrate  recognition,
reaction  mechanism,  and  catalytic  specificity
(DeBoy  et  al.,  2008;  Drula  et  al.,  2022).  However,
substrate  degradation  under  peatland  conditions  is
also influenced by acidity,  oxygen availability,  water
saturation,  nutrient  supply,  and  accessibility  of
complex  organic  matter  (Dehaen  et  al.,  2025).
Structural  predictions  therefore  provide  only  one
component  of  the  evidence  needed  to  understand
the  environmental  polysaccharide  transformation.

Members of the genus Cellvibrio are relevant models
for  examining  plant-polysaccharide  utilization.  A
culture-based  investigation  of  peat  soil  from  Parit
Banjar,  West  Kalimantan,  reported  Cellvibrio
among the bacterial genera associated with cellulose
degradation  (Khairiah  et  al.,  2013).  The  reference
species  C.  japonicus  Ueda107  possesses  a  diverse
repertoire of glycoside hydrolases and carbohydrate-
binding modules (DeBoy et al., 2008). For example,
Cel5D (CJA_3010) is a GH5_4 endo-xyloglucanase
implicated in xyloglucan backbone cleavage (Attia et
al.,  2018),  while  Agd31B  (CJA_3248)  is  a  GH31
enzyme  biochemically  characterized  as  an  α-
transglucosylase  (Larsbrink  et  al.,  2012).  These
distinct functions require different interpretations of
docking against carbohydrate-derived ligands.

Molecular  docking  estimates  the  scoring-function
preference  and  geometrical  compatibility  of  the
candidate  binding  poses,  rather  than  a  catalytic
turnover  or  an  experimentally  measured  affinity
(Trott  and  Olson,  2010;  Eberhardt  et  al.,  2021).
Blind-docking  benchmarks  additionally  indicate
that  numerical  rankings  can  be  misleading  when
pose  accuracy  is  not  independently  validated
(Agboola et al.,  2026). Coarse-grained tools such as
CABS-flex  2.0  can  describe  predicted  residue
mobility,  but  their  root  mean  square  fluctuation
(RMSF)  output  is  not  equivalent  to  ligand-bound,
all-atom  molecular  dynamics  (Kuriata  et  al.,  2018).

In  this  context,  the  objective  of  this  study  was  to
characterize the docking scores, residue-level contact
patterns,  and  available  RMSF  profiles  of  three
PDB-derived  C.  japonicus  structure–ligand
combinations:  5OYD–XXLG,  6HA9–CID
16211032,  and  5I24–CID  16211032.  This
database-based analysis did not include the isolation
of peatland microorganisms or direct  measurements
of enzyme activity.

Materials and Methods

Study design and scope
This  exploratory,  database-based  in  silico  study
examined  three  protein–ligand  systems  through
molecular  docking,  interaction-map  interpretation,
and  coarse-grained  protein-flexibility  analysis.
Protein  templates  were  obtained from the  Research
Collaboratory  for  Structural  Bioinformatics  Protein
Data  Bank  (RCSB  PDB),  and  compound  records
were  retrieved  from  PubChem.  The  analysis
comprised  the  reported  AutoDock  Vina  scores,
pose-based  contacts,  and  CABS-flex  2.0  RMSF
profiles.  Results  were  evaluated  descriptively,  no
wet-laboratory  assays,  independent  binding-affinity
measurements, or inferential comparisons of enzyme
activity  were  performed.  Figure  1  summarizes  the
current  computational  study  design.

Protein structures and ligand records
Three  crystallographic  protein  records  were  identi-
fied in the RCSB Protein Data Bank (https:/​/​www.
rcsb.​org/; accessed August 24, 2026). Entries 5OYD
and 6HA9 corresponded to Cel5D/CJA_3010 of C.
japonicus  Ueda107,  each  with  two  deposited  chains
of  396  amino  acids.  Entry  5OYD  is  an  unmutated
endo-xyloglucanase  structure  (2.10  Å  resolution)
associated  with  crystallographic  xyloglucan-derived
oligosaccharides,  while  6HA9  is  a  mutated  Cel5D
structure (2.00 Å resolution) deposited with a mech-
anism-based  xyloglucan-derived  inhibitor  (Attia  et
al.,  2018;  Jain  et  al.,  2018).  Entry  5I24  (1.85  Å
resolution)  corresponds  to  the  unmutated  GH31
enzyme  Agd31B/CJA_3248,  with  a  deposited
sequence  length  of  836  amino  acids  and  a  crystal
structure  obtained  in  the  presence  of  a
cyclophellitol-aziridine  probe  (Jiang  et  al.,  2016).
The  experimentally  determined  structures  are
templates  for  computation,  not  evidence  of  enzyme
occurrence in the Indonesian peat samples.

https://www.rcsb.org/
https://www.rcsb.org/
https://www.rcsb.org/
https://www.rcsb.org/
https://www.rcsb.org/
https://www.rcsb.org/
https://www.rcsb.org/
https://www.rcsb.org/
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Figure  1:  High-resolution  computational  workflow  for  database-guided  molecular  docking,  pose-based  interaction
analysis,  and  coarse-grained  protein-flexibility  assessment.  Where;  PDB:  Protein  Data  Bank,  CID:  PubChem
Compound Identifier, PDBQT: Protein Data Bank format with partial charges and atom types, RMSF: root mean
square fluctuation. No environmental samples or wet-laboratory measurements were analyzed.

Compound  identities  were  examined  using
PubChem  (https:/​/​pubchem.​ncbi.​nlm.​nih.​gov/;
accessed  August  24,  2026)  (Kim et  al.,  2021).  CID
52940123  is  the  XXLG  xyloglucan  oligosaccharide
(GlyTouCan  G18132XG;  C45H76O38).  CID
16211032  carries  the  database  label  “DEAE-
cellulose,”  but  its  displayed  formula,  C12H22O11,
contains  no  nitrogen,  although  a  diethylaminoethyl
substituent  necessarily  contains  nitrogen.  The
PubChem structure therefore cannot be assumed to
represent  authentic  DEAE-substituted  cellulose.
Accordingly,  using this compound, the two systems
are  identified  by  CID  16211032,  and  conclusions
about  actual  DEAE-cellulose  are  withheld  pending
verification  of  the  docked  coordinates  and  atom
connectivity.

Protein and ligand preparation
The  protein  models  were  inspected  in  BIOVIA
Discovery  Studio  Visualizer  2024.  The  docking-
preparation  procedure  included  removal  of  solvent
and designated nonessential  crystallographic ligands
before export of receptor structures in PDB format.
Ligand  coordinates  were  processed  and  energy-
minimized using Open Babel through PyRx version
0.8,  followed  by  conversion  to  PDBQT  format
(O’Boyle  et  al.,  2011;  Dallakyan  and  Olson,  2015).
Because  the  5OYD  interaction  output  included  a
contact  with  crystallographic  sulfate  (SO4  B:511),
the  contact  map  alone  cannot  confirm  that  all
nonprotein  components  were  excluded  from  the

interaction  environment.  The  exact  provenance  of
the  input  coordinates,  including  the  atom
connectivity  of  CID  16211032,  could  not  be
confirmed  from  the  available  records.

Molecular docking and pose visualization
Blind docking was performed with the PyRx version
0.8  Vina Wizard using the  AutoDock Vina scoring
function  (Trott  and  Olson,  2010).  The  three
receptor–compound  combinations  were
5OYD–XXLG,  6HA9–CID  16211032,  and
5I24–CID  16211032.  For  each  combination,  the
reported  lowest-scoring  pose  was  used  for
visualization and contact analysis  and its  Vina score
was  expressed  in  kcal/mol.  Docking  scores  were
interpreted  as  scoring-function  outputs  for  the
individual modeled systems, not as experimental free
energies  or  directly  comparable  catalytic
measurements.  Detailed  grid  settings,  docking
random  seeds,  and  pose-validation  statistics  were
not  available  in  the  study  records  and  consequently
were not inferred.

The  docking  poses  were  visualized  with  PyMOL
version  3.0,  and  the  two-dimensional  interaction
diagrams  and  residue-contact  lists  were  examined
using  BIOVIA  Discovery  Studio  Visualizer  2024.
Conventional  hydrogen  bonds  and
carbon–hydrogen  contacts  were  classified  according
to  the  exported  interaction  annotations.  The
distances  in  Table  1  reproduce  the  numerical

https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
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precision  of  the  software  output  and  are  not
independent  experimental  measurements.  Contacts
with  nonprotein  crystallographic  components  were
distinguished  from  contacts  with  amino-acid
residues.  Residue  labels  are  reported  as  exported;

labels  exceeding the length of  a  single Cel5D chain
require  verification  against  chain  identifiers  and
deposited residue-numbering schemes before mecha-
nistic interpretation (Burley et al., 2021).

Table 1. Reported pose-based contacts and distances for the three analyzed systems
System Residue / component-ligand Category Interaction type Distance

(Angstrom)

5OYD-XXLG XXLG-PHE440 Hydrogen bond Conventional hydrogen bond 2.31218

5OYD-XXLG XXLG-HIS208 Hydrogen bond Conventional hydrogen bond 2.21381

5OYD-XXLG XXLG-GLU255 Hydrogen bond Conventional hydrogen bond 2.29298

5OYD-XXLG XXLG-ASN216 Hydrogen bond Conventional hydrogen bond 2.20548

5OYD-XXLG XXLG-ASN216 Hydrogen bond Conventional hydrogen bond 2.85612

5OYD-XXLG ASN132-XXLG Hydrogen bond Conventional hydrogen bond 3.24998

5OYD-XXLG ASN254-XXLG Hydrogen bond Conventional hydrogen bond 3.25992

5OYD-XXLG XXLG-SO4 B:511 Nonprotein sulfate Reported carbon–hydrogen
contact

3.51492

6HA9–CID 16211032 CID 16211032–THR509 Hydrogen bond Conventional hydrogen bond 2.59537

6HA9–CID 16211032 CID 16211032–SER510 Hydrogen bond Conventional hydrogen bond 1.95772

6HA9–CID 16211032 CID 16211032–ILE740 Hydrogen bond Conventional hydrogen bond 2.40658

6HA9–CID 16211032 LYS643–CID 16211032 Hydrogen bond Conventional hydrogen bond 3.15934

6HA9–CID 16211032 CID 16211032–GLU600 Hydrogen bond Carbon-hydrogen bond 3.09088

6HA9–CID 16211032 CID 16211032–ASP467 Hydrogen bond Carbon-hydrogen bond 3.36978

6HA9–CID 16211032 CID 16211032–ASP467 Hydrogen bond Carbon-hydrogen bond 3.10457

6HA9–CID 16211032 ALA739–CID 16211032 Hydrogen bond Carbon-hydrogen bond 3.71331

5I24–CID 16211032 CID 16211032–ARG123 Hydrogen bond Conventional hydrogen bond 2.05645

5I24–CID 16211032 CID 16211032–SER198 Hydrogen bond Conventional hydrogen bond 1.96980

5I24–CID 16211032 CID 16211032–GLU597 Hydrogen bond Conventional hydrogen bond 2.27480

5I24–CID 16211032 CID 16211032–GLN200 Hydrogen bond Carbon-hydrogen bond 3.40001

5I24–CID 16211032 CID 16211032–GLN200 Hydrogen bond Carbon-hydrogen bond 3.73255

Where;  SO4  B:511  is  a  crystallographic  sulfate
component,  not  an  amino-acid  residue,  and  is
excluded  from  the  protein-contact  count  for
5OYD–XXLG.  “DEAE-cellulose”  is  the  source
label  for  PubChem  CID  16211032;  its  displayed
formula (C12H22O11) lacks nitrogen and does not
establish  the  identity  of  a  DEAE-substituted
cellulose  polymer.  Residue  identifiers  exported  for
the  Cel5D  structures  require  chain-specific
verification.

Coarse-grained protein-flexibility assessment
The  protein  coordinate  files  associated  with  the
three  modeled  systems  were  assessed  using  CABS-
flex 2.0, with 100 simulation cycles and the relevant
protein chain selected; other parameters were left at
server  defaults  (Kuriata  et  al.,  2018).  Residue-level
RMSF was interpreted as a coarse-grained indicator
of  predicted local  mobility.  Only  a  combined graph
displaying  indices  1–201  is  available.  These  indices
have  not  been  shown  to  represent  homologous
positions  across  Cel5D  and  Agd31B  and  do  not
cover  the  complete  396-  and  836-residue  deposited
sequences.  Because  chain  identity  and  ligand
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retention  during  the  calculations  were  not
independently  documented,  the  profiles  were  not
treated  as  evidence  of  complex  stability  or  as  a
substitute  for  all-atom  molecular  dynamics.

Descriptive interpretation
The  three  docking  systems  were  summarized
descriptively  using  the  Vina  scores,  reported
favorable-contact  counts,  individual  contact
distances,  and  plotted  RMSF  trends.  For
5OYD–XXLG,  the  sulfate-associated  annotation
was  recorded  individually  from  the  protein–ligand
contacts.  No  significance  testing  or  comparison  of
enzymatic rate constants was performed. Differences
in  protein  template,  ligand  composition,  and
structural state precluded a controlled comparison of
catalytic efficiency among the three combinations.

Results

Verified identities of the analyzed systems
The  three  crystallographic  records  represent  two
enzyme  identities  from  the  C.  japonicus  Ueda107
reference  strain,  not  proteins  obtained  from  a  local
peat isolate (Table 2). Entries 5OYD and 6HA9 are
structural  templates  of  Cel5D/CJA_3010;  6HA9  is
a  mutated  structure  deposited  with  a  mecha-
nism-based  inhibitor.  Entry  5I24  represents  the
GH31  α-transglucosylase  Agd31B/CJA_3248,
which is functionally distinct from a classical β-1,4-
cellulose  hydrolase.  PubChem  identifies  CID
52940123  as  XXLG.  Although  CID  16211032  is
labelled  “DEAE-cellulose,”  its  displayed  nitrogen-
free  formula  does  not  support  identifying  the
docked  structure  as  authentic  DEAE-substituted
cellulose.

Table 2 . Database annotations and compound identities of the three modeled systems
ID PDB Database annotation Gene / family Structure Analyzed compound

A 5OYD GH5 endo-xyloglucanase Cel5D cel5D /
CJA_3010;
GH5_4

Chains A and B;
396 aa per chain;
2.10 Å; unmutated

CID 52940123; XXLG
xyloglucan oligosaccharide

B 6HA9 Endo-xyloglucanase Cel5D; inhibitor-
complex template

cel5D /
CJA_3010;
GH5_4

Chains A and B;
396 aa per chain;
2.00 Å; mutated

CID 16211032; PubChem
name “DEAE-cellulose”;
displayed formula lacks N

C 5I24 Oligosaccharide 4-alpha-D-
glucosyltransferase Agd31B

agd31B /
CJA_3248;
GH31; EC
2.4.1.161

Chain A; 836 aa;
1.85 Angstrom; no
mutation

CID 16211032; PubChem
name “DEAE-cellulose”;
displayed formula lacks N

Where;  PDB,  Protein  Data  Bank;  GH,  glycoside
hydrolase;  EC,  Enzyme  Commission;  CID,
PubChem  Compound  Identifier;  aa,  amino  acids;
XXLG,  xyloglucan  oligosaccharide;  DEAE,
diethylaminoethyl.  The  PubChem  label  “DEAE-
cellulose” for CID 16211032 does not establish that
the  displayed  structure  represents  a  nitrogen-
containing  DEAE-substituted  cellulose.

Docking scores and interaction summaries
The  reported  AutoDock  Vina  scores  are  −11.5
kcal/mol  for  5OYD–XXLG,  −8.5  kcal/mol  for
6HA9–CID  16211032,  and  −6.3  kcal/mol  for
5I24–CID 16211032  (Table  3).  The  most  negative
score  is  observed  for  the  Cel5D–XXLG
combination. Because the systems differed in ligand
identity  and  structural  context,  this  ordering  does
not  establish  a  superior  substrate  affinity,  substrate

hydrolysis,  or  relative  catalytic  efficiency.  Of  the
eight  favorable  annotations  in  the  5OYD–XXLG
output,  seven  are  assigned  to  protein  residues  and
one  to  crystallographic  sulfate.

Where;  CID,  PubChem  Compound  Identifier;
Vina, AutoDock Vina; Å, ångström. Contact counts
are based on exported pose annotations and are not
experimentally validated binding measurements.

In  the  5OYD–XXLG  output,  seven  favorable
annotations  are  assigned  to  protein  residues:
PHE440,  HIS208,  GLU255,  ASN216  (two
contacts),  ASN132,  and  ASN254  (Table  1).  The
shortest listed protein contact is ASN216–XXLG at
2.20548 Å. An additional  carbon–hydrogen contact
at  3.51492 Å has  involved a  crystallographic  sulfate
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Table 3 . AutoDock Vina scores and reported favorable interaction annotations
Protein-ligand system Docking score

(kcal/mol)
Favorable contact

annotations
Nearest tabulated contact Distance range

(Angstrom)

5OYD-XXLG -11.5 7 protein + 1
sulfate

ASN216–XXLG; 2.20548 Å 2.20548-3.51492

6HA9–CID 16211032 -8.5 8 SER510–CID 16211032;
1.95772 Å

1.95772-3.71331

5I24–CID 16211032 -6.3 5 SER198–CID 16211032;
1.96980 Å

1.96980-3.73255

SO4 B:511, not a protein residue, and was therefore
excluded  from  the  protein-contact  count.  The
interaction  diagram  has  also  displayed  unfavorable
contacts  involving  ASN148  and  TRP149,  although
distances  are  not  available.  Because  some  exported
labels  have  exceeded  the  length  of  a  single  396-
residue  Cel5D  chain,  residue  identifiers  must  be
reconciled  with  the  deposited  chain  and  author
numbering  schemes  before  mechanistic
interpretation  (Burley  et  al.,  2021).

For  6HA9–CID  16211032,  four  conventional
hydrogen-bond  annotations  have  involved
THR509,  SER510,  ILE740,  and  LYS643,  while
four  carbon–hydrogen  annotations  have  involved
GLU600, ASP467 (twice), and ALA739 (Table 1).
SER510 has the shortest tabulated contact (1.95772
Å),  whereas  ALA739  has  the  longest  (3.71331  Å).
Unfavorable  contacts  involving  GLU738  and
ASN686  are  also  observed.  Several  residue  labels
exceed  the  length  of  a  single  Cel5D  chain,  where
their  chain  assignment  and  numbering  therefore
require  verification  before  they  can  be  linked  to
known  catalytic  residues.

For  5I24–CID  16211032,  conventional  hydrogen-
bond annotations have involved ARG123, SER198,
and  GLU597,  while  two carbon–hydrogen  contacts
have  involved  GLN200  at  3.40001  and  3.73255  Å
(Table  1).  SER198  has  the  shortest  tabulated
contact  (1.96980  Å).  No  additional  unfavorable
contact  is  evident  in  the  available  diagram.  Fig.  2
presents  the  modeled  poses  and  interaction  maps.
These distances indicate geometric proximity within
the  modeled  poses,  not  direct  measurements  of
binding  affinity  or  catalytic  mechanism.

Protein-flexibility profiles
The  CABS-flex  2.0  graph  has  displayed  RMSF
values for indices 1–201 across the three coordinate-
based  calculations  (Fig.  3).  The  values  are
approximately 0.1–3.0 Å, with local minima around
indices  20–31,  66–72,  104–109,  and  180–188,  and
more  variable  regions  around  55–61,  79–91,
113–121,  145–160,  and  169–177.  These  index
positions describe the graph only, but they have not
been  established  as  homologous  or  functionally
equivalent  sites  across  the  proteins.

The  displayed  interval  does  not  span  the  complete
396-residue  Cel5D  or  836-residue  Agd31B
sequences,  and  correspondence  between  graph
indices,  input-chain  identity,  and  deposited  residue
numbering  has  not  been  demonstrated.  Therefore,
Fig.  3  supports  only  a  descriptive  view  of  the
displayed  fluctuations,  not  a  full-protein  mobility
ranking  or  a  site-specific  structure–function
comparison.  The  available  traces  do  not  provide
ligand  RMSD,  contact  occupancy,  binding  free
energy,  or  experimental  stability  measurements.

Discussion

This  study  examined  selected  several  carbohydrate-
derived  compounds  docked  to  two  functionally
distinct  enzymes  from  C.  japonicus  Ueda107.  The
most  negative  AutoDock  Vina  score  has  been
observed  for  5OYD–XXLG  (−11.5  kcal/mol),
followed by 6HA9–CID 16211032 (−8.5 kcal/mol),
and  5I24–CID  16211032  (−6.3  kcal/mol).  These
values  describe scoring-function outputs  for  specific
modeled  configurations,  not  experimentally
measured  binding  free  energies,  substrate  turnover,
or  environmental  performance.  Docking  scores  can
help  prioritize  poses,  but  a  favorable  score  alone
does  not  confirm  pose  accuracy  or  catalytic  activity
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Figure  2:  Modeled  docking  poses  and  two-dimensional  contact  diagrams.  (A)  Cel5D  structure  5OYD  with  the
XXLG  xyloglucan  oligosaccharide  (CID  52940123);  (B)  Cel5D  structure  6HA9  with  CID  16211032;  and  (C)
Agd31B  structure  5I24  with  CID  16211032.  Green  dashed  lines  indicate  reported  conventional  hydrogen  bonds,
pale  green  dashed  lines  indicate  carbon–hydrogen  contacts,  and  red  dashed  lines  indicate  unfavorable  contacts.  The
ligand  label  “DEAE-cellulose”  in  the  interaction  diagrams  reproduces  the  PubChem  record  name  and  does  not
confirm  the  chemistry  of  authentic  DEAE-substituted  cellulose.  Exported  residue  labels  require  chain-specific
verification.  The  poses  do  not  demonstrate  a  catalytic  turnover.
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Figure  3:  CABS-flex  2.0  root  mean  square  fluctuation  (RMSF)  profiles  for  the  coordinate  sets  associated  with
5OYD–XXLG,  6HA9–CID 16211032,  and  5I24–CID 16211032.  The  combined  graph  displays  indices  1–201.
These  indices  are  not  aligned  between  the  two  enzyme  identities  and  do  not  represent  full-length  mobility
comparisons  or  evidence  of  ligand-bound  complex  stability.  The  plotted  legend  label  “DEAE-cellulose”  refers  to  the
PubChem  name  for  CID  16211032  and  does  not  verify  the  chemical  identity  of  a  DEAE-substituted  cellulose
polymer.

(Trott  and  Olson,  2010;  Eberhardt  et  al.,  2021;
Agboola  et  al.,  2026).  The  biological  meaning  of
each result  must  therefore be assessed in relation to
the  enzyme’s  established  function  and  chemical
identity  of  the  ligand.

The  two  Cel5D  templates  represent  different
structural  states  of  the  same  GH5_4  endo-
xyloglucanase,  rather  than  independent  enzyme
classes.  The  unmutated  5OYD  structure  is
associated  with  xyloglucan-related  crystallographic
components,  whereas  6HA9  is  a  mutated  structure
deposited  with  a  mechanism-based  xyloglucan-
derived  inhibitor  (Attia  et  al.,  2018;  Jain  et  al.,
2018).  These  differences  may  affect  pocket  geom-
etry  and  side-chain  positions.  Because  5OYD  was
docked  with  XXLG  and  6HA9  with  a  chemically
uncertain  compound,  the  scores  cannot  isolate  the
effects  of  mutation,  conformation,  or  ligand
identity. A controlled comparison would require the
same chemically  verified  ligand,  harmonized  prepa-
ration, and docking settings.

The  5OYD–XXLG  pairing  has  the  clearest
enzyme–carbohydrate  rationale  among  the  three
systems.  Cel5D  is  an  endo-xyloglucanase  that

cleaves  the  xyloglucan  backbone,  while  XXLG  is  a
defined  xyloglucan  oligosaccharide  rather  than  bulk
cellulose  (DeBoy  et  al.,  2008;  Attia  et  al.,  2018;
Drula  et  al.,  2022).  Its  branched  carbohydrate
structure  therefore  provides  a  biologically  relevant
probe of  possible recognition by a xyloglucan-active
enzyme. However, the pose alone cannot determine
whether  XXLG  is  positioned  as  a  substrate
fragment or  product-like ligand.  Catalytic  relevance
depends  on  the  orientation  of  the  glycosidic  bond
relative to the catalytic  machinery,  which cannot be
established from the docking score alone.

The 5OYD contact  map provides  a  local  geometric
information  consistent  with  a  polar  carbohydrate-
binding  environment.  Seven  favorable  annotations
are  assigned  to  protein  residues,  including  two
contacts  involving  ASN216,  where  the  shortest
listed protein contact is ASN216–XXLG at 2.20548
Å. The eighth annotation has involved SO4 B:511,
a crystallographic sulfate component, which was not
counted  as  a  protein  contact.  These  contacts  may
guide  further  pose  inspection,  but  software-defined
distances  and  contact  counts  do  not  establish  a
productive  catalytic  geometry.  Docking  predictions
require  independent  structural  validation,
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particularly  in  blind-docking  settings  (Trott  and
Olson,  2010;  Eberhardt  et  al.,  2021;  Agboola  et  al.,
2026).

Residue numbering is a further constraint on mecha-
nistic interpretation. The Cel5D chains are reported
as  396  residues  long,  yet  the  interaction  exports
include labels  such as  PHE440 and ILE740.  These
labels  may  reflect  author  numbering,  chain
handling,  or  renumbering  during  file  preparation,
but  their  correspondence  to  the  deposited
coordinates  has  not  been  established.  The  Protein
Data  Bank  distinguishes  chain  identifiers  and
sequential versus author-defined residue numbering;
thus,  the  prepared  receptor  files  should  be  mapped
to  the  deposited  coordinates  before  any  contact  is
assigned  to  a  catalytic  or  substrate-binding  position
(Burley et al., 2021). The remaining systems require
particular  caution  because  ligand  chemistry,  residue
mapping, and the available flexibility output are not
fully verified.

CID  16211032  is  labelled  “DEAE-cellulose”  in
PubChem, but its displayed formula (C12H22O11)
contains  no  nitrogen.  Because  authentic
diethylaminoethyl  substitution  necessarily
introduces  nitrogen,  the  database  structure  cannot
be  assumed  to  represent  the  modified  cellulose
polymer.  The  scores  and  contacts  for  6HA9  and
5I24 must therefore be attributed to the coordinates
actually  docked,  not  generalized  to  authentic
DEAE-cellulose. Verification of the archived ligand
coordinates and atom connectivity is required before
assigning  a  chemical  or  a  mechanistic  meaning  to
the  database  label  (Kim  et  al.,  2021).

The  6HA9–CID  16211032  map  has  contained
eight  favorable  annotations,  with  SER510  showing
the  shortest  listed  contact  (1.95772  Å);  the
5I24–CID  16211032  map  contained  five,  with
SER198 showing  the  shortest  contact  (1.96980 Å).
These  values  describe  distances  in  the  exported
poses. They do not establish binding specificity, and
the  6HA9  diagram  has  also  shown  unfavorable
contacts.  Without  verified  ligand  chemistry  and
pose  validation  against  an  appropriate  reference
structure, neither a system can support claims about
affinity  for  DEAE-cellulose  nor  degradation  of
native  cellulose.

Agd31B/CJA_3248  is  a  GH31  α-transglucosylase,

not a classical β-1,4-cellulose hydrolase (Larsbrink et
al.,  2012). The 5I24 structure has been also studied
in  an  activity-based-probe  context  (Jiang  et  al.,
2016),  underscoring  the  importance  of  using
chemically  and  mechanistically  appropriate  ligands.
A  favorable  geometric  fit  to  CID  16211032  does
not  change  the  established  enzyme  identity  or
demonstrate  cellulose  degradation.

The three scores are not directly comparable because
the  systems  differ  in  ligand  size  and  composition,
protein  identity,  and  structural  state.  XXLG  is  a
large,  branched  oligosaccharide  (C45H76O38),
whereas  CID  16211032  has  the  smallest  displayed
formula  C12H22O11,  where  its  relationship  to  the
database  label  remains  uncertain.  Ligand  size,
conformational  sampling,  receptor  preparation,  and
scoring-function  assumptions  can  all  affect  the
docking  scores.  The  sequence  of  −11.5,  −8.5,  and
−6.3  kcal/mol  should  therefore  be  treated  as  a
descriptive  result  of  this  workflow,  not  as  a  ranking
of  substrate  affinity  or  enzyme  performance
(Agboola  et  al.,  2026).

The  contact  annotations  also  require  cautious
interpretation.  Interaction  diagrams  classify  the
close  approaches  using  software-defined  geometric
criteria,  and  the  five-decimal  distances  in  Table  1
reflect  exported  numerical  precision  rather  than
experimental  accuracy.  Multiple  contacts  to  one
residue  are  not  independent  demonstrations  of
binding  determinants,  and  crystallographic
components  such  as  sulfate  may  appear  in  the
interaction  environment.  Before  assigning  mecha-
nistic  roles,  the  docked  atoms,  stereochemistry,
protonation,  donor–acceptor  geometry,  and  residue
mapping should be verified. For carbohydrate-active
enzymes,  the  orientation  of  the  relevant  glycosidic
linkage  is  more  informative  than  the  shortest
distance  alone.

The  CABS-flex  2.0  profiles  provide  a  separate,
coarse-grained  description  of  predicted  protein
mobility.  The  available  graph  covers  indices  1–201
and  shows  RMSF  values  of  approximately  0.1–3.0
Å,  but  it  represents  only  a  part  of  the  deposited
Cel5D and Agd31B sequences (Kuriata et al., 2018).
The indices are not aligned between the two enzyme
identities;  peaks  at  the  same index  therefore  cannot
be  interpreted  as  differences  at  homologous
functional  sites.  The  graph  supports  a  descriptive
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reading of  local  fluctuations  only,  not  a  comparison
of full-length rigidity or folding stability.

Protein  RMSF  should  not  also  be  confused  with
protein–ligand  complex  stability.  The  available
output  does  not  provide  ligand  RMSD,  ligand-
contact  occupancy,  or  trajectory-derived  binding
energies  and  does  not  establish  that  a  ligand
remained  bound  during  an  all-atoms  simulation.
Chain-resolved  profiles,  structural  alignment,  and
appropriately  designed  apo-versus-ligand  bound
simulations  could  inform  future  hypotheses,  but
these additional  analyses were not performed in the
present study.

The  peatland  context  provides  environmental
motivation,  not  direct  evidence  of  ecological
function.  Cellvibrio  has  been  reported  among  the
bacterial  species  associated  with  cellulose
decomposition  in  peat  soil  from  West  Kalimantan
(Khairiah  et  al.,  2013),  but  the  proteins  analyzed
here  came  from the  C.  japonicus  Ueda107  reference
strain,  which  was  not  linked  to  a  taxonomically
verified  local  isolate.  Docking  therefore  cannot
establish  the  occurrence,  expression,  or  activity  of
Cel5D or Agd31B in the Indonesian peatlands. Peat
decomposition  also  depends  on  oxygen,  moisture,
redox conditions, temperature, and substrate accessi-
bility (Dehaen et al., 2025).

The next steps were to verify the atom-level identity
of  CID  16211032,  reconcile  chain  and  residue
numbering  against  the  deposited  coordinates,  and
validate  poses  using  experimentally  characterized
carbohydrate  or  inhibitor  structures.  Docking
should  then  be  repeated  with  documented  search
settings  and  suitable  controls.  Finally,  purified  or
recombinant  enzymes  should  be  tested  with
chemically  defined,  enzyme-appropriate  substrates,
with  a  product  formation  and  kinetic  parameters
measured where justified. Only after a substrate-spe-
cific  activity  is  being  established,  experiments  with
peatland-derived  isolates  should  assess
environmental relevance under defined moisture and
oxygen conditions.

In  summary,  5OYD–XXLG  provides  the  strongest
biologically motivated hypothesis, because XXLG is
a  xyloglucan  oligosaccharide  and  Cel5D  is  an
established endo-xyloglucanase. The CID 16211032
systems remain conditional on chemical verification,

while  the  partial  RMSF  traces  cannot  establish  a
complex  stability  or  catalytic  performance.  Taken
together,  the  docking  scores,  contact  maps,  and
flexibility  profiles  can  guide  follow-up  experiments
but  do  not  prove  cellulose  degradation  or  peatland
function.

Conclusions and Recommendations

The  assessment  of  three  Cellvibrio  japonicus
protein–ligand  combinations  has  identified  the
lowest  AutoDock  Vina  score  for  5OYD–XXLG
(−11.5  kcal/mol),  supporting  a  testable  structural
hypothesis  involving  the  established  xyloglucan-
active  enzyme  Cel5D.  The  two  combinations
involving CID 16211032 have yielded scores of −8.5
and  −6.3  kcal/mol,  but  the  displayed  PubChem
formula  does  not  represent  an  authentic  nitrogen-
containing  DEAE-cellulose  structure.  Therefore,
these  results  cannot  demonstrate  binding  to  or
degradation  of  the  modified  polymer.  Contact
analyses  provide  pose-level  geometric  information,
while  the  available  indices  of  1–201  offer  only  a
partial  description  of  the  predicted  protein
flexibility.  The  findings  of  this  study  do  not
establish  a  comparative  enzyme  efficiency  or
peatland-remediation  potential.  Further  studies  are
recommended to verify ligand chemistry and residue
mapping,  validate  poses  against  experimentally
characterized structures, and measure substrate-spe-
cific  activity  using  several  biochemical  assays  before
environmental applications are considered.

Novelty Statement

The novelty of this study lies in its critical, database-
based  assessment  that  integrates  docking  scores,
pose-derived  contact  annotations,  and  available
partial  CABS-flex  RMSF  profiles,  while  checking
whether  protein  and  compound  identities  support
the  proposed  biological  interpretations.  In
particular,  it  distinguishes  the  plausible
Cel5D–XXLG  hypothesis  from  the  chemically
unverified  CID  16211032  systems  and  defines  the
evidence  needed  before  catalytic  or  peatland-
function  claims  can  be  made.
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